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INTRODUCTION

The Standard Review Plan (SRP) is prepared for the guidance of staff reviewers
in the Office of Nuclear Reactor Regulation in performing safety reviews of

g applications to construct or operate nuclear power plants. The principal
purpose of the SRP is to assure the quality and uniformity of staff reviews
and to present a well-defined base from which to evaluate proposed changes in
the scope and requirements of reviews. It is also a purpose of the SRP to
make infortation about regulatory matters widely available and to improve
communication and understanding of the staff review process by interested
members of the public and the nuclear power industry.

.

The safety review is primarily based on the information provided by an applicant
in a Safety Analysis Report (SAR). Section 50.34 of 10 CW 50 of the Commission's1

2 regulations requires that each application for a constry cion permit for a
! nuclear facility shall include a Preliminary Safety A U ysis Report (PSAR) and

that each application for a license to operate such a m .lity shall include a4

Final Safety Analysis Report (FSAR). The SAR must be sufficiently detailed to
permit the staff to determine whether the plant can be built and operated.

' without unttle risk to the health and safetj of tne public. Prior to submission
of an 5AR, an applicant should have designed and analyzed the plant in sufficient
detail to conclude that it can be built and operated safely. The SAR is the
principal document in which the applicant provides the information needed to'

understand the basis upon which '.his conclusion has been reached.

Section 50.34 specifies, in general terms, the information to be supplied in a |
SAR. The specific information required by the staff for an evaluation of an'

application is identified in Regulatory Guide 1.70, " Standard Format and
,

'N Content of Safety Analysis Reports for Nuclear Power Plants - LWR Edition."'

j The SRP sections are keyed to the Standard Format, and the SRP sections are
numbered according to the section numbers in the Standard Format. Review
plans have not been prepared for SAR sections that consist of background or
design data which are included for information or for use in the review of
other SAR sections.

i

The Standard Review Plan is written so as to cover a variety of site conditions
and plant designs. Each section is written to provide the complete procedurei

i and all acceptance criteria for all of the areas of review pertinent to that
i section. However, for any given application, the staff reviewers may select
| and emphasize particular aspects of each SRP section as is appropriate fur the

application. In some cases, the major portion of the review of a plant featurei

' may be done on a generic basis with the designer of that feature rather than
J in the context of reviews of particular applications from utilities. In other

cases a plant feature may be sufficiently similar to that of a previous plant
so that a de novo review of the feature is not needed. For these and other
similar reasons, the staff may not carry out in detail all of the review steps
listed in each SRP section in the review of every application.

O



The individual SRP sections address, in detail, who performs the review, the
matters that are reviewed, the basis for review, how the review is accomplished,
and the conclusions that are sought. The safety review is performed by 25
primary branches. One of the objectives of the SRP is to assign the review
responsibilities to the various branches and to define the sometimes complex
interfaces between them. Each SRP section identifies the branch that has the
primary review responsibility for that section. In some review areas the
primary branch may require support, and the branches that are assigned these
secondary review responsibilities are also identified for each SRP section.

Each SRP is organized into four subsections as follows:

1. Areas of Review

This subsection describes the scope of review, i.e., what is being reviewed by
the branch having primary review responsibility. This subsection contains a
description of the systems, components, analyses, data, or other information
that is reviewed as part of the particular Safety Analysis Report section in
question. It also contains a discussion of the information needed or the
review expected from other branches to permit the primary review branch to
complete its review.

II. Acceptance Criteria I

This subsection contains a statement of the purpose of the review, an identifica-
tion of which NRC requirements are applicable, and the technical basis for p
determining the acceptability of the design or the programs within the scope n
of the area of review of the SRP section. The technical bases consist of
specific criteria such as NRC Regulatory Guides, General Design Criteria,
Codes and Standards, Branch Technical Positions, and other criteria.

The technical bases for some sections of the SRP are provided in Branch Technical
Positions or Appendices which are included in the SRP. These documents typically
set forth the solutions and approaches determined to be acceptable in the past
by the staff in dealing with a specific safety problem ca safety related
design area. These solutions and approaches are codified in this form so that
staff eviewers can take uniform and well-understood positions as the same
safety problems arise in future cases. Some Branch Technical Positions and
Appendices may be converted into Regulatory Guides if it appears that this
step would aid the review process. Like Regulatory Guides, the Branch Techni-
cal Positions and Appendices represent solutions and approaches that are
acceptable to the staff, but they are not required as the only possible solu-
tions and approaches. However, applicants should recognize that, as in the
case of Regulatory Guides, substantial time and ef fort on the part of the
staff has gone into the development of the Branch Technical Positions and
Appendices and that a corresponding amount of time and effort will probably be
required to review and accept new or different solutions and approaches.
Thus, applicants proposing solutions and approaches to safety problems or
safety-related design areas other than those described in the Branch Technical
Positions and Appendices must expect longer review times and more extensive
questioning in these areas. The staff is willing to consider proposals for
other solutions arid approaches on a generic basis, apart from a specific
license application, to avoid the impact of the additional review time on
individual cases.

2
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III. Review Procedures
,

This subsection discusses how the review is accomplished. The section is
generally a step-by-step procedure that the reviewer goes through to provide
reasonable verification that the applicable safety criteria have been met.

IV. Evaluation Findings

This subsection presents the type of conclusion that is sought for the particular
review area. For each section, a conclusion of this type is included in the
staff's Safety Evaluation Report in which the staff publishes the results of
their review. The SER also contains a description of the review including
such subjects as whicn aspects of the review were selected or emphasized;
which matters were modified by the applicant, require additional information,
will be resolved in the future, or remain unresolved; where the plant's design
or the applicant's programs deviate from the criteria stated in the SRP; and
the bases for any deviations from the SRP or exemptions from the regulations.

V. References

This subsection lists the references used in the review process.

The SRP and the Standard Format are directed toward water-cooled reactor power
plants. Staff reviewers will adapt the SRP for use in the reviews of other
reactor types where applicable.

1

i The Standard Review Plans result from many years of experience by the staff in

|
establishing and using regulatory requirements in evaluating the safety of
nuclear power plants and in reviewing Safety Analysis Reports. A great deal

i

of progress has been made in the methods of review and in the development of
regulations, guides, and standards since the early years of review. This
Standard Review Plan may be considared a part of a continuing regulatory

i

standards development activity that not on1; documents current methods of
review but also provides the base of orderly modifications of the review
process in the future.

In 1981, the Standard Review Plan was revised in entirety and published as
i NUREG-0800. The revision program had three major objectives, i.e., to more

completely identify the NRC requirements that are germane to each review
topic, to more fully describe how the review effort dete mines satisfaction of
the requirement, and to incorporate the large number of new and revised
regulatory positions (primarily THI-related) that had already been established.'

To accomplish this and to conform to the revised NRR organization, some SRP
sections were added, deleted, split, and/or combined.

-

The SRP will be revised and updated periodically as the need arises to clarify
the content or correct errors and to incorporate modifications approved by the
Director of the Office of Nuclear Reactor Regulation. A revision number and

| publication date are printed at a lower corner of each page of each SRP 'section.
4

} Since individual sections have been, and will continue to be, revised as
needed, the revision numbers and dates will not be the same for all sections.t The Table of Contents indicatos the revision numbers of the currently effective

O sections. As necessary, corresponding changes to the Standard Format will

.

3
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also be made. Comments and suggestions for improvement will be considered and
should be sent to the Director, Office of Nuclear Reactor Regulation, U.S.
Nuclear Regulatory Commission, Washington, DC 20555. Notices of errors or
omissions should alsc be sent to the same address.

.
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| 1 81/7
i t-

I
| 6.5.3 Fission Product Control Systems
J and Structures --- 75/11
! 1 78/7 .

1 2 81/7 !
!

i.
6.5.4 Ice Condenser as a Fission Product i

Cleanup System --- 75/11
| 1 78/4 |
| 2 81/7

f 6.6 Inservice Inspection of Class 2
and 3 Components --- 75/11 .

'
1 81/7

6.7 Main Steam Isolation Valve Leakage
75/11 ;Contrul System (BWR) ---

.
'

1 78/3
2 81/7

>

CHAPTER 7 INSTRUMENTATION AND CONTROLS

|,
G 7.1 Instrumentation and Controls -

Introduction . . .
--- 75/11 J

1 78/7 1

j 2 81/7
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Compilation of Branch Technical Positions

\ Branch Technical Title of BTP%

Position (BTP) No. BTP Location

ASB 3-1 " Protection Against Postulated Piping 3.6.1
(Formerly APCSB 3-1) Failures in Fluid Systems Outside

Containment"

ASB 3-2* " Tornado Design Classification" 3.5.1.4
(Formerly AAB 3-2)

ASB 9-1* " Overhead Handling Systems For 9.1.4
Nuclear Power Plants"

ASB 9-2 " Residual Decay Energy for Light- 9.2.5
Water Reactors for Long-Term Cooling"

ASB 10-1 " Design Guidelines For Auxiliary 10.4.9
Feedwater System Pumps Drive and,

Power Supply Density For PWRs"

j ASB 10-2 " Design Guidelines For Water Hammers 10.4.7
in Steam Generators with Top Feedring
Designs"

CMEB 9.5-1 " Guidelines For Fire Protection For 9.5.1
(Formerly ASB 9.5-1) Nuclear Power Plants"

CSB 6-1 " Minimum Containment Pressure Model 6. 2.1. 5.

For PWR ECCS Performance Evaluation"*

N CSB 6-2* " Control of Combustible Gas Concentra- 6.2.5.
'

tions In Containment Following a Loss
of Coolant Accident"

CSB 6-3 " Determination of Bypass Leakage Paths 6.2.3
in Dual Containment Plants"

CSB 6-4 " Containment Purging During Normal 6.2.4
Plant Operations"

CPB 4.3-1 " Westinghouse Constant Axial Offset 4.3

Control (CAOC)"

ETSB 11-3 " Design Guidance For Solid Radioactive 11.4
Waste Management Systems Installed in
Light-Water-Coolant Nuclear Reactor

.
Plants"

1

ETSB 11-5 " Postulated Radioactive Releases Due 11.3
. to a Waste Gas System Le.i er Failure"

i HGEB 1 " Safety-Related Permanent Dewatering 2 4.12
(Formerly HMB/GSB 1) Systems"

ICSB 1 "Backfitting of the Protection and Aprendix 7-A
' Emergency Power Systems of Nuclear

Power Reactors"

ICSB 3 " Isolation of Low Pressure Systems Aspendix 7-A
From the High Pressure Reactor
Coolant System"

ICSB 4 " Requirements of Motor-Operated Valves Appendix 7-A
in the ECCS Accumulator Lines"

(
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Brcnch Tcchnical Titla of BTP

Position (BTP) No. BTP Location

ICSB 5* " Scram Breaker Test Requirements- Appendix 7-A
Technical Specificatiens"

ICSB 9* " Definition of Use of Channel Appendix 7-A
Calibration-Technical Specification"

ICSB 12 " Protection System Trip |oint Changes Appendix 7-A
For Operation with Reactor Coolant
Pumps Out of Service"

ICSB 13 " Design Criteria for Auxiliary Appendix 7-A
Feedwater Systems"

ICSB 14 " Spacious Withdrawal cf Single Control Appendix 7-A
Rods in Pressurized Water Reactors"

ICSB 16 " Control Element Asser.bly (CEA) Appendix 7-A
Interlocks in Combustion Engineering
Reactors"

ICSB 19 " Acceptability of Design Criteria For Appendix 7-A
Hydrogen Mixing and Drywell Vacuum
Relief Systems"

ICSB 20 " Design of Instrumentation and Appendix 7-A
Controls Provided to Accomplish
Changeover From Injection to
Recirculation Mode"

ICSB 21 " Guidance For Application of Appendix 7-A
Regulatory Guide 1.47"

ICSB 22 " Guidance For Application of Appendix 7-A
Regulatory Guide 1.22"

ICSB 25* " Guidance For the Interpretation of Appendix 7-A
Jeneral Design Criterion 37 For Testing
t5e Operability of the Emergency Core
Csoling System as a Whole"

ICSB 26 "6 equirements for Reactor Protection Appendix 7-A
System Anticipatory Trips"

ICSB 2 " Diesel-Generator Reliability Appendix 8-A
(PSB) Qualification Testing"

ICSB 4 " Requirements on Motor-Operated Valves Appendix 8-4
(PSB) in the ECCS Accumulator Lines"

ICSB 8 "Use of Diesel-Generato. Sets tor Appendix 8-A
(PSB) Peaking"

ICSB 11 " Stability of Of f site Power Systems" Appendix 8-A
(PSB)

ICSB 15 " Reactor Coolant Pumps Breaker Appendix 8-A
(PSB) Qualifications"

ICSB 17 " Diesel-Generator Protective Trip Appendix 8-A
(PSB) Circuit 9: passes"

ICSB 18 " Application of the Single Failure Appendix 8-A
(PSB) Criterion to Manually Controlled

Electrically-Operated Valves"

ICSB 21 " Guidance For Appilcation of Appendix 8-A
Regulatory Guide 1.47"
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Branch Technical Title of BTP

Position (BTP) No. BTP Location

MTEB 5-2 " Fracture Tougnness Requirements" 5.3.2

[m) MTEB 5-3 " Monitoring of Secondary Side Water 5.4.2.1
Chemistry In PWR Steam Generators"\ /

MTEB 5-7* " Material Selection and Processing 5.2.3
Guidelines For BWR Coolant Pressure
Boundary Piping"

MTEB 6-1 "PH For Emergency Coolant Water for 6.1.1
PWPs"

MEB 3-1 " Postulated Rupture locations In Fluid 3.6.2
System Piping Inside and Outside
Containments"

PSB 1 " Adequacy of Shutdown Electronic Appendix 8-A
Distribution System Voltages"

PSB 2 " Criteria for Alarms and Indicators Appendix 8-A
Associated with Diesel-Generator Unit
Bypassed and Inoperable Status"

RSB 3-1 " Classification of Main Steam Appendix A
Components Other than the Reactor to 3.2.2
Coolant Pressure Boundary For BWR
Plants"

RSB 3-2 " Classification of BWR/6 Main Steam Appendix B
and Feedwater Components Other Than to 3.2.2
the Reactor Coolant Pressure Boundary"

RSB 5-1 " Design Requirements of the Residual 5.4.7
Heat Removal System"s( ..

'

* \

( RSB 5-2 "0verpressurization Protection of 5.2.2
Pressurized Water Reactors While
Operating at Low Temperatures"

RSB 6-1 " Piping From the RWST (or BWST) and 6.3
Containment Sump (s) to the Safety
Injection Pumps"

>

/%
/ ) |

\
\ "BTP has been superceeoed.
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1. 8 INTERFACES FOR STANDARD DESIGNS

REVIEW RESPONSIBILITIES

Primary - All review branches (except Quality Assurance Branch (QAB))

Secondary - None

I. AREAS OF REVIEW

The areas of review include all the safety related interfaces important to the
staff review for safety that exist between the systems, components, and structures
within a standard desigr. as they relate to matching systems, components, and struc-
tures within the remaining unspecified portion of the plant design. Also included
is the implementation of interface requirements in the design of matching safety-
related systems, components, and structures. The specific interfaces identified
for the nuclear steam supply system (NSSS) and for the balance-of plant (B0P)
portions of a nuclear plant design are given in " Interfaces for Standard Designs,"
Appendix A to Regulatory Guide 1.70.

|
II. ACCEPTANCE CRITERIA

The acceptance criteria for interfaces, as appropriate, are contained in the
sections of the SRP applicable to the particular area under review. While these
acceptance criteria are not specifically identified as pertinent to interfaces,
they nevertheless apply to the interfaces that are encompassed by the review area
to which the criteria apply.

III. REVIEW PROCEDURES

The reviewer in each responsible review branch will select and emphasize material
from this review plan, as may be appropriate for a particular case. The particular
interfaces to be addressed in SSARs describing stancard NSSS and B0P designs and
in SARs describing the entire plant design in support of licenses are presented
in Regulatory Guide 1.70, Appendix A.

1. Standard designs for the NSSS are reviewed to assure that the applicable
safety-related interfaces to, and in several instances assumed for, the

Rev. 1 - July 1981
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matching, but unspecified, BOP, site, and utility portions are identified
and defined.

2. Standard designs for the BOP are reviewed to assure that (a) those applicable
safety-related interfaces established for the NSSS are addressed, (b)
those interfaces assumed by the NSSS are compatible with the BOP design,
and (c) the applicable safety-related interfaces to the matching, but
unspecified, site and utility portion are identified and defined.

3. Utility applications are reviewed to assure that the applicable safety-
related interfaces established for the referenced standard NSSS design
alone, or the referenced standard NSSS and B0P designs combined, are
addressed.

IV. EVALUATION FINDINGS

Each review branch verifies that sufficient interface information has been
provided and properly implemented, as appropriate, and that the review is
adequate to support conclusions of the following type, to be included in the
staff's safety evaluation report:

For standard design reviews:

Interfaces provide the means for assuring that the standard design and
other unspecified portions of the plant design are compatible with regard
to the performance of all safety related systems, components, and structures
under all modes of operation and shutdown. The scope of our review
included an evaluation of the interfaces defined by the applicant in

i

accordancewiththeregulationin10CFR,theguidelinesgiveninRegulatoryjGuide 1.70, Appendix A, and the applicable criteria for acceptance given
in the appropriate sections of the SRP. Based on our evaluation, we find
the interface information provided in the standard design application
acceptable.

For applications referencing standard designs:

Interfaces established for the standard design are addressed in the
referencing application to demonstrate the compatibility of the standara
design with the remaining portions of the plant design regarding the
performance of all safety-related systems, components, and structures
under all modes of operation and shutdown. The scope of our review
included an evaluation of the matching safety-related systems, components,
and structures to assure compatibility in accordance with the regulations
in 10 CFR and the applicable criteria for acceptance given in the appro-
priate sections of the SRP. Based on our evaluation, we find that the
interfaces have been properly addressed and that compatibility of the
standard design with the remaining portions of the plant design can be
achieved.

V. REFERENCES

1. " Interfaces for Shndard Designs," Regulatory Guide 1.70, Appendix A.

O
1.8-2 Rev. 1 - July 1981



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - _

NU REG-0800
(Fcrm:;rly NUREG 75/087)

/ ,e .,I e, U.S. NUCLEAR REGULATORY COMMISSION

n
W['....~. 8

i STANDARD REVIEW PLAN
V \ OFFICE OF NUCLEAR REACTOR REGULATION

2.1.1 SITE LOCATION AND DESCRIPTION
|

1
!

REVIEW RESPONSIBILITIES

Primary - Siting Analysis Branch (SAB)
g

Secondary - None

I. AREAS OF REVIEW

Reactor location is reviewed (1) as identified by latitude and longitude and by
the UTM* coordinate system; (2) with respect to political subdivisinns; and
(3) with respect to prominent natural and man-made features of the area to
ascertain the accuracy of the applicant's safety analysis report (SAR) description
and for use in independent reviews of the exclusion area authority and control
(SRP Section 2.1.2), the surrounding population (SRP Section 2.1.3) and nearby
man-made hazards (SRP Section 2.2.3).

The site area which contains the reactors and associated principal plant structures
is reviewed to determine the distance from the reactor to boundary lines of the
exclusion area, including the direction and distance from the reactor to the nearest

v} exclusion area boundary line. A scaled plot plan of the exclusion area is reviewedg

which permits distance measurements to the exclusion area boundary in each of the
22-1/2 degree segments centered on the 16 cardinal compass points. The location and
orientation of plant structures within the exclusion area are reviewed to identify
potential release points and their distances to exclusion area boundary lines.
The location, distance, and orientation of plant structures with respect to highways,
railways, and waterways which traverse or lie adjacent to the exclusion area are
reviewed to assure that they are adequately described to permit analyses (SRP
Section 2.2.3) of the possible effects on the plant of accidents on these trans-
portation routes.

II. ACCEPTANCE CRITERIA

The acceptance criteria for site location and description are based on meeting
the relevant requirements of 10 CFR Part 50, 650.34 and 10 CFR Part 100, 5100.10.
The relevant requirements of these regulations are:

* Universal Transverse Mercator coordinate system as found on USGS topographical maps.
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f

1. 10 CFR Part 100, 9100.10 as it relates to site acceptance being based on
the consideration of factors relating to the proposed reactor design and
the characteristics peculiar to the site.

2. 10 CFR Part 50, 50.34 as it relates to the applicant submitting in its |
preliminary and final safety analysis reports (PSAR and FSAR) information

|needed for evaluating factors involving the use characteristics of the
site environs.

The infor; nation submitted by the applicant is adequate and meets the 10 CFR
Part 50, 650.34 requirements if it satisfies the following criteria:

The site location including the exclusion area and the location of the I

plant within the area are described in sufficient detail to allow a
determination (in SRP Sections 2.1.2, 2.1.3, and those in Section 15)
that 10 CFR Part 100 is met.

Highways, railways, and waterways which traverse the exclusion area are
sufficiently distant from plant structures so that routine use of these
routes is not likely to interfere with normal plant operation (Ref. 1).

Information iacluded in this SAR section should allow two types of safety
analyses to be conducted. The first addresses the consequences in the unlikely
event that a serious release of radioactive material should occur. The second
addresses the effect that accidents on, or routine use of, routes on or near
the site will have on the operation of the plant.

;

III. REVIEW PROCEDURES

Selection and emphasis of various aspects of the areas covered by this SAR
section will be made by the reviewer on each case. The judgment on the areas
to be given attention during the review is to be based on an inspection of the
material presented, the similarity of the material to that recently reviewed
on other plants, and whether items of special safety significance are involved.

The information in this section of the SAR forms the basis for evaluations
performed in various other sections. The purpose of this review is to establish
the validity of th? basic data, to check the UTM coordinates to assure that
they include the zone number, and that the Northing and Easting are presented
to within 100 meters. The latitude and longitude should be checked to assure
that they are expressed to the nearest second.

Cross-check the exclusion area distances with distances used in the Accident
Analyses, SAR Section 15. Scale the map provided to check distances specified
in the SAR and to determine the distance-direction relationships to exclusion
area boundaries, roads, railways, waterways, and other significant features of
the area. At the operating license stage, the location and orientation of plant
structures and effluent release points with respect to the exclusion area and
plant property boundaries, transportation routes and political subdivisions
will be reviewed to identify any changes since the construction permit (CP)
review. Where changes have occurred, new analyses may be required to ensure
that the findings reached during the CP review 're not affected by these changes.

If, in the reviewer's judgment, maps of larger st.ule are desirable, they may
be obtained from the U.S. Geological Survey 'USGS). The USGS map index should
be consulted for the spacific names of the '/-1/2 minute quadrangles that bracket

2.1.1-2 Rev. 2 - July 1981
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the site area. If available, these maps provide toporraphic information in
addition to details of prominent natural and man-made 'eatures in the site area.
This information may be supplemented by updated information as available, e.g.,
aerial photographs e, information obtained on the site visit. Check the plant
layout to determine that the orientation of plant structures with respect to
nearby roads, railways, and waterways is clearly shown. Ciieck to see that there
are no obvious ways in which transportation routes which traverse the exclusion
area can interfere with normal plant operations.

Site Visit

A visit to the site under review permits a better understanding of the physical
characteristics of the site and its relationship to the surrounding area. It

permits the reviewer to gather information, independent of that supplied in
the Safety Analysis Report, which is useful in confirming SAR data.

Site visits should be made after initial review of the site data in the SAR
has been completed and the reviewer has become generally familiar with the site
and surrounding areas. Since one of the purposes of the site visit is to
discuss the preliminary review findings with the applicant, the reviewer should
plan to be in the site area one or two days in advance of the scheduled meeting
with the applicant. This will permit gathering information from visits to local
offices of Federal, State, and county governments, industries, military facilities,
etc. Specific visits to these offices should be made on the basis of the par-
ticular site characteristics and is left to the judgment of the individual
reviewer. The reviewer should note that some of the local offices may have
been contacted by the environmental reviewer. Generally, information sought
by the respective reviewers is similar in scope but will differ in em@ asis.
To avoid duplication of visits to local officials, the reviewer should contact

- the Project Manager and, where feasible, arrange for a joint visit to those
local offices in which there is a common interest. Sources investigated should
include such State and local agencies as those concerned with population and
land use and land use controls (zoning boards). County engineers are sources
of information on public r ads and traffic volumes. Local Councils of Government
may have information on population growth, proposed new industries or trans-
portation routes. Information sought should encompass, whenever possible, data
in support of the review procedures for SRP Sections 2.1.3, 2.2.1, 2.2.2, and
2.2.3.

If information gathered indicates the need for clarification of data contained
in the SAR, this should be discussed with the applicant in the subsequent
meeting on preliminary review findings.

IV. EVALUATION FINDINGS

The reviewer verifies that the information submitted by the applicant is in
accordance with 10 CFR Part 50, g50.34 requirements so that compliance with
10 CFR Part 100, S100.10 can be evaluated.

Summary descriptions of the site location, the site itself, and transportation
routes on or near the site will be prepared for the staff safety evaluation
report. Any deficiencies of site parameters with respect to the proposed plant
will be noted.

; 2.1.1-3 Rev. 2 - July 1981
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
methoa for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

VI. REFERENCES
1

1. 10 CFR Part 100, " Reactor Site Criteria.' ,

10 CFR Part 50, " Domestic Licensing of Production and Utilization Facilities,['2.
Section 50.34.

3. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

O

1
|

|

|

O
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2.1.2 EXCLUSION AREA AUTHORITY AND CONTROL

REVIEW RESPONSIBILITIES

Primary - Siting Analysis Branch (SAB)

Secondary - None

I. AREAS OF REVIEW

The appli: ant's legal authority to determine all activities within the designated
exclusion area is reviewed. 10 CFR Part 100, a 100.3(a) requires that a reactor
licensee have authority to determine all activities within the designated exclusion
area, including the exclusion and removal of personnel and property.

In any case where the applicant does not own all the land, including mineral rights,
within the designated exclusion area, assistance may be required of the Office of
the Executive Iegal Director (0 ELD) in determining whether or not the designated
exclusion area meets the requirements of 10 CFR Part 100. Also, in some cases
public roads which lie within the proposed exclusion area may have to be abandonedp OELD assistance may be required to

V ) or relocated to permit plant construction. assure that no legal impediments to such abandonment or relocation are likely to
i

ensue. Part 100 permits the exclusion area to be traversed by a highway, railway,
or waterway provided arrangements are made to control these areas in event of an
emergency.

Activities that may be permitted within the designated exclusion area, and that will
not be related to routine operation of the plant, are reviewed. Review should include
the type of activity, its specific location within the exclusion area, the number
and kinds of persons engaged in the activity, and the frequency and length of time
the activities are to be permitted. The Accident Evaluation Branch (AEB), upon
request, will determine whether individuals associated with plant unrelated activi-
ties within the exclusion area can be evacuated prior to receiving doses in excess
of the guideline values of 10 CFR Part 100.

Rev. 2 - July 1981
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II. ACCEPTANCE CRITERIA

SAB acceptance criteria are based on meeting the relevant requirements of 10 CFR
Part 100 with respect to the applicant's legal authority with the designated
exclusion area. 10 CFR Part 100 (Ref. 1) in Section 100.3(a) states as follows:

" Exclusion area" means that area surrounding the reactor, in which the reactor
licensee has the authority to determine all activities including exclusion or
removal of personnel and property from the area. This area may be traversed
by a highway, railroad or waterway, provided these are not so close to the facil-
ity as to interfere with normal operations of the facility and provided appro-
priate and effective arrangements are made to control traffic on the highway,
railroad, or waterway, in case of emergency, to protect the public health and
safety. . Activities unrelated to operation of the reactor may be permitted in
an exclusion area under appropriate limitations, provided that no significant
hazards to the public health and safety will result."

To meet the requirements of 10 CFR Part 100 the applicant must demonstrate,
prior to issuance of a construction permit or limited work authorization, that
it has the authority within the exclusion area as required by Section 100.3(a),
or must provide reasonable assurance that it will have such authority prior to
start of construction. Absolute ownership of all lands within the exclusion
area, including mineral rights, is considered to carry with it the required
authority to determine all activities on this land and is acceptable.

Where the required authority is contingent upon future procurement of owner-
ship (e.g., by eminent domain proceedings), or by lease, easement, contract,
or other means, the exclusion area may be acceptable if OELD can determine that
the information provided by the applicant provides reasonable assurance that
the required authority will oe obtained prior to start of construction. In
cases where ownership and control is to be acquired or compieted during a con-
struction period, a special review by OELD will be required. Also, in cases
of proposed public road abandonment or relocation, OELD should determine that
there is sufficient authority or that sufficient arrangements have been made
to accomplish the propased relocation or abandonment. At the OL stage of review,
the applicant must h e ;ompleted arrangements to determine all activities within
the exclusion area. |he applicant will not be permitted f.o load fuel until
exclusion area aut.ority and control, including all transfers of title, easements,
lease arrangements, public road abandonments or relocations, as applicable,
are completed.

Activities unrelated to plant operation within the exclusion area are acceptable
provided:

| (a) Such activities, including accidents associated with such activities, repre-
sent no hazard to the plant or have been shown to be accommodated as part
of the plant design basis (see SRP Section 2.2.3) (Ref. 2).

(b) The aaplicant is aware of such activities and has made appropriate arrange-
ments to evacuate persons engaged in such activities, in the event of an
accident, and

(c) There is reasonable assurance that persons engaged in such activities can
be evacuated without receiving radiation doses in excess of the guideline
values given in 10 CFR Part 100.

2.1.2-2 Rev. 2 - July 1981
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Where the designated exclusion area extends into bodies of water such as a lake,.

reservoir, or river which is routinely accessible to the public, the reviewer'

must determine that the applic--t has made appropriate arrangements with the
local, state, federal, or other public agency having authority over the parti-
cular body of water and the arrangements made provide for the exclusion and
ready removal in an emergency, by either the applicant or the public agency in

! authority, of any persons on those portions of the body of water which lie within
the designated exclusion area.

References 3, 4, and 5 contain pertinent decisions made by Atomic Safety and |
'

1 Licensing Boards (ASLB) and Atomic Safety and Licensing Appeal Boards (ASLAB)
which deal with exclusion area determinations in contested cases.

,

1

III. REVIEW PROCEDURES

Selection and emphasis of various aspects of the areas covered by this standard
- review plan section will be made by the reviewer on each case. The judgment
| on the areas to be given attention during the review is to be based on an inspec-

tion of the material presented, the similarity of the material to that recently
reviewed on other plants, and whether item of special sr.fety significance are

;

involved.

The reviewer should determine the basis on which the applicant claims authority
: within the exclusion area. If absolute ownership of all lands, including mineral
; rights, within the area is demonstrated, the acceptance criteria are satisfied.

If any other method is claimed as providing the required authority, a memorandum
should be prepared for OELD containing all of the appropriate information in
the SAR, including copies of applicable SAR pages and figures, and requesting,

j a written response as to whether or not the applicant's claimed authority meets
the requirements of 10 CFR Part 100, S 100.3(a). In any case where there are

,

| technical reasons which the reviewer believes make the applicant's proposed
' method unacceptable, these reasons should be described and discussed in the
4 memorandum. If the exclusion area extends into a body of water such as a lake,

i reservoir, or river, the area of the body of water encompassed should be reviewed
against the guidelines of Part 100 regarding control of access and activities
unrelated to operation of the reactor. The extent of the exclusion area over
a waterway must be reviewed on a case-by-case basis,

,

i The memorandum should also include information in the PSAR which describes the
applicant's plans, procedures, and schedule for obtaining any abandonment or
relocation of public roads which may be required. At the operating stage, review
will emphasize those areas where the applicant did not possess absolute authority
at the construction permit review.

If the designated exclusion area is traversed by a highway, railway, waterway,
or other transportation route accessible to the public, the reviewer should
determine that the applicant's emergency plan includes adeqgate provisions for
control of traffic on these routes in the event of an emergency. At the con-
struction permit stage, a finding that such provisions are feasible is adequate. t

;

If activities unrelated to plant operation are to be permitted within the
exclusion area, it will be nesessary to determine that the potential radiation
exposures to persons engaged in these activities resulting from the design basis
accidents postulated and evaluated in SAR Section 15 do not exceed the guidelines

O'

of 10 CFR Part 100. The reviewer should request the assistance of the AEB for
this review area.j

4
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided, and that
his evaluation is sufficiently complete and adeouate to support conclusions of
the following type, to be included in the staf f's safety evaluation report:

The staff concludes that the applicant's exclusion area is acceptable
and meets the requirements of 10 CFR Part 100. This conclusion is
based on the applicant having appropriately described the plant
exclusion area, the authority under which all activities within the
exclusion area can be controlled, and the methods by which access and
occupancy of the exclusion area can be controlled during normal
operation and in the event of an emergency situation. In addition,
the applicant has the required authority to control activities within
the designated exclusion area, including the exclusion and removal of
persons and property, and has established acceptable methods for
control of the designated exclusion area.

|
V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 100, " Reactor Site Criteria."

2. NUREG 75/087, " Standard Review Plan for the Review of Safety Analysis
Reports for Nuclear Power Plants," Section 2.2.3.

3. The Cleveland Electric Illuminating Company, et al. (Perry Nuclear Power
Piant, Units 1 and 2), " Supplemental Partial Initial Decision, Site Suit-
ability and Environmental Matters," LBP-74-76, 8 AEC 701 (October 20, 1974).

| 4. Southern California Edison Company, et al. (San Onofre Nuclear Generating
Station, Units 2 and 3), " Decision," ALAB-248, 8 AEC 951 (December 24,
1974).

1

l 5. Southern California Edison Company, et al. f5an Onofre Nuclear Generating
| Station, Units 2 and 3), " Decision," ALAB-268 1-NRC 383 (April 25, 1975).

O
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2.1.3 POPULATION DISTRIBUTION

REVIEW RESPONSIBILITIES

Primary - Siting Analysis Branch (SAB)

Secondary - Emergency Preparedness Licensing Branch (EPLB)

I. AhEAS OF REVIEW

The SAB reviews the population data in the site environs as presented in the appli-
cant's SAR, to determine whether the exclusion area, low population zone and popula-
tion center distance for the site comply with the requirements of 10 CFR Part 100,
and (at the CP stage) to determine whether the population density is such, as given
in Position C.3 of Regulatory Guide 4.7, that consideration should be given by the
applicant to alternate sites with lower population density.

A secondary review is performed by EPLB and the written results are used by SAB to
complete the overall evaluation of the facility.

)TheEPLBreviewsthelowpopulationzone(LPZ),todeterminewhetherthereis
b ' reasonable assurance that appropriate protective measures can be taken in this area,

in the event of emergency. The results of the analysis are transmitted to SAB for
inclusion in the safety evaluation report.

II. ACLEPTANCE CRITERIA

SAP acceptance criteria are based on meeting the relevant requirements of the
following regulations:

1. 10 CFR Part 50, 950.34 as it relates to having each applicant provide a
description and safety assessment of the site in his SAR, with special atten-
tion to the site evaluation factors identified ifi 10 CFR Part 100.

2. 10 CFR Part 100, $100.10 as it relates to determining the acceptability of a
site for a power or testing reactor. The staff will take the following item,
among others, into consideration:

Rev. 2 - July 1981
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Population density and use characteristics of the site environs, including
the exclusion area, low population zone, and population center distance.

10 CFR Part 100 also provides definitions and other requirements for determining ~

an exclusion area, low population zone, and population center distance in Sections
100.3 Ond 100.11, respectively.

The requirements of 10 CFR Part 50, S56.34 and 10 CFR Part 100 are deemed to
have been met if the population density and use characteristics of the site
meet the following:

1. Either there are no residents in the exclusion area, or if so, such residents
are subject to ready removal, in case of necessity.

2. The specified low population zone is acceptable if it is determined that
appropriate protective measures could be taken in behalf of the enclosed
populace in the event of a serious accident.

.

3. The nearest boundary of the closest population center (as defined in 10 CFR
Part 100) is at least one and one third times the distance from the reactor
to the outer boundary of the low population zone.

4. The population center distance is acceptable if there are no likely concen-
trations of greater than 25,000 people over the plant lifetime closer than
the distance designated by the applicant as the population center distance.
The boundary of the population center shall be determined upon considerations
of population distribution. Political boundaries are not controlling.

5. The population data supplied by the applicant in his SAR is acceptable if
(a) it contains population data for the latest census, projected year of
plant startup and projected year of end of plant life, all in the geograph-
ical format given in Section 2.1.3 of Reference 3, (b) it describes the
methodology and sources used to obtain the populatioq data, including the
projections, (c) it includes information on transient populations in the
site vico.ity, and (d) the population data in the site vicinity, including
projections, is verified by other means such as U.S. Census publications,
publications from state and local governments, and other independent projec-
tions, to be reasonable.

6. If the population density at the CP stage exceeds the guidelines given in
i Position C.3 of Regulatory Guide 4.7, " General Site Suitability Criteria
| for Nuclear Power Stations" (Ref. 4), the applicant will be required to
| give special attention to thr consideration of alternative sites with lower

population densities. A site that exceeds the population density guidelines
i of Position C.3 of Regulatory Guide 4.7 can nevertheless be selected and
| approved if, on balance, it offers advantages compared with available alter-

native sites when all of the environmental, safety, and economic aspects
of the proposed and alternative sites are considered.

J III. REVIEW PROCEDURES
|

Selection and emphasis of various aspects of the areas covered by this SRP
section will be made by the reviewer on each case. The judgment on the areas
to be given attention during the review is to be based on an inspection of the
material presented, the similarity of the material to that recently reviewed
on other plants, and whether items of special safety significance are involved.
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Determine that the population data contained in the SAR is in the detail and
in the format described in Reference 3, Section 2.1.3.

Compare the SAR present population data against whatever independent population
data is available (e.g., Census Bureau CED tapes, special census which may have
been conducted, local and state agencies, Cow.cils of Government, etc). Note
any significant differences which require clarification.

Compare the SAR population projections against whatever independent population
projections are available (e.g. , local and state agencies and Councils of Govern-
ment, Census Bureau projections, Bureau of Ec'onomic Analysis, etc). Note any
significant underestimates in the SAR which require clarification.

At the construction permit stage, use the population and its distribution,
including weighted transients, projected to the year of plant startup and
projected over the lifetime of the plant, to determine the population density
in persons per square mile as a functic~ 7f distance from the plant out to 30
miles. Compare results to the SAR plot of population density vs distance
(Reference 3, Section 2.1.3.6). If the population density, including weighted
transient population, projected at the time of initial operation exceeds 500
persons per square mile averaged over any radial distance out to 30 miles
(cumulative population a. a distance divided by the area at that distance), or
the projected population density over the lifetime of thz facility exceeds 1,000
persons per square mile averaged over any radial distance out to 30 miles, a
memorandum should be prepared advising appropriata staff personnel that an evalu-
ation of alternative sites having lower population densities will be required.

Determine that the SAR includes a map of the low population zone and a table
) of population distribution which includes transients (Reference 3, Section 2.1.3.4).

Determine the method used by the applicant to establish the boundary of the
nearest oopulation center (Reference 3, Section 2.1.3.5). Evaluate communities
which are closer to the plant than the design population center to determene
the likelihood that any of them can be projected to 25,000 people within the
plant lifetime. Compare the distance to the boundary of the population center
to the distance to the outer boundry of the low population zone and establish
that the population center distance is at least one and one-third times the
low population zone distance as required by 10 CFR Part 100.

Population and population density data of specific towns and cities within the
low population zone can be checked against population data as contained in the
Department of Commerce publication, "1970 Census of Population - Characteristics
of the Population," or other Census Bureau publications.

I

Determine that the current and projected population data for the LPZ includes
transients (e.g., workers, occupants of schools, hospitals, etc., recreational
facilities).
The EPLB determines the acceptability of the LPZ with respect to the necessary
finding that there is reasonable assurance that appropriate protective measures
could be taken in behalf of the people within the LPZ in the event of a radiolog-
ical emergency. [10 CFR Part 100, Section 100.3(b)]

A memorandum stating this finding should be transmitted to SAB for use in
preparing the staff's safety evaluation report.
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Determine that the nearest boundary of the closest population center is at least
one and one-third times the distance to the outer boundary of the low population
zone. Evaluate the characteristics of the land area between the plant and the
nearest population grouping which has, or is projected to have during plant
lifetime, a population of about 25,900. Use whatever data is available on land
use, land use controls such as zoning, potential for growth, or factors which
are likely to limit growth between the population grouping and the plant to
determine the potential growth in population density toward the site. The popula-
tion center boundary should be established at that point nearest the plant where,
in the reviewers judgment, the population density may grow to a value comparable
to the density of the community itself. Population density is the controlling
criteria, and in this regard, the corporate boundary of the community itself
is not limiting. The detail to which this aspect of the site is reviewed will
depend on the distance of the nearest probable population center relative to
the distance to the outer boundary of the low population zone. (See References 5
and 6.) Where a very large city is involved, a greater distance than the one
and one-third factor may be required, and appropriate additional compensating
engineered safeguards may be required. These will be evaluated on a case-by-case
basis, and where appropriate, a memorandum should be prepared by SAB providing |
any recommendations. I

Results of the review under this SRP section should be forwarded to the Division
of Licensing, Assistant Director for Cvrating Reactors whenever the site contains |
a previously licensed and operating nuclear unit.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided, and that
his evaluation is sufficiently complete and adequate to supoort conclusions of
the following type, to be included in the staff SER:

The staff concludes tnat the population data provided is acceptable
and meets the requirements of 10 CFR Part 50, 650.34, and 10 CFR Part
100. This conclusion is based on the applicant having provided an
acceptable description and safety assessment of the site which contains
present and projected population densities which, at the CP stage,
are within the guidelines of Position C.3 cf Regulatory Guide 4.7
and has properly specified the low populatica zone and population

! center distance. In addition, the staff has reviewed and confirmed
| by comparison with independently obtained population data, the applicant's

estimates of the present and projected populations surrounding the
site, including transients.

1

The Emergency Prepardness Licensing Branch shall determine that:

l The applicant also has calculated the radiological consequences of
| design basis accident at the outer boundary of the low population
|

zone (Section 15) and nas provided reasonable assurance that appropriate
protectiva measures can be taken within the low population zone to1

protect the population in the event of a radiological emergency.

V. IMPLEMENTATION

| The following is intended to provide guidance to applicants and licensees
I regarding the NRC staff's plans for using this SRP section.
|
!

|
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Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,

O) the method described herein will be used by the staff in its evaluation of
( conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

V. REFERENCES

1. 10 CFR Part 50, " Domestic Licensing of Production and Utilization Facilities."

2. 10 CFR Part 100, " Reactor Site Criteria." i
1

3. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

4. Regulatory Guide 4.7, " General Site Suitability for Nuclear Power Stations."

5. NUREG-0308 Safety Evaluation Report, Arkansas Nuclear One, Unit 2. November
1977 and supplements.

6. NUREG-75/054 Safety Evaluation Report, Pilgrim Nuclear Generating Station,
Unit 2. June 1975 and supplements.

t
.
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2.2.1 - 2.2.2 IDENTIFICATION OF POTENTIAL HAZARDS IN SITE VICINITY

REVIEW RESPONSIBILITIFj

Primary - Siting Analysis Branch (SAB) |

Secondary - None

I AREAS OF REVIEW

The site and it:, ;;inity are reviewed for location and separation distance with
respect to industr al, military, and transportation facilities and routes. Such
facilities and to. as include air, ground, and water traffic, pipelines, and fixed
manufacturing, precessing, and storage facilities. The review focuses on potential
external haurds or hazardous materials that are present or which may reasonably be
expected to be present during the projected lifetime of the proposed plant. The
purpose of this review is to establish the information concerning the presence and
magnitude of potential external hazards so that the reviews and evaluations de-
scribed in SRP Sections 2.2.3, 3.5.1.5, and 3.5.1.6 can be performed.

( )\( Control room habitability with respect to toxic chemicals is reviewed in SRP
Section 6.4 by the Accident Evaluation Branch (t.E6) as part of its primary review
responsibility.

II. ACCEPTANCE CRITERIA

10 CFR Part 100 9100.10 requires that site acceptance be based on the consideration
of factors relating to the proposed reactor design and the characteristics peculiar
to the site. One of the factors involves the use characteristics of the site envi-
rons. In accordance with 10 CFR Part 50, 950.34, the applicant is required to
submit in the preliminary and final safety analysis reports (PSAR and FSAR) infor-
mation needed for evaluating these factors. Guidelines for specific information
requirements are described in Chapter 2, Sections 2.2.1 and 2.2.2 of Regulatory
Guide (RG) 1.70.

The information submitted by the applicant is adequate and meets the 10 CFR Part 50,
S50.34 and 10 CFR 100, 100.10 requirements and RG 1.70 guidelines if it satisfies
the following criteria.

Rev. 2 - July 1981
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1. Data in the SAR adequately describes the locations and distances of indus-
trial, military, and transportation facilities in the vicinity of the plant,
and is in agreement with data obtained from other sources, when available.

2. Descriptions of the nature and extent of activities conducted at nearby
facilities, including the products and materials likely to be processed,
stored, used, or transported, are adequate to permit identification of
possible hazards in subsection III of this SRP section.

3. Sufficient sta^.istical data with respect to hezardous materials are pro-
vided to establish a basis for ev0 uating the potential hazard to the
plant.

III. REVIEW PROCEDURES

Selection and emphasis of various aspects of the areas covered by this review
plan will be made by tM reviewer on each case. The judgment of the areas to
be given attention during the review is to be based on an inspection of the
material presented, the similarity of the material to that recently reviewed
on other plants, and whether items of special safety sig ficance are involved.
The following procedures are followed:

1. The reviewer should be especially alert, in the construction permit (CP)
stage review, for any potentially hazardous activities in close proximity
of the plant sirce the variety of activities having damage potential at
ranges under about one kilometer can be very extensive. All identified
facilities and activities within eight kilometers (5 miles) of the plant
should be reviewed. Facilities and activities at greater distances
should be considered if they otherwise have the potential for affecting
plant safety-related features. At the operating license (0L) aage, most
hazards will already have been identified. Emphasis should be placed on
any new information. At the operating license stage, any ar.alyses pertain-
ing to potential accidents involving hazardous materials or activities in
the vicinity of the plant will be reviewed to ensure that results are
appropriate in light of any new data or experience which is then available.

|
Facilities which are likely to either produce or consume hazardous materials

| should be investigated as possible sources of traffic of hazardous materials
| past the site.

|
'

2. Information should be obtained from sources other than the SAR wherever
available, and should be used to check the accuracy and completeness of
the information submitted in the SAR. This independent information may
be obtained from sources such as U.S. Geological Survey (USGS) maps and
aerial photos, published documents, contacts with State and Federal
agencies, and from other nuclear plant applications (especially if they
are located in the same general area or on the same waterway.) Information
should also be obtained during the site visit and subsequent discussions
with local officials. (See Standard Review Plan Section 2.1.1 for further
guidance with regard to site visits.) To the extent that definitive
information is available, future potential hazards over the proposed
life of the plant should be reviewed.

3. The specific information relating to types of potentially hazardous
material, including distance, quantity, and frequency of shipment, is
reviewed to eliminate as many of the potential accident situations as

1
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possible by inspection, base.d on past review experience. At the operating
license stage, nearby industrial, military and transportation facilities

(3 and transportation routes wili be reviewed for any changes or additions
('j which may affect the safe operat on of the plant. If these changes alter

the data or assumptions used in previous hazards evaluations or demonstrate
the need for new ones, appropriate evaluations will be performed.

For pipeline hazards, Reference 7 may be used as an example of an acceptable
risk assessment. For cryogenic fuels, Reference 9 may be used, and for
tank barge risks, Reference 8. For military aviation, Reference 10 may
be used. Safe separation distances for explosives are identified in
References 1 and 2, and for toxic chemicals, References 3 and 4 should be
consulted.

The distance from nearby railroad lines is checked to determine if the
plant is within the range of a " rocketing" tank car which, from Reference 5,
is taken to be 350 meters with the re.iige for smaller pieces extending to
500 meters.

4. Potential accidents which cannot be eliminated from consideration as design
basis events because the consequences of the accidents, if they should
occur, could be serious enough to affect plant safety-related features,
are identified. Potential accidents so identified are assessed in detail,

using criteria in Standard Review Plan Sections 2.2.3, 3.5.1.5, or 3.5.1.6,
as appropriate.

IV. EVALUATION FINDINGS

The reviewer verifies that the information submitted by the applicant is in
( accordance with 10 CFR Part 50, 650.34 requirements and within RG 1.70 guidelines

such that compliance with 10 CFR Part 100, $100.10 can be evaluated. The informa-
tion is sufficiently complete and adequate if it can support conclusions of
the following type, to be used in the staff's safety evaluation report:

The applicant has provided information in the SAR on potential site
hazards in accordance with the requirements of 10 CFR 50, 950.34 and
Regulatory Guide 1.70. The nature and extent of activities involving i

potentially hazardous materials which are conducted at nearby indus-
trial, military, and transportation facilities have been evaluated
to identify any such activities which have the potential for adversely )
affecting plant safety-related structures. Based on evaluation of
information contained in the SAR, as well as information independently
obtained by the staff, it is concluded that all potentially hazardous
activities in the vicinity of the plant have been identified. The
hazards associated with these activities have been reviewed and are q

discussed in Sections and of this SER.

If the activities are identified as being potentially hazardous, the evaluations
described in Standard Review Plan Sections 2.2.3, 3.5.1.5 and 3.5.1.6 are per-
formed with respect to the inherent capability of the plant or special plant
design measures to prevent radiological releases in excess of the 10 CFR
Part 100 guidelines.

J
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREG.

VI. REFERENCES

1. Department of the Army Technical Manual TM5-1300, " Structures to Resist
the Effects of Accidental Explosions," June 1969.

2. Regulatory Guide 1.91, " Evaluation of Explosions Postulated to Occur on
Transportation Routes Near Nuclear Power Plant Sites."

3. Regulatory Guide 1.78, " Assumptions for Evaluating the Habitability of a
Nuclear Power Plant Control Room During a Postulated Hazardous Chemical
Release."

4. Regulatory Guide 1.95, " Protection of Nuclear Power Plant Control Room
Operators Against an Accidental Chlorine Release."

5. National Transportation Safety Board Railroad Accident Report, " Southern
Railway Company, Train 154, Derailment with Fire and Explosion, Laurel,
Mississippi, January 25, 1969," October 6, 1969.

6. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

7. NUREG-0014 Safety Evaluation Report, Hartsville Nuclear Plants A1, A2,
B1, and B2, April 1976, Docket STN 50-518.

8. Safety Evaluation of the Beaver Valley Power Station, Unit No. 2, November 9,
1976 and supplements. Docket 50-412.

9. Safety Evaluation Report, Hope Creek Generating Station, Units 1 and 2,
Supplement No. 5, March 1976, Docket 50-354 and 50-355.

10. Project 485, Aircraft Considerations, Preapplication Site Review, Boardman
Nuclear Plant. October 1973.

11. 10 CFR Part 50, S50.34, " Contents of Applications; Technical Information."

12. 10 CFR Part 100, 6100.10, " Factors to Be Considered When Evaluating Sites."

O
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2.2.3 EVALUATION OF PdTENTIAL ACCIDENTS

REVIEW RESPONSIBILITIES

Primary - Siting Analysis Branch (SAB)

Secondary - None

I. AREAS OF REVIEW

The applicant's identification of potential accident situations in the vicinity of
the plant is reviewed to determine the completeness of and the bases upon which
these potential accidents were or were not accommodated in the design. (See |Standard Review Plan Sections 2.2.1 and 2.2.2.)

With respect to potential offsite accidents which could affect control room
habitability (e.g., toxic gases, asphyxiants), those accidents which are to be
accommodated on a design basis, as determined within SRP Section 2.2.3 review, will
be addressed by the Accident Evaluation Branch (AEB) within SRP Section 6.4 review,

( } in accordance with TMI-Related Requirement III.D.3.4 of NUREG-0694.
\ /

QJ
The applicant's probability analyses of potential accidents involving hazardous
materials or activities in the vicinity of the plant, if such analyses have been
performed, are also reviewed by the Applied Statistics Branch (ASB/MPA) on request
by SAB to determine that appropriate data and analytical models have been utilized.

The analyses of the consequences of accidents involving nearby industrial, military,
and transportation facilities which have been identified as design basis events are
reviewed.

II. ACCEPTANCE CRITERIA

SAB acceptance criteria are based on meeting the relevant requirements of 10 CFR
Part 100, S100.10 (Ref. 1) as it relates to the factors to be considered in the
evaluation of sites, which indicates that reactors should reflect through their
design, construction, and operation an extremely low probability for accidents that

Rev. 2 - July 1981
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could result in the release of significant quantities of radioactive fission
products. In addition, 10 CFR Part 100, g100.10 indicates that the site location,
in conjunction with other considerations, should insure a low risk of public
exposure.

Specific criteria necessary to meet the relevant requirements of 10 CFR Srt 100,
9100.10 are described in the following paragraphs.

Offsite hazards which have the potential for causing onsite accidents leading
to the release of significant quantities of radioactive fission products, and
thus pose an unoue risk of public exposure, should have a sufficiently low
probability of occurrence and be within the scope of the low probability of
occurrence criterion of 10 CFR Part 100, S100.10, Specific guidance with
respect to offsite hazards is provided in Chapter 2, Section 2.2.3 of Regulatory
Guide (RG) 1.70 (Ref. 2). As indicated therein, the identification of design
basis events resulting from the presence of hazardous materials or activities
in the vicinity of the plant is acceptable if the design basis ev?nts include
each postulated type of accident for which the expected rate of occurrence of
potential exposures in excess of the 10 CFR Part 100 guidelines is estimated
to exceed the NRC staff ob :tive of approximately 10 7 per year. Because of
the difficulty of assigning accurate numerical values to the expected rate of
unprecedented potential hazards generally considered in this SRP section,
judgment must be used as to the acceptability of the overall risk presented.

The probability of occurrence of the initiating events leading to potential
consequences in excess of 10 CFR Part 100 exposure guidelines should be estimated
using assumptions that are as representative of the specific site as is practi-
cable. In addition, because of the low probabilities of the events under
consideration, data are often not available to permit accurate calculation of
probabilities. Accordingly, the expected rate of occurrence of potential _
exposures in excess of the 10 CFR Part 100 guidelines of approximately 10 6
per year is acceptable if, when combined with reasonable qualitative arguments,
the realistic probability can be shown to be lower.

The effects of design basis events have been adequately considered if analyses
of the effects of those accidents on the safety-related features of the plant
have been performed and measures have been take, (e.g., hardening, fire protec-
tion) to mitigate the consequences of such events.

III. REVIEW PROCEDURES

In some cases it may be necessary to consult with or obtain specific data from
| other branches, such as the Structural Engineering Branch (SEB) or Auxiliary
'

Systems Branch (ASB), regarding possible effects of external events on plant
structures or components.

;

| The applicant's probability calculations are reviewed, and an independent
probability analysis is performed by the staff if the potential hazard is
considered significant enough to affect the licensability of the site or is
important to the identification of design basis events.

| All stochastic variables that affect the occurrence or severity of the postulated
event are identified, and judged to be either independent or cor.ditioned by'

other variables. e
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Probabilistic models should be tested, where possible, against all available
information. If the model or any portion of it, by simple extension, can be
used to predict an observable accident rate, this test should be performed.

d The design parameters (e.g., overpressure) and physical phenomena (e.g., gas'

concentration) selecteo by the applicant for each design basis event are
reviewed to ascertain t5at the values are comparable to the values used in
previous analyses and f)und to be acceptable by the staff.

Each design basis event is reviewed to determine that the effects of the event
on the safety features of the plant have been adequately accommodated in the
design.

If accidents involving release of smoke, flammable or nonflammable gases, or |
toxic chemical bearing clouds are considered to be design basis events, an i
evaluation of the effects of these accidents on control room habitability
should be made in SAR Section 6.4 and on the operation of diesels and other
safety-related equipment in SAR Chapter 9.

Special attention should be given to the review of standardized designs which .

propose criteria involving individual numerical probability criteria for
individual classes of external man-made hazards. In such instances the reviewer
should establish that the envelope also includes an overall criterion that
limits the aggregate probability of exceeding design criteria associated with
all of the identified external man-made hazards. Similarly, special attention
should be given to the review of a site where several man-made hazards are
identified, but none of which, individually, has a probability exceeding the
acceptance criteria stated herein. The objective of this special review
should be to assure that the aggregate orobability of an outcome that may lead

(' to unacceptable plant damage meets the acceptance criteria of subsection II of |
this SRP section. (A hypothetical example is a situation where the probability'

of shock wave overpressure greater than design overpressure is about 10 7 per
reactor year from accidents at a nearby industrial facility, and approximately
equal probabilities of exceeding design pressure from railway accidents,
highway accidents and from shipping accidents. Individually each may be
judged acceptably low; the aggregate probability may be judged sufficiently
great that additional design features are warranted.)

IV. EVALUATION FINDINGS

If the reviewer, after a review of the offsite hazards identified in SRP
Section 2.2.1-2.2.2 and evaluated in the above SRP section, concludes that the
probability of exceeding the 10 CFR Part 100 dose guidelines due to offsite
hazards is within the acceptance criteria given in subsection II of this SRP
section, then the staff concludes that the site locatica insures a low risk of
exposure, in compliance with 10 CFR Part 100, 6100.10. A conclusion of the
following type may be prepared for the Staff's Safety Evaluation Report.

The staff concludes that the site location is acceptable and meets
the relevant requirements of 10 CFR Part 100. This conclusion is
based on the following. The applicant has identified potential
accidents related to the presence of hazardous materials or activities
in the site vicinity which could affect the plant, and from these
the applicant has selected those which should be considered as

O design basis events and has provided analyses of the effects of

2.2.3-3 Rev. 2 - July 1981

__~. _ _ . _ _ _ _ _ . _ _ . _ . _ . _ _ _ _ . _ _ _ _ _ . _ - _ . _ _ _ _ _ . - . _



these accidents on the safety-related features of the plant. From
the analyses, the applicant has demonstrated that the plant is
adequately protected and can be operated with an acceptable degree
of safety with regard to potential accidents which may occur as the
result of the presence of hazardous materials or activities at
nearby industrial, military, and transportation facilities.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the NRC
staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternate
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

V. REFERENCES

1. 10 CFR Part 100, " Reactor Site Criteria," Section 100.10.

2. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

3. Affidavit of Jacques B. J. Read before the Atomic Safety and Licensing
Board in the matter of Skagit Nuclear Powec Project, Units 1 and 2,
July 15, 1976. Docket Nos. STN 50-522, 523.

4. Atomic Safety and Licensing Board, Supplemental Jnitial Decision in the
Matter of Hope Creek Generating Station, Units 1 and 2, March 28, 1977.
Docket Nos. 50-354, 355.

5. Section 2, Supplement 2 to the Floating Nuclear Plant Safety Evaluation
Report, Docket No. STN 50-437, September 1976.

O
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2.3.1 REGIONAL CLIMATOLOGY

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - None

I. AREAS OF REVIEW

Information is presented by the applicant and reviewed by the staff concerning
averages and extremes of climatic conditions and regional meteorological phenomena
which affect the safe design and siting of the plant. The review covers the
following specific areas:

1. A description of the general climate of the region with respect to types of
air masses, synoptic features (high and low pressure systems and frontal
systems), general air-ficy patterns (wind direction and speed), temperature
and humidity, precipitation (rain, snow, and sleet), and relationships between

(7, synoptic-scale atmospheric processess and local (site) meteorological
(v/ conditions.

2. Seasonal and annual frequencies of severe weather phenomena including torna-
does, waterspouts, thunderstorms, lightning, hail (including probable maximum
size), ar.d high air pollution potential.

3. Meteorological conditions used as design and operating bases including:

a. The maximum snow and ice load (water equivalent) that the roofs of
safety-related structures must be capable of withstanding during plant
operation.

b. Ultimate heat sink meteorological conditions resulting in maximum
evaporation (and drift loss of water and minimum water cooling.

Tornado parameters including translational speed, rotational speed, andc.
the maximum pressure differential with the associated time interval.
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d. 100 year return period " fastest mile of wind" including vertical
velocity distribution and gust factor.

e. Probable maximum annual frequency of occurrence and time duration of
freezing rain (ice storms) and, where applicable, dust (sand) storms.

f. Other meteorological and air quality conditions used for design and
opera;.ing basis considerations.

II. ACCEPTANCE CRITERIA

The information regarding the regional meteorological conditions and phenomena
which affect the safe design and siting of the plant is acceptable if it meets
the requirements of the following regulations:

(1) 10 CFR Part 50, Appendix A, General Design Criterion 2 (GDC 2),
" Design Bases for Protection Against Natural Phenomena" (Ref. 1),
with respect to information on severe regional weather phenomena
that have historically been reported for the region and that are
reflected in the oesign bases for structures, systems and components
important to safety.

(2) 10 CFR Part 50, Appendix A, General Design Criterion 4 (GDC 4),
" Environmental Missile Design dases" (Ref. 2), with respect to
information on tornadoes that could generate missiles, and

(3) 10 CFR Part 100, K100.10(c) (Ref. 3), with respect to the consideration
that has been given to the regional meteorological characteristics of
the site.

The information should be presented and substantiated in accordance with
acceptable practice and data as promulgated by the National Oceanic and
Athiospheric Administration (NOAA), industry standards, and regulatory guides.

Regulatory positions and specific criteria necessary to meet the Commission's
regulations identified above are as follows:

1. The description of the general climate of the region should be based on
s'.andard climatic summaries compiled by NOAA (Ref. 4, 5). Consideration 1

of the relationships between regional synoptic-scale atmospheric processes
and local (site) meteorological conditions should be based on appropriate
meteorological data (Ref. 5, 6).

'O
2. Data on severe weather phenomena should be based on standard meteorological

records'from nearby representative National Weather Service (NWS), military
or other stations recognized as standard installations which have long
periods on record. The applicability of these data to represent site condi-
tions during the expected period of reactor cperation must be substantiated
(Ref. 5, 6, 7). |

3. Design basis tornado parameters should be based on Regulatory Guide 1.76
(R f. 8). |

4.
~ iting basis wind velocity (fastest mile of wind) should be basea on I

tandard published by the American National Standards Institute (ANSI)
,. . 9) with suitable corrections for local conditions (Ref. 10).
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5. The ultimate heat sink meteorological data, as stated in Regulatory
Guide 1.27 (Ref. 11) should be based on long period regional records

p which represent site conditions.

G 6. Freezing rain estimates should be based on representative NWS station
data.

7. High air pollution potential information should be based on U.S. Environ-
mental Protection Agency (EPA) studies (Ref. 12, 13). |

8. All other meteorological and air quality data used for safety-related
plant design and operating bases should be document (d and substantiated.

III. REVIEW PROCEDURES

1. General Climate

The general climatic description of the region in which the site is
located is reviewed for completeness and authenticity. Climatic param-
eters such as air masses, general airflow, pressure patterns, frontal
systems, and temperature and humidity conditions reported by the appli-
cant are checked against standard references (Ref. 4 and 5) for appro-
priateness with respect to location and period of record.

The applicant's description of the role of synoptic-scale atmospheric
processes on local (site) meteorological conditions is checked against
the descriptions provided in Rein erces 5 and 6.

O 2. Regional Heteorological Averages and Extremes
b Since meteorological averages and extremes can only be obtained from

stations in C.e region of the site which have long periods of record, ard
the stations are.not usually very close to the site, a determination of
the representativeness of the data to site conditions is the primary
concern in the review. A determination of the adequacy of tha stations
and their data is also made.

Recorded meteorological averages and extremes are checked against standard
publications such as Reference 6. Snow and ice load adequacy is checked
for reasonableness against ANSI A58.1-1972 (Ref. 9) and regional data
available in References 5, 6 and 7. References 5 and 6 provide inforna-
tion on other averages and extremes. References 12 and 13 provide infor-
mation on high air pollution potential for verification. Extreme winds
and the specific vertical velocity d'stribution are checked against
References 9 and 10. Gust factors are checked against Reference 9. The
design basis tornado parameters are checked for agreement with Regulatory
Guide 1.76 (Ref. 8) and tornado cata are verified using the procedures
and data in WASH-1300 (Ref. 14).

The reviewer provides the findings on meteorological parameters to the Structural
Engineering Branch and other branches as necessary for review of the adequacy
of the design of structures, systems and components important to safety.
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his evaluation supports concluding statements of the following type to be
included in the staf f's safety evaluation report:

The staff has reviewed available information relative to the regional
meteorological conditions of importance to the safe design and siting
of this plant. The staff concludes that the identification and con-
sideration of the meteorological characteristics at the site and in
the surrounding area are acceptable and meet the requirements of
10 CFR Part 100, 100.10(c)(2) with respect to determining the
acceptability of tne site. This conclusion is based on the presenta-
tion and substailtiat "1 of the meteorological information in accord-
ance with acceptable standard practice as promulgated by the National
Oceanic and Atmospheric Administration and in industry standards
identified in the references hereto, and includes the ultimate heat
sink meteorological data as stated in Regulatory Position 1.b of
Regulatory Guide 1._| (Ref. 11).

The staff concludes that the identification and consideration by the
applicant of the severe regional weather phenomena at the site and
the surrounding area are acceptable and meet the requirement of 10 CFR
Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena," with respect to estabishing
the design bases for structures, systems, and components important
to safety. This conclusion is based on the presentation and sub-
stantiation of the severe regional weather phenomena in accordance
with acceptable standard practice as promulgated by the National
Oceanic and Atmospheric Administration and in industry standards
identified in the references hereto.

The staff concludes that the identification and consideration of
tornadoes are acceptable and meet the requirements of 10 CFR Part 50,
^opendix A, General Design Criterion 4, " Environmental and Missile
.! sign Bases," with respect to determining the design basis tornado
for the generation of missiles. This conclusion is based on the
applicant's conformance with the position set forth in Regulatory
Guide 1.76 (Ref. 8).

This statement should be preceded by a resume of the general climate and the
metec,ological design parameters used for the plant.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.
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VI. REFERENCES

O-
1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for

Protection Against Natural Phenomena."

2. 10 CTR Part 50, Appendix A, General Design CriterLa 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 100, Section 100.10(c)(2).

4. U.S. Department of Commerce, " Climatic Atlas of the United States," .

Environmental Data Service, NOAA, June 1968.

5. U.S. Department of Commerce, " Local Climatological Data - Annual Summary
with Comparative Data," Environmental Data Service, NOAA, published
annaally for all first-order NWS stations.

6. U.S. Department of Commerce, " State Climatological Summary," Environmental
Data Service, NOAA, published annually by state.

7. U.S. Department of Commerce, " Storm Data," Environmental Data Service,
NOAA, published monthly.

8. Regulatory Guide 1.76, " Design Basis Tornado for Nuclear Power Plants."

9. ANSI A58.1, " Building Code Requirements for Minimum Design Loads in
Buildings and Other Structures," American National Standards Institute
(1972).

10. H. C. S. Thom, "New Distribution cf Extreme Winds in the United States,"
Journal of the Structural Division, Proceedings of the American Society
of Civil Engineers, pp. 1787-1801, July 1968.

11. Regulatory Guide 1.27, " Ultimate ileat Sink for Nuclear Power Plants."

12. G. C. Holzworth, " Mixing Heights, Wind Speeds, and Potential for Urban
Air Pollution Throughout the Contiguous United States," AP-101, Office of
Air Programs, USEPA, January 1972.

13. J. Korshover, " Climatology of Stagnating Anticyclones East of the Rocky
Mountains, 1936-1970," Publication No. 99-AP-34, Public Health Service,
October 1971.

| 14. E. H. Markee, Jr. , et. al. , " Technical Basis for Interim Regional Tornado
i Criteria," WASH-1300, USAEC, May 1974.
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2.3.2 LOCAL METEOROLOGY

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB) |

Secondary - None

I. AREAS OF REVIEW

Information is presented by the applicant and reviewed by the staff concerning the
local (site) meteorological parameters, an assessment of the potential influence of
the plant and its facilities on local meteorological conditions, and a topographical
description of the site and its environs. The review covers the following specific
areas.

1. A description of the local (site) meteorology in terms of airflow, temperature,
atmospheric water vapor, precipitation, fog, atir.ospheric stability, and air
quality.

,,.3

( v) 2. An assessment of the influence of the plant and its facilities on the local
meteorological parameters listed in (1), including the effects of plant struc-
tures, terrain modification, and heat and moisture sources due to plant
operation.

3. A topographical description of the site and its environs, as modified by the
plant structures, including the site boundary, exclusion zone, and low popula-
tion zone.

II. ACCEPTANCE CRITERIA

The information regarding the local meteorological and topographic descriptions of
the site area applicable both before plant construction and during plant operation
should be adequately documented such that meteorological impacts on plant design
and operation as well as the impact of the plant on local meteorological conditions
can be reliably predicted. The information should be fully documented and substan-
tiated as to its representativeness of conditions at and near the site. The infor-
mation is acceptable if it meets the requirements of the following regulations:
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1. 10 CFR Part 50, App'endix A, General Design Criterion 2 (GDC 2), " Design
Bases for Protection Against Natural Phenomena," (Ref. 1) with respect to
information on the most severe local weather phenomena that have histori-
cally been reported for the site and the surrounding area and that are
reflected in the design bases for structures, systems, and components
important to safety,

2. 10 CFR Part 100, 100.10(c) (Ref. 2) with respect to the consideration that
has been given to the local meteorological and air quality characteristics
of the site and other physical characteristics of the site that can influence
the local meteorol agy.

Specific criteria necessary to meet the requirements of GDC 2 and 10 CFR Part 100
are as follows:

1. Lecal s" naries of meteorological data based on onsite measurements in
accordance with Regulatory Guide 1.23 (Ref. 3) and National Weather
Service station summaries (Ref. 4, 5) or other standard installation
summaries from appropriate nearby locations should be presented as
specified in Regulatory Guide 1.70, Section 2.3.2 (Ref. 6).

2. A complete topographical description of the site and environs out to a
distance of 50 miles from the plant, as described in Regulatory Guide 1.70,
Section 2.3.2.2, should be provided (Ref. 6).

3. A discussion and evaluation of the influence of the plant and its facilities
on the local meteorological and air quality conditions should be provided.
A discussion of potential changes in the normal and extreme values as pre-
sented in the SAR resulting from plant construction and operation should
be made. The acceptability of the information is determined through
ccTparison with standard assessments (Ref. 7).

III. REVIEW PROCEDURES

Section 2.3 of the SAR is reviewed for content based on the specifications out-
lined in Regulatory Guide 1.70 (Ref. 6).

1. The summaries listed in Section 2.3.2.1 of Regulatory Guide 1.70 (Ref. 6)
arc reviewed for completeness and adequacy of basic data. The wind and
atmospheric stability data should be based on onsite data (Ref. 3), since |
airflow and vertical temperature structure can vary substantially from
one location to another and are inputs to the assessment of atmospheric
diffusion conditions at the site. The other summaries should be based on
nearby representative stations with long periods of record since the
locally measured extremes in intensity and frequency are compared to
design basis values presented in the safety analysis report or are used
by other branches to determine whether these meteorological conditions
are limiting conditions for design and emergency procedures. When off-
site data are used, a determination is made of how well the data represent
site conditions and whether more representative data are available.
National Oceanic and Atmospheric Administration (NOAA) state meteorologi-
cal summaries (Ref. 4), local climatological data (Ref. 5), and NOAA
Environmental Data Service summaries pertinent +o the site are used by
the reviewer to evaluate the representativeness of stations and periods
of record. The reviewer should be familiar with all primary meteorological
data collection locations.
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2. The reviewer assures that all topographic maps and topographic cross-
sections presented by the applicant are legible and well-labeled so that
the information needed during the review can be readily extracted.
Reference points and the direction of true north should be checked
carefully. Points of interest such as plant structures, site boundary,
and exclusion zone should be marked on the maps and diagrams.

The reviewer compares the applicant's assessment of the effect of topography
to standard assessments such as those presented in " Meteorology and Atomic
Energy - 1968" (Ref. 7) and decides whether the standard regulatory atmos-
pheric diffusion models (discussed in SRP Sections 2.3.4 and 2.3.5) are
appropriate for this site.

|
3. The reviewer evaluates the contents of Section 2.3.2 of the SAR as folicws:

a. Determine the terrain modifications that will occur as a result of
plant construction such as removal of trees, leveling of ground, and
installation of lakes and ponds.

b. Determine the location, size, and materials used for plant structures
including buildings, switchyard gear, parking lots, and roads.

c. Determine and quantify the heat and moisture sources that will result
from plant operations.

d. Relate the input information in items a, b, and c, above, to local
meteorological modifications.

Determine air quality conditions used for design and operating basise.
considerations.

f. Compare the reviewer's assessment with that of the applicant.

4. The reviewer provides the findings on meteorological parameters to the
Structural Engineerin Branch and other branches as necessary for review
of the adequacy of the design of structures, systems and components
important to safety.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his evaluation supports concluding statements of the following type, to be

! included in the staff's safety evaluation report:
!

The staff has reviewed available information relative to local meteoro-
logical and air quality conditions that are of importance to the safe
design and siting of this plant.

The staff concludes that the identification and consideration of the
meteorological, air quality, and topographical characteristics at
the site and in the surrounding area are acceptable and meet the
requirements of 10 CFR Part 100, 6100.1C(c)(2) with respect to deter-
mining the acceptability of the site.

The staff also concludes that the identification and consideration
by the applicant of the severe local weather phenomena at the site

2.3.2-3 Rev. 2 - July 1981
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and the surrounding are acceptable and meet the requirements of 10
CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases
for Protection Against Natural Phenomena," with respect to estab-
lishing the design bases for structures, systems, and components
important to safety.

These conclusions are based on the following:

(1) The applicant has provided and substantiated information on local
meteorological and air quality conditions and characteristics,
including severe weather phenomena, in accordance with Regulatory
Guide 1.70, Section 2.3.2, and in accordance with standard practice
as promulgated by the National Oceanic and Atmospheric Administration
and

(2) The applicant has met the regulatory positions in Regulatory
Guide 1.23 with respect to reporting the onsite meteorological
data.

These statements will be preceded by a summary of local meteorological and air
quality parameters appropriate for the site.

V. IMPLEMENTATION ;

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, Section 100.10, " Factors to be Considered When Evaluating
Sites."

3. Regulatory Guide 1.23, "Onsite Meteorological Programs."

4. U.S. Department of Commerce, " State Climatological Summary," Environmental
Data Service, NOAA, published annually by state.

5. U.S. Department of Commerce, "Locel Climatolt,gical Data - Annual Summary
with Comparative Data," Environmental Data Service, NOAA, published annually
for all first-order NWS stations.

6. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."
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7. D. H. Slade (ed.), " Meteorology and Atomic Energy - 1968," TID-24190,
Division of Technical Information, USAEC (1968).
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2.3.3 ONSITE METEOROLOGICAL MEASUREMENTS PROGRAMS

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)
|

Secondary - None

I. AREAS OF REVIEW

Information is presented by the applicant and reviewed by the staff concerning
the onsite meteorological measurements programs including instrumentation and
measured data. The review covers the following specific areas: |

1. Meteorological instrumentation including siting of sensors, sensor
performance specifications, methods and equipment for recording sensor
output, the quality assurance program for sensors and recorders, and data
acquisition and reduction procedures.

2. Meteorological data including consideration of the period of record and

/ amenability of the data for use in characterizing atmospheric dispersions

conditions.

3. Additional meteorological measurement requirements for emergency
preparedness planning pursuant to 10 CFR Part 50, 650.47 (Ref. 1) and
Appendix E to 10 CFR Part 50 (Ref. 2) are reviewed by AEB as a secondary
review responsibility for SRP Section 13.3.

II. ACCEPTANCE CRITERIA
i

AEB acceptance criteria for the onsite meteorological measurement program are I

based on the relevant requirements of the following regulations: |
i

A. 10 CFR Part 100, 9100.10(c)(2) (Ref. 3) as related to meteorological
'

data collected for use in characterizing meteorological conditions of
the site and surrounding area.
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B. 10 CFR Part 100, 9100.11(a) (Ref. 4) as related to meteorological
data used in the evaluation to determine an exclusion area and a low
population zone.

C. 10 CFR Part 50, Appendix I (Ref. 5) as related to meteorological
data used in determining the compliance with the numerical guides
for doses to meet the criterion of "as low as is reasonably

achievable."

Specific criteria necessary to meet Part 100 and Appendix I are as follows:

1. The onsite meteorological measurements programs should produce data which
can be summarized to provide a description of the meteorological character-
istics of the site and its vicinity for the purpose of making atmospheric
dispersion estimates for both postulated accidental and expected routine
airborne releases of effluents and for comparison with offsite sources to
determine the appropriateness of climatological data used for design
considerations. The criteria for an acceptable onsite meteorological
measurements program are documented in the Regulatory Position,
Section C, of Regulatory Guide 1.23 (Ref. 6).

2. The following additional criteria are used to judge the acceptability of
meteorological data summaries for atmospheric dispersion estimates (Ref. 7).

a. For the Preliminary Safety Analysis Report (PSAP), at least one
annual cycle of onsite meteorological data should be provided at
docketing.

b. For the Final Safety Analysis Report (FSAR), at least two
consecutive annual cycles, including the most recent one year
period, should be provided at docketing.

Meteorological data should be presented in the form of joint frequency
distributions of wind speed and wind direction by atmospheric stability class
in the format described in Regulatory Guide 1.23. A listing of each hour of

the hourly-averaged parameters should be provided on magnetic tape in the
format described in the Appendix to this Standard Review Plan section.

Evidence of how well these data represent long-term conditions at the site
should be presented.

III. REVIEW PROCEDURES
b

1. Meteorological Instrumentation

The basic meteorological parameters measured by instrumentation are
reviewed and should include wind direction and wind speed at two levels,
ambient air temperature difference between two levels, temperature, and
atmospheric moisture (at sites where water vapor is emitted, as from
cooling towers or spray ponds).

a. Instrument Siting

Instrument types, heights, and locations are compared generally to
the position stated in Regulatory Guide 1.23, Positions C.1 and C.2.
Detailed review procedures follow.

2.3.3-2 Rev. 2 - July 1981
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(1) local Exposure of Instruments

O The local exposure of the wind and temperature sensors is
\ reviewed to assure that the measurements will represent the

general site area. A determination is made whether the tower
which supports the sensors will influence the wind or tempera-
ture measurements. Professional experience and studies have
shown that wind sensors should oe mounted on booms such that
the sensors are at least two tower widths away from an open-
latticed tower. For temperature sensort, mounting booms need
not be as long as those f or wind sensors but must be unaffected
by thermal radiation from the tower itself. No temperature
sensors may be mounted directly on stacks or closed towers.
Mounting booms for all sensors should be oriented normal to the
prevailing wind at the site.

A determination is made whether the terrain at or near the base
of the tower will unnaturally affect the wind or temperature
measurements. Heat reflection characteristics of the surface
underlying the meteorological tower (grass, soil, gravel, paving,
etc.) are estimated to assure that localized influences on
measurements are minimal. The position, size, and materials
used in the construction of the recorder shack and nearby trees
are also examined for potential localized influence on the
measurements.

(2) General Exposure of Instruments

(m) Since the objective of the instrumentation is to provide measure-
( ,/ ments which represent the overall site meteorology without plant

structure interference, the tower position (s) must have been
selected with this general objective in mind. Examination of
topographical maps, which have been modified to show finished
plant grade, and a site visit along with professional judgment
on airflow patterns are used to determine and evaluate the
representativeness of the location (s).

The plant structure layout including structure heights are
examined for potential influence on meteorological measurements.
Sensors should be located at least ten obstruction heights away
from the obstruction to minimize this influence.

b. Meteorological Sensors

The type and performance specifications of the sensors are evaluated.
Manufacturers' specifications and analysis, and operating experience
for these sensors are considered in evaluation of adequacy with respect
to accuracy and the potential for acceptable data recovery. Standard-
ized evaluations such as Reference 9 and operational experience reports
contained in research papers are utilized.

The suitability of the specific type of sensor for use in the environ-
mental conditions at the site is evaluated. To this end, the range-

of wind conditions and the ability of the sensors to withstand corrosion,n

(v) blowing sand, salt, air pollutants, birds, and insects are considered.
,
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It the sensors are new and unique, a meteorological instrumentation
expert may need to be consulted.

c. Recording of Meteorological sensor Output

The methods of recording (e.g., digital or analog, instantaneous or
average, engineering units or raw voltages) and the recording
equipment including performance specifications and location of this
equipment are evaluated. Manufacturers' specifications and opera-
ting experience for the recorders are considered in evaluation of
adequacy with respect to accuracy and the potential for acceptable
data recovery.

The controlled environmental conditions in which the recorders are
kept (instrument chack or control room) are reviewed for adequacy in
accordance with the manufacturers' specifications. The ability to
obtain a direct readout from the recorders in situ during routine
inspection of systems is checked to ensure that the inspector will
be able to relate the recorder output directly to the sensor
measurement. Some specific criteria are contained in Regulatory
Guide 1.23, Position C.3.

The reviewer determines that there are provisions for proper display
of measurements of wind direction, wind speed, and vertical
temperature dif ference in the control room during plant operation.

d. Instrumentation Surveillance

Tie inspection, maintenance, and calibration procedures and their
frequency are evaluated. These surveillance procedures and the
frequency of attention that the instrumentation systems receive are
compared to operating experience at this site and other sites with
similar instrumentation with the objective of determining that
acceptable data recovery with acceptable accuracy will be obtained
throughout the duration of the meteorological program. Criteria for
acceptable accuracy and acceptable data recovery are specified in
Regulatory Guide 1.23, Positions C.4 and C.S.

e. Data Acquisition and Reduction

The procedures, including both hardware and software, for data
accuisition and reduction are evaluated. Since there are many
methods of acquiring data from meteorological measurement systems
which are acceptable to the staff, the review procedure varies. The
basic components of the program which are reviewed to ascertain the
acceptability of data acquisition and reduction are:

(1) accuracy of direct measurements and their precision,

(2) accuracy in conversion of direct measurement units to
meteorological units,

(3) adequacy of frequency and mode (instantaneous or average) of
sampling, and
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(4) averaging time of system outputs for final disposition and
accuracy of these data.

m

Since the instrument accuracy criteria in Regulatory Guide 1.23
; refer to overall system accuracy for time averaged values, the

overall system accuracy is evaluated in addition to the component
(sensor, recorder and reduction) accuracies. The evaluation
consists primarily of using statistical procedures for compound
errors based on sensor accuracy, recorder accuracy, conversion of
units accuracy, and frequency and mode of sampling (Ref. 10).

2. Meteorological Data Summaries
.

Annual (i.e., representing the annual cycle) joint frequency
distributions of wind direction and wind speed by atmospheric stability
class are evaluated for sufficient detail to permit the staff to make an
independent determination of the atmospheric dispersion conditions.

The format of the data (joint frequency distribution and hourly average
is reviewed to ensure that it will be usable by the staff. The formats
in Regulatory Guide 1.23 and in Appendix A to this Standard Review Plan
section are used for comparison.

" Calm" wind conditions (which should be defined as wind speeds less than
the starting speed of the anemometer or vane, whichever is higher) are
checked for reasonableness. They should be in the distributions as a
separate wind speed class, without directional assignment for each
atmospheric stability class.,

Q) Annual joint frequency distributions for each expected mode of release
(i.e., ground level and elevated) are checked for appropriateness of
heights of measurements of wind direction, wind speed, and atmospheric
stability. Winds at the 10-meter level and the temperature difference
(AT) between the vent height and the 10-meter level are used for vent and
penetration releases. Winds from near release height and AT between
release height and the 10-meter level are used for stack releases. |,

The climatic representativeness of the joint frequency distribution is
checked by comparison with nearby stations which have collected reliable
meteorological data over a long period of time (10-20 years). The
distributions are compared w!th sites in similar geographical and
topographical locations to assure that the data are reasonable.

References 7 through 11 are information sources that are used during the
review.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in
accordance with the requirements of this SRP section and that the evaluation
supports the following type of concluding statement, to be included in the
staf f's Safety Evaluation Report: *

Th9 staff has reviewed the available information relative to the onsite
(n) meteorological measurements program and the data collected by the
V program. The staff concludes that the system provides adequate data to
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represent onsite meteorological conditions as required by 10 CFR Part 100,
9100.10. The onsite data also provides an acceptable basis for making
estimates of atmospheric dispersion for design basis accident and routine
releases from the plant to meet the requirements of 10 CFR Part 100,
g100.11 and Appendix I to 10 CFR Part 50. These conclusions are based on
the following:

1. The applicant has provided and substantiated information on the
meteorological measurements program.

2. The applicant has met the Regulatory Position in Regulatory
Guide 1.23 with respect to meteorological data collection and
equipment.

For the CP review, if adequate meteorological data have not been acquired by
the applicant and presented to the staff, a statement requiring the applicant
to obtain adequate data in a timely manner will be added.

There statements should be preceded by a brief summary description of the
onsite meteorological measurements program covering the following items:

1. height and location of meteorological sensors by type,

2. period of data record,

3. data recovery,

4. meteorological parameters used for atmospheric diffusion estimates.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staf f's plans for using the SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commiso;on's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 LJR Part 50, 550.47, " Emergency Plans."

2. 10 CFR Part 50, Appendix E, " Emergency Planning and Preparedness for
Production and Utilization Facilities."

3. 10 CFR Part 100, 6100.10, " Reactor Site Criteria, Site Evaluation
Factors"

.

4. 10 CFR Part 100, S100.11, " Reactor Site Criteria, Determination of
Exclusion Area, Low Population Zone, and Population Center Distance."
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5. 10 CFR Part 50, Appendix I, " Numerical Guides for Design Objectives and
Limiting Conditions for Operation to Meet the Condition."

6. Regulatory Guide 1.23, "Onsite Meteorological Programs."

7. Regulatory Guide 4.2, " Preparation of Environmental Reports for Nuclear
Power Plants."

8. R. C. Hilfiker, " Exposure of Instruments," Chapter in Air Pollution
Meteorology Manual, Training Course 411 conducted by USEPA Air Pollution

,
Training Institute, Research Triangle Park, North Carolina, August 1973.

!

! 9. D. H. Slade (ed.), " Meteorology and Atomic Energy - 1968," TID-24190,
| Division of Technical Information, USAEC (1968).

i 10. C. E. P. Brooks and N. Caruthers, " Handbook of Statistical Methods in
Meteorology," M.0. 538, Her Majesty's Stationary Office, London (1953).

11. D. A. Mazzarella, "An Inventory of Specifications for Wind Measuring
Instruments," Bull. Amer. Meteor. Soc. 53, 860 (1972). I
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APPENDIX

Standard Review Plan Section 2.3.3

RECOMMENDED FORMAT FOR HOURLY METEOR 0 LOGICAL
DATA TO BE PLACED ON MAGNETIC TAPE *

USE: 9-track tape (7 will be acceptable)
Standard Label which would include:

Record Length = 160
Block Size (3200 - fixed block size)
Density (1600 BPI - 800 will be accepted)

Do Not Use: Magnetic tapes with unformatted or spanned records

At the beginning of each tape, use the first five (5) records (which is the
equivalent of ten cards) to give a tape description. Include plant name;
location (latitude, longitude); dates of data; information explaining data
containing in the "other" fields if they are used; height of measurements; and
any additional information pertinent to identification of the tape. Make sure
all five records are included, even if some are blank. Format for the first
five records will be 160A1. Meteorological data format is (16, I2, I3, 14,
25F5.1, F5.2, 3F5.1).

All data should be given to the tenth of a unit except solar radiation, which
should be given to a hundredth of a unit. This does not necessarily indicate
the accuracy of the data (e.g., wind direction is usually given to the nearest
degree). All nines in any field indicate a lost record (99999). All sevens
in a wind direction field indicate calm (77777). If there are only two levels
of data, use the upper and lower levels. If there is only one level of data,
use the upper level.

|

|

|
|

*0ata on magnetic tape are acceptable in any reasonable format, if the format is
completely described (see NUREG-0158, Part 1), and if a sample tape camp is
provided.

|

I
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;

!

MAGNETIC' TAPE METEOROLOGICAL DATA

\ LOCATION:,

DATE OF DATA RECORD:
;

I6 Identifier (can be anything)j

,

I2 Year,

i ?

;
_

Julian DayI3
:
- I4 Hour (on 24-hour clock)

. ACCURACY
|

4 F5.1 Upper Measurements: Level = meters
,

| F5.1 Wind Direction (degrees)
F5.1 Wind Speed (meter /sec)

F5.1 Sigma Theta (degrees)
F5.1 . Ambient Temperature ( C)

F5.1 Moisture:
*

F 5.1_, _ Other:

| F5.1 Intermediate Measurements: Level = meters
i
; F5.1 ' Wind Direction (degrees)

F5.1 Wind Speed (meters /sec)
,

F5.1 Sigma Theta (degrees)

F5.1 Ambient Temperature ( C)

f 5.1 Moisture:
F5.1 O ther:

.'
!

| __ F5.1 Lower Measurements: Level = meters

j F5.1 Wind Direction (degrees)

i F5.1 Wind Speed (meters /sec)
.

| F5.1 Sigma Theta (degrees)

| F5.1 Ambient Temperature ( C)

| F5.1 Moisture:
F5.1 Other:

;

\

;.
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MAGNETIC TAPE METEOROLOGICAL DATA (Continued)

F5.1 Temp. Diff. (Upper-Lower) (*C/100 meters)
F5.1 Temp. Diff. (Upper-Intermediate) (*C/100 meters)
Fo.1 Temp. Dif f. (Intermediate-Lower) ( C/100 ineters)

F 5.1 _ Precipitation (mm)
2F5.1 Solar Radiation (cal /cm / min)

F5.1 Visibility (km)

F5. 2 Other:

F5.1 Other:

|

*

O

|
|

|

|
.

|

|

|

| 9
|
1
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2.3.4 SHORT-TERM DISPERSION ESTIMATES FOR ACCI6 ENTAL ATMOSPHERIC RELEASES

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - None

I. AREAS OF REVIEW

Information is presented by the applicant and reviewed by the staff concerning
atmospheric dispersion estimates for pot *ulated accidental releases of effluents
to the atmosphere. The review covers the following specific areas:

1. Atmospheric transport and diffusion models to calculate relative concen-
trations for postulated accidental radioactive and hazardous airborne
releases.

2. Meteorological data summaries used as input to diffusion models.
,m

l I 3. Derivation of diffusion parameters.
L)

4. Probability distributions of relative concentrations.

5. Determination of relative concentrations used for assessment of conse-
quences of postulated radioactive atmospheric releases for design basis
accidents and for other accidents, and of onsite and offsite hazardous
airborne releases.

II. ACCEPTANCE CRITERIA

The applicant should provide conservative estimates of atmospheric transport and
diffusion conditions at appropriate distances from the source for postulated
accidental releases of radioactive and hazardous materials to the atmosphere.
The plant should be considered as noth a source and a receptor.

The information is necessary to demonstrate compliance with the following
regulations:

Rev. 1 - July 1981
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1

A. 10 CFR Part 50, Appendix A, General Design Criterion 19, " Control Room"
(Ref. 1), with respect to the meteorological considerations used to
evaluate the personnel radiation exposures inside the control room during
design basis accident conditions.

|

B. 10 CfR Part 100, 6100.11(a) (Ref. 2), with respect to the meteorological
considerations used in the evaluation to determine an acceptable exclu-
sion area and low population zone. Regulatory Guides that provide
information, recommendations and guidance and in general describe a basis

i

acceptable to the staff to implement the requirements of General Design
Criterion 19 and 10 Cf R Part 100 include Regulatory Guides 1.5,1.23,
1.24, 1.?b, 1.7/, 1.78, 1. 95, and 1.145 (Re f s. 3, 4, 5, 6, 7, 8, 9, and

10).

The applicant's diffusion estimates should reasonably reflect staff
positions and state of-the-art atmospheric diffusion knowledge.
Specifically the following information is required:

1. A description of the atmospheric dispersion models used to calculate
relative concentrations in air resulting from accidental releases of
radioactive and hazardous gases to the atmosphere. The models |should be documented in detail and substantiated within the limits
of the model so that the statf can evaluate their appropriateness to
site, plant, and release characteristics.

2. Meteorological data used for the evaluation (as input to the
dispersion models) which represent annual cycles of hourly values of
wind direction, wind speed, arid atmospheric stability f or each mode
of accidental release.

3. A discussion of atmospheric diffusion parameters, such as lateral
and vertical plume spread (o and o ) as a function of distance,

y z

topography, and atmospheric conditions sh)uld be related to measured
meteorological parameters. The methodology for establishing these

,

| relationships should be appropriate for estimating the consequences
'

of accidents within the range of distances which are of interest
with respect to site characteristics and established regulatory
criteria.

,

|

| 4. Cumulative probability distributions of relative concentrations
(X/Q) should be constructed to describe the probabilities of these
X/Q values being exceeded. All cumulative probability distributions
of X/Q should be presented for appropriate distances (e.g., the
exclusion area boundary distance and the outer boundary of the low
population zone) and time periods as specified in Section 2.3.4.2 of
Regulatory Guide 1. /0, " Standard f ormat and Contents of Saf ety

|
Analysis Reports for Nuclear Power Plants," (Ref. 11). The methods
of generating these distributions should be adequately described.

5. Relative concentrations used for assessment of consequences of

atmospheric radioactive releases for design basis and other acci-
dents, and for onsite and offsite releases of hazardous airborne
materials.

O
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1

i !

!

I III. REVIEW PROCEDURES
I
! 1. Atmospheric Dispersion Models

! The applicant's dispersion models are compared to the general Gaussian
, models which are contained in Regulatory Guide 1.145 for design basis | ,

! accidental releases. The models are reviewed for suitability to release
| characteristics, plant configuration, and site topography. The accidents

and release characteristics to be /onsidered are obtained from the
reviewers of SAR Chapter 15. When tie Gaussian assumptions are notv

applicable (e.g., buoyant gases and close-in estimates made for points
i among or near buildings), other models and techniques used to make
j estimates are identified and evaluated. Each releave should be charac-
'

terized as either an elevated point source or a ground level point

| source. Generally the release is considered to be elevated if the

j release point is at least two and one-half times as high as nearby solid
^ structures. Turbulent mixing of the ef fluent into the wake of plant-

structures is usually allowed for ground level releases. The volumetric
; correction is based on one-half the minimum cross-sectional area of the

structure from which the effluent is rele: sed.'

Most accidental releases can be considered as continuous releases (i.e.,
j on the order of several minutes or more). However, some releases such as<
j from steam line breaks or of hazardous chemicals may be considered as
! instantaneous (puffs). The general Gaussian diffusion model for con-
I tinuous releases is used to evaluate releases on the order of several
j minutes or more. For puff releases, instantaneous point source Gaussian
j diffusion equations are used with a correction for initial source volume
j (Ref. 12).
;

i Other modifications to the atmospheric dispersion model which should be
{ considered include restrictions to horizontal or vertical plume spread
; (e.g., by narrow deep valleys, channeling of airflow, and by persistent i

| low-level temperature inversions). Fumigation conditions should be
considered for elevated releases. In the absence of site-specific
information concerning the frequency, duration, and directional prefer-

i ence of fumigation conditions, deterministic approaches such as those
.

described in Regulatory Guides 1.5, 1.24, 1.25, and 1.145 may be used. i
'

2. Meteorological Data

The meteorological data used in atmospheric dispersion analyses are
reviewed for compatibility with the models, representativeness with
respect to airflow characteristics of the site and vicinity, and
representation of normal annual distribution of meteorological condi-

.; tions. If adequate onsite meteorological data are not available, the
2 reviewer must ensure that adequate conservatism is applied. General

criteria for onsite data are stated in Regulatory Guide 1.23 and in
subsection III.2 of SRP Section 2.3.3. Additional sources of meteoro-
logical data for consideration in the description of airflow trajectories
from the site may include National Weather Service stations or other

a meteorological programs that are well maintained and well exposed (e.g.,
other nuclear facili+.ies, university and private meteorological'

programs).
i

!

1
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3. Atmospheric Diffusion Parameters

To define atmospheric stability, measurement of vertical tcmperature
gradient (Ref. 4) should be used, particularly during stable conditions
accompanied by low wind speeds (i.e., less than 1.5 m/s). Other classi-
fication schemes (Refs. 14 and 15) may be used to estimate atmospheric
stability class or to deterd > plume spread parameters directly for
unstable and neutral con # , or for wind speeds greater than 1.5 m/s.
Methods for the classifi of atmospheric stability, or for direct
determinath n of plume sp arameters, should be adequately described
and substantiated for appl ity to the site.

Lateral and vertical plume spread parameters, o and o , as functions of
z

meteorological conditions and topography, are reviewed with respect to
the characteristics of the accidental release and distances of interest.
For stability typing schemes, the curves of a and o as functions ofz

downwind distance and atmospheric stability as presented in reference 16
are acceptable for most sites with the addition of an extremely stable
(Type G) class. For elevated releases (Ref. 17) or unusual source,

meteorological conditions, or topography (e.g., narrow, deep valleys,
channeling of airflow), modification of the o and o, curves may be
appropriate (see Ref. 18). Modifications to these curves which reflect
recent atmospheric tracer tests primarily during stable, light wind
conditions may be used with the atmospheric dispersion model described in
Regulatory Guide 1.145. Modifications based on specific studies under
similar conditions may also be considered to better represent plume
spread over unique terrain features such as deserts (Ref. 12) and large
bodies of water (Ref. 19).

=0 isFor situations where a puff diffusion equation is used, o * Yusually a good assumption.

4. Cumulative Frequency Distributions of X/Q

The cumulative probability distributions of X/Q are reviewed for
inclusion of pertinent modes and time periods of release, and adequacy of
input data in accordance with the guidelines set forth in Section 2.3.4.2
of the Standi'd Format (Ref. 11). The methods used to generate these
distributions are reviewed for adequacy and conservatism.

|

| S. Relative Concentrations Used for Accidents
1

The X/0 values used for assessment of consequences of atmospheric
radioactive releases for design basis accidents and other accidents, and1

for onsite and offsite releases of hazardous airborne gases are reviewed
for appropriateness of atmospheric dispersion model assumptions and input

| data, and adequate documentation of this information.

The staff makes an independent evaluation of atmospheric dispersion for

|
pertinent distances, usually the exclusion area boundary and the low
population zone outer boundary, using the appropriate meteorological data

i

and dispersion model. Two probabilistic approaches are available forI

evaluating atmospheric transport and diffusion characteristics.
|

2.3.4-4 Rev. 1 - July 1981
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a. A direction-dependent probabilistic approach using the X/Q values
which are exceeded 0.5% of the time in each of 16 directions from
the plant. This methodology is described in Regulatory Guide 1.145.

b. A direction-independent probabilistic approach using the X/Q value
which is exceeded 5 percent of the time. This methodology is
described in Reference 13.

These values are assumed to represent conditions for a two-hour period.
X/Q values for time periods greater than two hours are estimated for the
LPZ distance by assuming a logarithmic relationship between the
"two-hour" value and the annual average value.

These values of X/Q based on appropriate models for appropriate time
intervals and distances are used in the analyses presented in Chapter 15
for de,e assessment of design basis accidents. |

X/Q values based on site-specific meteorological data are calculated, as
needed, for control room dose calculations and onsite and offsite
releases of hazardous airborne materials. These estimates are made on a
case-by-case basis since the mode of release and, tharefore, the
dispersion models vary.

IV. EVALUATION FINDINGS

The reviewer verifies that adequately conservative atmospheric dispersion
models, with adequate onsite meteorological data as input to the models, have
been used to calculate relative concentrations at appropriate distances and
directions from postulated release points during accidental airborne releases
of potentially hazardous materials. If adequate onsite meteorological data
are not available for the construction permit review, the reviewer must assure
that adequate conservatism has been applied to the calculated relative
concentrations for accidental airborne effluent releases based on available
data.

The reviewer's evaluation must support the following type of concluding
statement, to be used in the staff's safety evaluation report:

The staff concludes that atmospheric dispersion estimates are acceptable
and meet the relevant requirements of General Design Criterion 19 and
10 CFR Part 100. This conclusion is based on the conservative assess-

'

| ments of postaccident atmospheric dispersion conditions that have been
made by the applicant and the staff from the applicant's meteorological
data and appropriate diffusion models.

;

These atmospheric dispersion estimates are appropriate for the assessment
,

| of consequences from (1) radioactive releases for design basis accidents
j in accordance with 10 CFR Part 100, 6100.11 and (2) onsite and offsite

releases of hazardous materials in accordance with General Design
Criterion 19. '

,

;

In the determination of the atmospheric dispersion estimates, the
applicant has followed the guidelines of Regulatory Guides 1.5, 1.23,,

1.24, 1.25, 1.77, 1.78, 1.95 and 1.145 (as appropriate).

,

;

i i
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The input to the safety evaluation report will also include a brief summary of
the relative concentrations (X/Q) calculated by the staff, reference to
dispersion models used, and a comparison between the values computed by the
staff and the applicant.

V. IMPLEMENTATION

The following 1s intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except 'r those cases in which the applicant proposes an acceptable
alterna:,ve method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. i.ERENCES

1. 10 CFR Part 50, Appendix A, General Design Criteria 19, " Control Room." |

2. 10 CFR Prrt 100, Section 100.11(a), " Determination of exclusion area, L x
population zone, and population center distance."

3. Regulatory Guide 1.5, "Asse.mptions Used for Evaluating the Potential
Radiological Consequences of a Steam Line Break Accident for Boiling
Water Reactors."

4. Regulatory Guide 1.23, "Onsite Meteorological Programs."

5. Regulatory Guice 1.24, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Prese.orized Water Reactor Radioactive Gas
Storage Tank Failure."

6. Rep atory Guide 1.25, "Assumntions Used for Evaluating the Potential
Radiclogical Consequences of a Fuel Handling Accident in the Fuel
Handling and Storage Facility for Boiling and Pressurized Water
Reactors."

7. Regulatory Guide 1.77, " Assumptions Used for Evaluating a Control Rod
Ejection Accident for Pressurized Water Reactors."

8. Regulatory Guide 1.78, " Assumptions for Evaluating the Habitability of a
Nuclear Power Plant Control Room During a Postulated Hazardous Chemical
Release."

9. Regulatory Guide 1.95. " Protection of Nuclear Power Plant Control Room
Operators Against an Accidental Chlorine Release."

10. Regulatory Guide 1.145, " Atmospheric Dispersion Models for Potential
Accident Consequence Assessments at Nuclear Power Plants."

11. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."
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2.3.5 LONG-TERM DIFFUSION ESTIMATES

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Effluent Treatment Sy stems Branch (ETS0)
Radiological Assessment Branch (RAB)

I. AREAS OF REVIEW

Information is presented by the applicant and reviewed by the staff concerning atmo-
spheric diffusion estimates for routine releases of efficents to the atmosphere. The
review covers the following specific areas:

1. Atmospheric dispersion models to calculate concentrations in air and amount
of material deposited as a result of routine releases of radioactive material
to the atmosphere.

2. Meteorological data used as input to diffusion models.p/\' 3. Derivation of diffusion parameters.

4. Relative concentration (X/Q) and relative deposition (D/Q) values used for
assessment 'f consequences of routine airborne radioactive releases.

A secondary review is performed by ETSB and RAB and the results are used by AEB
in the overall evaluation of the long-term diffusion estimates. The ETSB reviews
the points of routine release of radioactive material to the atmosphere and
the characteristics of each release mode. The RAB reviews the locations of
potential receptors for dose computations. The results of their analyses are
transmitted to AEB for use in its ird prioent review.

II. ACCEPTANCE CRITERIA

Characterization of atmospheric transport and diffusion conditions is necessar,
for estimating the radiological consequences of routine releases of radioactive

Rev. 2 - July 1981
USNRC STANDARD REVIEW PLAN

star dard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made avaiiable to the public as part of the
Commission's policy to inform the nuclear industry and the general pubhc of regulatory procedures and policies. Standard review

\ plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The
f' standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.'

Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically. as app opriate, to accommodate comments and to reflect new informa.
tion and emperience.

Comments and suggestions for improvement will be considered and should be sent to the d 3. Nuclear Regulatory Commission.
Office of Nuclear Reactor Regulation. Washington, D.C. 20555.



materials to the atmospher2 to demonstrate compliance with the numerical
guides for doses contained in 10 CFR Part 50, Appendix I (Ref. 1).

The following regulatory guides provide acceptable criteria for complying with
this SRP section:

1. Regulatory Guide 1.109 (Ref. 2) presents identification criteria to be used
for specific receptors of interest.

2. Regulatory Guide 1.111 (Ref. 3) provides criteria for characterizing ,

atmospheric transport and diffusion conditions for evaluating the con-
sequences of routine releases. Use of the model described in NUREG-0324
(Ref. 4) is acceptable.

3. Regulatory Guide 1.112 (Ref. 5) presents identification criteria to be used
for release points and release characteristics.

Specifically, the following information should be prov'ded by the applicant in
the Safety Analysis Report (SAR):

1. A description of the atmospheric dispersion models used by the applicant
to calculate concentrations in air and amount of material deposited as a
result of routine releases of radioactive gases to the atmosphere. The
models should be sufficiently documented and substantiated to allow a
review of their appropriateness to site, plant. and release characteristics.

2. A discussion of atmospheric diffusion parameters, such as vertical plume
spread (c ) s a function of distance and wind speed, related to measured

z

meteorological parameters. Use of these parameters should be substan-
tiated as to their appropriateness for use in estimating the consequences
of routine releases from the site boundary to a radius of 50 miles from
the plant.

3. Meteorological data used as input to the dispersion models. Data used !
'for this evaluation should represent hourly average values of wind speed,

,
' wind direction, and atmospheric stability which are appropriate for each

mode of release and which are characteristic of annual average atmospheric
transport and diffusion conditions in the vicinity of the plant. (See
SRP Section 2.3.3 for data acceptability criteria, and see Regulatory
Guide 1.23 (Ref. 6) for data formats.)

( 4. Relative concentration (X/Q) and relative deposition (D/Q) values used
for assessment of consequences of routine radioactive gas releases as
described in Section 2.3.5.2 of Regulatory Guida 1.70 (Ref. 7).

III. REVIEW PROCEDURES

1. Atmospheric Dispersion Models

The applicant's models are compared to the general modeling criteria
presented in Regulatory Guide 1.111. The models should be suitable to

O
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O topography of the site and vicinity, plant configuration, and release
characteristics. Additional information for determining model suit-
ability may be found in standard references such as " Meteorology and
Atomic Energy - 1968" (Ref. 8).

The staff performs an independent evaluation of long-term dispersion
characteristics. Identification of release points and release character-
istics is provided by ETSB. RAB provides the locations of receptors of
interest. Each release should be characterized as continuous or inter-
mittent. Using the criteria presented in Regulatory Guide 1.111, each
release is classified as completely elevated, partially elevated, or
completely ground level. Turbulent mixing ~ the effluent into the wake
of plant structures is considered where appropriate in accordance with
Regulatory Guide 1.111.

Topographic characteristics in the vicinity of the site are examined for
restrictions of horizontal and/or vertical plume spread, channeling or
other changes in airflow trajectories, and other unusual conditions
affecting atmospheric transport and diffusion between the source and
receptors of interest. Examples of conditions where modifications to
standard approaches may be necessary are narrow, deep valleys, land-sea
(lake) breeze regimes, and low-level subsidence inversions of temperature.
" Fumigation" may be a concern for infrequent releases of short duration
from elevated sources.

The standard diffusion model used by the staff is described in NUREG-0324.s
This model is a straight-line Gaussian model with a specific calculational'

procedure for estimating X/Q values for intermittent releases. Modifications
to the straight-line model to consider the effects of variations in space and
time in airflow are also described in NUREG-0324.

For unusual topographic and meteorological conditions, a variable trajectory
model may be used on a case-by-case basis.

2. Atmospheric Diffusion Parameters

The vertical plume spread parameter, z, as a function of distance and
atmospheric stability is reviewed. Atmospheric stability should be defined
by measurement of vertical temperature gradient, particularly during stable
conditions. Other classification schemes (e.g., Refs. 9 and 10) may be
used to estimate atmospheric stability class or to determine the plume
spread parameter directly for unstable and neutral conditions. These
alte native classification schemes are reviewed for appropriateness to
site, plant, and release characteristics. Standard curves of o withz
distance are presented in Regulatory Guide 1.111. Modified plume spread
parameters may also be considered for unique terrain features such as
deserts (see Ref. 11) and large bodies of water (see Ref. 12).

3. Meteorological Data

Meteorological data are reviewed for compatibility with the models utilized,
(e representativeness of conditions within the area of interest, and representa-

tiveness of annual average meteorological characteristics in the vicinity

2.3.5-3 Rev. 2 - July 1981



of the plant. General criteria for collection and presentation of oqsite
meteorological data are stated in Regulatory Guide 1.23 and in SRP
Section 2.3.3, subsection III.2. If adequate onsite meteorological data
are not available, the reviewer must assure that adequate conservatism is
applied to prevent signficant understimates of airborne concentrations
and amount of material deposited.

4. Relative Concentrations Used for Routine Releases

The X/Q and D/Q values used for assessment of the consequences of routine
radioactive releases are reviewed for appropriateness to site conditions,
plant configuration, and release characteristics.

Annual average X/Q and D/Q values are calculated for 16 radial sectors
from the site boundary to a distance of 50 miles from the plant, as well
as for specific receptor locations. RAB provides the locations of
specific receptors (e.g., site boundary, residence, garden, cow).
Adjustments of the X/Q and D/Q output may be necessary to relfect con-
sideration of unusual site and/or meteorological conditions.

Annual average X/Q and D/Q values at the specified receptor locations and
at standard distances in the 16 radial sectors from the site boundary to a
distance of 50 miles from the plant are provided to the RAB for the cal-
culation of appropriate doses.

IV. EVALUATION FINDINGS

The reviewer verifies that appropriate atmospheric dispersion models, with
adequate onsite meteorological data as input to the models, have been used to
calculate relative concentration and relative deposition at appropriate dis-
tances and directions from postulated release points during routine airborne
releases of radioactive gases. The input to the Safety Evaluation Report will |
also include a summary of the relative concentration (X/Q) and relative
deposition (D/Q) calculated by the staff, reference to diffusion models used,
and a comparison between the values computed by the staff and the applicant.
The reviewer's evaluation must support the following type of concluding state-
ment, to be included in the staff's Safety Evaluation Report:

Based on the meteorological data provided by the applicant and an atmos-
pheric dispersion model that is appropriate for the characteristics of
the site and release points, the staff concludes that representative
atmospheric transport and diffusion conditions have been calculated for
the locations of potential receptors. The characterization of atmospheric
transport and diffusion conditions satisfies tne criteria described in
Regulatory Guide 1.111 and are appropriate for the evaluation to demon-
strate compliance with the numerical guides for doses contained in 10 CFR
Part 50, Appendix I.

Any deviation from the acceptance criteria saould be explained by a statement
that the applicant has provided an alt?rnative approach that the staff has
reviewed and found to be acceptable.

O
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staf 's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
| tive method for complying with specified portions of the Commission's regula-

tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

Implementation schedules for conformance of parts of the method discussed
'1erein are contained in the referenced regulatory guides and NUREGs. "

VI. REFERENCES

1. 10 CFR Part 50, Appendix I, " Numerical Guides for Design Objectives and
Limiting Conditions for Operation to Meet the Criterion 'As Low As Is
Reasonably Achievable' for Radioactive Material in Light-Water-Cooled
Nuclear Power Reactor Effluents."

2. Regulatory Guide 1.109, " Calculation of Annual Doses to Man From Routine
Releases of Reactor Effluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I."

3. Regulatory Guide 1.111, " Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents In Routine Releases From Light-Water-Cooled
Reactors."

,

4. Regulatory Guide 1.112, " Calculation of Releases of Radioactive Materials
in Gaseous and Liquid Effluents From Light-Water-Cooled Reactors."

| 5. NUREG-0324, "X0QD0Q Program for the Meteorological Evaluation of Routine
Effluent Releases at Nuclear Power Stations" (DRAFT), September 1977.

6. Regulatory Guide 1.23, "Onsite Meteorological Programs."

7. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

8. D. H. Slade (ed.), " Meteorology and Atomic Energy - 1968," TID-24190,
Division of Technical Information, USAEC (1968).

9. S. R. Hanna, G. A. Briggs, J. Deardorff, B. A. Egan, F.A. Gifford, and
F. Pasquill, "AMS Workshop on Stability Classification Schemes and Sigma
Curves--Summary of Recommendations," Bulletin of the American Meteorological
Society, Vol. 58, No. 12 (December 1977).

10. F. O. Hoffman (General Chairman), " Proceedings of a Workshop on the Evalua-
tion of Modes Used for the Environmental Assessment of Radionuclide Releases,"
CONF-770901, Oak Ridge National Laboratory (April 1978).

| 11. G. R. Yanskey, E. H. Markee, and A. P. Richter, .limatography of the
) National Reactor Testing Station," 100-12048, Idano Operations Office,

USAEC (1966).
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12. R. P. Hasker, Jr. , "A Comparison of Estimation Procedures for Over-Water
Plume Dispersion." Paper Presented at the Symposium on Atmospheric Diffu-
sion and Air Pollution in Santa Barbara, California, American Meteoro-

t logical Society (September 9-13, 1974).
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2.4.1 HYDROLOGIC DESCRIPTION

REVIEW RESPONSIBILITIES

Primary - Hydrologic & Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW i

The areas of review under this SRP section are:

1. Identification of the interface of the plant with the hydrosphere.
'

2. Identification of hydrologic causal mechanisms that may require special plant
design bases or operating limitations with regard to floods and water supply
requirements.

3. Identification of surface and groundwater uses that may be affected by plant
[m} operation.
%.J

The review of Section 2.4.1.1 (Site and Facilities) of safety analysis reports (SAR)
consists of comparing the independently verified or derived hydrologic design bases
(see subsequent sections of 2.4) with the critical elevations of safety-related
structures and facilities. The review of SAR Section 2.4.1.2 (Hydrosphere) requires
identification of the hydrolocic characteristics of streams, lakes (e.g., location,
size, shape, drainage area), shore regions, the regional and local groundwater
environments, and existing or proposed water control structures (upstream and
downstream) influencing the type of flooding mechanisms which may adversely effect
safety aspects of plant siting and operation.

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section relate to the following regulations:

A. General Design Criterion 2 (GDC 2) as it relates to structures, systems, and
components important to safety being designed to withstand the effects of
hurricanes, floods, tsunami, and seiches.
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B. 10 CFR Part 100 as it relates to identifying and evaluating hydrologic
fu tures of the site.

To meet the requirements of the hydrologic aspects of GDC 2 and 10 CFR vart 100,
the following specific criteria are used:

1. The description and elevations of safety-related structures, facilities,
and accesses thereto should be sufficiently complete to allow evaluation
of the impact of flood design bases. Site topographic maps must be of
good quality and of sufficient scale to allow independent analysis of pre-
and post-construction drainage patterns. All external plant structures
and components should be identified on site maps. Data on surface water
users, location with respect to the site, type of use, and quantity of
surface water used are required.

The information presented in SAR Section 2.4.1.2 forms the basis for sub-
sequent hydrologic engineering analysis. Therefore, completeness and
clarity are of paramount importance. Maps must be legible and adequate
in coverage to substantiate applicable data. Inventories of surface water
users must be consistent with regional hydrologic inventories reported by
applicable state and federal agencies. The description of the hydrologic
characteristics of streams, lakes, and shore regions must correspond to
those of the United. States Geologic Survey (USGS), National Oceanic and
Atmospheric Administration (NOAA), Soil Conservation Service (SCS), Corps
of Engineers, or appropriate state and river basin agencies. Descriptions
of all existing or proposed reservoirs and dams (both upstream and down-
stream) that could influence conditions at the site must be provided.
Descriptions may be obtained from reports of the USGS, United States Bureau
of Reclamation (USBR), Corps of Engineers, and others. Generally, reservoir
descriptions of a quality similar to those contained in pertinent data
sheets of a standard Corps of Engineers Hydrology Design Memorandum are
adequate. Tabulations of drainage areas, types of structures, appurten-
ances, ownereip, seismic and spillway design criteria, elevation-storage
relationships, and short- and long-term storage allocations must be
provided.

2. Appendix A, " Hydrologic Engineering Site Visits," to this SRP section
details the purposes and procedures of the site visit. The site visit
serves to acquaint the reviewer with the site and to provide an indepen-
dent confirmation of the hydrologic characteristics of the site and
adjacent environs.

III. REVIEW PROCEDURES

The information presented in SAR Section 2.4.1.1 is generally amenable to
independent verification through cross-checks with other SAR sections and
chapters, available publications relating to hydrologic characteristics of the
site region, and by site visits. The review procedure consists of evaluating
the completeness of the information and data by sequential comparison with infor-
mation available from references. Based on the description of the hydrosphere
(e.g., geographic location and regional hydrologic features) potential site
flood mechanisms,are identified. Subsequent SAR sections addressing the mech-
anisms are cross-checked to assure that data and information required therein
for review and substantiation are available.

2.4.1-2 Rev. 2 - July 1981
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|

f

! An important facet of the review procedure for this and other SRP sections in
hydrologic areas is the site visit. The site visit provides the principal

O of the site and adjacent environs.
technical reviewer with independent confirmation of hydrologic characteristics

The site visit is discussed in Appendix A'

to this SRP section.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews, findings will consist of a brief general
description of the site with respect to the general hydrosphere as required by
10 CFR Part 100 and GDC 2, and of the offsite uses of surface water. For
operating license (OL) reviews, finding will consist of the same material,
updated as required for new information available since preparation of the CP
findings. The hydrologic description for each plant site is unique. The review
verifies that sufficient information has been provided and will support conclu-'

sions of the following type, to be included in the staff's safety evaluation
report:

The proposed site for the ABC Nuclear Plant is located about 26 miles
SSE of XYZ City on the southwest bank of the DEF River at about river
mile 152. Plant grade will be at about elevation 220 feet above mean
sea level (MSL).i

Significant hydrologically related plant features include the river
intake structure, the natural draft cooling towers, mechanical draft ,

nuclear service cooling towers (these are redundant towers and serve -

as the ultimate heat sink), and various groundwater wells.

O The staff concludes that the requirements of General Design Criterion 2
and 10 CFR Part 100, with respect to general hydrologic descriptions,
have been met. This conclusion is based upon the following:

The applicant has provided sufficient information pertaining to the
general hydrologic characteristics of the site including descriptions
of water bodies, water control structures, and water users.

;

| V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREGs.

3

VI. REFERENCES

Because of the geographic diversity of plant siter and the large number of
hydrologic references, no specific tabulation is given here. In general, maps
and charts by the USGS, NOAA, Army Map Service (AMS), and Federal Aviation
Administration (FAA); water-supply papers of the USGS; River Basin Reports of
the Corps of Engineers; and other publications of state, federal and other
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I

regulatory bodies, describing hydrologic characteristics and water utilization
in the plant vicinity and region, are referred to on an "as-available" basis.
Other SRP sections in the hydrology area (2.4.2 through 2.4.14) contain
references that are to be used in evaluating the hydrologic description of thei

site.

1. 10 CFR i' art 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, " Reactor Site Criteria."

3. Appendix A, SRP Section 2.4.1, " Hydrologic Engineering Site Visits,"
|attached.

4. Regulatory Guide 1.70, " Standard format and Content of Safety Analysis
Reports for Nuclear Power Plants."

|

!
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APPENDIX A
STANDARD REVIEW PLAN SECTION 2.4.1
HYDROLOGIC ENGINEERING SITE VISITS

I. PURPOSES

The purposes of hydrologic engineering site visits are as follows:

1. Acquaint the reviewer with general site and regional hydrologic character-
istics and topography.

2. Confirm the applicant's general appraisal of the site / plant hydrologic
interfaces.

3. Review specific hydrologic engineering problem areas with the applicant,
his engineers, and his consultants.

The site visit objectives will have been achieved if, in addition to viewing
pertinent hydrologic features, the reviewer has had the opportunity to discuss
specific questions and concerns with the applicant's hyd ologic engineers, and
is assured that the questions and concerns are understood. In addition,
generally acceptable techniques and procedures necessary to respond to staff
concerns should be discussed.

II. PROCEDURES

Questions or items of staff concern are to be developed by the Hydrologic
Engineering Section reviewer and discussed in detail with the Section Leader
7-14 days before the scheduled site visit. For any unscheduled site visit
(which may be necessary to resolve issues or prepare for hearings), similar
questions or items of staff concern should be prepared at least 3 days prior
to such site visit and also discussed in detail with the Section Leader. "

Areas of overlap or interfaces with reviewers in other areas (such as geology,
foundation engineering, auxiliary and power conversion systems, mechanical
engineering, effluent treatment systems and structural engineering) should be
coordinated before questions or items of staff concern are finalized.

| The Section Leader will discuss any unusual or potentially controversial areas
i of concern with the Chief, HGEB, prior to transmittal of the questions or items |

of staff concern to the Project Manager. Transmittal will be forwarded by memo
route slip through the Section Leader.

Site visits are generally to consist of a detailed reconnaissance of site areas
; and environs with the applicant and technical counterparts, discussions of
: questions (or items of staff concern), discussions of acceptable methods of

analysis, and a general summarization of the areas discussed and conclusions
reached. ''

' Normally, a small group composed of the staff reviewer and licensing project
manager (LPM) should meet with an applicant representative responsible for4

responding to staff questions and the applicant's technical advisor. Fort

2.4.1-5 Rev. 2 - July 1981
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verbal summarization during the site visit, the recommended method is to have !

the applicant or his techrical advisor summarize the discussions to assure
understanding.

III. TRIP REPORT

A trip report on a site visit should be prepared within 5 dr.ys of the reviewer's
return. The report is to be as brief as possible and should summarize the trip
and the areas of discussion and should list the participants in technical
discussions.

|
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2.4.2 FLOODS

REVIEW RESPONSIBILITIES

Primary - Hydrologic & Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

This section of the safety analysis report (SAR) identifies historical flooding
(defined as occurrences of abnormally high water stage, or overflow from a stream,
floodway, lake, or coastal area) at the prcposed site or in the region of the site.
It summarizes and identifies the individual types of flood producing phenomena, and
combinations of flood producing phenomena, considered in establishing the flood
design bases for safety-related plant features. It also covers the potential
effects of local intense precipitation. Although topical information may appear in
SAR Sections 2.4.3 through 2.4.7, the types of events considered and the control-
ling event are reviewed in this section.

(3'j The flood history and the potential for flooding are reviewed for the following
f

sources and events. Factors affecting potential runoff (such as urbanization,
forest fire, or change in agricultural use), erosion, and sediment deposition are
considered in the review.

1. Stream flooding;

a. Probable maximum flood (PMF) with coincident wind-induced waves, con-
sidering dam failure potential due to inadequate capacity, inadequate
flood-discharge capability or existing physical condition.

b. Ice jams, both independently and coincident with a winter probable maxi-
mum storm.

c. Tributary drainage area PMF potential.

Rev. 2 - July 1981
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d. Combinations of less severe river floods, coincident with surges and
seiches.

2. Surges;

a. Probable maximum hurricane (PMii) at coastal sites.

b. PMit wind translated inland and resulting wave action coincident with
runoff-induced flood levels.

c. Probable maximum wind-induced (non-hurricane) storm surges and waves.

d. Combinations of less-severe surges, coincident with runoff floods.

3. Seiches;

a. Meteorologically induced in inland lakes (e.g., Great Lakes and
harbors) and at coastal harbors and embayments.

b. Seismically induced in inland lakes.

c. Seismically induced by tsunamis (seismic sea waves) on coastal
embayments,

d. Combinations of less-severe surges and seiches, coincident with
runoff floods.

4. Tsunamis;

a. Near field, or local, excitation.

b. Far field, or distant, excitation.

5. Seismically induced dam failures (or breaches), and maximum water level
at site from:

a. Failure of dam (or dams) during safe shutdown earthquake (SSE)
coincident with 25 year flood.

b. Failure during operating basis earthquake (OBE) coincident with
standard project flood (SPF).

c. Failure during other earthquakes, coincident with runoff, surge, or
seiche floods where the coincidence is at least as likely as for 5.a
and 5.b above.

6. Fit niing caused by landslides;

a. Flood waves,

b. Backwater effects due to stream blockage.

7. Ice loadings from water bodies.

O
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II. ACCEPTANCE CRITERIA'

Acceptance criteria for this SRP section relate to the following regulations:

1. General Design Criterion 2 (GDC 2) as it relates to structures, systems,
and components important to safety being designed to withstand the effectsi

j of hurricanes, floods, tsunami, seiches.

2. 10 CFR Part 100 as it relates to identifying and evaluating hydrologic
features of the site.

;

To meet the requirements of the hydrologic aspects of GDC 2 and 10 CFR Part 100,
the following specific criteria are used:

,

For SAR Section 2.4.2.1 (Flood History): The potential flood sources and flood
response characteristics identified by the staff's review (described in Review
Procedures) are compared to those of the applicant. If similar, the applicant's
conclusions are accepted. If, in the staff's opinion, significant discrepancies
exist, the applicant will be requested to provide additional data, reestimate
the effects on the plant, or revise the applicable flood design bases, as
appropriate.

For SAR Section 2.4.2.2 (Flood Design Considerations): The applicant's estimate-

of controlling flood levels is acceptable if it is no more than 5% less conserva-
tive than the staff's independently determined (or verified) estimate. If the

applicant's SAR estimate is more than 5% less conservative, the applicant should
fully document and justify its estimate of the controlling level. Alternately,

the applicant may accept the staff's estimate and redesign applicable flood
protection.

For SAR Section 2.4.2.3 (Effect of Intense Precipitation): The applicant's
estimates of local probable maximum precipitation (PMP) and the capacity of
site drainage facilities (including drainage from the roofs of buildings and
site ponding) are acceptable if the estimates are no more than 5% less con-
servative than the corresponding staff's assessment. Similarly, conclusions
relating to the potential for any adverse effects of blockage of site drainage
facilities by debris, ice, or snow should be based upon conservative assumptions
of storm and vegetation conditions likely to exist during storm periods. If a

potential hazard does exist (e.g., the elevation of ponding exceeds the elevation
of plant access openings), the applicant should document and justify his local
PMP basis and analysis and redesign any affected facilities.

Appropriate sections of the following documents are used by the staff to deter-
mine the acceptability of the applicant's data and analyses in raeeting the |'

requirements of GDC 2 and 10 CFR Part 100. Regulatory Guide 1.59 provides
guidance for estimating the desigr: basis for flooding considering the worst
single phenomena and combinations of less severe phenomena. Regulatory Guide |
1.29 identifies the safety-related structures, systems, and components, and
Regulatory Guide 1.102 describes acceptable flood protection to prevent the
safety-related facilities from being adversely affected. Publications of the
U.S. Geological Survey (USGS), National Oceanic and Atmospheric Administration
(NOAA), Soil Conservation Service (SCS), Corps of Engineers, applicable state
and river basin authorities, and other similar agencies are used to verify the
applicant's data relating in hydrologic characteristics and extreme events in
the region. SRP Secticas 2.4.3 through 2.4.7 discuss methods of analysis to
determine the individual flood producing phenomena.
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III. REVIEW PROCEDURES

Construction permit (CP) stage reviews are carried out under this SRP section
to evaluate the significance of the controlling flood level with regard to the
plant design basis for flood protection. At the operating license (0L) stage,
a brief review is carried out to determine if new information has become avail-
able since the CP review and to evaluate the significance of the new information
with regard to the plant design basis for flood protection. New information
might arise, for instance, from the occurrence of a new maximum ficod of record
in the site region, from -fentification of a source of major flooding not
previously considered, from construction of new dams, from flood plain encroach-
ments, or from advances in predictive models and analytical techniques. If

the CP-stage evaluation of flooding potential has been carefully done, all
sources of major flooding should have been considered and any new floods of
record should fall well within the design basis. Improvements in calculational
methods may occur, but generally will be concerned with increased accuracy in
stream flow and water level predictions rather than with substantive changes
in the flows and levels predicted. Where the OL review reveals that the
controlling flood level differs more than 5% less conservatively from the CP
evaluation, any supplemental provisions needed in the flood protection design
basis should be directed toward early warning measures and procedures for
assuring safe shutdown of the plant or toward minor structural modification to
accommodate the design flood level.

For SAR Section 2.4.2.1 (Flood History): The staff will review publications
of the U.S. Geological Survey (USGS), Naticnal Oceanic and Atmospheric Adminis-
tration (NOAA), Soil Conservation Service (SCS), Corps of Engineers, applicable
state and river basin agencies, and others to ensure that historical maximum
events and the flood response characteristics of the region and site have been
identified. Similar material, in addition to applicant-supplied information,
will be reviewed to identify independently the potential sources of site flooding.

For SAR Section 2.4.2.2 (Flood Design Considerations): The potential flood
levels from consideration of the worst single phenomenon and combinations of
less severe phenomena, are identified in accordance with SRP Sections 2.4.3
through 2.4.7 and the controlling flood level is selected. The controlling
flood level is compared with the proposed protection levels te assure that the
safe'.y-related facilities will not be adversely affected. If appropriate,
addit |onal provisions for flood protection will be imposed to assure adequate
protection of the safety-related facilities.

For SAR Section 2.4.2.3 (Effect of Local Intense Precipitation): The staff's
estimates of flooding potential, excluding flooding potential from thunderstorms,
are based on 24-hour PMP estimates (from Hydrometeorological Report 33 and
similar NOAA publications for western sites) with time distributions from the
Corps of Engineers EM 1110-2-1411 (Reference 10). Staff estimates for local |
intense precipitation caused by thunderstorms are based on PMP estimates from
reports such as Reference 13. The staff's estimates are compared with the |
applicant's estimates to determine conformity to Acceptance Criteria in
subsection II of this SRP section. Runoff models, such as the unit hydrograph
if applicable, or other runoff discharge estimates presented in standard texts,
are used to estimate discharge on the site drainage system. Where generalized
runoff iodels are used, coefficients used for the site and region are compared
?3 info-mation available at documented locations to evaluate hydrologic condi-
. ions tsed in determining the probable maximum flood for the site-drainage
system. Potential ponding on the site is also determined.
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The above reviews are performed only when applicable to the site or site region.
Some items of review may be done on a generic basis.

IV. EVALUATION FINDINGS

[

For construction permit reviews, the findings will consist of a statement indi-
! cating the completeness of the identification of site flood characteristics
' and flood design bases in compliance with 10 CFR Part 100 and GDC 2. For OL |

reviews, the flood history will be updated if necessary, with special attention
to any new flood of record. Sample statements for CP reviews follow:

The maximum flood known to have occurred on the A River was in 1796.
The peak discharge at B City, Montana, was estimated to be 360,000 ,

cubic feet per second (cfs). The applicant estimated that a comparable !

flood would produce water surface elevation at the site of 116 feet
MSL. The maximum flood during the period since records were maintained
(1883) at B City was 350,000 cfs and occurred on October 3, 1929. i

These floods occurred prior to construction of several upstream dams.
Flood flows are now regulated by C and D Reservoirs as well as by
upstream hydropower plants.

The applicant has estimated potential flooding from rainfall over
the E River basin upstream from the site. The probable maximum
flood (PMF), the upper level of flooding the staff considers to be
reasonably possible, was estimated to produce a flow of 5,000,000
cfs near the City of F. This estimate was made by using 165% of the
Corps of Engineers project design flood (PDF) estimate of 3,030,000
cfs at the same location, as modified by upstream flood control
reservoirs. The 3,030,000 cfs project design flood flow is estimated

v to be partially diverted to the leveed G and H Floodways upstream of
the site, with 1,500,000 cfs continuing downstream within the levee
system past the plant site. The applicant concluded that the PMF
could result in overtopping of levees and flooding of the river
valley well upstream from the site, thereby causing generally low
level flooding in the pir..it area. The upstream levee overtopping
and resulting valley flaw during such an event would reduce the flow
in the main levee channel adjacent to the site to levels equal to or
less than those that would exist during a project design flood. We
conclude that the combination of a runoff-type flood less severe
than a PMF, but more severe than a PDF, and a coincident levee break
in the vicinity of the site could occur before water approaches levee
grade upstream. A failure or levee breach, when the levee is full
to des,ign capacity (3 feet below the top of the levee adjacent to
the site plus the effects of any coincident wind generated wave
activity), would result in a higher water surface at the plant than
a PMF spread over the valley as a result of levee failures upstream.
At our request the applicant evaluated various modes of levee failure
in the vicinity of the plant. One of the conditions postulated is
that of a flood, approaching the severity of a PMF, causing a massive
failure of the upstream left bank levee along the G Floodway, result-
ing in flooding around the plant, coincident with a failure of the
levee adjacent to the plant site. The applicant estimated the result-
ing water level at the plant would reach elevation 22.5 feet MSL for
this case. The case of an instantaneous levee failure adjacent to

O the plant, with no upstream levee failure, resulted in an estimated
, ,

water level of 24.6 feet MSL.'
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Based upon this evaluation the staff concludes that in order to meet
the requirements of General Design Criterion 2 and 10 CFR Part 100
with respect to potential hydrologic events the applicant should
design for the conditions associated with the 24.6 feet MSL water
level.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Encept in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES 1

1. 10 CFR Part 50, Aopendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, " Reactor Site Criteria."

3. " Surface Water Supply of the United States,"2 U.S. Geological Survey.

4. " Tide Tables," National Oceanic and Atmospheric Administration (similar
situation as identified in footnote 2).

Reports of Great Lakes levels by Lake Survey Denver, National Oceanic andC

Atmospheric Administration.

6. Corps of Engineers records maintained in District and Division Offices,
Coastal Engineering Research Center, and Waterways Experiment Station.

7. Regulatory Guide 1.29, " Seismic Design Classification."

8. Regulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants."

9. " Seasonal Variation of the Probable Maximum Precipitation East of the 105th
Meridian for Areas from 10 to 1,000 Square Miles and Durations < 6, 12,
24 and 48 hours," Hydrometeorological Report No. 33, U.S. Weather Bureau
(1956).

10. " Standard Project Flood Determinations," Engineering Manual 1110-2-1411,
Corps of Engineers, 26 March 1952 (rev. March 1965).

IReferences for PMP estimates, time distribution, etc., are in SRP Section 2.4.3.
2" Surface Water Supply" is a continuing series of water discharge measurements
by the USGS and others. It is not practical to list all the volumes (called
" Mater-Supply Papers") that are available. Numerous state and local authorities
maintain river discharge, lake level, and tide data.
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11. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

\ 12. ANSI i4170, " Standards for Determining Design Basis Flooding at Power
Reactor Sites."

13. " Generalized Estimates of Probable Maximum Precipitation for the United
States West of the 105th Meridian for Areas to 400 Square Miles and
Durations to 24 Hours," Technical Paper No. 38, U.S. Weather Service,
NOAA (1960).

14. Regulatory Guide 1.102, " Flood Protection for Nuclear Power Plants."
|
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2.4.3 PROBABLE MAXIMUM FLOOD (PMF) ON STREAMS AND RIVERS

REVIEW RESPONSIBILITIES

Primary - Hydrologic & Geotechnical Engineering Branch (HGEB) |

Secondary - None

I. AREAS OF REVIEW

In this section of the safety analysis report (SAR) the hydrometeorological design
basis is developed to determine the extent of any flood protection required for
those structures, systems, and components necessary to assure the capability to
shut down the reactor and maintain it in a safe shutdown condition. The areas of
review include the probable maximum precipitation (PMP) potential and precipitation
lossas over the applicable drainage area, the runoff response characteristics of
the watershed, the accurculation of flood runoff through river channels and reser-
voirs, th'e estimate of the discharge rate trace (hydrograph) of the PMF at the

rm plant site, the determination of PMF water level conditions at the site, and the

(v) evalcation of coincident wind generated wave conditions that could occur with the
PMF. Included is a review of the details of design bases for site drainage (which
is summarized in SAR Section 2.4.2); a review of the runoff for site drainage and
drainage areas adjacent to the plant site, including the roois of safety-related
structures, resultir.g from potential PMP; and a review of the potential effects
from erosion and sedimentation. The analyses involve modeling of physical rain-
fall and runoff processes to estimate the upper level of possible flood conditions
adjacent to and on site.

Regulatory Guide 1.59 describes two positions with respect to flood protection for
which a PMF estimate is required to determine the controlling design basis condi-
tions. If Position 1 is chosen, all safety-related systems, structures, and com-
ponents must be capable of withstanding the effects from the controlling flood
design basis. Position 2 limits the review to specific safety-related structures,

systems, and components necessary for cold shutdown and inaintenance thereof.

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section is based on meeting the requirements of
the following regulations:
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1. General Design Criterion 2 (GDC 2) as it relates to structures, systems,
and components important to safety being designed to withstand the effects
of floods.

2. 10 CFR Part 100 as it relates to evaluating hydrologic characteristics of
the site.

To meet the requirements of the hydrologic aspects of GDC 2 and 10 CFR Part 100
the following specific criteria are used:

The PMF as defined in Regulatory Guide 1.59 has been adopted as ene of the
cor.ditions to be evaluated in establishing the applicalle stream and river
flooding design basis referred to in General Design Criterion 2, Appendix A,
10 CFR Part 50. PMF estimates are required for all adjacent streams or rivers
and site drainage (including the consideration of PMP on the roofs of safety-
related structures). The criteria for accepting the applicant's PMF-related
design basis depend on one of the following three conditions.

1. The elevation attained by the PMF (with coincident wind waves) establishes
a required protection level to be used in the design of the facility.

2. The elevation attained by the PMF (with coincident wind waves) is not
controlling; the design basis flood prote-tion level is established by
another flood phenomena (e.g., the probable maximum hurricane).

3. The site is " dry," that is, the site is well above the elevation attained
by a PMF (with coincident wind waves).

When condition 1 is applicable, the staff will assess the flood level (described
in subsection III). The ass.9ssment may be made independently from basic data,
by detailed review and checking of the applicant's analyses, or by comparison
with estimates made by others which have been reviewed in detail. The applicant's
estimatos of the PMF level and the coincident wave action are acceptable if
the estimates are no more than 5% less conservative than the staff's estimates.
If the applicant's estimates of discharge are more than 5% less conservative
than the staf f's, the applicant should fully document and justify its estimates
or accept the staff's estimates and redesign applicable flood protection.

When conditions 2 or 3 apply, the staff analyses may be less rigorous (described
in subsection III). For condition 2, acceptance is based on the protection
level estimated for another flood producing phenomenon exceeding the staff
estimate of PMF water levels. For condition 3, the site grade must be well
above the staff assessment of PMF water levels. The evaluation of the adequacy
of the margin (difference in flood and site elevations) is generally a matter
of engineering judgment. The judgment is based on the confidence in the flood
level estimate and the degree of conservatism in each parameter used in the
estimate.

Appropriate sections of the following documents are used by the staff to deter-
mine the acceptability of the applicant's data and analyses. Regulatory Guide
1.59 provides guidance for estimating the PMF design basis. Regulatory Guide |1.29 identifies the safety-related structures, systems, and components, and
Regulatory Guide 1.102 describes acceptable flood protection to prevent the
safety-related facilities from being adversely affected. Publications of the
National Oceanic and Atmospheric Administration (NOAA) and the Corps of Engineers
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may be used ta estimate PMF discharge and water level condition at 'te site

and coincident wind generated wave activity.

(O/ III. REVIEW PROCEDURES
xd

For conditions 1 and 2 (described in subsection II), the methods used for evalu-
ating flooding potential are separated into two parts--PMF on adjacent streams
and local PMF. The review procedure.is outlii.ed in the attached F'gures 2.4.3-1
(for PMF on adjacent streams) and 2.4.3-2 (for local PMF). (The procedure for
evaluating the adequacy of site drainage facilities based on a local PMF is

outlined in SRP Section 2.4.2.) Corps of Engineers PMF assessments for specific
locations or generalized PHF assessments for a geographical area approved by
the Chief of Engineers and contained in published or unpublished reports of
that agency may be used in lieu of staff-developed analyses. In the absence
of such assessments. both large and small basin PMP estimates by the National
Oceinic and Atmospheric Administration (NOAA); published techniques of the
World Meteorological Oiganization; and runof f, impoundment, and river routing
models of the Corps of Engineers are used by the staff to estimate PMF discharge
and water leve7 at the site. A comprehensive review of the applicant's analyses
wi' perforn.ed and a simplified analysis using calculational procedures ora

modr with demonstrably conservative coefficients and assumptions is performed.
If t..e applicant's PMF estimates are within acceptable margins (described in
subsection II), the staff positions will indicate concurrence with the appli-
cant's PMF estimates and the SER input will be written accordingly. If the
simplified analysis indicates a potential problem with the applicant's esti-
mates, a detailed analysis using more realistic techniques will be performed.
The staff will develop a position based on the detailed analysis; resolve, if
possible, differences between the applicant's and staff's estimates of PMF
design basis; and prepare the SER input accordingly.

Wind generated wave action will be independently estimated using Corps of
Engineers criteria such as the " Shore Protection Manual." When sufficient
water depth is available, the significant wave height and runup are used for
s euctural design purposes, and the one percent wave height and runup are used
for flood level estimates. Where depth limits wave height, the breaking or
t aken wave height and runup is used for both purposes.

; For condition 3 (i.e., a "ory site" -- one not subject to stream flooding by
virtue of local topographic considerations), the follcwing procedures apply:

1. Use Corps of Engineers PMF estimates for other sites in the region to
,

develop " regional drainage area vs. PMF discharge (cubic feet per second/
square mile)" data, for extrapolation to the site.

2. Envelope the above data points to obtain an estimate of the PMF applicable
to the site.

3. Increase the estimate based on a judgment as to the applicability of the
basic est# mates. An increase in the range of 10% to 50% is generally
appropriate.

4. If warranted by relative elevation differences between the site and adjacent
stream, estimate the flood level at the site using slope-area techniques
or water surface profile computations.m

%J
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5. Estimate wind (2 yr extreme windspeed) wave runup based on breaking or
one percent wave heights. Criteria for estimating windspeed are discussed
in ANSI N170 and Reference 17. |

6. Compare resultant water level with proposed plant grade and lowest safety-
related facility that can be affected.

The above items of review are performed only when applicable to the site or
site region. Some items of review may be done on a generic basis.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews the findings will summarize the applicant's
and staff's estimates of the peak PMF runoff rate and water level (including
allowance for coincident wind gcnerated wave activity) at the site. If the
applicant's estimates are within the criteria (described in subsection II),
staff concurrence will be stated. If the staff's estimates are 5% more
conservative than the applicant's estimates, if the flood conditions may
adversely affect the proposed plant, and if the applicant has been unable to
support his estimates, a statement requiring use of the staff bases will be
made. If the flood conditions do not constitute a design basis, the findings
will so indicate.

For operating license (0L) reviews which have received detailed PMF reviews
during the CP review, the CP conclusions will be referenced. Any flood potential
not identified during the CP review will be noted.

If Regulatory Guide 1.59, Position 2, is elected by the applicant, a statement
describing lesser design bases will be included in the findings with a staff
conclusion of adequacy.

A sample statement for a CP review follows:

The staff concludes that the plant flcod design meets the requirements
of General Design Criterion 2 and 10 CFR Part 100 and is acceptable.
This conclusion is based on the following evaluation:

The probable maximum flood (PMF) resulting from the probable maximum
precipitation (PMP) on the ABC River drainage basin yielded an estimated
maximum stillwater level at the intake structure on the G & E Canal
of about 5.0 feet MSL, which is about 5 feet below its design flood
level.

The PMF resulting from a local PMP storm on the drainage basins for
the small streams near the site yielded an estimated maximum still-
water level of about 60 feet MSL, which is about 20 feet below plar'
grade.

The local PMF resulting from the estimated local PMP wa: found not
to cause flooding of safety-related facilities. since the site
drainage system will be capable of functioning adequately during
such a storm. Catch basins will be provided as part of the storm
drainage system and will be located throughout the plant site to
drain local areas. The plant yard will be graded with gentle slopes
away from high points at the plant buildinas, and storm water will
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drain away from the buildings into the local streams at lower
elevations.

'N

) V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

In addition to the following specific references, Design Memoranda, Civil
Works Investigations and research and development reports of the Corps of
Engineers and reports of other federal and state agencies relevant to flood
estimates at a specific site will be used on an "as-available" basis.

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Basis for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, " Reactor Site Criteria."

h 3. Reports of the Corps of Engineers, Department of the Army:
)

EM 1110-2-1411, " Standard Project Flood Determinations," March 26, 1952
(rev. March 1965).

EC 1110-2-27, " Policies and Procedures Pertaining to Determination of
Spillway Capacities and Freeboard Allowances for Dams," February 19, 1968.

EM 1110-2-1405, " Flood Hydrograph Analysis and Computations," August 31,
1959.

<

EM 1110-2-1408, " Routing of Floods Through River Channels," March 1, 1960.

! EM l'10-2-1406, "Runof f from Snowmelt," January 5,1960.
s

EM 1110-2-1603, " Hydraulic Design of Spi 11 ways," March 31, 1965.

EM 1110-2-1409, " Backwater Curves in River Channels," December 7, 1959.
,

Technical Bulletin No. 8, Sacramento District, " Generalized Snowmelt Runoff
Frequencies,' September 1962.

EM 1110-2-1601, " Hydraulic Design of Flood Control Channels," July 1,1970.

EM 1110-2-1607, " Tidal Hydraulics," August 2, 1965.

) CE 1308, " Stone Protection," January 1948.

;
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EM 1110-2-1410, " Interior Drainage of Leveed Urban Areas: Hydrology,"
May 3, 1965.

O1Technical Report No. 4, Coastal Engineering Research Center, " Shore
Protection, Planning and Design" (1966) and " Shore Protection Manual"
(1977).

CETA 79-1, " Wave Runup on Rough Slopes," July 1979. |

Waterways Experiment Station, " Hydraulic Design Criteria," continuously
updated.

TSP 37, " Riprap Stability on Earth Embankments Tested in large- and
Small-Scale Wave Tanks," June 1972.

TP 78-2, " Reanalysis of Wave Runup on Structures and BeacheL " |

ETL 1110-2-120, " Additional Guidance for Riprap Channel Protection," May
1971.

ETL 1110-2-221, " Wave Runup and Wind S. cup on Reservoir Embankments,"
November 1976.

4. Hydrometeorological Reports of the U.S. Weather Bureau (now U.S. Weather
Service, NOAA) Hydrometeorological Branch:

No. 1., " Maximum Possible Precipitation Over the 0mpompanoosuc Basin
above Union Village, Vt." (1943).

No. 2., " Maximum Possible Precipitation over the Ohio River Basin above
Pittsburgh, Pa." (1942).

No. 3., " Maximum Possible Precipitation over the Sacramento Basin of
California" (1943).

No. 4., " Maximum Possible Precipitation over the Panama Canal Basin" (1943).

No. 5., " Thunderstorm Rainfall" (1947).

No. 6., "A Preliminary Report on the Probable Occurrence of Excessive
Precipitation over Fort Supply Basin, Okla." (1938).

No. 7., " Worst Probable Meteorological Condition on Mill Creek, Butler
and Hamilton Counties, Ohio" (1937), unpublished. Supplement (1938).

No. 8., "A Hydrometeorological Analysis of Possible Maximum Precipitation
over St. Francis River Basin above Wappapello, Mo." (1938).

No. 9., "A Report on the Possible Occurrence of Maximum Precipitation
over White River Basin above Mud Mountain Dam Site, Wash." (1939).

No. 10., " Maximum Possible Rainfall over the Arkansas River Basin above
Caddoa, Colo." (1939). Supplement (1939).

|
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No. 11., "A Preliminary Report on the Maximum Possible Precipitation over
the Dorena, Cottage Grove, and Fern Ridge Basins in the Willamette Basin,
Oreg." (1939).

3

No. 12., " Maximum Possible Precipitation over the Red River Basin above
Denison, Tex." (1939).

No. 13., "A Report on the Maximum Possible Precipitation over Cherry Creek
Basin in Colorado" (1940).

No. 14., "The Frequency of Flood-Producing Rainfall over the Pajaro River
Basin in California" (1940).

No. 15., "A Report on Depth-Freaiency Relations of Thunderstorm Rainfall
on the Sevier Basin, Utah" (1941).

No. 16., "A Preliminary Report on the Maximum Possible Precipitation over
the Potomac and Rappahannock River Basins" (1943).

No. 17., " Maximum Possible Precipitation over the Pecos Basin of New Mexico"
(1944), unpublished.

No.18. , " Tentative Estimates of Maximum Possible Flood-Producing Meteoro-
logical Conditions in the Columbia River Basin" (1945).

No. 19., " Preliminary Report on Depth-Duration-Frequency Characteristics
of Precipitation over the Muskingum Basin for 1- to 9-week Periods" (1945).

V) No. 20., "An Estimate of Maximum Possible Flood-Producing Meteorological
Conditions in the Missouri River Basin above Garrison Dam Site" (1945).

No. 21., "A Hydrometeorological Study of the Los Angeles Area" (1939).

No. 21A., " Preliminary Report on Maximum Possible Precipitation, Los
Angeles Area, Ca,lifornia" (1944).

No. 21B., " Revised Report on Maximum Possible Precipitation, Los Angeles
Area, California" (1945).

No. 22., "An Estimate of Maximum Possible Flood-Producing Meteorological
Conditions in the Missouri River Basin Between Garrison and Fort Randall"
(1946).

i No. 23., " Generalized Estimates of Maximum Possible Precipitation over
the United States East of the 105th Meridian, for Areas of 10, 200, and
500 Square Miles" (1947).

No. 24. , " Maximum Possible Precipitation over the San Joaquin Basin,
Calif." (1947).

No. 25., " Representative 12-hour Dewpoints in Major United States Storms
East of the Continental Divide" (1947).

j No. 25A., " Representative 12-hour Dewpoints in Major United States Storms
' East of the Continental Divide," 2d edition (1949).(
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No. 26., " Analysis of Winds over Lake Okeechobee during Tropical Storm of
August 26-27, 1949" (1951).

No. 27., " Estimate of Maximum Possible Precipitation, Rio Grande Basin,
Fort Quitman to Zapata" (1951).

No. 28., " Generalized Estimate of Maximum Possible Precipitation over New
England and New York" (1952).

No. 29., " Seasonal Variation of the Standard Project Storm for Areas of
200 and 1,000 Square Miles East of the 105th Meridian" (1953).

No. 30., " Meteorology of Floods at St. Louis" (1953), unpublished.

No. 31., " Analysis and Synthesis of H.arricane Wind Pctterns over Lake
Okeechobee, Florida" (1954).

No. 32., " Characteristics of United States Hurricanes Pertinent to Levee
Design for Lake Okeechobee, Florida" (1954).

No. 33., " Seasonal Variation of the Probable Maximum Precipitation East
of the 105th Meridian for Areas from 10 to 1,000 Square Miles and Durations
of 6, 12, 24, and 48 Hours" (1956).

Draft Report, "All-Season Probable Maximum Precipitation, United States
East of the 105th Meridian for Areas From 1,000 to 20,000 Square Miles
and Durations From 6 to 72 Hours" (1972).

No. 34., " Meteorology of Flood-Producing Storms in the Mississippi River
Basin" (1956).

No. 35., " Meteorology of Hypothetical Flood Sequences in the Mississippi
River Basin" (1959).

No. 36., " Interim Report, Probable Maximum Precipitation in California"
(1961), revised (1969). -

No. 37., " Meteorology of Hydrologically Critical Storms in California"
(1962).

'

No. 38., " Meteorology of Flood-Producing Storms in the Ohio River Basin"
| (1961).

No. 39., " Probable Maximum Precipitation in the Hawaiian Islands" (1963).

No. 40., " Probable Maximum Precipitation, Susquehanna River Drainage above
Harrisburg, Pa." (1965).

| No. 41., " Probable Maximum and TVA Precipitation over the Tennessee River
Basin above Chattanooga" (1965).

No. 42., " Meteorological Conditions for the Probable Maximum Flood on the
Yukon River above Rampart, Alaska" (1966).I

No. 43., " Probable Maximum Precipitation, Northwest Stater" (1966).

|
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No. 44., " Probable Maximum Precipitation over South Platte River, Colorado,
and Minnesota River, Minnesota" (1969).

( ) No. 45., " Probable Maximum and TVA Precipitation fcr Tennessee River Basin
U up to 3,000 Square Miles in Area and Durations to 72 Hours" (1969).

No. 46., " Probable Maximum Precipitation, Mekong River Basin" (1970).

No. 47., " Meteorological Criteria for Extreme Floods For Four Basins in
the Tennessee and Cumberland River Basins" (1973).

No. 48., " Probable Maximum Precipitation and Snowmelt Criteria for Red
River of the North Above Pembinz, and Souris River Above Minot, North
Dakota" (1973).

5. Technical Papers of the U.S. Weather Bureau (Now U.S. Weather Service,
NOAA):

No. 2., " Maximum Recorded United States Point Rainfall for 5 Minutes to
24 Hours at 207 First Order Stations," Rev. (1963).

No. 5., " Highest Persisting Dewpoints in the Western United States" (1948).

No. 10., "Mean Precipitable Water in the United States" (1949).

No. 13., "Mean Monthly and Annual Evaporation Data from Free Water Surface
for the United States, Alaska, Hawaii, and the West Indies" (1950).

No. 14., " Tables of Precipitable Water and Other Factors for a Saturated
\v Pseudo-Adiabatic Atmosphere" (1951).

No. 15., "Marimum Station Precipitation for 1, 2, 3, 6,12, and 24 Hours:"
Part I: Utah (1951); Part II: Idaho (1951); Part III: Florida (1952);

Part IV: Maryland, Delaware, and District of Columbia (1953); Part V:
New Jersey (1953); Part VI: New England (1953); Part VII: South Carolina
(1953); Part VIII: Virginia (1954); Part IX: Georgia (1954); Part X:
New York (1954); Part XI: North Carolina (1955); Part XII: Oregon (1955); i

Part XIII: Kentucky (1955); Part XIV: Louisiana (1955); Part XV: Alabama
(1955); Part XVI: Pennsylvania (1956); Part XVII: Mississippi (1956);
Part XVIII: West Virginia (1956); Part XIX: Tennessee (1956); Part XX:
Indiana (1956); Part XXI: Illinois (1958); Part XXII: Ohio (1958); Part
XXIII: California (1959); Part XXIV: Texas (1959); Part XXV: Arkansas
(1960); Part XXVI: Oklahoma C961).

No. 16., " Maximum 24-Hour Precipitation in the United States" (1952).

No. 25., " Rainfall Intensity-Duration-Frequency Curves for Selected Stations
in the United States, Alaska, Hawaiian Islands, and Duerto Rico" (1955).

No. 28., " Rainfall Intensities for Local Drainage Design in Western United
States for Durations of 20 Minutes to 24 Hours and 1- to 100-Year Return
Periods" (1956).

No. 37., " Evaporation Maps for the United States" (1959).

U
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No. 38., " Generalized Estimates of Probable Maximum Precipitation for the
United States West of the 105th Meridian for Areas to 400 Square Miles
ana Durations to 24 Hours" (1960).

No. 40., " Rainfall Frequency Atlas of the United States for Durations from
30 Minutes to 24 Hours and Rei. urn Periods f om 1 to 100 Years" (1961).

No. 42., " Generalized Estimates of Probable Maximum Precipitation and
Rainfall-Frequency Data for Puerto Rico and Virgin Islands" (1961).

No. 43., " Rainfall-Frequency Atlas of the Hawaiian Islands for Areas to
200 Square Miles, Durations to 24 Hours, and Return Periods from 1 to 100
Years" (1962).

No. 47., " Probable Maximum Precipitation and Rainfall-Frequency Data for
Alaska for Areas to 400 Square Miles, Durations to 24 Hours, and Return
Periods from 1 to 100 Years" (1963).

No. 48., " Characteristics of the Hurricane Storm Surge" (1963).

6. Unpublished Hydrometeorological Reports of the U.S. Weather Bureau (now
U.S. Weather Service, NOAA):

"Rappahannock River above Salem Church Dam Site, Va." (11/28/50).

" Potomac River, Va., Md., W. Va. (12 sub-basins)" (6/29/56).

" Delaware River above Trenton, Chestnut Hill, and Belvidere Dam Sites"
(11/19/56).

" Delaware River above Tock's Island Dam Site" (12/16/65).

"St. John River above Dickey Dam Site, and Between Dicky and Lincoln School
Dam Sites, Maine" (12/20/66).

"Coosa P.iver above Howell Mill Shoals Dam Site, Ala." (3/3/50).

" Cape Fear River above Smiley Falls Dam Site, N.C." (11/16/50).

" Savannah River above Hartwell Dam Site, N.C." (1/5/51).

" Alabama and Appalachicola Rivers, Ala. and Fla." (3/19/52).

" Black Warrior River above Holt Lock Dam Site, Ala." (12/10/59).

" South Fork of Holston River above Boone Dam Si.e, Tenn." (8/14/50).

" Allegheny River above Allegheny River Reservoir, Pa.' (9/28/56).

" Kentucky River, Ky. (2 basins)" (3/12/58).

"New River above Moores Ferry Dam Site, Va." (5/13/63).

" Licking River, Ky, and White River, Ind." (11/9/64).

" Iowa River above Coralville Dam Site, Iowa" (11/20/47).
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" Des Moines River above Saylorville, Iowa and Howell Dam Site, Iowa"'

(3/19/48).

" Salt River, Mo." (1/21/55).

" James River above Jamestown Dam Site, N. Dak." (9/16/48).
i

" Big Blue River above Tuttle Creek Dam Site, Kans." (10/23/51).

[ " Republican River at (a) above proposed Milford Dam Site, Kans.; and (b)
between Harlan Co. Dam and proposed Milford Dam Site, Kans." (11/24/58).

"Meramec River Basin, Misscuri" (12/21/61).,

" Republican River above Harlan Co. Res., Neb." (3/7/69)."

" Canadian River above Eufaula Dam Site, Okla." (12/19/47).

" White River above Table Rock Dam Site, Mo." (3/19/48).

" Eleven Point River above Water Valley Dam Site, Ark." (3/19/48).

| "Kiamichi River above Hugo Dam Site, Okla." (4/9/48).
|

" Boggy Creek above Boswell Dam Site, Okla." (4/9/48).

" North Canadian River above Optima (Hardesty) Dam Site, Okla." (12/22/49).

" Lower Canadian River, Okla." (6/10/48).

"Gaines Creek Dam Site, Okla." (5/13/48).

"0napa-Canadian (combined) Dam Site, Okla." (5/13/48).

" Verdigris River above Oolc;ah Dam Site, Okla." (5/4/50).

"Little Red River above Green Ferry, Ark." (7/24/50).

i " Grand (Neosho) River above Strawn Dam Site, Kans." (11/14/51).

" Pinon Canyon above Trinidad, Colo." (4/10/52).

,
" Beaver Reservoir, White River, Ark." (12/1/55).

!

! "Kisatchie Dam Site on Kisatchie Bayou, La.'' (3/1/56).
1

: " Cypress Creek above Mooringsport, La." (8/27/56).

"Little River above at (a) Millwood Dam Site, Ark. ; and (b) Broken Bow,
Okla." (5/14/59).

" White River Drainage above Wolf Bayou, Ark." (3/31/66).

" Upper Arkansas River, Colorado (sub-basins)' (2/13/67).

. -

4
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" Arkansas River Drainage Between John Martin Dam, Colo., and Great Bend,
Kans." (9/23/69).

" Leon River above Belton Dam Site, Tex." (12/9/47).

"Jemez Creek, N. Mex." (12/9/49).

"Chama River above Chamita Dam Site, N. Mex." (1/18/50).

"Rio Hondo above Two Rivers Reservoir, N. Mex." (12/19/56).

"Richland Creek, Tex." (4/6/56).

" Basque River above Waco Reservoir, Tex." (4/6/56).

" Leon River above Proctor Reservoir Project near Hasse, Tex." (12/5/56).

"Pecos River above Alamogardo Reservoir, N. Mex." (7/24/57).

"Pecos River above Los Esteros, N. Mex." (7/24/57).

" Intervening Drainage between Los Esteros and Alamogardo, N. Nex." (7/24/57).

"Rio Grande between Cerro and Cochiti Dam Site, N. Mex." (2/?6/58).

" Combined Drainage of Santa Fe Creek and Rio Jalisto above Galisto Dam
Si e, N. Mex." (2/26/58).t

..sas River above proposed Lamposas Dam Site, Tex." (4/17/58).'-
m

"Navasota River, Tex. (7 sub-basins)" (11/2/59).

" Colorado River above Fox Crossing, Tex." (11/12/63).

" Lower Rio Grande, United States and Mexico (between Falcon and Anzalduas
Dams)" (7/68).

" Gila River above Coolidge Dam Site, Ariz." (9/14/53).

" Queens Creek, Gila River Basin, Ariz." (4/26/55).

" Bill Williams River above proposed Alamo Dam Site, Ariz." (1/14/58).

" Santa Rosa Wash Basin, Ariz." (8/2/68).

" Black Creek, Ariz." (6/20/69).

""re!iminary Estimate for Drainages North of Phoenix, Ariz." (9/29/72).

"Huaboldt River, Devils Gate Dam Site, Nev." (11/20/51).

"Mathews Canyon Dam Site (Virgin River), Nev. and Pine Canyon Dam Site
(Virgin River), Nev." (8/9/54).

" Dell Canyon Reser. air, Utah" (8/26/57).
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"Las Vegas Wash, Nev." (11/22/60).

} "Henderson Wash, Nev." (11/22/60).
/

1
" West Fork (Mojave River), Calif." (11/22/60).

"Tahchevah Creek, Calif." (11/22/60).
'

" San Gorgonio River above Cabazon Dam Site, Calif." (4/13/62).

"Whitewater River above Garnet Dam Site, Calif." (4/13/62).

"Martis Creek, Calif." (3/18/64).

"Merced River, Calif." (6/4/62).

' "American River above Folsom Dam, Calif." (8/1/68).

! " North and Middle Forks of American River above Auburn Dam Site, Calif."
(8/1/68).

" Intervening Drainage between Auburn Dam Site and Folsom Dam" (8/1/68).

"Yuba River above Marysville, Calif." (11/29/68).

"Los Angeles District, Calif. (18 basins in Calif., Nev. and Ariz.)"
(12/2/68).

" San Diego River Watershed, Calif. (13 sub-basins)" (3/16/73).
L

; "Skagway River, Alaska" (7/8/47).

"Bradley Lake Basin, Alaska" (5/19/61).

"Chena River, Alaska" (8/1/62).
,

1

"Long Lake portior, of the Snettisham Project" (4/19/65).

"Takatz Creek, Baranof Island, Alaska" (2/21/67).

"Tanana River Basin for (a) Chena River above Chena Dam Site; (b) Little
Chena River above Little Chena Dam; and (c) Tana River between Tanacross;

and Nenana, Alaska" (6/5/69).

" Preliminary Estimates, Vicinity of Junea: Mendenhall River, Lemon Creek,
and Montana Creek" (11/7/69).

" Preliminary Estima*2s, Vicinity of Ketchikan: Whipple Creek near Wards
Cove, Carlanna r r ek near Ketchikan, Hoadley Creek near Ketchikan, and
Ketchikan Creek near Ketchikan" (1/7/74).

.

" Eastern Panama and Nor.hwest Colombia" (9/65).

" Hypothetical Rainste.ms over Rio Atrato Basin, Colombia, South America"
(7/67).

/

4
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" Probable Maximum Thunderstorm Precipitation Estimates Southwest States"
(3/30/73).

7. J. R. Weggel, " Maximum Breaker Height," Jour. Waterways, Harbors and Coastal
Engineering Division, Proc. Am. Soc. of Civil Engineers, Vol. 98, No. WW4,
pp. 529-548 (1972).

8. Technical Note 98, "Estimat:on of Maximum Floods," h?10-No. 233, World
Meteorological Organiz?. tion (1969).

9. C. O. Clark, " Storage and the Unit Hydrograph," Trans. Am. Soc. Civil
Engineers, Vol. 110, No. 2261, pp. 1419-1488 (1945).

10. U.S. Department of Commerce, " Snow Hydrology," PB-151660, undated.

11. Bureau of Reclamation, "Effect of Snow Compaction from Rain on Snow,"
Engineering Monograph No. 35, U.S. Department of the Interior (1966).

12. Bureau of Reclamation, " Design of Small Dams," Second Edition, U.S.
Department of the Interior (1973).

13. Regulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants."

14. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

15. Regulatory Guide 1.102, " Flood Protection for Nuclear Power Plants."

16. Regulatory Guide 1.29, " Seismic Design Classification."

.17. H. C. S. Thom, "New Distribution of Extreme Winds in the Urited States,"
Journal of the Structural Division, American Society of Civil Engineers,
ST7, July 1968.

18. ANSI N170, " Standards for Determining Design Basis Flooding at Power
Reactor Sites."

O
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Figure 2. 4. 3 2

Standard Review Plan Section 2.4.3
Site Dramage and Adjacent Drainage

| Deteimine plant location & dramage areas of adjacent streams. |

Prepare probable maximum precipitation (PMP)_
estimate of 6,12,24, & 48 hr. precipit stion
for site drainage & adjacent area. tam:

Use appropriate hydromet (NOA A) report:
See References 17 64

.I
Determ!ne whether any basic data
missing from SAR.

| Hequest missing data. | Deternune 16 hour distribution of precipita-
tion using Corps of Engineers engmeering
manual E M 1110 21411 (revised March 1965).

_

Dt selop runof f model using Corps of
Engineers synthetic unit hydrograph
USBR, etc.

|NO| | Determine whether drainage channels used. | -- |Y E S|

Estimate peak runof f rate using either
hand comp., or Corps of Engineers code
H E C- 1.

- - | Compare with apphcant's estimate. |

| Evaluate ressmnses. p

Corps of Engineers Code HEC 2.

| Evaluate impour.dment ef fects.|

| Develop staff positions. |

|

Attempt to resolve with
apphcant through LPM.

|

| Write SER mput. |
|
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2.4.4 POTENTIAL DAM FAILURES

REVIEW RESPONSIBILITIES

Primary - Hydrologic and Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

In this section of the safety analysis report (SAR) the hydrogeologic design basis
is developed to assure consideration in plant design of any potential hazard to the
safety related facilities due to the failure of upstream and downstream water con-
trol st uctures. The areas of review include consideration of flood waves (bores) |from severe breaching of upstream dams and the potential loss of water supply due
to failure of a downstream dam, domino-type failures of dams, landslides, and
effects of sediment deposition and erosion.

When data are provided to show that seismic events will not cause failures of up-O stream dams that could produce the governing flood at the plant, this section may(~,) contain additional data and other information to support a contention that the dams
are equivalent to seismic Category I structures and will survive a local equivalent
of the safe shutdown earthquake (SSE) or will survive the operating basis earth-
quake (OBE). In such cases the Geotechnical Engineering Section (GES) of HGEB, the
Geosciences Branch (GB), and Structural Engineering Branch (SEB), as necessary,
will evaluate the data necessary to justify such a classification. GES, GB, and
SEB review procedures are outlined in the appropriate geosciences and structural
SRP sections. The balance of this SRP section applies to the hydrologic analyses
of dam failures or breaches.

Where analyses are provided in support of either a conclusion that a probable maxi-
mum flood (PMF) should be the design basis flood for a stream, or that a postulated
or arbitrarily assumed dam failure flood is the design basis flood for a stream, |the areas of review consist of the following:

1. Conservatism of modes of assumed dam failure and deposition of debris;

downstream.

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
star.dard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review~s
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plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The
standard review plan sections are keyed to the Standard Format and Content of safety Analysis Reports for Nuclear Power Plants.;

(/ Not all sections of the Standard Format have a corresponding review plan.,

Published standard review plans will be revised periodically, as appropriate to accommodate comments and to reflect new informa-
tion and experience.

| Comments and suggestions for improvement will be conside.ed and should be s.ent to the U.S. Nuclear Regulatory Commission,
1 Office of Nuclear Reactor Regulation. Washington. D.C. 20555.
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2. Consideration of flood control reservoirs at full pool level. |

3. Conservatism of coincident flow rates and levels depending on whether |
failure is postulated with an equivalent SSE coincident with a 25 year
flood, or an OBE coincident with a standard project flood (SPF). An SPF
is considered to be about forty percent of a PMF.

4. Flood wave attenuation to downstream dams, or to the site, whichever would
be encountered first.

5. Potential for mutiple dam failures; flood wave effects and potential for
failure of downstream dams.

6. Hydraulic failure as a result of overtopping for any reason. |

7. Dynamic effects of possible bores on exposed plant facilities. |

8. Conservative flow conditions for downstream dam failures that can influence
safety-related water supplies.

9. Applicability and conservatism of models used to predict the effects of
dam failure floods including breach shape and rate of failure. |

*

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section are based on meeting the requirements
of the following regulations:

1. Genaral Design Criterion 2 (GDC 2) as it relates to structures, systems
and components important to safety being designed to withstand floods.

2. 10 CFR Part 100 as it relates to evaluating hydrologic features of the
site.

3. 10 CFR Part 100, Appendix A as it relates to establishing the design basis
flood due to seismic dam failure.

To meet the requirements of GDC 2, 10 CFR Part 100, and 10 CFR Part 100, Appendix A,
as they relate to dam failures, the following specific criteria are used:

The staf f will review the applicant's analyses and independently assess the
coincident river flows at the site and at the dams being analyzed. ANSI N170
provides guidance on acceptable river flow conditions to be assumed coincident
with the dam failure event. The applicant's estimates (which may include land-
slide-induced failures) of the flood discharge resulting from the coincident
events should be no more than 5% less conservative than the staff's estimates
to be acceptable. If the applicant's estimates differ by more than 5%, the
applicant should fully document and justify its estimates or accept the staff's
estimates and redesign applicable flood protection.

For SAR Section 2.4.4.1 (Dam Failure Permutations): The location of dams and
potentially "likely" or severe modes of failure must be identified. The poten-
tial for multiple, seismically-induced dam f ailures and the domino f ailure of
a series of dams must be discussed. Approved models of the Corps of Engineers
and the Tennessee Valley Authority are used to predict the downstream water
levels resulting from a dam breach (Refs. 7, 11, 16, 17 and 18). First-time |
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use of other models will require complete model description and documentation,
Acceptance of the model (and subsequent analyses) is based on the staff review

[mV)of model theory, available verification, and application. Where other than
instantaneous failure is assumed, the conservatism of the rate of failure and
shape of the breach should be well documented. A determination of the peak
flow rate and water level at the site for the worst possible comt.ination of
dam failures and a summary analysis (that substantiates the condition as the
critical permutation) must be presented, along with a description (and the
bases) of all coefficients and methods used. Also, the effects of other
concurrent events on plant safety, such as blockage of the river and water-
borne missiles, must be considered.

For SAR Sections 2.4.4.2 (Unsteady Flow Analysis of Potential Dam Failures)
and 2.4.4.3 (Water Level at Plant Site): The effects of coincident and
antecedent flood flows (or low flows for downstream structures) on initial
pool levels must be considered. Use of the methods given in References 4 or 6 |is acceptable for determination of initial pool levels. Depending upon esti-
mated failure modes and the elevation difference between plant grade and normal
river levels, it may be acceptable to use conservative simplified procedures
to estimate flood levels at the site. Where calculated flood levels using
simplified methods are at or above plant grade and using assumptions which
cannot be demonstrated as conservative, it will be necessary to use unsteady-
flow methods to develop flood levels at the site. References 11 and 12 are |
acceptable methods; however, other programs would be acceptable with proper
documentation and justification. Computations, coefficients, and methods used
to establish the water level at the site for the most critical dam failures
must be summarized. Coincident wind generated wave activity should be con-
sidered in a manner similar to that discussed in SRP Section 2.4.3.

Appropriate sections of the guides described below are used by the staff tov
determine the acceptability of the applicant's data and analyses. Regulatory
Guide 1.59, which incorporates ANSI N170, provides guidance for estimating the |
cesign basis for flooding considering the worst single phenomena and combina-
tion of less severe phenomena. Regulatory Guide 1.29 identifies the safety- |
related structures, systems, and components, and Regulatory Guide 1.102
describes acceptable flood protection to prevent the safety-related facilities
from being adversely affected.

III. REVIEW PROCEDURES

The conservatism of the applicant's estimates of flood potential and low water
levels from structure failures is judged against the criteria indicated in |
subsection II above. An analysis is performed using simplified, conservative
procedures (such an instantaneous failure, coincident SPF flows, minimal flood

#wave attenuation, and extrapolated site discharge-rating curvesi. Techniques
for such analyses are identified in standard hydraulic design references and
text books, such as those listed in the reference section. If no potential
flood problem exists, the staff safety evaluation report (SER) input is twitten
accordingly. If the simplified analysis indicates a potential flooding problem,
the analysis is repeated using a more refined technique which may include time
rate of failure and hydrometeorologically compatible storm centerings. Detailed
failure models, such as those of the Corps of Engineers and the Tennessee Valley
Authority, are utilized to identify tne outflows from various failure modes.
Models of the Corps of Engineers or the Tennessee Valley Authority are used to

g (identify the outflow characteristics and resultant water level at the siteRefs. 7, 11, 12, 16, 17 nnd 18). The staff will develop a position based on |
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the analyses performed; resolve, if possible, differences between the applicant's'
and staff's estimates; and write the SER input accordingly.

The above reviews are performed only when applicable to the site or site region.
Some items of review may be done on a generic basis.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews, the findings will summarize the applicant
and staff evaluations in compliance with GDC 2, 10 CFR Part 100 and 10 CFR Part 100,
Appendix A, of the design basis maximum and minimum water levels caused by poten-
tial dam failures. If the applicant's estimates are within acceptable margins
(described in subsection II), s'aff concurrence in the applicant's estimates will
be stated. If the applicant's estimates are not within acceptable margins, and
if the plant may be adversely affected, a position requiring use of the staff
bases will be stated. If no dam failure review was undertaken at the construction |
permit stage (of the scope described), this fact will be indicated.

For operating license (0L) reviews of cases for which detailed potential dam I

failure analyses were made during the CP review, the CP-stage conclusions will
be referenced. In addition, any further review done to reaffirm the maximum
or mir.imum water levels based on any new information will be described and the
results and conclusions stated.

Sample statements for CP reviews follow:

The staff concludes that the plant design flood elevation, at plant
grade of 50 feet MSL, is acceptable and meets the requirements of
General Design Criterion 2, 10 CFR Part 103, and 10 CFR Part 100,
Appendix A, with respect to potential hazards due to dam failure
floods. This conclusion is based on the following evaluation.

The distance (more than 300 miles) to upstream reservoirs of appre- '

ciable size is such that the staff assessment leads to the conclusion
that their arbitrarily assumed failure, under postulated combinations
of floods and earthquakes of the severity discussed in Regulatory
Guide 1.59, would not constitute a threat to the plant.

Dam failure-caused " worst case" floods were evaluated by the appli-
cant based upon failures with consideration of only the location and
sizes of upstream impoundments, and not on inherent capability of
such structures to resist earthquakes, volcanic activity and severe
landslide-induced floods. The most severe flood of this kind was
estimated based upon an assumed catastrophic failure of Dam A some'
420 miles upstream. The peak flow at the site from such a flood was
estimated to be 3,000,000 cfs. This flow is estimated to occur about
two days after the dam failure and reach elevation 41 feet MSL, 9 feet
below plant grade.

A volcanically-induced flood was assumed to cause a domino-type
failure of the three dams on the tributary B River from a volcanic
eruption of Mt. D. The evaluation indicated such an event could
cause the second most severe artificial flood that would reach the
site. This event was estimated to produce a peak flow at the site
of 2,800,000 cfs and a water level of 39 feet MSL, 11 feet below
plant grade.
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
s regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, " Reactor Site Criteria."

3. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

4. " Flood Hydrograph Package," HEC-1, Corps of Engineers Hydrologic
Engineering Center, Davis, California, October 1970.

5. " Water Surface Profiles," HEC-2, Corps of Engineers Hydrologic
Engineering Center, Davis, California, February 1972.

6. " Reservoir System Operation for Flood Control," HEC-5, Corps of Engineers
Hydrologic Engineering Center, Davis, California, May 1973.

7. " Routing of Floods Through River Channels," EM 1110-2-1408, Corps of
Engineers, March 1960.

8. Hunter Rouse, ed., " Engineering Hydraulics," John Wiley & Sons, Inc., New
York (1950).

9. Ven Te Chow, "Open-Channel Hydraulics," McGraw-Hill Book Co., New York
(1959).

10. Ven Te Chow, ed., " Handbook of Applied Hydrology," McGraw-Hill Book Co.,
New York (1964).

11. J. M. Garrison, J. P. Granju, and J. T. Price, " Unsteady Flow 5imulation
in Rivers and Resorvoirs," Jour. Hydraulics Division, Proc. Am. Soc. of
Civil Engineers, Vol. 95, No. HYS, pp. 1559-1576 (1969).

12. " Gradually Varied Unsteady Flow Profiles," 723-62-L2450, Corps of Engineers
Hydrologic Engineering Center, Davis, California, March 1969.

13. R. A. Baltzer and C. Lai, " Computer Simulation of Unsteady Flows in
Wate ways," Hydraulics Division, Proc. Am. Soc. of Civil Engineers, Vol.
94, No. HY4, pp. 1083-1117 (1968).

U

2.4.4-5 Rev. 2 - July 1981



,

l

14. J. J. Stoker, " Numerical Solution of Flood Prediction and River Regulation l

Problems," Reports I and II, New York Univ. (1953-54). I

15. V. L. Streeter and E. B. Wylie, " Hydraulic Transients," McGraw Hill Book
'

Co., New York, pp. 239-259 (1967).

16. W. A. Thomas, "A Method for Analyzing Effects of Dam Failures in Design
Studies," Corps of Engineers Hydrologic Engineering Center, Davis
California (for presentation at the ASCE Hydraulics Division Specialty
Conference, Cornell University, August 1972).

17. " Flow Through a Breached Dam," Military Hydrology Bulletin No. 9, Corps
of Engineers (1957).

18. " Floods Resulting From Suddenly Breached Dams, Conditions of High
Resistance," Misc. Paper No. 2-374, Report 2, Corps of Engineers (1961).

19. Bureau of Reclamation, " Flood Routing," Chapter 6/0 in " Flood Hydrology,"
Part 6 in " Water Studies," Volume IV, U.S. Department of the Interior
(1947).

20. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

21. Regulatory Guide 1.59, " Flood Design Basis for Nuclear Power Plants."

22. ANSI N170, " Standards for Determining Design Basis Flooding at Power
Reactor Sites."

23. Regulatory Guide 1.29, " Seismic Design Classification."

24. Regulatory Guide 1.102, " Flood Protection for Nuclear Power Plants."

O
2.4.4-6 Rev. 2 - July 1981



Iv

Figure 2.4.4-1

Standard Review Plan Section 2.4.4
Seismically, Induced Floods

Review location and sizes of upstream and immediately downstream
dams using SAR & other available dam descriptions.

Determine which structures (1 or more) are hydrologically
controlling based on size and location.

Perform quicky " pull the plug" analyses assummg half PMP, minimal
flood wave attenuation. and extrapolated site rating curve.

.

( Compare "quicky" estimate with applicant's analysis &
location and elevations of safety-related facilities.

| NO H Decide on whether potential flood problem exists. | 'YES|

| Request missing data.. I :

| Perform refined "quicky" analysis. |.

Evaluate answers & undertake detailed analysis of controlling
cases using conceptual models of failures. hydrac'ic analyses of

outflow characteristics and computerized models (Corps of Engrs.) !of unsteady flow, HEC.1, HEC 2, and others.

| Develop staff positions, |

Attempt to resolve differences with
applicant thru LPM.

_.

- | Write SER i,put. |

N ,

1
1

%
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2.4.5 PROBABLE MAXIMUM SURGE AND SEICHE FLOODING

REVIEW RESPONSIBILITIES

Primary - Hydrologic & Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

In this section of the safety analysis report (SAR) the hydrometeorological design
basis is developed to determine the extent of flood protection required for safety-
related plant systems. The areas of review include the characteristics of the
assumed probable maximum hurricane or other probable maximum wind storms and the
techniques, methodologies, and parameters used in the determination of the design
surge and/or seiche. Antecedent water levels, storm tracks, methods of analysis,
coincident wind generated wave action and wave runup on safety-related structures,
potential for wave oscillation at '.he natural periodicity, and the resultant design

jq bases for surge and seiche floodinc are also reviewed.
(V;

II. ACCEPTANCE CRITERIA

HGEB acceptance criteria for this SRP section are based on meeting the requirements
of the following regulations:

1. General Design Criteria 2 (GDC 2) as it relates to structures, systems, and
components important to safety being designed to withstand the effects of
hurricanes and seiches.

2. 10 CFR Part 100 as it relates to evaluating the hydrologic characteristics
of the site.

Specific criteria necessary to meet the relevant hydrologic requirements of GDC 2
and 10 CFR Part 100 are as follows:

If it has been determined that surge and seiche flooding estimates are necessary to
identify flood design bases, the applicant's analysis will be con:,idered complete
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and acceptable if the following areas are addressed and ccn be independently and
comparably evaluated from the applicant's submission.

1. All reasonable combinations of probable maximum hurricane, moving squall
line, or other cyclonic wind storm parameters are investigated, and the
most critical combination is selected for use in estimating a water level.

2. Models used in the evaluation are verified or have been previously approved
by the staff.

3. Detailed descriptions of bottom profiles are provided (or are readily
obtainable) to enable an independent staff estimate of surge levels.

4. Detailed descriptions of shoreline protection and safety-related facilities
are provided to enable an independent staff estimate of wind generated
waves, runup, and potential erosion and sedimentation.

5. Ambient water levels, including tides and sea level anomalies, are esti-
mated using NOAA and Corns of Engineers publications as described below.

6. Combinations of surge levels and waves that may be critical to plant design
are considered, and adequate information is supplied to allow a determination
that no adverse combinations have been omitted.

7. If Regulatory Guide 1.59, Position 2, is elected by the applicant, the
design basis for flood protection of all safety related facilities identi-
fied in Regulatory Guide 1.29 must be shown to be adequate in terms of
time required for implementation of any emergency procedures. The applicant
must also demonn rate that all potential flood situations that could negate
the tiAe and capability to initiate flood emergency procedures are provided
for in the less severe design basis selected.

This section of the SAR may also state with justification that surge and seiche
flooding estimates are not necessary to identify the flood design basis (e.g. ,
the site is not near a large body of water).

Hydrometeorological estimates and criteria for development of probable maximum
hurricanes for east and Gulf coast sites, squall lines for the Great Lakes,
and severe cyclonic wind storms for all lake sites by the Corps of Engineers,
National Oceanic and Atmospheric Administration (NOAA), and the staff are used
for evaluating the conservatism of the applicant's estimates of severe windstorm
conditions, as discussed in Regulatory Guide 1.59. The Corps of Engineers and
NOAA criteria require variation of the basic meteorological parameters within
given limits to determine the most severe combination that could result. The
applicant's hydrometeorological analysis should be based on the most critical
combination of these parameters.

Data from publications of NOAA, the Corps of Engineers, and other sources (such
as tide tables, tide records, and historical lake level records) are used to
substantiate antecedent water levels. These antecedent water levels must be
as high as the "10% exceedence" monthly spring high tide plus a sea level
anomaly based on the maximum difference between recorded and predicted average
water levels for durations of two weeks or longer for coastal locations or the
100 yr recurrence interval high water for the Great Lakes. In a similar manner,
the storm track, wind fields, effective fetch lengths, direction of approach,
timing and frictional surface and bottom effects are evaluated by independent
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I staf f analysis to assure that the most' critical values have been selected.
m Models und to estimate surge hydrographs that have not previously been reviewed

1 and approved by the staff are verified by reproducing historical events, with
3d any discrepancies in the model being on the conservatise (i.e., high) side.

Criteria and methods of the Corps of Engineers as generally summarized in
Reference 32 are used as a standard to evaluate the applicant's estimate of |

! coincident wind generated wave action and runup.

Criteria and methods of the Corps of Engineers and other standard techniques
are used to evaluate the potential for oscillation of waves at natural
periodicity.

Criteria and methods of the Corps of Engineers (Ref. 32) are used to evaluate |
the adequacy of protection from flooding, including the static and dynamic
effects of broken, breaking, and nonbreaking waves. Regulatory Guide 1.102
pr aides further guidance on flood protection. Regulatory Guide 1.125 provides
guidance for using physical models in assessing flood protection.

III. REVIEW PROCEDURES

The staff will evaluate the applicant's analysis, including all o'f the assump-
tions, techniques, and models used. If satisfied with their technical soundness
and applicability to the problem, the staff's evaluation will be focused on
the conservatism of parameters used by the applicant.

If not satisfied with the applicant's techniques, the staff will perform a
simplified analysis of the controlling surge and seiche flooding level

,

(coincident with wind generated wave activity) and the resulting effects
(static and dynamic) to the safety-related facilities using simplified'

calculational procedures or models with demonstrably conservative coefficients
and assumptions. If the applicant's estimates of critical water level are no
more than 5% less conservative than the staff's estimates,* staff concurrence
will be stated. If the applicant's estimates are more than 5% less conservative,
the analysis is repeated using more realistic techniques. The staff will develop

a position based on the analysis; resolve, if possible, differences between
the applicant's and staff's surge and seiche flooding design basis; and write
the SER input accordingly. The specific review procedures are described below
and outlined in Figure 2.A.5-1.

In general, the conservatism of the applicant's estimates of flood potential
from surges and seiches is judged against the criteria indicated in subsection II
above and as discussed in Regulatory Guide 1.59. If the site is not near a
large body of water the staff findings may be prepared a priori. Methods of
the Corps of Engineers and National Oceanic and Atmospheric Administration (NOAA)
(HUR 7-97 and amendments) are used to develop the critical probable maximum
hurricane (PMH) parameters for the site. The Corps of Engineers model SURGE
(or other verified models) may be used to estimate the maximum surge stillwater
elevations at coastal sites. Coincident wind generated waves and runup are
estimated from publications by the Corps of Engineers (Ref. 32). Reports of |
NOAA and the Corps of Engineers are used to estimate probable maximum wind
fields over the Great Lakes. Models such as Platzmann's, or other verified
models, may be used to estimate the maximum surge or seiche stillwater elevation

/

* Based on the difference between normal water levels and the flood event.
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for Great Lakes sites; coincident wind generated waves and runup are estimated
as above.

Two-dimensional models (References 17, 28, and 44) include seiching effects. |
Seiching potential is evaluated using one-dimensional models by comparing the
natural period of oscillation (resonance) of the water body with the estimated
meteorologically-induced wave periods. Resonance of a water body may be cal-
culated by the methods presented in Reference 32 or standard texts. Generally, |
a demor.stration that the water body cannot generate or sustain waves of the
required period for resonance is satisf actory to aiscuss the pos ,ibility of
damaging seiching. Similarly, seismically induced seiching is precluded if
the natural period of oscillation of the water body is dissimilar from the
period of precluded seismic excitation. Coordination with the Geosciences
Branch (GB) to determine the controlling seismic parameters may be required.
If resonance is possible, the maximum seiche must be considered in the selec-
tion of the critical flood design bases.

The above reviews are performed only when applicable to the site or site region.
Some items of review may be done on a generic basis.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews the findings will summarize the applicant's
and staff's estimates of critical water level (including wind generated wave
levels) at the site. If the estimates meet the criteria (described in subsection 11
above), staff concurrence will be stated. If the applicant', estimates do not
meet the criteria in subsection II above, and the proposed plant may be
adversely affected, a statement requiring use of the staff's estimates for the
design basis will be made. If the flood conditions do not constitute a design
basis, the statement will so indicate.

For operating license (0L) reviews of plants which have received detailed
reviews during the CP review, the CP conclusions will be referenced. However,
a review will be made to assure that protection against the design-basis water
level conditions established in the CP review has been properly implemented.
In addition, a review of surge and seiche histor,v since the CP review will be
made. Any new information or improvements in predictive models will be noted.
If no detailed CP review was undertaken, this fact will be indicated in the OL
findings.

If Regulatory Guide 1.59, Position 2, is elected by the applicant, ror protection,
a statement describing lesser design bases will be included in the findings
with the staff conclusion of adequacy.

A sample statement for an OL review follows:

The design basis hurricane-induced high and lcw stillwater levels
were established during the CP review at elevations 22.0 feet MSL
and -7.5 feet MSL, respectively. These levels are based open the
estimated water levels, exclusive of wave action, that would occur
during passages of a probable maximum hurricane (PMH) to the south
and north, respectively, of the plant. At the request of the staff,
the applicant analyzed the wave conditions on safety-related
facilities that could accompany the 22 foot MSL surge level. The
results of these analyses indicate the most severe wave action
would be restricted to the canal, and that high ground levels would
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limit wave heights in the vicinity of exposed safety-related
buildings, except the service water intake, to 1.6 feet. For the
intake, the applicant has estimated waves 3 feet high. The result-

t ) ing wave runup levels were estimated to reach a maximum elevation of
# 28.3 feet MSL on the intake, and 25.6 feet MSL on other exposed

buildings.

The staff concludes that the plant design meets the requirements of
General Design Criterion 2 and 10 CFR Part 100 with respect to surge
and seiche flooding. The bases for this conclusion is that the intake
structure and the other exposed plant buildings are designed to with-
stand wave runup to 29.0 feet MSL and 26.0 feet MSL respectively,
which are above the maximum calculated wave runup levels discussed
above.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.
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i STANDARD REVIEW PLAN SECTION 2.4.5
t

| Receive SAR |,

-
t.

| ls the site at or near a large body of water? | r| NO H
!

| YES |;

: t
Evaluate applicant's model as to its applicability to
problem,its basic conservatism and the conservatism YES hof its application. including all parameters used.
Is applicant's analysis satisfactory?

h
j | NO |

6
Are there significant enough problems with applicant's

! analysis to warrant independent staff analysis?

h h

| NO | | YES |
*

h h
| Request missing data | Make conservative estimate using

staff's model
, n

h
| NO H Are applicant's estimates conservative? |

iit

Review applicant's
responses

l'
,

| Are applicant 3 estimates conservative? | r| YES | |:

1

i | NO |
I..

| Develop staff position |i

! t
Attempt to resolve differences

' with LPM and applicant

f
IWrite SER input | =

.

1
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2.4.6 PROBABLE MAXIMUM TSUNAMI FLOODING

REVIEW RESPONSIBILITIES

Primary - Hydrologic & Geotechnical Engineering Branch (HGEB) |

Secondary - Geosciences Branch (GB)

1. AREAS OF REVIEW

The geohydrological design basis of the plant (discussed in Regulatory Guide 1.59)
is developed in this section of the Safety Analysis Report (SAR) to dotermine the
extent of plant protection required fc, tsunami flooding and drawdown (outlined
in Regulatory Guide 1.102). The areas of review include the hydrologic character-
istics of the maximum locally and distantly generated tsunami and the techniques,
methodologies and parameters, including the geoseismic parameters of the genera-
tors, used in the determination of the design basis tsunami.

Hydrologic analysis techniques, including tsunami formation, propagation and shoal-m

[ V arid waves, are reviewed.] irg models, and coincident water levels, including astronomical tide, storm surges

ine Geosciences Branch (GB) as part of its secondary review responsibility will
review geologic and seismic characteristics of potential tsunamic faults. Areas of
review include earthquake magnitude, focal depth, source dimensions, fault orien-
tation, and vertical displacement. GB will review the applicant's values of the
parameters, discussed above, used to model tsunami. The values used may represent
upper bounds of the parameters. If there is disagreement with the applicant's pro-
posed values, GB will provide alternative values. GB will provide a written dis-
cussion of its review of the geologic and seismic characteristics of potential tsu-
nami sources to be included in the SER input for this section.

II. ACCEPTANCE CRITERIA

Acceptoace criteria for this SRP section relate to the following regulations:

1. General Design Criterion 2 (GDC 2) as it relates to structures, systems, and
components important to safety being designed to withstand the effects of
tsunami.
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2. 10 CFR Part 100 as it relates to identifying and evaluating hydrologic
features of the site.

3. 10 CFR Part 100, Appendix A as it relates to investigating the tsunami
potential at the site and determining the design bases for tsunami
f l ood hg.

To meet the requirements of GDC 2, 10 CFR Part 100, and 10 CFR Part 100,
Appendix A with respect to tsunami and the analysis thereof, the following
specific criteria are used:

1. If it has been determined that tsunami estimates are necessary to iden-
tify flood or low water design bases, the analysis will be considered
complete if the following areas are addressed and can be independently
and comparably evaluated from the applicant's submission:

a. All potential distant and local tsunami generators, including vol-
canoes and areas of potential landslides, are investigated and the
most critical ones are selected.

b. Conservative values of seismic characteristics (source dimensions,
fault orientation and vertical displacement) for the tsunami genera-
tors selected are used in the analysis.

c. All models used in the analysis are verified or have been previously
approved by the staff. Regulatory Guide 1.125 provides guidance in
the use of physical models of wave protection structures.

d. Bathymetric data are provided (or are readily obtainable).

e. Detailed descriptions of shoreline protection and safety-related
facilities are provided for wave runup and drawdown estimates.
Regulatory Guide 1.102 provides guidance on flood protection for
nuclear power plants.

f. Ambient water levels, including tides, sea level anomalies, and wind
waves, are estimated using NOAA and Corps of Engineers publications
as described below.

g. If Regulatory Guide 1.59, Position 2, is adopted by the applicant,
the design basis for tsunami protection of all safety-related facili-
ties identified in Regulatory Guide 1.29 must be shown to be adequate
in terms of the time required for implementation of any emergency
procedures.

2. The applicant's estimates of tsunami runup and drawdown levels are accep-
table if the estimates are no more than 5% less conservative than the

.

staff's estimates. If the applicant's estimates are more than 5% less
j conservative (based on the difference between normal water levels and the
j maximum runup or drawdown levels) than the staff's, the applicant should

fully document and justify its estimates or accept the staff's estimates.

3. This section of the SAR will also be acceptable if it states the criteria
used to determine that tsunami flooding estimates are not necessary to
identify the flood design basis (e.g., the site is not near a large body
of water).

2.4.6-2 Rev. 2 - July 1981
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III. REVIEW PROCEDURE *

b'n The review procedures are outlined in Figure 2.4.6-1. The references used are
Q' general geophysical, seismological, and hydrodynamic publications, such as pub-

lished data by the National Oceanic and Atmospheric Administratinn (NOAA), and
wave propagation models such as those developed by NOAA, WES, and Tetra Tech.

Section 2.4.6 of the applicant's SAR is reviewed to identify any missing data,
information, or analysis necessary for the staff's evaluation of potential
tsunami flooding. This section is evaluated when the applicant has responded
to all the additional information requested. If the site is not near a large
body of water with potential tsunami generators, the staff findings may be pre-
pared a priori.

The staff (with input from GB) will rev.iew the potential tsunami sources ana-
lyzed by the applicant to assure that all locations capable of generating a
tsunami of significant magnitude at the site have been considered. The GB
staff will evaluate the geoseismic parameters of the tsunami generators, includ-
ing fault location and orientation, and amplitude and areal extent of vertical
displacement, to assure that conservative values have been chosen.

An independent staff analysis, using one of the models listed in the refer-
ences, may be performed. Staff estimates of tsunami levels are compared with
the applicant's. The applicant must justify, to the staff's satisfaction,
tsunami levels more than 5% less conservative than the staff's.

As an alternative, the staff may perform an independent evaluation of the appli-
o cant's model and its utilization. The model's theoretical basis, its inherent

(V) conservatism and applicability to the problem, will be evaluated (this can be
done on a generic basis). The conservatism of the models' use, including the
conservatism of all input parameters, will be evaluated.

Coincident ambient tide and wave conditions will be evaluated to assure that
they are of at least annual severity. Data from publications of NOAA, the
Corps of Engineers, and other sources are used to substantiate these condi-
tions chosen.

Criteria and methods of the Corps of Engineers as generally summarized in
Reference 15 are used as a standard to evaluate the applicant's estimate of |
coincident wind generated wave action and runup.

Criteria and methods of the Corps of Engineers and other standard techniques are
used to evaluate the potential for oscillation of waves at natural periodicity.

Criteria and methods of the Corps of Engineers (Ref. 15) are used to evaluate |
the adequacy of protection from flooding, including the static and dynamic
effects of broken, breaking, and nonbreaking coincident waves.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews, the findings will consist of a statement
summarizing estimates of the maximum and minimum tsunami water levels, and static
and dynamic effects of wave action. A statement of acceptability of the tsunami-
induced design basis in meeting the requirements of GDC 2, 10 CFR Part 100,(OU) and 10 CFR Part 100, Appendix A will be made. If the tsunami conditions do not
conctitute a design basis, the findings will so indicate. For operating license
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(0L) reviews, the findings will consist of the evaluation of any new information
on tsunami potential, improvements in predictive models, acceptability of specific
design bases, and the acceptability of design provisions.

A sample statement for a CP review follows:

The staff concludes that the plant design is acceptable with respect
to its ability to withstand the effects of tsunami. It therefore
meets the tsunami design requirements of GDC 2, 10 CFR Part 100, and
10 CFR Part 100, Appendix A. This conclusion is based on the follow-
ing analysis.

Analyses of tsunamic effects from local and distant generators were
performed by the applicant at the staff's direction. The design
tsunami results from a magnitude 8.7 earthquake in the Aleutian
Trench. A finite difference numerical model was used to analyze
tsunami generation and propagation to the continental shelf. Results
of this computation were used in a nearshore model to calculate tsunami
runup and drawdown. Including the effects of high and low tides of
annual occurrence, the maximum tsunami runup and drawdown are esti-
mated as +24.5 feet MLLW and -13.4 feet MLLW, respectively. Wind
waves of annual severity were assumed coincident with the tsunami.
Plant grade at elevation +55 MLLW is well above the tsunami flood
level. The maximum wave runup, at the intake pumphouse, was esti-
mated as +31.2 feet MLLW which is 3.8 feet below the design flood
level of +35 feet MLLW. The maximum drawdown, at the location of
the insnore intake, was estimated as -21.3 feet MLLW. The intake is
designed to be able to draw water down to -30 feet MLLW and will
therefore not be affected by low water due to tsunami drawdown.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein wil! be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance of parts of the method di. cussed herein
are contained in the referenced regulatory guides.
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Protection Against Natural Phenomena."

2. 10 CFR Part 100, " Reactor Site Criteria."

3. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

4. Li-San Hwang, H. Lee Butler, and David J. Divorky, Tetra Tech, Inc.,
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{ Figure 2.4.6-1

f REVIEW PROCEDURES

l

| Receive SAR |
j h

! Is the site at or near a large body of water ___i NO %: with potential tsunami generators? (W/GB) -~ i
t

'

| YES |-

t
Are all potential tsunami sources considered
and are conservative seismic parameters used? (W/GB)

h h
| YES | | NO H ^* ou tiaa l

t t
Evaluate applicant's hydrologic model(s) as to its

YESh
applicability to the problems,its basic conservatism,

and the conservatism of its application, including all .

parameters used. Is applicant's analysis satisfactory?

h'

) | NO |
! t

Are there significant enough problems with the
applicant's analysis to warrant independent staff analysis?

I t
| NO | | YES k Make conservative estimate

g using staff model or consultant

Ask h
Questions | NO k Are applicant's tsunami estimatesj

I within 5% of staff estimates?g
| Review applicant's responses | f

f | YES |
Are applicant's estimates YES Hconservative?

h

| NO |
'

t
| Develop staff positions %

! k
Resolve differences with LPM
and applicant or understand where
areas of disagreement lie

t
o u

| WRITE SER INPUT
,c
g

:

!,

t
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2.4.7 ICE EFFECTS

Primary - Hydrologic & Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

The hydrometeorologic design basis is devele;,ed in this section of the safet, anal-
ysis report (SAR) to assure that safety-rdated facilities and water supply are not
affected by ice flooding or blockage. The areas of review include:

1. The regional history and types of historical ice accumulations (i.e., ice jams,
wind-driven ice ridges, floes, etc. ).

2. The potential for ice produced forces on, or blockage of, safety-related
facilities.

3. The potential effects of ice-induced high or low flow levels on safety-related.3

[V)
facilities and water supplies.

If there is evidence of potential structurel effects, the Structural Engineering
Branch (SEB) will be requested by HGEB to ascertain whether these effects are prop-
erly considered in the structural design basis for the plant; similarly, if there
is evidence of potential mechanical effects, the Mechanical Engineering Branch
(MEB) and the Auxiliary Systems Branch (ASB) will be requested by HGEB to ascertain
whether these effects are properly considered in the mechanical design basis for
the plant. The staff will develop a position based on the analysis; resolve, if
possible, differences between the applicant's and staff's estimates of ice effects;
and write the SER input accordingly.

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section are based on meeting the requirements of
the following regulations:

1. 10 CFR Part 50, 650.55a as it requires structures, systems, and components to
be designed and constructed to quality standards commensurate with the impor-
tance of the safety function to be performed.
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2. General Design Criterion 2 (GDC 2) as it requires structures, systems,
and components important to safety to be designed to withstand the effects
of natural phenomena.

3. 10 CFR Part 100 as it relates to identifying and evaluating hydrologic
features of the site.

Appropriate sections of the following documents are used by the staff to
assure that the Commission regulations identified above are met: Regulatory
Guide 1.59 provides guidance for developing the hydrometeorological design
basis; Regulatory Guide 1.29 identifies the safety-related structures,
systems, and components; Regulatory Guide 1.102 describe <., acceptable flood
protection to prevent the safety-related facilities from being adversely
affected; and Regulatory Guide 1.27 describes the ultimate heat sink
capabilities which apply.

To meet the requirements of 10 CFR Part 50, g50.55a, GDC 2, and 10 CFR Part 100
as they relate to ice effects the rollowing specific criteria are used:

A. Publications of the National Oceanic and Atmospheric Administration
(NOAA), the United States Geologic Survey (USGS), the Corps of
Engineers, and other sources are used to identify the history and
potential for ice formation in the region. Historical maximum depths
of icing should be noted, as well as mass and velocity of any large
floating ica bodies. The phrase " historical low water ice affected"
or similar A rases in streamflow records (USGS and statc publications)
will alert the reviewer to the potential for ice effe:.ts. The follow-
ing items must be considered and evaluated, if four.d necessary, in
the design of protection of safety related facili;ies and water
supplies.

(1) The regional ice and ice jam formation history must be described
to enable an independent determination of the need for including
ice effects in the design basis.

(2) If icing has not been severe, based on regional icing history,
design considerations must be presented (e.g., return of a por-
tion of low grade heat to the intake) to assure that icing or
ice blockage of intake screens and pumps will not adversely
affect safety ralated facilities and water supplies.

(3) If the potential for icing is severe, based on regional icing
history, it must be shown that water supplies capable of meeting
safety-related requirements are available from under the ice
formations postulated and that safety-related equipment is pro-
tected from icing as in item (2), above. If not, it must be
demonstrated that alternate sources of water are available,
that they are protected from freezing, and that the alternate
source is capable of meeting safety-related requirements in
such situations. Ice loading must have been included in the
structural design basis, if severe icing is possible.

(4) If floating ice is prevalent, based on regional icing history,
consideration of impact forces on the safety-related intakes must
be a consideration in the design basis. The dynamic loading
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caused by floating ice oust be included in the structural
design basis.p\

$

V (5) If ice blockage of the ri m or estuary is possible, it must be
demonstrated that the resulting water level in the vicinity of
the site has been considered in establishing the flood and water
supply design bases. If this water level would adversely affect
the intake structure, or other safety-related facilities, it
must be demonstrated that an alternate safety-related water
supply will not also be adversely affected.

B. The applicant's estimates of potential ice flooding or low flows are
acceptable if the estimates are no more than 5% less conservative
than the staff's estimates. If the applicant's estimates are more
than 5% less conservative than the staff's,* the applicant should
fully document and justify its estimates or accept the staff's
estimates and redesign applicable flood protection. The suggested
criteria of Regulatory Guide 1.27 apply when the water supply
comprises part of the ultimate heat sink.

|
III. REVIEW PROCEDURES

Applicable literature describing historical occurrences of icing in the region
is reviewed to determine if icing orotection should be considered in the design
of safety-related facilities. if considered necessary, the most likely types
of icing conditions (floatino ice, river blockage by ice buildup, frazil, etc.)
are listed, and the potential impact on plant design of each type is identified.

O Criteria of the Corps of Engineers and others provide a means of assessing icing

(V) impact and methods of mitigating adverse effects. For each type of icing condi-
tion, preliminary independent estimates of the " worst case" will be made by
either conservative statistical or deterministic techniques.

If the applicant's estimates of ice effects are comparable to the staff's pre-
liminary analysis, the staff will concur with the applicant's estimates. If

the preliminary analysis indicates the applicant's estimates of ice effects
are not comparable to the staff's estimates, the staff's analysis will be
repeated using more realistic techniques.

The above reviews are performed only when applicable to the site or site
regions. Some items of review may be done on a generic basis.

IV. E_ VALUATION FINDINGS

For construction permit (CP) reviews, the findings will summarize the applicant's
and staff's estimates of the potential for ice flooding, ice blockage of water
intakes, ice forces on structures, and the minimum low water levels (from
upstream ice blockage). If the applicant's estimates are within acceptable
margins (described in Acceptance Criteria), staff concurrence with the appli-
cant's estimate will be stated. If the applicant's estimates are not within
acceptable margins or, if the staff predicts potential blockage of the intake,
or. if the proposed plant may be adversely affected, a statement of the staff

p) * Based on the difference between normal water levels and the flood ev"at or\,
U low water.
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bases will be made. If the icing conditions do not constitute a design basis,
the findings will so indicate.

For operating license (OL) reviews of plants for which detailed icing reviews
were made at W P s1 ,]e, the CP conclusions will be referenced. However, a
review will be maoe to assure that the design basis established in the CP
review has been implemented properly. In addition, a review of icing records
since the CP review will be made. If no CP review was undertaken (of the
scope indicated), this fact will be noted in the OL findings.

A sample CP statement follows:

The staff concludes that with respect to ice flooding the plant design
is acceptable and meets the requirements of General Design Crite-
rion 2 and 10 CFR Part 100. This conclusion is based upon the follow-
ing analysis which shows that safety-related structures identified in
Regulatory Guide 1.29, are designed to withstand the effects of Ice
floods in accordance with position 1 of Regulatcry Guide 1.59. This
position is met in accordance with position 1.a of Regulatory
Guide 1.102 which discusses dry sites.

Ice flooding, which is common on the A River at the makeup intake
structure, could only affect the river intake structure which would
not result in any adverse effects to the plant's safety-related facil-
ities. The applicant states that ice flooding may possibly raise the
water surface near the A River intake to a maximum elevation of about
555 feet MSL. The applicant further states that ice and ice flooding
on the A River tributaries outside the cooling lake will not affect
the plant facilities. The major tributary nearest the plant is the B
Creek with the closest point located about one mile to the southeast
of the site. The applicant concludes that, because of the distance
from the proposed site and the wide floodplain of the river, there
will be no adverse effects at the plant site due to ice in the river
and consequent flooding. We concur with this conclusion.

The staff concludes that with respect to ice blockage of water intakes
the plant design is acceptable and meets the requirements of 10 CFR
Part 50, g50.55a and General Design Criterion 2. This conclusion is
based upon the following analysis, which shows that position 2 of
Regulatory Guide 1.27 is met with respect to ice blockage of essential
water intakes.

The safety related pumps from the cooling lake are to be protected
from ice blockage by means of traveling screens, stop logs, and trash
racks located at the front of the lake screenhouse. In addition, the
applicant proposes a warm-up line from the circulating water discharge
which will keep the inlet water temperature 40 F during winter opera-
tion. An essential cooling water screen bypass pipe is also available.

We concu. with the applican. that icing or ice flooding should not
adversely af fect the plant's safety-related facilities.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.
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Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,~

I the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations. ,

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Pa ; ! O, $50.55a, " Codes and Standards."

2. 10 CFP Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protr. tion Against Natural Phenomena."

3. 10 CFR Part 100, " Reactor Site Criteria."

4. E. Brown and G. C. Clark, " Ice Thrust in Connection with Hydro-Electric
Design," Engineering Journal, pp. 18-25, 1932.

5. V. T. Chow (ed.), " Handbook of Applied Hydrology," McGraw-Hill Book Company,
New York (1964).

6. O. Devik, " Freezing Water and Supercooling," Jour. of Glaciology, Vol. 1,
No. 6, pp. 307-309 (1949).

7. N. E. Dorsey, " Properties of Ordinary Water Substances," Reinhold Publishing
Company, New York (1940).

8. H. T. Mautis (ed), " Review of Properties of Snow and Ice," Report 4, Corps
of Engineers, Snow, Ice and Permafrost Research Establishment (1951).

9. E. Rose, " Thrust Exerted by Expanding Ice Sheet," Trans. Am. Soc. Civil
Engineers, Vol. 112, pp. 871-900 (1947).

10. J. T. Wilson, " Coupling Between Moving Loads and Flexural Wam s in Floating
Ice Sheets," Report No. 34, Corps of Engineers, Snow, Ice, and Permafrost
Research Establishment (1955).

11. J. T. Wilson, J. H. Zumbe"ge, and E. W. Marshall, "A Study of Ice on an
Inland Lake," Report No. 5, Corps of Engineers, Snow, Ice, and Permafrost
Research Establishir.cnt (1954).

12. " River Ice Jams - A Literature Review," Engineer Technical Letter
No. 1110-2-58, Corps of Engineers (1969).

13. " Design of Small Dams," Bureau of Reclamation, U.S. Department of the
Interior (1973).

14 J. H. Zumberge and J. T. Wilson, " Quantitative Studies of Thermal Expansion
and Contraction of Lake Ice," Jour. of Geophysical Research, Vol. 61, pp.
374-383 (1953).

15. " Surface Water Supply of the United States," U.S. Geological Survey, surface
water supply papers as applicable to the plant region.
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16. Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power Plants."

17. Regulatory Guide 1.29, " Seismic Design Classification."

18. Regulatory Guide 1.59, " Flood Design Basis for Nuclear Power Plants."

19. Regulatory Guide 1.70, "Stanaard Format and Centent of Safety Analysis
Reports for Nuclear Power Plants."

20. Regulatory Guide 1.102, " Flood Protection for Nuclear Power Plants."

21. ANSI N170, "Stanuards for Determining Design Basis Flooding at Power
Reactor Sites" (1976).

22. G. D. Ashton et al., "Icebreaking by Tow on the Mississippi River," SR 192,
CRREL, Hanover, New Hampshire. August 1973.

23. Roscoe E. Perham, " Forces Generated in Ice Boom Structures," SR 200, CRREL,
Hanover, New Hampshire, January 1974.

24. George D. Ashton, " Air Bubbler Systems to Suppress Ice," SR 210, CRREL,
Hanover, New Hampshire, September 1974.

25. Darryl J. Calkins and George D. Ashton, " Arching of Fragmented Ice Covers,"
SR 222, CRREL, Hanover, New Hampshire, April 1975.

26. W. H. Brierley et al. , " Lock Wall Deicing with Water Jets: Field Tests
at Ship Locks in Montreal, Canada, and Sault Sainte Marie, Michigan,"
SR 239, CRREL, Hanover, New Hampshire, December 1975.

27. Bernard Michel, " Ice Pressure on Engineering Structures," CRREL, Hanover,
New Hampshire, June 1970.

28. F. D. Haynes et al., " Ice Force Measurements on the Pembina River, Alberta,
Canada," SR 269, CRREL, Hanover, New Hampshire, October 1975.

29. K. L. Carey et al., " Ice Engineering for Civil Works, Baseline Study,"
CRREL, Hanover, New Hampshire, August 1973.
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2.4.8 COOLING WATER CANALS AND RESERVOIRS

REVIEW RESPONSIBILITY

Primary - Hydrologic & Geotechnical Engineering Branch (HGE3)

Secondary - None

I. AREAS OF REVIEW

This section of the applicant's safety analysis report (SAR) presents the basis for
the hydraulic design of canals and reservoirs used to transport and impound plant
cooling water. In addition, the hydraulic design basis for protection of struc-
tures (e.g., riprap) is reviewed. For canals, the areas of review include the
design basis for capacity, protection against wind waves, erosion, sedimentation
buildup, and freeboard, and (where applicable) the ability to withstand a Probable
Maximum Flood (PMF), surges, etc. For reservoirs, the areas of review include the
design basis for capacity, PMF design basis, wind wave and runup protection, dis-
charge facilities (low level outlet, spillway, etc.), outlet protection, freeboard,

[_s
b)anderosionandsedimentationprocesses.

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section relate to the following regulations:

1. 10 CFR Part 50, 650.55a requires structures, systems, and components to be
designed and constructed to quality standards commensurate with the importance
of the safety function to be performed.

2. General Design Criterion 2 (GDC 2) requires structures, systems, and components
important to safety to be designed to withstand the effects of floods.

3. General Design Criterion 44 (GDC 44) requires an ultimate heat sink capable of
accepting the plant's heat load under normal and accident conditions.

4. 10 CFR Part 100 requires that hydrologic characteristics be considered in the
evaluation of the site.

Rev. 2 - July 1981
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To meet tne requirements of 1') CFR Part 50, 650.55a, GDC 2, GCC 44, and 10 CFR
Part 100 as they relate to coo,ing water canals and reservoirs, the following
specific criteria are used:

1. The acceptance criteria for the protection of cooling water canals from
wind waves. PMF, surges, etc., are the same as those outlined in SRP Sec-
tions 2.4.3, 2.4.4, 2.4.5, 2.4.6, and 2.4.7. The criterion for canal
capacity is that the canal must be capable of transmitting to C plant
sufficient water to meet all safety requirements during postulated extreme
hydrologic events (i.e., both floods and droughts). Where canals comprise
a part of the ultimate heat sink, Regulatory Guide 1.27 is used as a basis
for the adequacy of design criteria and provisions. The design basis for
canal capacity is analyzed to assure that safety-related water require-
ments can be supplied under all postulated extreme hydrologic events, or
that alternative conveyance systems are designed to be available during
the postulated conditions.

2. The acceptance criteria for the hydraulic design of dams and reservoirs |
are as follows:

a. For protection of structures against wind waves, input from SAR
Sections 2.4.3, 2.4.4, 2.4.5, and 2.4.6 for PMF, Probable Maximum
Hurricane (PMH), other dam failures, surge, seiche, or tsunami
levels ud coincident waves and runup must be considered to estab-
lish the maximum and minimum water level and wave conditions. Also,
normal pool level and coincident probable maximum wind-wave activity
must be considered. Criteria and methods as reported in Corps of
Engineers publications are generally acceptable for de ign of embank-
ment protection (riprap, grass, soil cement, tetrapods, dolosse, etc.)
and freeboard.

b. For protection of structures from ice effects such as extreme forces
on structures and components, ice blockages of spillways, and inter-
ruption of cooling water supply. input from SAR Section 2.4.7 is
considered.

c. For emergency storage evacuation, the spillways are acceptable if
they can safely pass the PMF, or controlling design basis flood,
with antecedent or coincident conditions as discussed in Regulatory
Guide 1.59, without endangering safety-related facilities or increas-
ing the hazard to downstream residents. Model tests may be required
for unusual spillway designs. Regulatory Guide 1.125 provides gui-
dance in the use and evaluation of physical models. In addition, a

low level outlet may be necessary to evacuate the storage in an
emergency.

d. For reservoir routings, the maximum still water level is acceptable
if the spillway design flood has been routed through the spillway
(and outlet works, if apr ' cable) using standard methods as suggested
by the Corps of Engineers, USBR, and others, and a minimum of three
feet of freeboard (including waves) is available. However, the ante-

, cedent reservoir level to be used with the flood routing must be at
least as high as that suggested by Regulatory Guide 1.59. |

@
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e. The probable minimum low water level is acceptable if the flow dur-
ing the design basis drcught (frcm SAR Section 2.4.11) has been
routed through the reservoir 1 using standard methods as suggested by

# the Corps of Engineers, USBR, and others. The antecedent reservoir
level for this routing, if reservoir starage i:, the sole water supply
source, must be the lowest reasonably possible, considering regional
conditions at the beginning of the drought and water demands, includ-
ing plant requirements. In no case should the antecedent reservoir
level be greater than the established normal operating level.

f. Where not covered above, the hydraulic design for the low level out-
lets, conduits, spillways (gated and ungated< regulating and emergency),
and embankment protection is % quired where the failure of such items
could constitute a threat to essential plant facilitics or to safety-
related water supplies. The design is acceptable if standard
techniques have been used as suggested by the Corps of Engineers,
USBR, and others such that the minimum design water level for safety-
related pumps would not be violated.

g. If reservoirs comprise a part of the ultimate heat sink, Regulatory
Guide 1.27 is used as a basis for judging the adequacy of the design
criteria and provisions.

3. Applicable portions of the following documents are to be used to deter-
mine the acceptability of the applicant's data and analyses. Regulatory
Guide 1.59 discusses the design basis for flooding. Regulatory Guide 1.29 l
identifies the safety related structures, systems, and components and Regula-

,- tory Guide 1.102 describes acceptable flood protection to prevent the
( ) safety-related facilities from being adversely affected. Regulatory Guide
V 1.27 describes des gn criteria and provisions which the ultimate heat sink

must meet. Regulat cry Guide 1.125 provides guidance on the use of physi-
cal modcls of hydr.ulic structures. Publications of the Corps of Engineers
and USER provide ',,uidance for canal and reservoir design criteria. SRP
Secticns 2.4.3 inrough 2.4.7 provide basic hydrologic data for analyzing
the hydraulic design of canals and reservoirs.

III. REVIEW PROCEDURES

The conservatism of the applicant's design basis is judged against the criteria
indicated above. SAR Sections 2.4.3, 2.4.4, 2.4.5, 2.4.6, and 2.4.7 should
provide the basic data for analyzing the high flow hydraulic design basis of
the facility. The applicant's hydraulic design basis is judged against stan-
dard design practices discussed in Corps of Engineers (Waterway Experiment
Station) or USBR publications. Low flow input data are taken from SAR Section
2.4.11. The review precedures consist of independently " designing" (hydro-
logically and hydraulically) the applicant's facilities (e.g., dams, canals,
spillways) using the above methods and comparing the resultant " design" with

IFor those plants proposing multiple reservoirs for water supply, analyses must
be provided to assure that storage allocated for safety related water supply in
alternate reservoirs will be available during postulated drought conditions.
Additionally, evidence of the right to use the water consumptively must be

(, documented.
( )
x-,
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the applicant's. Wave and runup protection is evaluated using the methods of
References 24 and 25. Subsequently, the staff will develop a position based |
on the analyses; resolve, if possible, differences between the applicant's and
staff's design bases; and prepare the SER input accordingly.

The above reviews are performed only when applicable to the plant. Some items |
of review may be done on a generic basis.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews, the findings will consist of a statement
of the applicant and staff estimates of the type and adequacy of required struc-
ture protection and the hydraulic design basis of canals and reservoirs.

Because of the advanced design required for the CP and where the design has
received a detailed review at the CP stage, the operating license (OL) find-
ings will only be an acknowledgement of any changes and a statement of
acceptability. If a design or flooding potential was not reviewed in detail
at the CP stage, it will be done at the OL stage.

'

Sample statements from CP reviews follow:

The staff concludes that the auxiliary and main dams meet the require-
ments of 10 CFR Part 50, g50.55a and General Design Criterion 2 with
respect to hydrologic and hydraulic design and are therefore acceptable.
This is based on the following evaluation.

Although postulated flood waters are not expected to reach plant grade,
protection of the essential auxiliary and main dams against their
respective probable maximum floods is to be provided by riprap protec-
tion of exposed embankment surfaces (including areas in the plant
site vicinity along the auxiliary reservoir intake channel) and con-
crete overflow spillways. At our request, the applicant provided
design bases for riprap protection and the hydraulic design criteria
for the tur oillways. The applicant at our request, in Amendment
No. 31 to the PSAR, provided criteria for the windwave riprap protec-
tion based upon an empirical relationship for the median size stone
to be placed in a blanket approximately two feet thick and indicated
its specifications for stone gradation. A filter blanket approxi-

mately one foot thick is to be placed under the riprap to prevent
piping (removal of smaller material) through the larger armor riprap
cover layer. Criteria were provided for the filter gradation,
angularity, durability of the riprap, and placement which provides
assurance that erosive failure of safety-related embankments should
not occur. An armor protection layer also is provided. We find
these riprap design bases and spillway hydraulic design criteria to
be acceptable.

The staff concludes that the hydrologic aspects of the design of the
reservoir system meets the requirements of General Design Criterion
44 and 10 CFR Part 100 and is therefore acceptable. This conclusion
is based on the following evaluation.

O
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i
'

i

| Storage in the three reservoir system, runoff from the contributing
'

drainage area, and diversion of A River flows to the main reservoir
: during periods of low runoff and high reservoir evaporation will
| constitute the water supply for the four-unit once-through cooling
j systems,
f

! The applicant has provided analyses of the capability of the main
j and auxiliary reservoirs to supply water during emergency conditions '

i requiring emergency shutdown and cooldown of one unit and the simul- |
I taneous normal shutdown and cooldown of the remaining three units as '

; suggested in Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear
| Power Plants." In addition, the applicant has provided analyses of

the operation of the plant and the main reservoir under historical
j and a synthesized 100 year drought condition. For the shutdown condi-

tions, the applicant has demonstrated that the two reservoir-A River,

; diversion system constituting the ultimate heat sink would have a
water supply available in excess of 30 days in the auxiliary reservoir,

I if water were not available from the main reservoir-auxiliary
reservoir-A River diversion facilities. The operation of the sink

,
as a whole will require that the auxiliary reservoir be kept at its

4 normal operating level of elevation 250 feet MSL at all times by
pumping water from the main reservoir to make up for water lost to

j normal evaporation.
<

| For the analyses of evaporation under normal plant operation during
'

| periods of assumed recurrence of historical droughts, the applicant
j has used historical flow records for the A River and synthesized
i flow data for the drainage area contiguous to the reservoir system.
' For the analysis of evaporation during a more extreme drought than

,

has occurred historically, the applicant has synthesized flows froms

both the A River and the contiguous drainage areas for what is called
a 100 year frequency drought. The staff, in consonance with our

I consultant (the U.S. Geological Survey), independently developed and
analyzed synthesized flows from both drainage areas. We concluded

'

that it is likely that flows from both areas could be substantially
less than estimated by the applicant. The applicant is installing a
streamflow gage near the plant to determine runoff characteristicsc

from the contiguous drainage which should allow more accurate analysis
of the operating capability of the reservoir system prior to plant

i operation. Inaccuracies in estimation of runoff are considered to
be only indirectly safety related since an adequate shutdown and cool-

,

i down water supply will be available in the auxiliary reservoir should
evaporation and the lack of runoff prevent replenishment of main reser- !

,

| voir storage above the minimum operating level of elevation 244 feet '

; MSL.
| t

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees i

regarding the NRC staff's plans for using this SRP section.

I Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's

;

:

t

i
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regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discus',ed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, S50.55a, " Codes and Standards."

2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

3. 10 CFR Par t 50, Appendix A, General Design Criterion 44, " Cooling Water."

4. 10 CFR Part 100, " Reactor Site Criteria."

5. Am. Soc. Civil Engineers, " Hydraulic Models," Manual of Engineering
Practice No. 25 (1963).

6. Leo R. Beard, " Flood Control Operation of Reservoirs," Jour. Hydraulic
Division, Proc. Am. Soc. Civil Engineers, Vol. 88, No. HYI, pp. 1-25
(1963).

7. Leo R. Beard, " Methods for Determination of Safe Yield and Compensation
Water from Storage," Seventh International Water Supply Conference,
Barcelona, Spain (1966).

8. E. F. Brater and H. W. King, " Handbook of Hydraulics for the Solution of
Hydrostatic and Fluid-Flow Problems," McGraw-Hill Book Company, New York
(1963).

9. V. T. Chow (ed), " Handbook of Applied Hydrology," McGraw-Hill Book Company,
New York (1964).

10. V. T. Chow (ed), "Open Channel Hydraulics," McGraw-Hill Book Company, New
York (1959).

11. C. V. Davis (ed), " Handbook of Applied Hydraulics," McGraw-Hill Book
Company, New York (1964).

12. G. W. Fair, J. C. Geyer, and D. A. Okien, " Water Supply and Waste Water
Removal," John Wiley & Son, Inc. , New York (1966).

13. G. A. Hathaway, " Determination of Spillway Requirements for High Dams,"
Proc. Fourth International Conference on large Dams, New Delhi, Vol. 2,
pp. 301-347 (1951).

14. h. W. King and E. F. Brater, "Handbood of Hydraulics," McGraw-Hill Book
Com)any, New York (1963).

15. R. K. Linsley and J. B. Franzini, " Water-Resources Engineering," McGraw-
Hill Book Company, New York (1964).
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i

! 16. H. Rouse (ed), " Engineering Hydraulics," John kiley & Son, Inc., New York ,

(1951). '

D'

L 17. " Hydraulic Design Criteria," prepared by the Corps of Engineers Waterways
Experiment ':tation, loose-leaf t,y serials.

18. " Hydraulic Design of Flood Control Channels," Engineer Manual 1110-2-1601,
Corps of Engineers, July 1970

19. Hydraulic Design of Spillways," Engineer Manual 1110-2-1603, Corps of
Engineers, March 1965

20. " Hydraulic Tables," Corps of Engineers (1944).

21. " Hydrologic Engineering Methods for Water Resources Development," Volumes
1 through 12, Corps of Engineers Hydrologic Engineering Center, Davis,

i California (1971).
,

j 22. " Reservoir Regulation," Engineer Manual 1110-2-3600, Corps of Engineers,
May 1959.

! 23. " Reservoir Storage-Yield Procedures," Corps of Engineers Hydrologic
j Engineering Center, Davis, CA (1967).

24. " Shore Protection Manual," Technical Report No. 4, Third Edition, Corps
; of Engineers Coastal Engineering Research Center (1966).

25. " Shore Protection Manual," Corps of Engineers Coastal Engineering Research
j

- Center (1977).

26. Hydraulic Model Studies of the Corps of Engineers Waterways Experiment-

Station.2

27. " Design of Small Dams," Second Edition, Bureau of Reclamation, U.S. Depart-
ment of the Interior (1973).

28. " Design Standards No. 3, Canals and Related Structures," Chapter 2 c,
" General Design Information for Structures," Bureau of Reclamation, i,.S.
Department of the Interior, April 1962.

29. " Hydraulic Model Studies"2 of the Bureau of Reclamation, U.S. Department<

; of the Interior.

30. " Hydraulic Model Studies"2 of the Dept. of Water Resources, State of
California.

31. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

<

i "A series of such studies exists in the literature too numerous to mention
| here. In addition to the three specifically cited series, studies by others

will be utilized on an "as-available" basis.
.\
t
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32. Regulatory Gd dr. 1.27, " Ultimate Heat Sink for Nuclear Power Plants."

33. Regulatory Guide 1.59, " Flood Design Basis for Nuclear Power Plants."

34. ANSI N170, " Standards for Determining Design Basis Flooding at Power Reactor
Sites."

35. Regulatory Guide 1.29, " Seismic Design Classification."

36. Regulatory Guide 1.102, " Flood Protection for Nuclear Power Plants."
|

37. ETL 1110-2-221, " Wave Runup and Wind Setup on Reservoir Embankments,"
Department of the Army, Corps of Engineers, November 29, 1976.

38. Regulatory Guide 1.125, " Physical Models for Design and Operation of
Hydraulic Structures and Systems for Nuclear Power Plants."

O

r

!

l

!

O
2.4.8-8 Rev. 2 - July 1981

|

|
.-. _ __ .. __ _ . ._



NUREG 0800
(Form r;y NUREG 75/087)

pga %,s
U.S. NUCLEAR REGULATORY COMMISSION

U( 3 @?%v$).
e

7

STANDARD REV EW PLAN
/ OFFICE OF NUCLEAR REACTOR REGULATION

e..e e

2.4.9 CHANNEL DIVERSIONS

REVIEW RESPONSIBILITIES

Primary - Hydrologic and Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

In this section of the applicant's safety analysis report (SAR) the geohydrologic
design basis is deu :oped to assure that the plant and essential water supplies will
not be adversely affected by natural stream channel diversion, or that in such an
event, alternate water supplies are available to safety-related equipment.

The review includes:

1. Historical channel diversions, including cutoffs and subsidence.
m

/ \ 2 Regional topographic evidence which suggests that f ture channel diversion may
h. or may not occur (used in conjunction with evidence of historical diversions).

3. Alternate water sources and operating procedures (coordinate review with that
of SAR Section 2.4.11.6).

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section relate to the following regulations:

1. General Design Criterion 2 (GDC 2) requires that structures, systems, and
components important to safety be designed to withstand floods.

2. General Design Criterion 44 (GDC 44) requires an ultimate heat sink capable of
accepting the plant's heat load under normal and accident conditions.

3. 10 CFR Part 100 requires that hydrological characteristics be considered
in the evaluation of the site.
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lo meet the requirements of GDC 2, GDC 44, and 10 CFR Part 100 as they relate to
channel diversions, the following specific criteria are used.

1. A description of the applicability (potential adverse effects) of stream
channel diversions is required. l *

Historical diversions and realignments must be discussed. |

3. The topography and geology of the basin and its applicability to natural
stream channel diversions must be addressed. |

4. If applicable, the safety consequences of diversion and the potential for
high or low water levels caused by upstream or downstream diversion
adversely to affect safety-related facilities, water supply or ultimate
heat sink must be addressed. Regulatory Guide 1.27 provides guidance on
acceptable criteria for ultimate heat sinks.

III. REVIEW PROCEDURES

Site-specific publications and maps are reviewed to identify historical channel
diversions and evaluate (by independent conservative calculations and profes-
sional judgment) the potential for future divarsions. Where an alternate
safety-related cooling water supply is provided, the criteria for SAR Section
2.4.11.6 apply and are checked for consistency.

The above reviews are performed only when applicable to the site or site region.
Some items of review may be done on a generic basis.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews and when applicable, findings will consist
of a brief general # scription of historical channel diversions. If the staff
concurs with the app?icant that channel diversion is unlikely or that the plant
is protected from pomential flood effects and that alternate essential water l
supplies meet the criteria of Regulatory Guide 1.27, the findings will so
indicate. If the staff evaluation does not support the applicant's contention
of channel stability or the effects of channel diversions, flood protection
and/or an alternate source of water may be required.

For operating license reviews, findings will consist of the same material,
updated as required to reflect new information available since preparation of
the CP findings.

A sample CP-stage statement follows:

Diversions of the A River are well-documented in historical and topographic
data. Oxbow lakes, low-lying swamps, and bars, and chutes provide eloquent
evidence of historical diversion. Others are planning further bank protec-
tion measures, additional to the existing levee system, in the vicinity
of the plant intake structure. However, the diversion of the main channel
by degradation / aggradation within the confines of the levee system, or by
breaching the west levee during major floods, cannot be discounted. The
staff concludes that the plant's ultimate heat sink will not be endangered

O
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by potential channel diversions and thus meets this aspect of GDC 44.
This conclusion is based upon the fact that the ultimate heat sink (as

[3 discussed in SAR Section 2.4.11) is not directly dependent on the river
intake.

The staff concludes that the plant meets the requirements of GDC 2 with
respect to floods caused by channel diversions. This conclusion is based
on the fact that the plant is well away from the path of any potential
diversion of the A River and well above the level of any resultant flood.

Based upon the above evaluation, we conclude that channel diversions
present no safety-related hazard to the olant and that the requirements
to 10 CFR Part 100 relative to channel diversions have been met.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

,

VI. REFERENCES

d No specific publications can be cited for general use; however, site-specific
publications and maps can be obtained from the United States Geologic Survey,
Soil Conservation Service, National Oceanic and Atmospheric Administration,
Corps of Engineers, and state and other agencies and organizations, to identify
historical and potential future channel diversions.

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water.''

3. 10 CFR Part 100, " Reactor Site Criteria."

4. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

5. Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power Plants."

\
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2.4.10 FLOODING PROTECTION REQUIREMENTS

REVIEW RESPONSIBILITY

Primary - Hydrologic and Geotechnical Enoineering Branch (HGEB) |

Secondary - None

I. AREAS OF REVIEW

The locations and elevations of safety-related facilities and of structures and
components required for protection of safety-related facilities are compared with
the estimated static and dynamic effects of design basis flood conditions identi-
fied in safety analysis report (SAR) Section 2.4.2.2, to determine whether flood
effects need be considered in plant design or emergency procedures.

If flood protection is required, the type of flood protection (" hardened facili-
ties", sandbags, flood doors, bulkheads, etc.) is reviewed. Any emergency proce-
dures required to implement flood protection and warning times available for imple-

/7 mentation thereof are reviewed, based on the flood conditions identified in other

(v) sections.

If there is evidence of potential structural effects, the Structural Engineering
Branch (SEB) will be requested by HGEB to ascertain whether these effects are
properly considered in the structural design bases for the plant; similarly,
Auxiliary Systems Branch (ASB) will be requested by HGEB to ascertain whether
these ef fects are properly considered in the systems design bases for the plant.
Guidance for determining whether these potential effects are considered properly
is outlined in the appropriate SEB and ASB SRP sections.

II. ACCEPTANCE CRITERIA

HGEB acceptance criteria for this SRP section relate to the following regulations:

1. 10 CFR Part 50, 650.55a requires structures, systems, and components to be
designed and constructed to quality standards commensurate with the importance
of the safety function to be performed.
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2. Gen ral Design Criterion 2 (GDC 2) requires structures, systems, and compo-
nents important to safety to be designed to withstand the effects of floods.

3. 10 CFR Part 100 requires that hydrologic characteristics be considered in
the evaluation of the site.

Specific criteria necessary to meet the relevant flood protection requireitents
of 10 CFR Part 50, S50.55a, GDC 2, and 10 CFR Part 100 are as follows:

1. The flood design basis for each facility must be comparable with the posi-
tions in Regulatory Guide 1.59. For construction permit (CP) reviews,
the types of flood protection (discussed in Regulatory Guide 1.102) pro-
posed must be capable of protecting those safety-related structures, systems,
and components identified in Regulatory Guides 1.59 and 1.29,

2. For operating license (0L) reviews the specific designs of flood protection
measures are reviewed to assure the protection levels are adequate (including
static and dynamic effects) for the controlling flood conditions and that
any necessary technical specifications are considered.

3. Standard en'gineering practice in positive flood control and shore protection,
such as tnat developed by the Corps of Engineers, provides the basis for
acceptance of methods to be employed for protection. Where sites are
" hardened", that is, where emergency action is required, the time available
to implement emergency procedures must be estimated by analysis of the
hydrologic design event. The environmental conditions likely to prevail
during all potential flooding events up to and including events of the
severity of the controlling event are compared with the requirements for
implementinc ficod emergency procedures. If the environment 31 conditions
likely are such that the procedures can be carried out, they will be con-
sidered acceptable. An appropriate item in the plant Technical Specifica-
tions will be~ required in cases where emergency procedures are required
to aswre adequate flood protection.

4. " Hardened" flood protection (as discussed in Regulatory Guide 1.59, for
facilities identified in Regulatory Guide 1.29) will be interpreted to
mean "almost always in place."

| III. REVIEW PROCEDURES

| The estimated design basis flood level is compared with the locations and eleva-
| tions of safety-related components. The staff will independently determine
I from analyses of postulated individual hydrologic events whether flood protection

is required, and if so, what protective levels (including static and dynamic
effects) are applicable. These data are transmitted to Structural Engineering
Branch (SEB) for determination of structural design criteria adequacy and to
Auxiliary Systems Branch (ASB) and Equipment Qualification Branch (EQB) for i
determination of safety system adequacy. For flood protection requiring emer-

I g:ncy action, the design basis flood conditions, and other less severe events,
| are reviewed to establish the minimum time available for implementation of
' emergency procedures. Physical parameters such as rate of-rise (of river or

lake levels), as well as evaluation (based on experierwe and engineering judgment)
of flood warning networks, provide the staff with ar nd gendent estimate of
available time. These data are provided to ASB O M v their independent |-

evaluation of the time required to implement ' . v- :nd flood protective
| measures.

2.4.10-2 Rev. 2 - July 1981
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For OL reviews, the design of flood protection measures is reviewed to assure
compatibility with the original design basis. For those plants for which
shutdown (if required under Regulatory Guide 1.59, Position 2) and installation

'j of protective measures is required in the event of a major flood, the procedures
for carrying out these measures are reviewed for compatibility of available
and required times as established above. The Technical Specifications must
reference an emergency plan which allows for the orde'rly installation of required
flood protection.

The above reviews are performed only when applicable to the site or site region.
Some items of review may be done on a generic basis.

IV. EVALUATION FINDINGS

For CP reviews, the findings will consist of statements of flood design bases
for safety-related facilities. If emergency procedures are required, the findings
wiil indicate staff conclusions that time for implementation and methods of
providing fluod protection provide the necessary protection.

For OL reviews the findings will indicate the flood protection measures provided
for safety-related facilities, and will indicate the type of technical specifica-
tions required to assure that the protection will be in place.

If Regulatory Guide 1.59, Position 2, is elected by the applicant, a statement
describing lesser design bases will be included in the findings with the staff's
conclusion of adequacy.

A sample CP-stage statement follows: ,

The staff concludes that the flood protection design of the plant is
acceptable and meets the requirements of 10 CFR Part 50, 550.55a,
GDC 2, and 10 CFR Part 100. This conclusion is based upon the
following evaluation:

The probable maximum surge producc- a maximum calculated stillwater
level that is 3.9 feet above the plant grade elevation (583.0 feet).
Wave runup associated with the coincident wind wave activity results
in calcuiated flooding levels at safety-related structures that are
higher than the stillwater level. Subsequent to our review of the
Preliminary Safety Analysis Report, the~ applicant proposed a break-
waS,r fronting the plant to attenuate the effects of the probable
maximum meteorological event on plant structures. The breakwater
will be a rubble mound structure using an amor' cover of stone. The
toe of the structure will be at 572.0 feet and the crest will be at
583.0 feet. The front ( sakeward) slope will be 2 horizontal to 1
vertical. To determine the design wave for the breakwater, the toe
was conservatively assumed to scour 3 feet to elevation 569.0 feet.
The maximum significant breaking wave was estimated to be 12.2 feet
during the probable maximum surge. Based on these conditions, the
armor layer was designed to be 7.5 feet thick using 3.3-ton to 5-ton
stone. Underlayers were specified as follows: the secondary layer
will be 3.5 feet thick with 600 pound to 1000 pound stone; and the
filter layer will be 1.5 feet thick with 30 pound to 50 pound stone.
The staff independently evaluated the proposed design using the

O Coastal Enoineering Research Center's " Shore Protection Manual" and
v
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concluded that the proposed breakwater design was conserative and
therefore meets the criteria of 10 CFR Part 50, 650.55a.

During the probable maximum surge, the breakwater will be submerged
by up tc 3.9 feet of water (maximum stillwater elevation is 586.9

feet). Waves that would impinge on safety-related structures are
limited by this maximum depth of water, and the maximum breaking wave
that can be supported in this depth of water is approximately 3 feet.
Waves that are transmitted over the breakwater will approach the
service building and radwaste building which are nearest to the
lake. These buildings are not seismic Category I structures, but do
afford some protection for seismic Category I structures from direct
wave attack. Waves travelling around the ends of the breakwater,
however, can reach and runup on seismic Category I structures, and
the applicant used the resulting wave forces in the design of the
structures. Seismic Category I structures considered in these
analyses were the reactor building, the auxiliary building, and the
residual heat removal building. In addition to considering the wave
forces under the above postulated conditions, the applicant also
provided airlocked and waterproofed doors that are normally closed
for all openings in seismic Category I structures that are below the
level of the maximum wave runup. We therefore conclude that the
design of these structures meets the requirements of 10 CFR Part 50,
S50.55a with respect to wave forces.

We have independently evaluated the effects of the probable maximum
surge stillwater elevation plus wind generated waves on all seismic
Category I structures and have concluded that the wave forces and
wave runup estimates used by the applicant are conservative and
therefore meet the requirements of 10 CFR Part 50, :;50. 55a, GDC 2,
and 10 CFR Part 100. .

V. INPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Comr.;ission's regulations the
method described herein will be used by the staff in its evaluation of conformance
with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

Other SRP sections in the 2.4 series provide hydrologic design basis flood levels
and environmental condition descriptions. Reports of the Corps of Engineers,
United States Geologic Survey, Bureau of Reclamation, National Oceanic and
Atn.ospheric Administration, and others will be used on an "as available" basis
to evaluate flood warning systems, if applicable. The references for accepta-
bility of protection will be completed projects of the Corps of Engineers and
other Federal, State, and local agencies, and similar types of protection
previously reviewed and found acceptable for other nuclear plants.
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: 1. 10 CFR Part 50, S50.55a, " Codes and Standards."
!

2. 33 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for;

Protection Against Natural Phenomena."

1 3. 10 CFR Part 100, " Reactor Site Criteria."
i

4. Regulatory Guide 1.70, " Standard Format and Contents of Safety Analysis
Reports for Nuclear Power Plants."

5. Regulatory Guide 1.59, " Design Basis Flood for Nuclear Power Plants."

6. Regulatory Guide 1.29, " Seismic Design Classification."

7. Regulator Suide 1.102, " Flood Protection for Nuclear Power Plants."
.

8. ANSI N170, " Standards for Determining Design Basis Flooding at Power
Reactor Sites."
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9. Regulatory Guide 1.125, " Physical Models for Design and Operation of
Hydraulic Structures and Systems for Nuclear Power Plants."
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2.4.11 COOLING WATER SUPPLY

REVIEW RESPONSIBILITIES

Primary - Hydrologic & Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

The purpose of this section of the applicant's safety analysis report (SAR) is to
identify natural events that may reduce or limit the available cooling water supply,
and to assure that an adequate water supply will exist to operate or shut down the

iplant under normal and emergency conditions. |

Depending on the site, the areas of review include:

1. The worst drought considered reasonably possible in the region.

p 2. Low water (setdown) resulting from surges, seiches, or tsunami.
s 1v

3. Low water resulting from icing.

4. The effect of existing and proposed water control structures (dams,
diversions, dam failures, etc.).

5. The intake structure and pump design basis in rebtion to the events described
in SAR Sections 2.4.11.1, 2.4.11.2, 2.4.11.3, and 2 8.11.4.

6. The use limitations imposed or under discussion by Federal, state, or local
agencies authorizing the use of the water.

7. The range of water supply required by the plant, including minimum operating
and shutdown flows, compared to availability.

8. The effects of potential blockage of intakes by sediment and littoral drift.

Rev. 2 - July 1981
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9. The capability of the ultimate heat sink to provide adequate cooling water
under normal and emergency conditions.

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section relate to the following regulations:

1. General Design Criterion (GDC) 2 requires that structures, systems, and
components important to safety be designed to withstand the effects of
natural phenomena.

2. General Design Criterion (GDC) 44 requires an ultimate heat sink capable of
accepting the plant's heat load under normal and accident conditions.

3. 10 CFR Part 100 requires that hydrologic characteristics be considered in
the evaluation of the site.

4. 10 CFR Part 100, Appendix A requires, in part, that consideration of river
blockages or diversion or other failures which may block the flow of
cooling water, tsunami runup and drawdown, and dam failures be included in
the evaluation of the adequacy of the emergency cooling water supply.

To meet the requirements of the hydrologic aspects of the above regulations,
the following specific criteria are used:

Acceptance is based principally on the adequacy of the ultimate heat sink to
supply cooling water for normal operation and for safe shutdown, cooldown
(first 30 days), and long-term cooldown (periods in excess of 30 days) during
adverse natural conditions. In addition, the design basis of the intake system
must be adequate to enable delivery of the necessary cooling water to the plant
during adverse hydrologic conditions. Where the specific design bases preclude
plant operation during severe hydrologically related events, sufficient warning
time must be demonstrated so that the plant may be shut down during or in advance
of adverse events without causing potential damage to safety-related facilities.
In cases where sufficient warning time to permit advance shutdown is considered
necessary to protect safety-related components, an item in the plant Technical
Specifications will be required.

SAR Section 2.4.11.1 (Low Flow in Rivers and Streams): For essential water
supplies the low-flow / low-level design for the primary water supply source must
be based on the probable minimum low flow and level resulting from the most
severe drought that can reasonably be considered possible for the region. The
low flow and level design bases for operation (if different than the design
bases for essential water requirements) should be such that shutdowns caused
by inadequate water supply will not cause frequent use of emergency systems.
In cases where a common source of cooling water for operation and safety is
provided, and where operation can affect minimum levels required for safety,
the system will be acceptable if technical specifications are provided for
shutdown before the ultimate heat sink can be adversely affected.

SAR Section 2.4.11.2 (Low Water Resulting from Surges, Seiches or Tsunami):
If the site is susceptible to such phenomena, minimum water levels resulting
from setdown (sometimes called runout or rundown) from hurricane surges,
seiches, and tsunami must be higher than the intake design basis for essential
water supplies. For coastal sites, the appropriate probable maximum hurricane

2.4.11-2 Rev. 2 - July 1981
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(PMH) wind fields must be postulated to give maximum winds blowing offshore,
< ~g thus creating a probable minimum surge level. Low water levels on inland ponds,4

g j lakes, and rivers due to surges must be estimated from probable maximum winds
Nd oriented away from the plant site. The same general analysis methods discussed

in Standard Review Plan Sections 2.4.3, 2.4.5 and 2.4.6 are applicable to low4

water estimates due to the various phenomena discussed.

SAR Section 2.4.11.3 (Historical Low Water): If historical flows and levels
are used to estimate design values by inference from frequency distribution
plots, the data used must be presented so that an independent determination

'

can be made. The data and methods of the National Oceanic and Atmospheric
Administration, United States Geologic Survey, Soil Conservation Service,
Bureau of Reclamation, and the Corps of Engineers are acceptable.

SAR Section 2.4.11.4 (Future Controls): This section is acceptabia if water
use and discharge limitations (both physical and legal), already in effect or
under discussion by responsible Federal, reg,ianal, state, or local authorities,
that may affect water supply at the plant have been considered and are substan-
tiated by reference to reports of the appropriate agencies. The most adverse
possible effects of these controls must be shown and taken into account in the
design Dasis to assure that essential water supplies are not likely to be
affected adversely in the future.

SAR Section 2.4.11.5 (Plant Requirements): Acceptance is based on the follow-
ing required information:

1. Minimum essential cooling water flow rates and levels must be presented
(or cross-referenced) and shown to be less than the probable minimum low

(a flows and levels from the applicable sources of supply,

2. Maximum water requirements for normal operation must be presented and (if
applicable) shown to be less than the water available under all likely
conditions from the sources of supply.

SAR Section 2.4.11.6 (Heat Sink Dependability Requirements): The required data
and information are those necessary to determine that the facility meets the
criteria of GDC 44 as described in Regulatory Guide 1.27. The analyses will be j
considered complete and acceptable if the following are adequately addressed:

1. The initial water inventory must be sufficient for shutdown and cooldown
of the plant.

2. Water losses (such as seepage, drift, and evaporation) must be conserva-
tively estimated, as suggested in Regulatory Guide 1.27.

.

3. The design basis hydrometeorology (temperature, dewpoint, etc.) must be
as conservative as the criteria of the guide (see SRP Section 2.3).

4. The limit on the heat sink return water temperature must be less than th
; maximum allowable cooling water inlet design temperature.

5. The heat sink intakes are located such that no potential exists for blockage
by littoral drift and/or sediment that would decrease water supply below
minimum required levels.>

<

J
1
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III. REVIEW PROCEDURES

Minimum plant requirements (water level and flow) that are idd.tified in SAR
Sections 2.4.11.5 or 9.2.5 are compared to the estimated minimum water levels
and flows given in Section 2.4.11.1. If normal operation is not assured at
the minimum water supply conditions, and loss of normal operation capability
can adversely affect safety-related components, estimates of warning time are
reviewed to assure that shutdown or conversion to alternate water sources can
be accomplished prior to the trip. For such cases, emergency operating pro-
cedures are required, and are reviewed to assure that they are consistent with
the postulated conditions. The analysis of the dependability of the ultimate
heat sir ~ is reviewed and the conclusions are provided to tN Auxiliary Systems
Branch WSB) and Power Systems Branch (PSB). Determinatio' of the dependability
of the ultimate heat sink is accomplished by using Regulatory Guide 1.27 as a
standard of comparison.

Each source of water for normal or emergency shutdown and cooldown, and the
natural phenomena and site-related accident design criteria for each should oe
identified. A systems analysis is first undertaken of all water supply sources
to determine the likelihood that at least one source would survive (1) the most
severe of each of the natural phenomena; (2) site-related accident phenomena;
and (3) reasonable combinations of less severe natural and accident phenomena.
Second, arbitrarily assumed mechanistic failures of water supply structures
and conveyance systems are postulated and the systems analysis repea.ted, to
assure that the failure of one component will not cause failure of the entire
system. These analyses are coordinated with the ASB and PSB review of the
ultimate heat sink and related cooling systems, to avoid duplication. Operai.|ng
rules for each portion of the system are ascertained to determine the amount
of water that can be assumed available in the event of normal or accidental
shutdown. If there is evidence of potential structural or mechanical effects,
the Structural Engineering Branch (SEB) or Mechanical Engineering Branch (MEB)
will be reouested by HGEB to ascertain whether the effects are properly con- |

sidered in the structural or mechanical design bases for the plant. Consulta-
tions with the Geosciences Branch (GB), the Accident Evaluation Branch (AEB), |
SEB, ASB, and PSB are undertaken where desica criteria are not firmly established.

The potential for surges in intake sumps (i.e., seiching in intake structures
and surges in intake pipes) that could cause adverse effects are reviewed to|

assure that the effects have been properly incorporated for the intake design.'

The potential for adverse hydrodynamic effects of a trip of the intake pumps
is evaluated based on potential surges in intake sumps.

| For multiple purpose (normal operation, normal shutdown, and emergency shutdown)
water supply systems, the primary portion of the system is first reviewed to
determine that the water supply will be maintained at minimum volume requirements

I at all times. The secondary portion of the system is then reviewed to determine
| whether an adequate emergency water supply can be expected to be available during
, operating conditions such as the regional drought of record (flows must be adjusted
I for historical and potential future effects). If not, the applicant is requested

to provide a technical specification requiring plant shutdown at the point where
an adeouate shutdown water supply is still assured.

| Institutional restraints on water use, such as limitations in water use and
discharge permits, are reviewed to assure the plant will have an adequate'

supply and not exceed limitations imposed upon operation. If a conflict is

|
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foreseen, the applicant is requested to either obtain a variance or make a
design change to accommodate the limitation.

O
V The potential for blockage of the intakes by littoral drift and sediment is

reviewed to assure that the intakes are located and sized to prevent. blockage
which would preclude use of the safety-related water supply. Applicable
literature describing historic sediment accumulations in the site region is
reviewed to determine if mitigative measures are required to protect safety-
related facilities. Independent estimates of " worst-case" buildups will be
made using statistical or deterministic techniques.

For plants using rivers, minimum design service water levels are compared with
asymtotic extrapolations of low-flow frequency curves which have been corrected
for historical and potential future effects. For ocean or estuary plants, design
low water levels are compared with probable maximum hurricane and tsunami-induced
low water levels. For Great Lakes plants, design low water levels are compared
with minimum historical levels coincident with probable maximum surge or seiche-
induced low water levels.

The ability of the ultimate heat sink to provide a 30-day supply of cooling
water, as specified in Regulatory Guide 1.27, will be independently evaluated.
For those cases where makeup water cannot be assured (e.g., an onsite cooling
pond supplied from a nearby river through nonseismic piping), estimates of
water loss due to drift, evaporation, blowdown, and seepage are made. Techniques
described in References 24 and 25 are used to evaluate the adequacy of the
initial water inventory under meteorological conditions of the severity discussed
in Regulatory Guide 1.27.

If the ultimate heat sink system is not capable of continued long-term water
C supply under the criteria in Regulatory Guide 1.27, or the above considerations,

the system will be reviewed in two parts: short-term capability and long-term
capability. For short-term capability, the AEB, PSB, and the Licensing Project
Manager (LPM) will be informed if the independently-estimated supply appears
to be less than 30 days. The applicant will be asked to determine whether
sufficient personnel and equipment can safely be made available to switch water
supply sources in the event of an accident. If emergency procedures are required
to obtain the use of alternate water supplies, the applicant's water supply
sources and procedures will be reviewed with AEB, PSB, and the LPM to determine
that there is continuity of water supply. The time period for which a highly
dependable water supply would be available is compared with the time required
to obtain water from an alternative supply, and the natural or accident environ-
mental conditions which could prevail.

For long-term water supply capability, different sources and means of obtaining
watec may be required because of the limited capability af a "short-term" supply.
In those cases where dit ferent sources are necessary to assure the long-term
plant heat rer; oval capsbility, the alternative sources and the means of supply-
ing water from the sources to the plant should be identified. Any plant design
provisions necessary for such situations should also be described or a reference
provided to other SAR sections for the descriptions.

Emergency means for obtaining long-term water supplies will be judged on the
basis of the time required to obtain such supplies, natural or accident
phenomena likely to prevail or to have caused the need for such supplies, and,

g j the dependability of the supply itself.
v
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The ability of the ultimate heat sink to provide the plant with cooling vater
below the design maximum temperature will be evaluated. The design ma: -aum
temperature and the heat load of the design basis accident, as specified in
Regulatory Guide 1.27, will be provided by ASB. Techniques for selecting the
meteorologic conditions for minimum heat transfer and for performing the tran-
sient analysis for cooling ponds and spray ponds are provided in Rererences 24
and 25, respectively.

IV. EVALUATION FINDINGS

The findings will indicate the degree of compliance with GDC 2, GDC 44, 10 CFR
Part 100, and 10 CFR Part 100, Appendix A.

For construction permit (CP) reviews the findings will summarize the applicant's
and staff's estimates of the design basis minimum water flows and levels. If

the applicant's estimates are no more than 5% less conservative than the staff's
estimates, staff concurrence in the applicant's estizales will be stated. If

the applicant's estimates are more than 5% less conservative and if the proposed
plant may be adversely affected, a statement of the staff's position (bases)
will be made. A similar finding on the design bases for the ultimate heat sink
will be made. If technical specification requirements are needed to assure an
adequate supply, they will be indicated in the CP statement and required for
operation.

For operating license (0L) reviews of plants for which detailed low water reviews
were done at the CP stage, the CP conclusions will be referenced. In addition,

the results of a review to reaffirm the low water design bases will be noted.
If no changes have been made to the ultimate heat sink design since the CP
review, the conclusions of the CP will be referenced. However, for both the
low water considerations and the ultimate heat sink, an evaluation will be
made during the OL review to assure that the design bases have been properly
implemented. The availabilitv of long-term water supply will be noted. If no
low water and ultimate heat sink review was undertaken at the CP stage (of the
scope described), this fact will be noted also.

A sample CP-stage statement follows:

The normal water supply for the station will be obtained from Lake A.
Emergency cooling water will be furnished by the ultimate heat sink
reservoir which is not dependent upon the water level in Lake A for
its safety function.

The minumum lake elevation needed for operation of the pumps supply-
ing makeup water for the circulating and the service water systems
is 564.6 feet above International Great Lakes Datum (566.1 feet above
mean sea level). The lowest lake level observed at B City during
the 70 years of o rd was 565.7 feet above International Great Lakes
Datum (567.2 feet above mean sea level) on February 4, 1936. Recur-
rence of this low lake level would not affect the plant's ability to

obtain water.

The applicants calculated the probable minimum lake setdown during a
.

postulated probable maximum wind Urm using a one-dimension numeri-| ,

cal surge model. The minimum calculated lake level, including an
antecedent level equal to the minimum monthly lake level of record,
is 549.0 feet above International Great Lakes Datum (550.4 feet

|
,
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above mean sea level). Since this level is below the minimum neces-
sary for pump submergence, the plant would have to be shut down

[m) using water from the ultimate heat sink reservoir, which would not
G' be affected by the postulated low lake. level.

The proposed ultimate heat sink will be comprised of Lake A and a
rectangular cooling pond located on the site. Normal operation and
shutdown will utilize ct 'ing water from the natural draft cooling
towers; the makeup for ti i cooling towers comes from Lake A. If,

for any reason, the naturcl draft cooling towers are unavailable,
the onsite pond will be used to shut down the units. The pond will
be 1980 feet long and 940 feet wide. The depth of the water will be
11 feet and the pond's embankment will have a freeboard of 5 feet.
The submerged intake and discharge pipes will be located at the same
end of the pond but separated by a dike running almost the entire
length of the pond to prevent short-circuiting between the intake
and discharge. The pond must be capable of providing cooling water
below the design temperature of 110 Fahrenheit unO r normal or
emergency conditions.

The applicants analyzed the ponds thermal performance assuming a
loss-of-coolant accident in one unit, a simulataneous normal shut-
down in the other, and neteorological conditions of the severity
specified in Regulatory Guide 1.27, " Ultimate lieat Sink for Nuclear
Power Plants." The maximum pond temperature calculated was 109.3
Fahrenheit.

O We indeper.dently .nodeled the thermal performance of the pond and
( ') conclude that it is capable of providing cooling water below the

design temperature of 110 Fahrenheit. We conservatively estimated'-

maximum water losses from the pond, assuming meteorological condi-
tions of the severity specified in Regulatory Guide 1.27, and conclude
that the initial pond inventory will be sufficient to provide at least
a 30-day cooling water supply without makeup.

We evaluated the potential effects of freezing events on the pond's
capability of providing emergency cooling water to the plant. Our
analysis showed that the intake and discharge pipes will be below
the maximum depth of pond freezing that could occur under meteoro-
logical conditions of the severity suggested in Regulatory Guide 1.27.
In addition, to prevent freezing around the intake and discharge pipes,
the intake pumphouse will be heated and the discharge piping will be
buried below the frost line, heat traced or the discharge structure
will be heated.

1
We have evaluated the performance of the proposed cooling pond and '

conclude that, under meteorological conditions of the severity
described in Regulatory Guide 1.27, (1) the design sill provide suffi-
cient water in the pond to cool the plant for at least 30 days without
any makeup and (2) the maximum temperature of the water supplied to
the plant will be below the design temperature of 110 Fahrenheit.

Based upon the evaluations described above, we conclude that the

(Q
cooling water supply for the plant meets the requirements of General

j Design Criterion 2, 10 CFR Part 100, and 10 CFR Part 100, Appendix A
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with respect to hydrologic characteristics and that it meets the
requirements of General Design Criterion 44 with respect to thermal
aspects of the heat transfer system.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposed an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES 1

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

,

2. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water."

3. 10 CFR Part 100, " Reactor Site Criteria."

4. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

5. L. R. Beard, " Methods for Determination of Safe Yield and Compensation
Water from Storage," Seventh International Water Supply Congress,
Barcelona, Spain (1966).

6. L. R. Beard, " Statistical Methods in Hydrology," Corps af Engineers (1962).
|

7. D. K. f?ady et al. , "m face Heat Exchange at Power Plant Cooling Lakes,"
EEI Publication 69901 Edison Electric Institute, New York, Nov. .F9.

8. V. T. Chow (ed), " Handbook of Applied Hydrology," McGraw-Hill Book Company,
New York (1964).

9. J. E. Edinger and J. C. Geyer, " Heat Exchange in the Environment," EEI
Publication 69-902, Edison Electric Institute, New York, June 1965.

I
10. G. M. Fair et al., " Water and Wastewater Engineering," Vol. 1, John Wiley

& Son Inc., New York (1966).

11. " Scientific Hydrology," Ad Hoc Panel on Hydrology, Federal Ccuncil for
Science and Technology, Washington, D.C., June 1962.

rReferences for analysis of low water resulting from surges and seiches are in
SRP Section 2.4.5. References for analysis of low water resulting from tsunami
are in SRP Section 2.4.6.
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12. M. B. Fiering, and M. M. Hufschmidt, " Sin"alat. ion Techniques for Design of
Water-Resource Systems," Harvard University Press, Cambridge, Mass. (1966).

13. R. K. Lintley et al., " Hydrology for Engineers," McGraw-Hill Book Company,
New York (1958).

14. R. K. Linsley and J. B. Franzini, " Water-Resources Engineering," McGraw-Hill
Book Company, New York (1964).

' 15. A. Maas et al. , " Design of Water-Resources Systems," Harvard University
Press, Cambridge, Mass. (1962).

16. " Hydrologic Engineering Methods for Water Resources Development," Vol.
1-12, Corps of Engineers Hydrologic Engineering Center, Davis, Californis
(1971).

17. " Reservoir Storage-Yield Procedures," Corps of Engineers Hydrologic Engineer-
ing Center, Davis, California (1967).

,

i
18. Regulatory Guide 1.27, " Ultimate Hea' 1k for Nuclear Power Plants."

19. " Design of Small Dams," Second Editio.., Bureau of Reclamation, U.S. Depart-
ment of Interior (1973).

I
20. " Water Surface Profiles," HEC-2, Corps of Engineers Hydrologic Engineering

Center (continuously updated).'

| 21. " Reservoir System Analysis," HEC-3, Corps of Engineers Hydrologic Engineer-
'

s ing Center (updated).,

22. " Monthly Streamflow Simulation," HEC-4, Corps of Engineers Hydrologic>

Engineering Center (updated).

23. Regulatory Guide 4.4, " Reporting Procedure for Mathematical Models Selected
,

to Predict Heated Effluent Dispersion in Natural Water Bodies."

24. R. B. Codell and W. K. Nuttle, " Analysis of Ultimate Heat Sink Cooling Ponds,"
NUREG-0693, USNRC (1980).

25. R. B. Codell, "The Analysis of Ultiv. ate Heat Sink Spray Ponds," NUREG- ,
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i

.

I

(AV):
4

4

2.4.11-9 Rev. 2 - July 1981

_. _ . . _ . . _ . _ _ _ _ . _ , . _ . _ _ . . . _ _ _ , _ _ . _ _ . . . _ - . - . . . _ _ _ . _ . . _ _ _ _ _ . _ , _ . _ _



NU REG-0800
(Fcrmsrly NUREG-75/087)

ga arcgp s
.s U.S. NUCLEAR REGULATORY COMMISSION+

O_ W,. i STANDARD REV EW PLAN3 p
OFFICE OF NUCLEAR REACTOR REGULATIONN .v.../

SECTION 2.4.12 GROUNDWATER

REVIEW RESPONSIBILITIES

Primary - Hydrologic and Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

Data presented in the applicant's safety analisis report (SAR) on local and regional
groundwater reservoirs are reviewed to establish the effects of groundwater on plant
foundations. Ot.her areas reviewed under this SRP section include identification of the
aquifers and the type of onsite groundwater use, the sources of recharge, present
and future withdrawals, monitoring and protection requirements, and design bases |
for groundwater levels and hydrodynuic effects of groundwater on safety-related
structures and components. Flow rates, travel time, gradients, other properties
pertaining to the movement of accidental contamination, and groundwater lev'ls be-
neath the site are m viewed, as are seasonal and climatic fluctuations, or hose

,, caused by Lian, that have the potential for long-term changes in the local ( /.dwater

(V) regime. |

II. ACCEPTANCE CRITERIA

Acceptance criteria for this SRP section relate to the following regulations:

1. 10 CFR Part 50, 650.55 requires that sigi. 'icant deficiencies in construction
of or significant damage to a structure, system, or component which will requirt
extensive redesign, or extensive repair to meet the criteria of the construction
permit be reported to the Commission.

2. 10 CFR Part 50, g50.5Ea requires structures, systems, and components to be
designed and constructed to quality standards commensurate with the importancc
of the safety function to be performed.

3. General Design Criterion 2 requires structures, systems, and components important
to safety to be designed to withstand the effects of natural phenomena.

i

:
1
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4. General Design Criterion 4 requires structures, systems, and components
important to safety to be designed to accommodate the effects of and to
be compatible with the environmental conditions associated with normal
operation and postulated accidents.

5. General Design Criterion 5 requires that structures, systems, and components
important to safety not be shared among nuclear power units unless it can
be shown that such sharing will not significantly impair their ability to
perform their safety functions.

6. 10 CFR Part 100 requires that hydrologic characteristics be considered in
the evaluation of the si+e.

7. 10 CFR Pact !00, AppepJix A sets forth the criteria to determine the suit-
ability of plani. @ sign bases with respect to seismic characteristics of
the site. It also requires that the adequacy cf the cooling water supply
for emergency and long-term shutdown decay heas removal be assured, taking
into account information concerning the physical, including hydrological,
properties of the materials underlying the sita.

To meet the requirements of the hydrologic aspects of 10 CFR Part 100 and its
Appendix A, the following specific criteria are used.

For SAR Section 2.4. u 1: A full, documented description of regional and local
groundwater aquifers, sources, and sinks is required. In addition, the type
of groundwater use, wells, pump and storage facilities, and the flow require-
ments of the plant must be described. If groundwater is to be used as an
essential source of water for safety-related equipment, the design basis for
protection from natural and accident phenomena must compare with Regulatory
Guide 1.27 guidelines. Bases and sources of data must be adequately described.

To meet the requirements of the hydrologic aspect of 10 CFR Part 100, the following
specific criteria are used.

For SAR 2.4.12.2: A description of present and projected local and regional
groundwater use mJst be provided. Existing uses, including amounts, water levels,
location, drawdown, and source aquifers must be discussed and should be tabulated.
Flow directions, gradients, velocities, water levels, and effects of potential
future use on these parameters, including any possibility for reversing the
direction of groundwater flow, must be indicated. Any potential groundwater
recharge area within the influence of the plant and effects of construction,
including dewatering, must be identified. The influence of existing and potential
future wells with respect to groundwater beneath the site must also be discussed.
Bases and sources of data must be described and referenced.

For SAR Section 2.4.12.3: The need for and extent of procedures and measures
to protect present and projected groundwater users, including monitoring programs,
must be discussed. These items are site-specific and will vary with each appli-
cation.

To meet the requirements of 10 CFR Part 50, S 50.55 and 50.55a; General Design
Criteria 2, 4, and 5; 10 CFR Part 100; and 10 CFR Part 100, Appendix A, the
following specific criteria are used:

For SAR Section 2.4.12.4: The design bases (and development thereof) for
groundwater-induced loadings on subsurface portions of safety-related structures,
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systems, cod components must be described. If a permanent dewatering systeia
is employei to lower design basis groundwater levels, the bases for the design
of the system and determination of the design basis for grounuwater levels must,

be provided. Information must be provided regarding (a) all structures, com-
d ponents, and features of the system, (b) the reliability of the system as related

to available performance data for similar systems used at other locations, (c)
the various soil parameters (such as permeability, porosity, and specific yield)
used in the design of the system, (d) the bases for determination of groundwater
flow rates and areas of influence to be expected, (e) the bases for determination
of time available to mitigate the consequences of system failure where system

; failure could cause design bases to be exceeded, (f) the effects of malfunctions
i or failures (such as a single failure of a critical active component or failure

of cir ulating water system piping) on system capacity and subsequent groundwater
levels and (g) a description of the proposed groundwater level monitoring-

| program and outlet flow monitoring program. Specific criteria relating to the
design of permanent dewatering systems are presented in the attached Branch
Technical Position HGEB-1, " Safety-Related Permanent Dewatering Systems." In |
addition, if wells are proposed for safety-related purposes, the hydrodynamic
design bases (and development th seof) for protection against seismically
induced presstre waves must be c ucribed and be consistent with site
characteristics.

III. REVIEW PROCEDURES

Section 2.4.12 of the applicant's SAR is reviewed to identify any missing data, |
information, or analyses necessary for the staff's evaluation. Applicant
responses to the requested information will be evaluated using the methods out-
lined below and staff positions will be developed based on the results of the
analysis. Resolution, if possible, of potential groundwater problems or of
dif farences between applicant's and staff's de;>ign bases, will be coordinated
through the LPM, and the SER will be written accordingly. The review sequence
is shown in Figure 2.4 12. |

4

) Local and regional groundwater conditions are reviewed by comparing the appli-
~ cant's description with reports by the U.S. Geological Survey (USGS), other

agencies, and professional organizations. Other NRC organizational elements
with related review responsibilities will be notified of any applicable
groundwater data and analyses. If onsite groundwater use and facilities are'

safety-related, the criteria of Regulatory Guide 1.27 are applied.

The staff will compare the applicant's description of present and projected1

local and regional groundwater use, existing users, including ambient use, '

water levels, location, and drawdown with information and data from references.
Drawdown effects of projected future groundwater use, including the possibility

,
for reversing the groundwater flow, will be evaluated and may be checked by

! independent calculations. Construction effects, including dewatering, on
potential recharge areas may also be evaluate /

|
The needs and plans for procedures, measures, and monitoring programs will be
reviewed based upon site-specific groundwater features. Design bases for
groundwater-induced loadings on subsurface portions of safety-related structures
are reviewed. Independent calculations are performed to determine the adequacy

; of the design criteria and the capability to reflect any potential future changes
i which can be induced by variations in precipitation, construction of future
j wells and reservoirs, accidents, pipe failures, or other natural events. For

dewatering systems, calculations are performed to determine phreatic surfaces,'

normal flow rates, flow rates into the system as a result of pipe breaks'
'-
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(circulating and service water system pipes), groundwater rebound times assuming
total failure of the sy tem, and system capacity.

The above reviews are performed only when applicable to the site or site region.
Some items of review may be done on a generic basis.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews, the findings will summarize the applicant's
and staff's estimates of groundwater levels associated with safety related struc-
tures and, where applicable, groundwater flow directions, gradients, velocities,
effects of potential future use on these parameters, and applicability and
reliability of dewatering systems. If the design bases estimates are comparable,
staff concurrence in the applicant's estimates will be stated. If the staff
predicts substantially more conservative groundwater conditions and the proposed
plant may be adversely affected, a statement of the staff bases will be made.
If groundwater conditions do not constitute design bases, the findings will so
indicate.

For operating license (0L) reviews of plants that have had detailed groundwater
reviews at the CP stage, the CP conclusions will be referenced. In addition,
a review of groundwater history since the CP review will be indicated and note
of any changes in groundwater conditions or usage will be made. For permanent
dewatering systems, any additional information regarding soil properties and
groundwater conditions gathered during construction will be evaluated to deter-
mine the applicability of the assumed CP design basis. If no CP groundwater
review was undertaken, of the scope indicated above, this fact will be noted
in the OL findings in addition to the results of the current review.

A sample CP statement follows:

1The proposed site lies within a groundwater region which is part of
the Piedmont uroundwater Province. Groundwater in the area is derived
entirely from local precipitation. The water is contained in the
pores of the ?esidual soils and in joints and cracks of the rock.
There is a north-south groundwater ridge at the plant area, wd ground-
water flow is to the north, east, and west. The groundwater gradient
in the plant area is about 6 to 7 feet per 100 feet. Permeability
is controlled by the extent and distribution of fractures in the bed-
rock and by the size and distribution of pores in the overlying soil.
The applicent has made laboratory and field permeability tests and
has deter.nined values ranging from zero to about 5000 feet per year.
Measured depths from the existing ground surface to the groundwater
table on the ridges range from about 40 to 80 feet. However, the
proposed plant grade will be at about existing groundwater level.
The groundwater table is generally at or near the surface in valleys
and draws near the site.

In order to meet the requirements of General Design Criterion 2, 10
CFR Part 100, and 10 CFR Part 100, Appendix A with respect to ground-
water leve7s and its effects on the plant, especially during postulated
seismic events, the applicant proposes to permanently lower the ground-
water levels in the vicinity of safety-related structures. This is
to be accomplished by using a system of seismic Category I underdrains
and exterior wall drains.
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The underdrains will consist of a series of interconnected flow channels
spacad on 20-foot centers located under the foundation siabs. The
exterive wall drains will consist of zoned filter materials aroundh) the walls, which will drain to a horizontal perforated pipe located

V at mat level. Both the underdrains and the perforated pipe will
discharge to a sump located inside the auxiliary building from which
the water will be pumped to the plant storm drains system for gravity
flow to an auxiliary holding pond onsite. The underdrain system of
connected flow channels will be located at the top of rock or at the
top of first level of fill concrete below each foundation slab. Each
channel will run the full lengtn of the building excavation but will
be closed at each end so that no sediment can be transported into it
from backfill outside the walls. All channels in the grid system
will drain by gravity through eight pipes to a 15-foot square sump
loc ated inside the auxiliary building. The exterior wall drain's will
be located around the exterior walls of the auxiliary and reactor
building and will drain to the same sump as the underdrain system.
No connection between the wall drains and the underdrain system will
exist such that each drains to the sump through independent and
separate conduits. The exterior wall drain system will consist of a
zoned filter system which extends from 5 feet below yard' grade to
the bottom of the excavation. The continuous perforated pipe will
extend around the perimeter of the building exterior walls at the
bottom of the zoned wall filter. Two 120 gallon per-minute seismic
Category I pumps will maintain the water level automatically in the
sump with each pump capable of handling the total computed flow of
up to 35 gallons per minute per unit. We conclude that the system
meets the requirements of General Design Criterion 5 in that those

p portions which are shared between reactor units have sufficient
J redundancies to enable them to perform their safety functions in the-

D event of postu ated single failures.

The applicN t will include provisions in the design for monitoring
of pump operation, and visual inspection of drain outlets in the sump
will provide assurance that the zoned filter, drains, and pumps are
functioning properly. Seismic Category I manholes, located along
the exterior walls of the reactor and auxiliary auildings, will pro-
vide access to the perforated pipe in the zoned wall filter for

,

inspection and cleanout. These manholes can be used for. temporary
'

installation of pumps in the unlikely event that groundwater rises3
'

in the wall drains. An inspection and monitoring procedure will be
developed for both the construction and operation phase of the plant.
Several observation wells will be located at strategic locations to
monitor groundwater levels in the vicinity of the shield and auxiliary
buildings and will be used to verify that the groundwater drawdown
is effected as predicted and to establish its extent of influence in
the yard area. These wells will be monitored periodically during
construction for a sufficient period to verify that a steady-state
condition has been achieved. The details of the operational monitoring
program will be provided during the operating license stage of our
review.

The applicant states that design parameters used to size the dewatering
system and to establish the monitoring program will be verified during
construction excavation. The applicant has agreed that the currently

) proposed system would be modified or other groundwater drainage designs
s
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would be adopted in the event that the current design parameters are
found to be substantially changed, as determined during construction
excavation. For example, if the site soils or rocks are found to be
more permeable, causing an increase in the design discharge, modifi-
cations such as increased pump size, or other designs would be
implemented. The applicant has also agreed that the final design
will be based on data gathered during the construction excavation,
if the current design bases are inadequate.

We have reviewed the applicant's plans for providing monitoring pro-
grams during c.onstruction and operation and his ccmmitment to notify
the staff and to appropriately modify the design if measurements show
significantly higher groundwater flows than assumed for the preliminary
design. We conclude that this meets the requirements of 10 CFR Part
50, 950.55(e)(1)(iii) with respect to the dewatering system. We find
that the monitoring program will provide sufficient data for design
input, and conclude that an acceptable design, in compliance with 10
CFR Part 50, S50.55a, can be provided for the measured groundwater
flow.

In addition to the capability of the permanent dewatering system to
handle normal groundwater flow, we asked the applicant to consider
the effects of accidents and natural phenomena on the capability of
the permanent dewatering system in compliance with General Design
Criterion 4. The applicant had already considered the effects of
infiltration of rainfall within the radius of influence assuming
blockage of discharge pipes from the wall drains to the sump in the
auxiliaty building, but had not considered the effects on the sump
in the absence of such blockage.

In considering accidents that could release fluids within the radius
of influence. the applicant concentrated his assessment on a large
source of water, the condenser circulating water system, and on sources
that could be accidently released directly into the wall drain.

The applicant states that the failure of a circulating water system
pipe inside the turbine building would cause water to be ponded to a
depth of 13 feet above the turbine building floor. The wall of the
adjacent auxiliary building facing the turbine building will be con-
structed as a seismic Category I wall up to a level of l', feet 6 inches
above the turbine floor to preveat flow of the ponded water in the
turbine building into the ad liary building. In addition, the appli-
cant proposes to place a grout curtain under this wall to reduce
seepage to the underdrain system and to extend seismic Category I
retaining walls outward from the auxiliary building to retain a column
of low permeability soil as a barrier to flow of water from the
turbine building around to wall drains along the sides of the
auxiliary building.

The primary grout holes for the grout curtain below the auxiliary
building substructure mat and the retaining wall will be spaced at
20-foot intervals. Secondary holes will split-space the primary
grout holes. After the grout curtain is completed, with a maximum
hole spacing of 10 feet center-to-center, four core holes will be
drilled to verify the adequacy of the grout curtain. Along with visual
inspection of the rock cores, the holes will be water tested to assure
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that the permeability of the grout curtain is less than the average
permeability of continuous rock. The grout holes are to be split-
spaced until the equality in permeability is attained. After comple-

/O tion of the grouting and testing, the four test holes will be cased
() and maintained for observation and testing throughout the life of

the plant.

We conclude that the criteria for the design of retaining wall and
placement of the grout curtain meet the requirements of General Design
Criterion 4 and are acceptable and should result in an acceptable
means of preventing leakage from the turbine building to the permanent
dewatering system. In the event of a circulating water system pipe
rupture outside of the turbine building, the applicant has stated
that the results of an analysis rrdict that any additional water
which will enter the dewatering system will be minimal, and normal
groundwater leveis will not be afucted.

The applicant initially proposed as a design basis for subsurface
hydrostatic loads, groundwater levels at the elevation of the under-
drain system. During our review the applicant investigated the con-
sequences of failures of some of the fluid-containing tanks and piping
within the radius of influence of the permanent dewatering system.
Consequences of some of those failures which could release fluids
directly into or near the permanent dewatering system were analyzed
by the applicant.

,

The nuclear service water pipes will pass through the wall drain
adjacent to the shield building. As described in Section 9.5.8 of
this report, a moderate energy pipe crack within the wall drain woulds

v} cause overflow of the sump and flooding of the auxiliary building
floor, and in addition would cause a localized elevation of water in
the wall drain by about 2.5 feet. The applicant in Section 2.4.12
of the PSAR has described the consequences of other accidents and
additional design changes that were made to mitigate the consequences
of the accidents. Although the accidents do not include r'l conceiv-
able events that could result in excess flow into the sump, the appli-
cant proposes to use the break of the nuclear service water pipe as
the design basis event for evaluating sump overflow. It would appear
that alternate designs, such as higher sump walls, could be readily
implemented as a backup design feature if other sources result in
unacceptable sump overflow. We conclude that the applicant's criteria
for limiting sump overflow, or utilization of modifications to the
preliminary design, if necessary, provide assurance that a design
can be developed that will provide adequate flood protection for
systems and components located in the shield and auxiliary buildings
and thus meets the requirements of 10 CFR Part 50, 650.55a, and General
Design Criterion 4.

In response to our concerns about potential blockage of flow paths
from the wall drain to the sump, the applicant has committed, as
described in Section 3.8.5 of this report, to design external struc-
tural walls surrounded by wall drains and foundation floors to with-
stand as an extreme environmental load the hydrostatic load caused
by postulated rebound of water in the wall drains to plant grade even
though no specific mechanism for effecting such a rebound has been

(n) postulated. We conclude that this commitment is a conservative
V'
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approach with respect to maximum design water level in the wall drain
and meets the requirements of General Design Criteria 2 and 4.

V. IMPLEMENTATION

The following is intented to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guide.

g

VI. REFERENCES

In addition to the following, references on methods and techniques of analysis,
published data by Federal and State agencies, such as USGS water supply papers,
will be used as available.

1. 10 CFR Part 50, g50.55, " Conditions of Construction Permits."

2. 10 CFR Part 50, 650.55a, " Codes and Standards."

3. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

4. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

5. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

6. 10 CFR Part 100, " Reactor Site Criteria."

7. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

8. " Finite Element solution of Steady State Potential Flow Problems," HEC
723-G2-L2440, Corps of Engineers (1970).

9. T. A. Prickett and C. G. Lonnquist, " Selected Digital Computer Techniques
for Groundwater Resource Evaluation," Bulletin 55, Illinois State Water
Survey, Urbana, Illinois (1970).

10. D. B. Cearlock and A. E. Reisenauer, "Sitewide Groundwater Flow Studies
for Brookhaven National Laboratory, Upton, Long Island, New York," Battelle
Pacific Northwest Laboratories, Richland, Washington (1971).

11. K. L. Kipp, D. B. Cearlock, A. E. Reisenauer, and C. A. Bryan, " Variable
Thickness Transient Groundwater Flow Model--Theory and Numerical Implemen-
tation," BNWL-1703, Battr'le Pacific Northwest Laboratories, Richland,
Washington (1972).
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FIGURE 2.4.12

STANDARD REVIEW PLAN SECTION 2.4.12
GROUNDWATER

| LOCATE SITE WITH RESPECT TO MAJOR AND MINOR AOUlFERS. |
e

| OBTAIN AND REVIEW ANY ACCEPTED USGS OR OTHER FEDER AL AND STATE AGENCY GROUNDWATER REPORTS FOR THE REGION |
.
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. ,
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| ARE DESIGN BASES FOR GROUNDWATER LEVELS ASSOCI ATED WITH SAFETV REL ATfD STRUCTleRES PROVIDED7 H
,

'

NO iS AN ADEQUATE DESCRaPYlON OF PRESENT AND PROJECTED LOCAL AND REGIONAL LiROUNDW ATER YESI

| U$E PROVIDED INCLUDING U$ERS AMOUNTS WATER LEVELS LOC ATION AND DR AWDOWN' |
6

'
1 ARE POTENTIAL RECHARGE ARE AS WITHIN THE INFLUENCE OF THE PL ANT IDENTIFIEDF

,

| ARE CONSTRUCTION EFFECTS. INCLUDING DEWATERING. OENTlFIED7 [- YES|

- | ARE DATA SOURCES AND RAS!SDESCRIBED AND REFERENCED 7 |
v

'

ARE DAT A SOURCES AND BASES DESCRIBED AND RE8 EPENCED* .-
'

IS THE NE ED FOR ME ASURES TO PROTECT GROUNDWATER USER $ DISCUSSED * ,
i

i
AR E PL ANS FOR PROTECTIVE ME ASURES AND MONITOR 6NG PRC4iRAMS PROvlDED)-

i

| REQUEST MISSING DAT A AND ANALYSES |
t

| E V AL U A T E R E SPON5F S |

Y"

| USE ANALYTICAL OR NUMERICAL MODELS TO EVALUATE FLOW PATHS |

| FLOW R ATES. GROUNDWATER LEVELS. AND DEW ATERING SYSTEM CAPABILfTY. |

| CHECK CONSE RV A TISMS |

| YOO CONSERVATIVE |

| R E ALISTIC |

| REDUCE CONSERVATILM | {
' DEVELOP STAF F POSITION. ]

"OTHER BR ANCHES {
AT TEMPT TO R ESOLVE

MECHANICAL ENGINEERING BRANCH IMEB) DIF F E RE NCES WITH LPM
AND APPLICANT

STRUCTUR AL ENGINEERING BR ANCH (S!B)
RADIOLOGICAL ASSESSMENT BRANCHIR AB)
EFFLt. INT TRE ATMENT SYSTEMS BR ANCH IETSB)
ACCIDE NT ANALYSIS BR ANCH ( AAB)
AUXILI ARY SYSTEMS BRANCH (ASBl
POWER SYSTEMS BRANCH (PSB)

" APPLIC ANT PROVIDED INFORM ATION IN SAR SECTION 2 412 IS COMPARED
TO GUOANCE GIVE N IN SF&C DOCUMENT iR G 170) TO DE TE RMINE COMPL Eit NE SS.
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BRANCH TECHNICAL POSIT 0N HGEB-1
(G (FORMERLY HMB/GSB-1)
i / SAFETY-P. ELATED PERMANENT DEWATERING SYSTEMS
v

I. Summary

This position has been formulated to minimize review problems common to permanent
dewatering systems that are depended upon to serve safety-related purposes by
describing acceptable geotechnical and hydrologic engineering design bases and
criteria. A safety-related designation for permanent dewatering systems is
provided since they protect other safety-related structures, systems and compo-
r.ents from the effects of natural and man-caused events such as groundwater.
In addition, the level of documentation of data and studies which are considered
necessary to support safety-related functions is defined. This position applies
to both active (e.g., uses pumps) and passive (e.g., uses gravity drains)
dewatering systems. This position does not reflect structural, mechanical, and
electrical criteria.

II. Background

The staff has reviewed a number of permanent dewatering systems, including
McGuire 1 & 2, Cherokee 1 & 2, Perkins 1 & 2, Perry 1 & 2, WPPSS 3 & 5, Douglas
Point 1 & 2, and Catawba 1 & 2. Perry, beginning in 1975, was the first plant
reviewed with such systems, and was reviewed very late in the CP process. Only
WPPSS 3 & 5 and Douglas Point use a passive system (no pumps).

(O) Permanent dewatering systems lower groundwater levels to reduce subsurface water
loads on plant structures. In addition, they can increase plant operational'/

dependability and reduce costs. These effects are accomplished by providing
added means of keeping seepage water out of lower building levels during the
later stages of plant life when normal waterproofing provisions may have
deteriorated, and reducing radwaste system operating costs by minimizing the
amount of drain water that must be treated. Benefits are, therefore, of two
types, tangible (dollars) and intangible (" insurance"). We understand the
construction costs of underdrains can vary widely depending on the design.
Construction costs of between $125K to $1000K per unit have been suggested.
The costs of coping with significant amounts of groundwater inleakage in safety-
related building area:,, which underdrains are expected to minimize, is estimated
to be in the range of $100K to $200K per year per reactor. The construction
costs of alternatives to underdrains for structural purposes alone (exclusive
of inleakage treatment) is estimated to range upward from $300K per unit and
is highly dependent on site conditions. Structural alternatives to permanent
underdrains include additional concrete and steel in the lower portions of
buildings, and the use of anchor systems to resist floatation.

Dewatering systems are generally composed of three components; the collector
system, the drain system, and the discharge system. Water is first collected
in collector drains adjacent to buildings or excavations. Interceptor drains
or piping are then used to convey this water to c final discharge system. The
discharge system can be either gravity flow e- a pumping system. Most underdrain
structures, systems and components are bl.ried alongside and under structures,

( ]j[ although some systems employ pumping systems within larger structures (such as
reactor or auxiliary buildings) to discharge collected water. Finally, permanent

'" dewatering systems are not a required feature at any plant, but may be proposed
as a cost effective feature.
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Many permanent dewatering systems at nonnuclear facilities, such as dams and
large buildings, have functioned over the years. However, the likelihood of a
portion of such a system becoming ineffective and, therefore, not performing
its intended function may well be considerably greater than the probability of
occurrence of a nuclear power plant design basis event such as a probable
maximum hurricane, probable maximum flood, or safe shutdown earthquake. Losses
of function in the past have generally been attributable to piping of fines,
inadequate capacity, or clogging. We have concluded that safety analyses of
such systems should consider reliability and failuras of features of the system
itself, as well as potentially adverse effects of failures of nearby nonsafety-
related features. Such systems need not be designeo fc- design earthquakes if
they are not intended to perform as underdrains fuily curing or immediately
following a severe earthquake, or if the system can be expected to perform an
underdrain function in a degraded condition. Certain portions of such systems,
however, may be required to regularly perform other safety functions (e.g. ,
porous concrete base mats) and should be designed for severe eartnquakes.
Failure of a dewatering system could cause groundwater levels to rise above
design levels, resulting in overloading concrete walls and mats not designed
to withstand the resulting hydrostatic pressures. In addition to causing
potential structural and equipment damage, groundwater could enter safety-
related buildings and flood components necessary for plant safety.

The basis for staff concerns over the use of such systems is whether they can
be expected to perform their function, and prevent structural failures and
interior flooding of safety-related structures. The degree of concern is
directly related to the corresponding degree to which the safety of the struc-
tures and systems rely on the integrity of the dewatering system, particularly
with a dewatering system in a degraded situation. For example, if structures
can accommodate hydrostatic loads that would result with a total failure of a
dewatering systea, our concerns have been primarily limited to the capability
of such systems co perform their functions under relatively infrequent earth-
quake situations. If, however, such systems must remain functional (e.g., keep
water levels down), whether in a degraded situation or not to prevent structural
failures and internal flooding under potentially frequent conditions, we have
been very concerned with system reliability.

Many applicants have indicated that their plants can withstand, or have been
designed against, full hydrostatic loadings that would occur in the absence of
the underdrain systems, but not if an earthquake were to occur. If the plant
can withstand full hydrostatic loading, assuming degradation of the underdrain
system, many of the staff's concerns may be eliminated from further consideration
because of the time available for remedial action after detection of system
degradation.

III. Situations Identified During Previous Reviews

Four general categories of situations have been identified during case reviews
as follows:

(a) Estimating and Confirming Permeability Values

It is necessary to estimate the amount of water that will be collected
so that system components such as strip drains, blanket drains,
collector pipes, and pumps are adequately designed and sized. One
of the most important and most difficult parameters to evaluate is
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the permeability of the soil and rock existing at a site. A permeabi-
lity value could be affected significantly by conditions of concentrated

h flow along joints in fractured and weathered rocks, or within other
V aquifers affected by foundation excavation. In addition, geological

and foundation conditions that were not detected in site explorations
may affect flow conditions and cause the estimated permeability values
and flow regimes to be substantially different from those assumed at
the CP preliminary design stage. These conditions are often first
detected during construction dewatering. Therefore, we have required
a commitment to consider construction excavation and dewatering data
in the final design of underdrain systems. (See situation (d) below.)

(b) Operational Monitoring Requirements

To guard against system malfunctions and to assure sufficient time
is available for implementation of remedial measures before ground-
water could rise to an unacceptsble level, provisions must be made
for early detection of system failures, and contingency measures for
these failures must be well defined prior to plant operation. Since
drain systems are usually buried and concealed and there may be no
direct way of inspecting them, reliance must be placed on piezometers,
observation wells, manholes, and monitoring of collected water to
detect problems or malfunctionipg of the systen. The details of an
operational monitoring program are necessary prior to construction
of the underdrain to assure that each of the following will be pro-
vided: (1) an early detection alarm system during normal operating
conditions; (2) regularly scheduled inspection and monitoring; and
(3) competent evaluation of observations during both con ~struction
and operation. In addition, the bases for acceptable contingencyj measures suitable for coping with various possible hazards must be
established at the CP stage.

(c) Pipe Breaks

A dewatering system might be overloaded by such conditions as leaks
or breaks in either the circulating or service water systems. A leak
through a pipe break may be a very small percentage of the total flow
of the cooling water system, but large enough to exceed the hydraulic
capacity of drains, pipes and pumps in the dewatering system. For
example, a complete failure of circulating water system piping has
been required in the design of the dewatering systems reviewed to
date. This requirement was made to assure that such abnormal occur-
rences do not adversely affect the integrity of safety-related
structures, systems, and components.

(d) Sequence of Review

Underdrain systems are usually one of the first items constructed
and, after backfilling and construction of subsurface facilities,
are then no longer visible for regular inspection. In most cases,
these systems are initially designed based on rather limited informa-
tion from preconstruction field activities, and are tailored specifi-
cally for the site and facilities. By necessity then, final review
and approval by the staff of the design must rely in some part onx
information gathered during construction. Therefore, the review and

.
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approval can be accomplished in two ways: (1) design details of the
permanent underdrain system, the operational monitoring program and
plans for construction dewatering can be submitted in the PSAR, with
only confirmation of the details required prior to actual construction;
or (2) conceptual designs of the permanent underdrain system and the
operational monitoring program and details of construction dewatering
can be submitted in the PSAR with the more complete review and approval
based on construction dewatering requiring review and approval prior
to actual construction. Review and approval of unique designs as
post-CP matters is based upon 10 CFR Part 50, Subsections 35(b) and
55(e)(1)(iii). To prevent extending the review schedule, the first
procedure would be the most desirable, but the staff recognizes that
the detail required may not always be available at the time the PSAR
is submitted.

IV. Proposed Staff Position

We have reviewed and approved the design of a limited number of permanent
dewatering systems. However, because of the importance of these systems to
plant safety, we have always required that they be designed and used in a con-
servative manner. The following is a list of required design provisions which
are consistent with reqcirements in recent CP reviews:

(a) If the dewatering system is relied upon for any safety-related func-
tion, the system must meet the appropriate criteria of Appendix A
and Appendix B to 10 CFR Part 50. In addition, guidance for struc-
tural, mechanical and electrical design criteria is provided in
related sections of the Standard Review Plan for Category I structures,
systems and components. However, all portions of the system need
not be designed to accommodate all design basis events, such as earth-
quakes and tornados, provided that such events cannot either influence
the system, or that the consequences of failure from such events is
not important to safety; nevertheless, a clear demonstration of the
effectiveness of a backup system and the timeliness of its implemen-
tation must be provided;

(b) The potential for localized pressures developing in areas which are
not in contact with the drainage system, or in areas where pipes enter
or exit the structural walls or mat foundations, must be considered.

(c) Uncertainty in detecting operational problems and providing a suitable
monitoring system must be considered;

(d) The potential for piping fines and clogging of filter and drainage
layers must be considered;

(e) Assurance must be provided that the system as proposed can be expected
to reliably perform its function during the lifetime of the plant;
and

.

(f) Where the system is safety related, is not totally redundant or is
not designed for all design basis events, provide the bases for a
technical specification to assure that in the event of system failure,
necessary remedial action can be implemented before design basis
conditions are exceeded.

.
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V. SARs (Standard Format & Content Information, Sections 2.4 & 2.5) for each
of the plants with permanent dewatering systems should include the followingp) information:(

% ./
(a) Provide a description of the proposed dewatering system, including

drawings showing the proposed locations of affected structures, com-
ponents and features of the system. Provide information related to
the geotechnical and hydrologic design of all system components such

' as interceptors, drainage blankets, and pervious fills with descrip-
; tions of material source, gradation limits, material properties,

special construction features, and placement and quality control
measures. (Note structural, mechanical and electrical information
needs described elsewhere.) Where the dewatering system is important
to safety, provide a discussion of its expected, functional reliability.

i The discussion of the bases for reliability should include comparisons
- of proposed systems and components with the performance of existing

and comparable systems and components for applications under site
conditions similar to those proposed. Where such information is
unavailable or unfavorable, or the application (design and/or site)
is unique, the unusual features of the design should be supported by
additional tests and analyses to demonstrate the conservative nature
of the design. In such cases the staff will meet with the applicant,
on request, to establish the bases for such additional tests and
analyses.

(b) Provide estimates, and their bases, for soil and rock permeabilities,
total porosity, effective porosity (specific yield), storage coeffi-
cient and other related parameters used in the design of the dewater-

p(d/ ing system. In general, these site parameters should be determined
utilizing field and, if necessary, laboratory tests of materials
represeatative of the entire area of influence of the expected draw-
down of the system. Unless it can be substantiated that aquifer
materials are essentially homogeneous, or that obviously conservative
estimates have been used as design bases, provide preconstruction
pumping tests and other in-situ _ tests performed to estimate the
pertinent hydrologic parameters of the aquifer. Monitoring of pumping

~

rates and flow patterns during dewatering for the construction excava-
tion is also necessary to verify assumed design bases rela;ing to
such factors as permeability and aquifer continuity. In addition,

the final design of the system should be based on constructioni

dewatering data and related observations to assure that the values
estimated from site exploration data are conservat.ive. Lastly, the

final design of the dewatering system and its hydrologic and geo-'

technical operational monitoring program should be confirmed by
construction excavation and dewatering information.

If such information fails to support the conservatism of design infor-
mation previously reviewed by the staff, the changed information
should be reviewed under 10 CFR Part 50, Subsections 35(b) and 55(e)
(1)(iii).

(c) Provide analyses and their bases for estimates of groundwater flow
rates in the various parts of the permanent dewatering system, the

Q area of influence of drawdown, and the shapes of phreatic surfaces
I to be expected during operation of the system. The extent of
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influence of the drawdown may be especially important if a natural
or man-made water body affects, or is affected by, the dewatering
systems.

(d) Provide analyses, including their bases, to establish conservative
estimates of the time available to mitigate the consequences of system
degradation * that could cause groundwater levelc M aceed design
bases. Document the measures that will be taken to either repair
the system, or provide an alternate dewatering system that would
become operational before the design basis groundwater level is
exceeded.

(e) Provide both the design basis and normal operation groundwater levels
for safety-related structures, systems and components. The design
basis groundwater level is defined as the maximum groundwater level
used in the design analysis for dynamic or static loading conditions
(whichever is being considered), and may be in excess of the elevation
for which the underdrain system is designed for normal operation.
This level should consider abnormal and rare events (such as an occur-
rence of the safe shutdown earthquake (SSE), a failure of a circulating
water system pipe, or a single failure within the system), which can
cause failure or overloading of the permanent dewatering system.

(f) A single failure of a critical active feature or component must be
postulated during any design basis event. Unless it can be documented
that the potential consequences of the failure will not result in
Regulatory Guides 1.26 and 1.29 dose guidelines being exceeded, either
(1) document by pertinent analyses that groundwater level recovery
times arc sufficient to allow other forms of dewatt ''ig to be imple-
mented before the design basis groundwater level is exceeded, discuss
the measures to be implemented and equipment needed, and identify
the amount of time required to accomplish each measun , or (2) design
for all system components for all severe natural phenomena and events.
For example, if the design basis groundwater level can be exceeded
only as a result of a single nonseismically induced failure of any
component or feature of the system, the staff may allow the design
basis level of the dewatering system to be exceeded for a short period
of time (say 2 or 3 days), provided that (1) effective alternate
dewatering means can be implemented within this time period, or that
(2) it can be shown that Regulatory Guides 1.26 and 1.29 guidelines
will not be exceeded by groundwater induced impairments of safety-
related structures, systems, or components.

(g) Where appropriate, document the bases which assure the ability of
the syste: tc withstand various natural and accidental phenomena such
as earthquakes, tornadoes, surges, floods, and a single failure of a
component feature of the system (such as a failure of any cooling
water pipes penetrating, or in close proximity to, the outside walls
of safety related buildings where the groundwater level is controiled
by the system). An analysis of the consequences of pipe ruptures on
the pr9 posed underdrain system must be provided, and should include
considerations of postulated breaks in the circulating system pipes
at, in, or near the dewatering system building ei'6her independently

^See (f) for considerations of differing system types.
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of, or as a result of ti. SSE. Unless it can be documented that the
cotential consequences will not be serious enough to affect the safetys

' of the plant to the extent that Regulatory Guides 1.26 and 1.29 guide-
lines could be exceeded, provide analyses to document that (1) water
released from the pipe break cannot physically enter the dewatering
system, or (2) if water enters the dewatering system, the system will
not be overloaded by the increased flow such that the design basis
groundwater level is subsequently exceeded.

(h) State the maximun: arm %ater level the plant structures can tolerate
under various significant loading conditions in the absence of the
underdrain system.

(i) Provide a description of the proposed groundwater level monitoring
programs for dewatering during plant construction and for permanent
dewatering during plant operation. Monitoring information requested
includes (1) the general arrangement in plan and profile with approxi-
mate elevation of piezometers and observation wells to be installed,
(2) intended L #e(s) of placement, (3) type (s) of piezometer (closed
or open system), (4) screens and filter gradation descriptions, (5)
drawings showing typical installations showing limits of filter and
seals, (6) observation schedules (initial and time intervals for sub-
sequent readings), (7) plans for evaluation of recorded data, and
(8) plans for alarm devices to assure sufficient time for initiation
of corrective action. Provide a commitment to base the final design
of the operational monitoring program on data gathered during the
construction monitoring program (if construction experience shows

m the assumed operational program bases to be nonconservative or

(V) impractical), u nges to the operational program are to be documented
' in the FSAR. '

(j) Provide information regarding the outlet flow monitoring program. |
The information required includes (1) the general wcation and type
of flow measurement device (s), and (2) the observation plan and alarm
procedure to identify unanticipated high or low flow in the system
and the condition of the effluent.

(k) For OL reviews, but only if not previously reviewed by the staff, |
provide (1) substantiation of assumed design bases using information
gathered during dewatering for construction excavation, and (2) all
other details of the dewatering system design that implemer.f design
bases established during the CP review.

(1) For OL reviews, previde a Technical Specification for periods when |
the dewatering system may be exposed to sources of water not considered
in the design. An example of such a situation would be the excavation

of surface seal cateria, for repair of piping such that the underdrain
would be exposed to direct surface runoff. In addition, where the
permanent dewatering system is safety related, is not completely redun-
dant, or is not designed for all design basis events, wovide the
bases for a technical specification with action levels, the remedial
work required and the estimated time that it will take to accomplish
the work, the sources, types of equipment and manpower required and

G the availability of the above under potentially adverse conditions.
[See Section V(f)].
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2.4.13 ACCIDENTAL RELEASES OF LIQUID EFFLUENTS IN GROUND AND SURFACE WATERS

REVIEW RESPONSIBILITIES e

Primary - Hydrologic and Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

The ability of the ground and surface water environment to delay, disperse, dilute, |
'

or concentrate accidental radioactive liquid effluent releases is reviewed with
emphasis on relating the effects of such releases to existing and known future uses
of ground and surface water resources. (Note that effects of normal releases and |
of the more likely accidents are discussed in the applicant's environmental report.)

II. ACCEPTANCE CRITERIA

Accepte.nce criteria for this SRP section relate to 10 CFR Part 100 as it requires
that hydrologic characteristics of the site be evaluated with respect to the con-

(o) sequences of the escape of radioactive material from the facility.
v

To meet the requirements of 10 CFR Part 100 with respect to accidental releases of
liquid effluents, the following specific criteria are used.

1. Radiorjuclide transport characteristics of the groundwater environment with
respect to existing and future users must be described. Estimates and bases
for coefficients of dispersion, adsorption, groundwater velocities, travel
times, gradients, permeal'ilities, porosities, and groundwater or piezometric
levels between the site and existing or known future surface and groundwater
users must be described and be consistent with site characteristics. Potential
pathways of contaruination to groundwater users must also be identified.
Sources of data must be described and referenced.

2. Transport characteristics of the surf ace water environment with respect to exist-
ing and known futnre users must be described for conditions which reflect worst
cace release mechanisms and source terms so as to postulate the most pessimistic
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contamination from accidentally released liquid effluents. Estimates of
physical parameters necessary to calculate the transport of liquid effluent
from the points of release to the site of existing or known future users
must be described. Potential pathways of contamination to surface water
users must be identified. Sources of information and data must be described
and referenced. Acceptance is based on the staff's evaluation of the appli-
cant's computational methods and the apparent completeness of the set of
parameters necessary to perform the analysis.

3. Mathematical models are acceptable to analyze the flow field and dispersion
of contaminants in ground and surface waters, providing that the models
have been verified by field data and that conservative site-specific hydro-
logic parameters are used. Furthermore, conservatism must be the guide
in selecting the proper model to represent a specific physical situation.
Radioactive decay and sediment adsorption may be considered, if applicable,
providing that the adsorption factors are conservative and site-specific.
Regulatory Guide 1.113 provides guidance in selecting and using surface
water models.

III. REVIEW PROCEDURES

Section 2.4.13 of the applicant's SAR is reviewed to identify any missing data, |
information or analysis necessary for the staff's evaluation. Applicant
responses to the requested information will be evaluated using the methods out-
lined below and staff pcsitions will be developed. Resolution, if possible,
of differences between the staff's and the applicant's estimation of liquid
effluent dispersion will be coordinated through the LPH; and the SER will be
written accordingly.

The staff will make independent calculations of the transport capabilities and
potential contamination pathways of the groundwater environment under accidental
conditions with respect to existing and future users. Special attention should
be directed to proposed facilities with permanent dewatering systems to assure
that pathways created by those systems have been identified. The staff will,
in consultation with the Effluent Treatment Systems Branch (ETSB), choose'the
accident scenarios leading to the most adverse contamination of the groundwater
or the surface water via the groundwater pathways. Analysis of the contamina-
tion will commence with the simplest models, such as those presented in Refer-
ences 21 and 22, using demonstrably conservative assumptions and coefficients.
Dilutions and travel times (or alternatively, concentrations directly) result-
ing from the preliminary analyses will then be checked by ETSB to determine
acceptability. If the indicated concentrations of radionuclides, identified
by ETSB, are less than the values identified in 10 CFR Part 20, Appendix B,
Table II, Column 2, no further computational efforts will be warranted. Further
analyses using progressively more realistic and less conservative modeling
techniques, such as those of Reference 13 and 25, will be undertaken if the
preliminary results are not acceptable.

Independent calculations will De made of liquid effluent transport for the sur-
face pathways identified. For preliminary analysis, the staff will employ simpli-
fied calculational procedures or models, such as those contained in References 3
and 9. The analysis will be performed using demonstrably conservative coeffi-
cients and assumptions, and the physical conditions (such as lowest recorded
river flow) likely to give the most adverse dispersion of the liquid effluent.
The applicant's modei assumption and results will be compared with the staff's
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results to assure that the results are comparably conservative. The estimation
of liquid effluent dispersion will reflect potential future changes that might
result from variations in use by known future surface and groundwater users.

Concentrations of radionucifdes in the body of water under consideration will
be calculated based on the staff's dispersion computations and with initial
concentrations provided by the Effluent Treatment Systems Branch (ETSB) for
the most critical event. Acceptability of the resultant concentrations of radio-
active effluent at the points of interest will be determined by consultation
with ETSB. If the concentrations of the diluted liquid effluents computed by
the staff are within acceptable limits of Appendix B, Table II, Column 2, of
10 CFR Part 20, no further computation effort is indicated. If the concentra-
tions computed by conservative simplified methods exceed the limits of 10 CFR
Part 20, more precise and less conservative models, such as those used for
hydrothermal prediction (Reference 10), and coefficients will be employed by |
the staff.

IV. EVALUATION FINDINGS

For construction permit (CP) reviews, the findings will summarize the applicant's
and the staff's estimates of dilution factors, dispersion coefficients, flow
velocities, travel times, and potential contamination pathways between the site "

and the nearest water user in conformance with 10 CFR Part 100. Iftheestimates|are comparable, or if no potential problem exists, staff concurrence with the
applicant's estimates will be stated. If the staff predicts substantially more
conservative conditions, a statement of the staff basis will be made.

For operating license (OL) reviews of plant designs that have had detailed reviews
of severe accidental effluent .4eleases at the CP stage, the CP conclusions will

"

be referenced. If no CP review of effluent releases was undertaken of the scope
3 indicated herein, this will be indicated. Any new potential pathways or changes
; in water usage that can be identified in the OL review will also be analyzed

'

j and reported.

! Sample statements for CP reviews follow:
!

The staff concludes that the plant meets the requirements of 10 CFR
Part 100 with respect to potential accidental releases of radioactive

,

liquid effluents. This conclusion is based on the following analysis:i

A postulated failure of the miscellaneous waste collection tank (thei

! tank outside of containment with the highest radioactive inventory)
was analyzed to estimate the concentration of radioactive contaminants'

in nearby wells. The contents of the tank were conservatively assumed
to enter the groundwater instantaneously and the nuclides were assumed

i to travel with the water with no credit taken for ion exchange processes.
The nearest downgradient potable water well is located 2900 feet north- :*

j east of the plant. Assuming a very high permeability of 1500 x 10 8
j centimeters per second, the travel time to the nearest down gradient

potable well was 9.5 years. The calculated concentrations of all
; nuclides were well below the maximum permissible concentrations listed
| in 10 CFR Part 20, Appendix B, Table II. In this analysis, it was

i also assumed that the contents of the tank traveled with the ground-
i water to A Creek. It was then assumed to mix with creek water, flow

into take B and then to the water supply intake for the city of C.
I

'
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Concentrations at the water supply intake for the city of C were also
small fractions of 10 CFR Part 20 limits for all nuclides.

A iostulated failure of the distillate storage tank, which will be
loc'ted in the plant yard, was also analyzed. It was conservatively
assumed that the entire contents of the tank are introduced, as a
slug release, into Lake B at the mouth of A Creek. (In reality, a
failure of this tank would result in effluent flowing through the
site drainage to A Creek, where it would be diluted before entering
the lake.) Our analysis showed that the concentration of all nuclides
would be small fractions of the 10 CfR Part 20 limits at the water
supply intake for the city of C.

Additional discussion of the radiological consequences of the postu-
lated tank failures described above is provided in Section 15.3 of
this report.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant pr.goses an acceptabla alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

In addition to the following references describing methods and techniques of
evaluation, published data by Federal, state, and other agencies and organiza-
tions will be used as available.

1. 10 CFR Part 100, " Reactor Site Criteria."

2. N. H. Brooks, " Diffusion of Sewage Effluent in an Ocean Current," in
" Waste Disposal in the Marine Environment," Pergamon Press, New York
(1960).

3. H. B. Fisher, "The Mechanics of Dispersion in Natural Streams," Jour.
Sanitary Engineering Division, Proc. Am. Soc. Civil Engineers, Vol. 93,
No. HY6, pp. 187-216 (1968).

4. H. B. Fischer, " Dispersion Predictions in Natural Streams," Jour. Sanitary
Engineering Division, Proc. Am. Soc. Civil Engineers, Vol. 94, No. SAS,
pp. 927-943 (1968).

5. E. Gasper and M. Oncescu, " Radioactive Tracers in Hydrology," Elsevier
Publishing Co., New York (1972).

6. S. N. Davis and R. J. M. Dewiest, "Hydrogeology," John Wiley & Sons, Inc.,
New York (1966).
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7. Regulatory Guida 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

N
8. "NRC Dispersion Workbook" (in preparation).

9. Regulatory Guide 1.113, " Estimating Aquatic Dispersion of Effluents from
Accidental and Routine Reactor Releases for the Purpose of Implementing
Appendix I."

10. G. H. Jirka, G. Abraham, D. R. F. Harleman, "An Assessment of Techniques
for Hydrothermal Prediction," USNRC, NUREG-0044, 1976,

11. Regulatory Guide 4.4, " Reporting Procedun 3 for Mathematical Models Selected
to Predict Heated Effluent Dispersion in Natural Bodies of Water."

12. S. W. Ahlstrom, R. J. Serne, R. C. Routson, and O. B. Cearlock, " Methods
'

for Estimating Transport Model Parameters for Regional Groundwater Systems,"
BNWL-1717, Battelle Pacific Northwest Laboratories, Richland, Washingtan
(1972).

13. R. C. Routson and R. J. Serne, "One-Dimensional Model of the Movement of
Trace Radioactive Solutes Through Soil Columns: The PERC0L Model,"
BNWL-1718, Battelle Pacific Northwest Laboratories, Richland, Washington
(1972).

14. R. C. Routson and R. J. Serne, " Experimental Support Studies for the PERC0L
and Transport Models," BNWL-1719, Battelle Pacific Northwest Laboratories,
Richland, Washington (1972).

s

15. K. L. Kipp, D. B. Cearlock, and A. E. Reisenauer, " Mathematical Modeling
of a large, Transhnt, Unconfined Aquifer with a Heterogeneous Permeability
Distribution," paper presented at the 54th Annual Meeting of the American
Geophysical Union, Washington, DC, April 1973.

16. W. H. Li and F. H. Lai, " Experiments on Lateral Dispersion in Porous Media,"
Jour. Hydraulics Division, Proc. Am. Soc. Civil Engineers, Vol. 92, No. HY6
(1966).

17. W. H. Li and G. T. Yeh, " Dispersion of Miscible Liquids in a Soil," Water
Resources Research, Vol. 4, pp. 369-377 (1968).

18. D. R. F. Harleman, P. F. Mehlhorn, and R. R. Rumer, " Dispersion-Permeability
Correlation in Porous Media," Jour. Hydraulics Division, Proc. Am. Soc.
Civil Engineers, Vol. 89, No. HY2, pp. 67-85 (1963).

19. L. E. Addison, D. R. Freidrichs, and K. L. Kipp, "The Transmissivity Iterative
Programs on the PDP-9 Computer--A Man-Machine Interactive System," BNWL-1707,
Battelle Pacific Northwest Laboratories, Richland, Washingtoa (1972).

~

20. " Fundamentals of Transport Phenomena in Porous Media," International Asso-
ciation for Hydraulic Research, Elsevier Publishing Company, New York (1972).

21. R. Codell and D. Schreiber, "NRC Models for Evaluating the Transport of
Radionuclides in Groundwater," Proceedings of Symposium on Management of
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Low-Level Radioactive Wastes, May 1977, Georgia Institute of Technology,
Atlanta, Georgia (in preparation).

22. F. A. Appel and J. D. Bredehoeft, " Status of Groundwater Modeling in the
U.S. Geological Survey," USGS Circular 737 (1976).

23. American Nuclear Society, " Standards for Evaluating Radionuclide Transport
in Groundwater, Draft 2."

24. J. O. Duguid and M. Reeves, " Material Transport Through Porous Media: A
Finite Element Galerkin Model," ORNL-4928, Oak Ridge National Laboratory,
Environmental Science Division, Publication 733, March 1976.

25. R. L. Taylor and C. B. Brown, " Darcy's Flow Solutions with a Free Surface,"
Journal of the Hydraulics Division, ASCE, Vol. 93, No. HY2, pp. 25-33,
March 1967.

26. S. P. Neuman and P. A. Witherspoon, " Finite Element Method of Analyzing
Steady Seepage with a Free Surface," Water Resources Research, Vol. 6,
No. 3, pp. 889-897, June 1970.

27. S. P. Neuman and P. A. Witherspoon, " Analysis of Nonsteady Flow with a Free
Surface Using the Finite Element Method," Water Resources Research, Vol. 7,
No. 3, pp. 661-663, June 1971.

28. G. F. Pinder and E. O. Frind, " Application of Galerkin's Procedure to
Aquifer Analysis," Water Resources Research, Vol. 8, No.1, pp.108-120,
February 1972.

29. J. Rubin and R. V. James, " Dispersion-Affected Transport of Reacting
Solutes in Saturated Porous Media: Galerkin Method Applied to Equilibrium-
Controlled Exchange in Unidirectional Steady Water Flow," Water Resources
Research, Vol. 9, No. 5, pp. 1332-1356, October 1973.

30. E. O. Frind and G. F. Pinder, "Galerkin Solution of the Inverse Problem
for Aquifer Transmissivity," Water Resource Research, Vol. 9, No. 5,
pp. 1397-1410, October 1973.

31. G. F. Pinder, "A Galerkin-Finite Element Simulation of Groundwater Con-
tamination on Long Island, New York," Water Resources Research, Vol. 9,
No. 6, pp. 1657-1669, December 1973.

32. M. Reeves and J. O. Duguid, " Water Movement Through Saturated-Unsaturated
Porous Media: A Finite Element-Galerkin Model," 0RNL-4927, Oak Ridge
National Laboratory, Oak Ridge, Tennessee, February 1975.

O
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2.4.14 TECHNICAL SPECIFICATIONS AND EMERGENCY OPERATION REQUIREMENTS

REVIEW RESPONSIBILITIES

Primary - Hydrologic and Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

The purpose of this section of the applicant's safety analysis report (SAR) is to
identify the technical specifications and emergency procedures required to implement
flood protection for safety-related facilities and to assure an adequate water
supply for shutdown and cooldown purposes.

If there is evidence of potential structural effects, the Structural Engineering
Branch (SEB) will be requested by HGEB to ascertain whether these effects are |
properly considered in the structural design bcses for the plant; similarly,

. Auxiliary Systems Branch (ASB) will be requested by HGEB to ascertain whether these |
) effects are properly considered in the systems design bases for the plant.

Q Guidance for determining whether these potential effects are considered properly is
outlined in the appropriate SEB and ASB SRP sections. ,

II. ACCEPTANCE CRITERIA

HGEB acceptance criteria for this SRP section is based on meeting the relevant
requirements of the following regulations:

1. 10 CFR Part 50, 550.36 as it relates to requiring technical specifications to
be derived from safety evaluations.

2. General Design Criterion 2 (GDC 2) as it relates to structures, systems, and
components important to safety being designed to withstand the effects of
hurricanes, floods, tsunanii, and seiches.

To meet the requirements of the hydrologic aspects of 10 CFR Part 50, S50.36 and
Gener;) Design Criterion 2 with respect to technical specifications and emergency
operation reouirements the following specific criteria are used:

Rev. 2 - July 1981
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If the hydrologic design bases developed in preceding sections do not necessitate I

technical specifications or emergency procedures to ensure safety-related plant
functions (i.e. , position 1 of Regulatory Guide 1.59 is met), this section should
so state. If technical specifications or emergency procedures in compliance
with position 2 of Regulatory Guide 1.59 are necessary this section will be
acceptable if tie following are identified. *

1. The controlling hydrologic events, as developed in the preceding sections
of SAR Chapter 2.

2. The actions to be taken, and the effect of such actions on the protection
of safety-related facilities and water supplies.

3. The appropriate water levels and conditions at which action is to be initi-
ated.

4. The appropriate emergency procedures, and the amount of time required to
implement each procedure. Regulatory Guide 1.102, position 2 provides
guidance in establishing appropriate procedures.

III. REVIEW PROCEDjRES

The review procedures consist of proposed specifications and procedures with
the flood protection and water supply design bases derived in the preceding
sections, or considered necessary by the staf f. Data in, or derived from, the
preceding sections are used to estimate the time available to complete any
required emergency action (e.g., sandbagging, shutdown, installing flood gates
and stop logs). This information will also serve to substantiate the water
levels and other conditions used to initiate the action. Specific questions
on the structural adequacy of protective measures are referred to Structural
Engineering Branch and the general experience of the Corps of Engineers in such
situations, as reflected in reports and manuals, is the principal basis for

| comparison. Issues involving shutdown water supplies should be coordinated
with Auxiliary Systems Branch.

,

1

IV. EVALUATION FINDINGS

For l''ti construction permit and operating license reviews the findings will
const of a brief statement of technical specifications and emergency procedures
and time required to implement flood protection of safety-related facilities
and assure an adequate water supply for safety-related equipment. The flood
or water levels and other conditions at which action is to be initiated will
also be stated. If none are required, the findings will so state.

A sample Operating License statement follows:

The staff concludes that the applicant's proposed emargency flood
protection plan and corresponding plant shutdown technical specifica-
tions are acceptable and meet the requirements of 10 CFR Part 50,
950.36 and General Design Criteria 2. This conclusion is based on
the following:

The applicant has provided an emergency flood protection plan designed
to minimize the impact of floods exceeding plant grade on safety-related
facilities, and a corresponding proposed technical specification out-
lining the action to be taken to prevent any flood-caused accidents.

2.4. 14-2 Rev. 2 - July 1981
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The applicant's fl~ood protection plan is designed to meet the criteria
of Regulatory Guide 1.59, position 2 and Regulatory Guide 1.102, position

O 2. It includes procedures for predicting rainfall floods, arrangements |
to warn of upstream seismically induced dam failure floods, and lead
times available and types of action to be taken to meet safety-related
requirements for both sources of flooding. The applicant's warning
scheme for both types of floods is to be divided into two stages.
Stage I will allow preparation steps and some damage, but will with-
hold major economic damage until Stage II warning assures a flood
above plant grade.

Reservoir levels for large rainfall floods can be predicted well in
advance by the applicant. The applicant estimates that a minimum of
27 hours, divided into the two warning stages, will be available
between the time a preflood preparation order is issued and the time
the flood water could exceed plant grade. A minimum 10-hour Stage I
will begin upon prediction that flood producing conditions might
develop. A minimum 17-hour Stage II will be based on a confirmed
estimate that conditions will produce a flood above plant grade.

Seismically-induced failure of upstream dams can result in flood
surges that exceed plant grade. However, such surges do not have a
water level potential as great as the rainfall-induced probable maxi-
mum flood water level. A minimum of 27 hours, divided into the warn-
ing stages, is estimated by the applicant to be available to prepare
the plant for such flooding.

The applicant defines " flood mode" operation as the means by whichO the plant will be safely maintained during the time when flood waters
exceed plant grade, elevation 705 feet above mean sea level, and are
allowed ingress into plant structures, and during the succeeding time
period until recovery is accorglished.

Plant cooling requirements during flood mode operation will be met
by the essential raw cooling water system, unless flood mode operation
is necessary prior to operation of the permanent essential raw cooling
water pumping station. If the latter is necessary, the auxiliary
essential raw cooling water system will provide closed-cycle water
circulation to meet plant cooling requirements. Water supplied by
both these systems is discussed in greater detail above in Sections
2.4.1 and 2.4.11.

The applicant proposes one kind of warning scheme for rainfall floods
and another type of warning scheme for seismically-induced dam failure
floods. For rainfall floods, the first stage (Stage I) of shutdown
will begin when sufficient rainfall occurs to yield a projected plant
site water level of 697.0 feet above mean sea level in the winter
months (October 1 through April 15) and 703 feet above mean sea level
in the summer months (April 16 through September 30). These water
levels assure that any additional rain will not produce water levels
in excess of 703 feet mean sea level in less than 27 hours. This
level provides a two-foot margin (requested by us) so that waves
resulting from high winds cannot disrupt flood protection preparation,
i.e., cannot exceed plant grade of 705 feet above mean sea level.

J
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Stage I will be maintained until either Stage II begins, or until
the applicant determines that floodwaters will not exceed elevation
703 feet above mean sea level at the plant. Stage II shutdown will
begin only when enough additional rain has fallen to yield water levels
in excess of 703.0 feet above mean sea level. The applicant estimates
that required shutdown procedures will take no longer than 24 hours,
which allows a three-hour contingency margin.

As stated in Section 2.4.4 above, the failure of nine upstream dams
either singly or in varying combinations can produce ficods over plant
grade. Stage I shutdown will be started upon notification that any
one of these dams has failed, and will continue until it has been
determined that critical combinations do not exist. At our request,
the applicant committed to initiating Stage II shutdown if communica-
tions are lost, or if there is no certainty that critical combinations
do not exist in such situations.

Three communication networks are available to the applicant:

(1) the applicant's own microwave network;

(2) the applicant's own powerline carrier system; and

(3) the commercial Bell telephone system.

The staff finds that both the applicant's proposed emergency flood
protection plan and corresponding plant shutdown technical specifica-
tion meet the criteria of Regulatory Guides 1.59 and 1.102 and are
acceptable from a hydrologic engineering standpoint. Technical specifi-
cations for plant shutdown to minimize the possibility of an accident
resulting from hydrologically associated phenomena other than floods
are not necessary, since such phenomena should have inconsequential
effects upon safety-related facilities.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP Section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the reference regulatory guides.

VI. REFERENCES

Data and information presented in, or derived from, previous SRP sections in
the 2.4 series provide the basic reference material for this section.

1. 10 CFR Part 50, 950.36, " Technical Specifications."

2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."
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i

3. Regulatory Guide ] 'd., " Design Basis Floods for Nuclear Power Plants."

4. ANSI N170, " Standards for Determining Design Basis ri-'oding at Power Reactor
Sites" (1976).,

l!

) 5. Regulatory Guide 1.102, " Flood Protection for Nuclur Power Plants."
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2.5.1 BASIC GEOLOGIC AND SEISMIC INFORMATION

REVIEW RESPONSIBILITIES

Primary - Geosciences Branch (GB)

Secondary - None

I. AREAS OF REVIEW

GB reviews the geologic and seismic information submitted in the applicant's safety
analysis report (SAR). The principal regulation used by GB in determining the scope
and adequacy of the submitted geologic and seismologic information is Appendix A to
10 CFR Part 100, '' Seismic and Geologic Siting Criteria for Nuclear Power Plants"
(Ref. 3). Additional guidance (regulations and regulatory guides) is provided to
the GB througn References 1, 2, 4, and 5. GB judges the adequacy of the geologic
and seismic information cited in support of the aoplicant's conclusions concerning
the suitability of the plant site. The GB will coordinate other branch evaluations
that. interface with the geologic and seismologic aspects of the site as follows:

[ ] Hydrologic and Geotechnical Engineering Branch (HGEB) will determine the adequacy
V of the hydrologic and geotechnical engineering information cited in support of the

applicant's conclusions concerning the suitability of the plant site as part of
HGEB's primary review responsibilities for SRP Sections 2.4, 2.5.4, and 2.5.5. For
example, as part of it:, primary review responsibility, the HGEB reviews the adequacy
of the applicant's model describing the present and projected use of local and
regional groundwater resources. Assessment of this hydrologic information by the
HGEB is essential to the GB in making its determination, for example, where appli-
cable, of the subsidence potential of the site environs. An additional primary
review responsibility for the HGEB consists in some cases of the verification,
through investigations and testing conducted by tne applicant, of the preloading
history of the plant's soil foundations by means of glar.ial and other geologic pro-
cesses. The applicant's information describing the above process is contained in
SRP Section 2.5.4. The HGEB, as part of its primary review responsibility for SRP
Section 2.5.4, reviews the information presented by.the applicant concerning the
soil and rock properties which may affect the nuclear power plant facilities. This
HGEB coordination is required in those cases where verification of geologic
processes affecting the site can be determined through various testing methodologies.

Rev. 2 .luly 19A1
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For those areas of review identified above as being reviewed as part of the
primary responsibility of other branches, the acceptance criteria necessary
for the review and their methods of application are contained in the referenced
SRP section of the corresponding primary branch. The geologic and seismic
information which must be proviaed in order foF the site review to proceed is
divided into the following three categories:

1. Geologic features: mass-wasting, differential subsidence, faulting,
chemical weathering, cavernous or karst terrains, evidence of pre-
consolidation, for example, by means of overburden removal through
erosional processes.

2. Seismic features: ground failure under dynamic loading, liquefact an,
vibratory ground motion, tsunami, and residual stresses.

3. Man-made conditions: changes in groundwater conditions, subsidence or
collapse caused by withdrawal of fluids or mineral extraction, induced
seismicity and fault movement caused by fluid injection (including reser-
voir impoundment) or withdrawal.

Information relating to the above conditions as presented in SAR Sections 2.5.1.1
(Regional Geology) and 2.5.1.2 (Site Geology), shw!d oe reviewed in terms of
the regional and site physiography, geomorphology, stratigraphy, lithulogy,
and tectonics. In addition, with specific reference to site geology, the follow-
ing subjects should be reviewed as they relate t< .he above-mentioned conditions:
topography, slope stability, fluid injection or w,6hdrawal, mineral extraction,
faulting, shearing, jointing, seismicity and fracturing.

.

The above information should be documented by appropriate references to all
relevant published and unpublished materials. Illustration should include but
should not be limited to physiographic, topographic, geologic, tectonic, gravity,
and magnetic maps, structure and stratigraphic sections, boring logs, and cerial
photographs. Certain sites will require illustrat;ons of specialized character
such as maps of subsidence, irregular weathering conditions, landslide potential,
hydrocarbon extraction (oil or gas wells), faults, joints, and karst features.
Some site characteristics must be documented by reference to seismic reflection
or refraction profiles or to maps produced by various remote sensing techniques.

As appropriate, maps should include a superimposed plot plan of the plant facili-
ties. Other documentation should show the relationship of all seismic Category I
facilities (clearly identified) to subsurface geology. Core boring logs, logs
and maps of trenches, aerial photographs, Landsat imagery, and geophysical data |
should be presented for evaluation, In addition, a plot plan showing the
locations of all plant structures, borings, trenches, prcfiles, etc. should be |
included.

The review c. e brought to an earlier conclusion if the following suggestions
are followed L, the applicant. The SAR should contain sufficient data to allow
the reviewer to make an independent assessment of the applicant's conclusions.
That is, the reviewer should be led in a logical manner from the data and pre-
mises given to the conclusions that are drawn without having to make an exten-
sive independent literature search. Controversial information should not be
ignored so as to enhance a particular position. The geologic terminology used
should conform to standard reference works (Refs. 6, 11). Finally, the objective
of Section 2.5.1 of.the SAR is to describe geologic and seismic features as
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i

they affect the site under review, and all cata, information, discussions,
interpretations, and conclusions should be directed to this objective. Aimless
presentation of data, although it may appear to satisfy the investigative require-,

' ments, will result in a disjointed SAR and cause needless delays in completing
the safety review.

II. ACCEPTANCE CRITERIA

The applicable rules and basic acceptance criteria pertinent to the areas of ,

this section of the SRP are given below:

1. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power Plants"
General Design Criterion 2 " Design Bases for Protection Against Natural

,

Phenomena" - This criterion requires that safetymlated portions of the
structures, systems, and components important to safety shall be designed
to withstand the effects of earthquakes, tsunami, 3nd seiches without loss
d capability to perform their safety function (Ref.1).

z. 10 CFR Part 100, " Reactor Site Criteria" - This part describes criteria
which guide the evaluation of the suitability of proposed sites for nuclear
power and testing reactors (Ref. 2).

3. 10 CFR Part 100, Appendix A., " Seismic and Geologic Siting Criteria for
Nuclear Power Plants" - These criteria describe the nature of the investiga-
tions required to obtain the geologic and seismic data necessary to deter-
mine site suitability and identifies geologic and seismic factors required
to be taken into account in the siting and design of nuclear power plants
(Ref. 3).,

The following regulatory guides provide information, recommendatiens, and
guidance and in general describe a basis acceptable to the staff for imple-
menting the requirements of GDC 2, Part 100, and Appendix A to Part 100.

a. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
Power Plants" - This guide describes programs of site investigations
related to geotechnical aspects that would normally meet the needs
for evaluating the safety of the site from the standpoint of the per-
formance of foundations and earthquakes under anticipated lo'ading
conditions including earthquake. It provides general guidance and
recommendations for developing site-specific investigation programs
as well as specific guidance for conducting subsurface investigations,
the spacing and depth of borings and sampling (Ref. 4).

b. Regulatory Guide 4.7, " General Site Suitability Criteria for Nuclear
Power Stations" - This guide discusses the major site characteristics
related to public health and safety which the NRC staff considers in
determining the suitability of sites for nuclear power stations (Ref. 5).

The information presented in the SAR must be complete and thoroughly documented,,

and must be consistent with the requirements of Reference 3 and should conform
to the format suggested in Reference 12. Information from varied sources,
including the United States Geological Survey (USG.5) and other Federal or State
agency published and open file papers, maps, aerial photographs, geophysical
data, etc. , and simil..a data from nongovernmental sources covering the region

|
'
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in which the site is located, are used to establish the staff's conclusions as
to the comple% ness and acceptability of the SAR.

Specific criteria necessary to meet the relevant requirements of GDC 2, Part 100
cnd Appendix A to Part 100 are as follows:

Subsection 2.5.1.1, " Regional Geology." In meeting the requirements of
References 1, 2, and 3, the subsection will be considered acceptable if a com-
plete and documente6 discussion is presented of all geologic, seismic, and man-
cade features. This subsection should contain a review of the regional physiog-
raphy, geomorphology, stratigraphy, structure, and geologic history to provide
a framework within which the geologic, seismic and man-made features of safety
significance to the site can be evaluated.

Subsection 2.5.1.2, " Site Geology." In meeting the requirements of References 1, |

2, and 3 and the regulatory positions of References 4 and 5, the subsaction
will be judged acceptable if it contains a description and evaluation of site-
related geologic features, seismic conditions, and man-made conditions which
may represent a potential hazard to the site. This subsection should also |contain the following general site information:

1. The site stratigraphy, including relationship to and correlation with the
regional stratigraphy.

2. The structural geology of the site and the relationship of site structure
to regional tectonics.

3. The geologic history of the site as it relates to the regional geologic
history.

4. The engineering significance of geologic features underlying the site as
they relate to:

a. Dynamic behavior during prior earthquakes.

b. Zones of alteration, irregular weathering, or zones of structural
weakness,

c. Unrelieved residual stresses in bedrock.

d. Materials that could be unstable because of their mineralogy or
unstable physical properties.

e. Effects of man's activities in the area.

5. The site grour.dwcter conditions.

III. REVIEW PROCEDURF3

The staff review is condicted in three phases. The first phase is the accept-
ance review, a brief review of the SAR to evaluate its completeness and to ,

identify obvious safety issues that could result in delays at subsequent stages
of the review. After an SAR is docketed, the staff conducts a thorough review -

of the material. In this second phase of the review an effort is made to identify
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all safety issues. The reviewer carefully examines the SAR to see that all !
interpretations are founded on sound geological and seismological practice and
do not exceed the limits of validity of the applicant's data or of other data
published in the literature. As necessary, questions and comments transmitted I

\

to the applicant will identify issues that have no ; been addressed, areas where
staff interpretations differ from those given in the SAR, and issues that have
not been sufficiently documented to permit the staff to concur in the conclusions
reached by the applicant. When possible, the staff takes positions on safety- |
related issues at this point. The third review phase is the staff evaluation
of the applicant's responses to questions raised in the second phase. At the
end of the third phase, the staff takes positions on all safety-related issues,
either concurring with the applicant's positions or taking more conservative
positions as may be necessary in the staff's view to assure the required degree
of safety.

Pertinent references, such as published geological reports, professional papers,
open-file material, university theses, physiographic and geological maps, and
aeromagnetic and gravity maps, are ordered from the appropriate sources and
reviewed. The general references used extensively by the staff are References
6, 7, and 11. GeoRef data base (Ref. 9) and other data bases, such as |
References 8 and 10, are used to identify specific references. I

, The judgments on receptance or rejection of the SAR for review are governed by
1 two criteria: (1) adherence to the Standard Format (Ref. 12) in identifying |'

and describing the geologic, seismic a d man-made features that affect safety
of the site; and (2) provision of adequate information and documentation to
allow for an independent staff review of the conclusions made therein. |

O\
g During the acceptance review the staff decides to what extent consultants should |

be involved. The necessary information is then made available to these consult-
ants. Consultants are asked to handle such varied tasks as reviewing the tec-
tonic setting of plants in regions of complex geology, evaluation of the poten-
tial for surface displacement, verifying an applicant's mineral identifications,
or providing advice on the proper level of earthquake ground motion (response
spectrum) to be used (based on state-of-the-art studies) in the seismic evaluation
of selected sites.

After docketing, a detailed review of the SAR and relevant references is con-
ducted by the staff and its advisors. Questions and comments are developed
from items that have not been adequately addressed by the applicant, those
which become apparent during the detailed review, or those which develop from
the additional information provided as a result of the acceptance review. These
questions (Q-1) usually require the applicant to conduct additional investiga-
tions or to supply clarifying information. Many questions result from the
reviewer's discovery of references not c'ited by the applicant that :ontain con-
clusions which are in conflict with those made by the applicant. When the
applicant provides insufficient data to support his interpretations and conclu-
sions, and there are reasonable and more conservative alternative interpreta-
tions in the literature, the staff will request additional investigations.
This phase of the review will usually involve meetings with the applicant to
clarify questions and allow him to present new data. In addition, during the
Q-1 phase of the construction permit review, the staff visits the site. |

The applicant's responses to Q-1 questions are reviewed and any remaining issues
j are settled either by additional questions (Q-2) or by staff positions (RSP).

2.5.1-5 Rev. 2 - July 1981
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A staff position is usually in the form of a requirement to design for a specific
condition in a way which the staff considers to be sufficiently conservative
and consistent with the requisites of Reference 3. When all safety issues have |
b:en resolved, the staff provides its input to the safety evaluation report
(SER).

IV. EVALUATION FINDINGS

If the evaluation by the staff, on completion of the review of the geologic and
seismologic aspects of the plant site and region, confirms that the applicant
has met the requirements of applicable portions of References 1, 2, and 3 and
the guidelines contained in References 4 and 5, the conclusion in the SER states
that the information provided and investigations performed support the applicant's
conclusions regarding the geologic and seismic integrity of the proposed nuclea-
power plant site. Staff reservations about any significant deficiency presented
in the applicant's SAR are stated in sufficient detail to make clear the precise
nature of concern. The above evaluation determinations are made by the staff
during both the construction permit (CP) and operating license (OL) phases of
review.

Op:: rating license (OL) applications are reviewed for any new information devel-
op:d subsequent to the construction permit (CP) safety evaluation report (SER).
Th3 review will also determine whether the CP recommendations have been
implemented.

A typical OL-stage finding for this section of the SER follows:

In our review of the geologic and seismologic aspects of the plant
we have considered pertinent information gathered since our initial
geologic and seismologic review which was made in conjunction with
the issuance of the construction permit. This new information includes
data gained from both site and near-site investigations as well as
from a review of recently published literature.

As a result of our recent review of the geologic and seismologic
information, we have determined that our esrlier conclusion regarding
the safety of the plant from a geological and seismological standpoint
remains valid. These conclusions can be summarized as follows:

(1) Geologic and seismologic investigations and information provided
by the applicant and required by Appendix A to 10 CFR Part 100
provide an adequate basis to establish that no capable faults
exist in the plant site area which would cause earthquakes to
be centered there.

(2) No evidence has been found to indicate that a potential exists
for surface faulting at the plant.

(3) The acceleration level 0.25g proposed for the safe shutdown earth-
quake is the appropriate acceleration level used to anchor a
Regulatory Guide 1.60 spectra for the seismic design of the plant
in conformance with Appendix A to 10 CFR Part 100.

(4) The potential for detrimental subsidence (resulting from the
near-site extraction of groundwater) affecting the proposed
nuclear plant is considered nonexistent.
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The new information reviewed for the proposed nuclear power plant is
discussed in Sections 2.5.1, 2.5.2, and 2.5.3 below.

The staff concluded that the site is acceptable from a geologic and
heismologic standpoint and meets the requirements of (1) 10 CFR
Part 50, Appendix A (General Design Criterion 2), (2) 10 CFR Part 100,
and (3) 10 CFR Part 100, Appendix A. This conclusion is based on
the following:

1. The applicant has met the requirements of:

a. 10 CFR Part 50, Appendix A (General Design Criterion 2)
with respect to protection against natural phenomena such
as earthquakes, faulting, and collapse.

b. 10 CFR Part 100 (Reactor Site Criteria) with respect to
the identification of physical characteristics such as
geology and seismology used in determining the suitability
of the site.

c. 10 CFR Part 100, Appendix A (Seismic and Geologic Siting
Criteria for Nuclear Power Plants) with respect to obtaining
the geologic and seismic information necessary to determine
(1) site suitability, and (2) to determine the appropriate
design of the plant. In complying with this regulation
the applicant also meets the staff's guidance described in
Regulatory Guide 1.132 (Site Investigations for Founda-
tions of Nuclear Power Plants) and Regulatory Guide 4.7

O (General Site Suitability Criteria for Nuclear Power
Stations).

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases
for Protection Against Natural Phenomena."

2. 10 CFR Part 100, " Reactor Site Criteria."

3. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

,

) 4. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
/ Power Plants." .
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5. Regulatory Guide 4.7, " General Site Suitability Criteria for Nuclear Power |Stations." l

6. R. L. Bates and J. Jackson, eds., " Glossary of Geology," Second Edition, iAmerican Geological Institute, Falls Church, Virginia (1980). I

7. G. V. Cohee (Chairman) et al., " Tectonic Map of the United States," U.S.
Geological Survey and American Association of Petroleum Geologists (1962).

8. American Petroleum Institute data base, accessible through RECON system.

9. GeoRef data base, American Geological Institute, Falls Church, Virginia.

10. RECON / Energy data base, Department of Energy.

11. A. L. Odom and R. D. Hatcher, Jr. , "A Characterization of Faults in the
Appalachian Foldbelt," U.S. Nuclear Regulatory Commission, NUREG/CR-1621
(1980).

12. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

O
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2.5.2 VIBRATORY GROUND MOTION

REVIEW RESPONSIBILITIES

Primary - Geosciences Branch (GB)

Secondary - None
'

I. AREAS OF REVIEW

The GB review covers the seismological and geological investigations carried out to |
establish the acceleration for seismic design of the plant, the procedures and *
analyses used by the applicant to determine the safe shutdown earthquake (SSE) and
the operating basis earthquake (OBE) for the site, and the seismic design bases for
foundations. The principal regulation used by GB in determining the scope and
adequacy of the submitted seismologic and geologic information and attendant proce-
dures and analyses is Appendix A to 10 CFR Part 100, " Seismic and Geologic Siting
Criteria for Nuclear Power Plants" (Ref. 3). Additional guidance (regulations,
regulatory guides, and reports) is provided to GB through References 1, 2 and 4

[ ] through 9.
s
'' Specific areas of review include: seismicity (Subsection 2.5.2.1), geologic and

tectonic characteristics c the site and region (Subsection 2.5.2.2), correlation
of earthquake activity with geologic structure or tectonic provinces (Sub-
section 2.5.2.3), maximum earthquake potential (Subsection 2.5.2.4), seismic wave
transmission characteristics of the site (Subsection 2.5.2.5), safe shutdown earth-
quake (Subsection 2.5.2.6), and operating basis earthquake (Subsection 2.5.2.7).

|

II. ACCEPTANCE CRITERIA

The applicable regulations (Refs. 1, 2, 3) and regulatory guides (Refs. 4, 5, 6)
and basic acceptance criteria pertinent to the areas of this section of the Standard
Review Plan are:

Rev.1 - July 1981
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1. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power
Plants"; General Design Criterion 2 " Design Bases for Protection Against
Natural Phenomena."

This criterion requires that safety-related portions of the structures,
systems, and components important to safety shall be designed to withstand
the effects of earthquakes, tsunami, and seiches without loss of capability
to perform their safety functions (Ref. 1).

2. 10 CFR Part 100, " Reactor Site Criteria." This part describes criteria
which guide the evaluation of the suitability of proposed sites for
nuclear power and testing reactors (Ref. 2).

3. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants." These criteria describe the nature of the investi-
gations required to obtain the geologic and seismic data necessary to
determine site suitability and identifies geologic and seismic factors
required to be taken into account in the siting and design of nuclear
power plants (Ref. 3).

4. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
Power Plants." This guide describes programs of site investigations
related to geotechnical aspects that would normally meet the needs for
evaluating the safety of the site from the standpoint of the performance
of foundations under anticipated loading conditions including earthquake.
It provides general guidance and recommendations for developing site-
specific investigation programs as well as specific guidance for conducting
subsurface investigations, including the spacing and depth of borings as
well as sampling intervals (Ref. 4).

5. Regulatory Guide 4.7, " General Site Suitability Criteria for Nuclear Power
Stations." This guide discusses the major site characteristics related
to public health and safety which the NRC staff considers in determining
the suitability of sites for nuclear power stations (Ref. 5).

6. Regulatory Guide 1.60, " Design Response Spectra for Seismic Design of Nuclear
Power Plants." This guide gives a method acceptable to the NRC staff for
defining the response spectra corresponding to the expected maximum
ground acceleration (Ref. 6).

The primary required investigations are described in 10 CFR Part 100, Section IV(a)
of Appendix A (Ref. 3). The acceptable procedures for determining the seismic
design bases are given in Section V(a) and Section VI(a) of the appendix. The
seismic design bases are predicated on a reasonable, conservative determination
of the safe shutdown earthquake and the operating basis earthquake. As defined
in Section III of 10 CFR Part 100, Appendix A (Ref. 3), the SSE and OBE are |based on consideration of the regional and local geology and seismology and
on the characteristics of the subsurface materials at the site and are described
in terms of the vibratory ground motion which they would produce at the site.
No comprehensive definitive rules can be promulgated regarding the investigations
needed to establish the seismic design bases; the requirements vary from site
to site.

2.5.2-2 Rev. 1 - July 1901
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: Subsection 2.5.2.1, " Seismicity." In meeting the requirement of Reference 3,
| this subsection is accepted when the complete historical record of earthquakes

in the region is listed and when all available parameters are given for each
earthquake in the historical record. The listing should include all earth-
quakes having MM intensity greater than IV or magnitude greater than 3 which
have been reported in all tectonic provinces any parts of which are within 200
miles of the site. A regional-scale map should be presented showing all

j listed earthquake epicenters and, in areas of high seismicity, should be
supplemented by a larger-scale map showing earthquake epicenters of all known |i

' events within 50 miles of the site. The following information concerning each |
earthquake is required whenever it is available: epicenter coordinates, depth
of focus, origin time, highest intensity, magnitude, seismic moment, source
mechanism, source dimensions, source rise time, rupture velocity, total disloca-
tion, fractional stress drop, and any strong-motion recordings; references:

! from which the specified information was obtained should be identified. All
'

magnitude designations such as m , M ' M , etc., should be identified. In
b L s

| addition, any reported earthquake-induced geologic failure, such as liquefac-
tion, landsliding, landspreading, and lurching should be described completely,
including the level of strong motion which induced failure and the physical |
properties of the materials. The completeness of the earthquake history of

; the region is determined by comparison to the historical earthquake data (HcD)
file (Ref. 10) and other published sources of information (e.g., Refs. 11
through 14). When conflicting descriptions of individual earthquakes are
found in the published references, GB shall evaluate which is appropriate for
licensing decisions.,

i Subsection 2.5.2.2, " Geologic and Tectonic Characteristics of Site and Region."
' In meeting the requirements 8f References 1, 2, and 3, this subsection is

accepted when all regional geologic structures and tectonic activity which are
significant in determining the earthquake potential of the region are identi-
fled. Information presented in Section 2.5.1 of the applicant's safety
analysis report (SAR) and information from other literature sources (e.g.,
Refs. 9, and 15 through 19) dealing with regional tectonics should be
developed into a coherent, well-documented discussion to be used as the basis |for determining tectonic provinces and the earthquake gdnerating potential of
the identified geologic structures. Specifically, each tectonic province, any
part of which is within 200 miles of the site, must be identified. Those
characteristics of geologic structure, tectonic history, present and past
stress regimes, and seismicity which distinguish the various tectonic pro- i

vinces and the particular areas within those provinces where historical earth-
quakes have occurred should be described. Alternative regional tectonic
models from available literature sources should be discussed. When several of

*
the alternative models conform equally well with the observed phenomena, the
model which results in the more conservative assessment of the earthquake
potential at the site is accepted. In addition, in those area where there are
capable faults, the results of the additional investigative requirements

! described in 10 CFR Part 100, Appendix A, Section IV(a)(8) (Ref. 3), must be
i presented. The discussion should be augmented by a regional-scale map showing
| the tectonic provinces, earthquake epicenters, locations of geologic structures
! and other features which characterize the provinces, and the locations of any

capable faults.
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Subsection 2.5.2.3, " Correlation of Earthquake Activity with Geologic Structure
or Tectonic Provinces." In meeting the requirements of Reference 3, acceptance
of this subsection is based on the development of the relationship between the
relatively short history of earthquake activity and the geologic structures or
tectonic provinces of a region. The applicant's presentation is accepted when
the earthquakes discussed in Subsection 2.5.2.1 of the SAR are shown to be
associated with either geologic structure or a tectonic province. Whenever an
earthquake epicenter or concentration of earthquake epicenters can be reasonably
correlated with geologic structures, the rationale for the association should
be developed considering the properties of the geologic structure and the
regional tectonic model. The discussion should include identification of the
methods used to locate the earthquake epicenters, an estimate of their accuracy,
and a detailed account which compares and contrasts the geologic structure
involved in the earthquake activity with other areas within the tectonic
province. Particular attention should be given to determining the capability
of faults with which instrumentally-located earthquake epicenters are associated.

The applicant may choose to define tectonic provinces to correspond to subdivi-
sions generally accepted in the literature. A subdivision of a tectonic
province is accepted if it can be corroborated on the basis of detailed seis-
micity studies, tectonic flux measurements, contrasting structural fabric,
different geologic history, differences in stress regime, etc. If detailed
investigations reveal no significant differences between areas within a tectonic
province, the areas should be considered to compose a single tectonic province.
The presentation should be augmented by a regional-scale map showing the
tectonic provinces, the earthquake epicenters, and the locations of geclogic
structures and measurements used to define provinces. Acceptance of the
proposed tectonic provinces is based on the staff's independent review of the
seismicity, tectonic flux (Ref. 39), geologic structure,'and stress regime in |
the region of the site.

Subsection 2.5.2.4, " Maximum Earthquake Potential." In meeting the requirements
of Reference 3, this subsection is accepted when the vibratory ground motion
due to the maximum credible earthquake associated with each geologic structure
or the maximum historic earthquake associated with each tectonic province has
been assessed and when the earthquake which would produce the maximum vibratory
ground motion at the site has been determined. Earthquakes associated with
each geologic structure or tectonic province must be identified. Where an
earthquake is associated with geologic structure, the maximum earthquake which
could occur on that structure should be evaluated,'taking into account such
factors as the type of the faulting, fault length, fault displacement, fault
slip rate, and earthquake history (e.g., Refs. 21, 22, 23, 42).

In order to determine the maximum earthquake that could occur on those faults
which are shown or assumed to be capable, the staff accepts conservative
values based on historic experience in the region and specific considerations
of the earthquake history, sense of movement, and geologic history of movement
on the faults. Where the earthquakes are associated with a tectonic province,
the largest historical earthquake within the province should be identified
and, whenever possible, a probabilistic estimate of the earthquake return
period should be made. Isoseismal maps should also be presented for the most
significant earthquakes. The ground motion at the site should be evaluated
assuming seismic energy traasmission effects are constant over the region of
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the site and assuming that the largest earthquake associated with each geologic
structure or with each tectonic province occurs at the point of closest approach

'

of the structure or province to the site.

The set of conditions describing the occurrence of the earthquake which would
' produce the most severe vibratory ground motion at the site should be defined.

If different potential earthquakes would produce the maximum ground motion in
different frequency bands, the conditions describing all such earthquakes
should be specified. The description of the potential earthquake occurrence
is to include the maximum intensity or magnitude and the distance from the
assumed location of the potential earthquake to the site. The staff indepen-
dently evaluates the effects on site ground motion of the largest earthquake
associated with each geologic structure or tectonic province. Acceptance of
the description of the potential earthquake which would produce the largest
ground motion at the site is based on the staff's independent analysis.

Subsection 2.5.2.5, " Seismic Wave Transmission Characteristics of the Site."
In meeting the requirements of Reference 3, this subsection is accepted when
the seismic wave transmission characteristics (amplification or deamplification)
of the materials overlying bedrock at the site are described as a function of
the significant frequencies. The following material properties should be
determined for each stratum under the site: seismic compressional and shear
wave velocities, bulk densities, soil index properties and classification,
shear modulus and damping variations with strain level, and water table eleva-

I tion and its variation. In each case, methods used to determine the properties
should be described or a cross-reference should be given indicating where in
the SAR the description is provided. For each set of conditions describing
the occurrence of the maximum potential earthquake, determined in Subsection
2.5.2.4, the type of seismic waves producing the maximum ground motion and the
significant frequencies must be determined. For each set of conditions an
analysis should be performed to determine the effects of transmission in the
site material for the identified seismic wave types in the significant frequency
bands.

Where horizontal shear waves produce the maximum ground motion, an analysis3

similar to that of Schnabel et al. (Ref. 24) is appropriate. Where compres- |
sional or surface waves produce the maximum ground motion, other methodt of
analysis (Refs. 25, 26) may be more appropriate. However, since the techniques '

are still in the developmental state of-the art stage and no generally agreed-on
procedures can be promulgated at this time, the staff must use discretion in<

reviewing any methoa of analysis. The site amplification determined in this
way should be compared with characteristics of site amplification in the
epicentral area of the historical earthquake used as a basis for each maximum
potential earthquake. If detailed soils investigations have been made in the
epicentral area, the amplification analysis should be based on these. Because
detailed geologic investigations are generally not available for the epicentral
areas of historical earthquakes, several factors should be considered in
assessing amplification effects there, including: regional geology and soil
conditions, earthquake isoseismal maps, and descriptions of earthquake effects.

O
b
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Subsection 2.5.2.6, " Safe Shutdown Earthquake." In meeting the requirements
of Reference 3, this subsection is accepted when the vibratory ground motion
specified for the safe shutdown earthquake is described in terms of the level
of acceleratien for seismic design and its time history and is as conservative
as that which would result at the site from the maximum credible earthquake |
(determined in Subsection 2.5.2.4) and considering the variations in site
transmission effects (determined in Subsection 2.5.2.5). If several different
maximum potential earthquakes produce the largest ground motions in different
frequency bands (as noted in Subsection 2.5.2.4), the vibratory ground motion
specified for the SSE must be as conservative in each frequency bend as that
for each earthquake, including s;te transmission effects (as noted in
Subsection 2.5.2.5).

The amplitude and variation of acceleration at the grou.'d surface, the ef fective
frequency range, and the duration corresponding to each maximum potential
earthquake must be identified. The acceleration is to be expressed as a
fraction of the acceleration of gravity (g). Where the earthquake has been
associated with a specific geologic structure, the acceleration should be
determined using a relation between acceleration, magnitude or fault length
and distance from the fault (cf. Refs. 20, 23). Where the earthquake has been |
associated with a tectonic province, the acceleration should be determined
using appropriate relations between acceleration, intensity, epicentral inten-
sity, and distance (e.g., Refs. 27, 28, 29, 32, 42). |

Numerous correlations between intensity and acceleration are given in the
literature (Refs. 27, 28, 29, 30, 31, 41, 42); several of them are considered |
acceptable by the staff. The correlation used is accepted if it is conservative
when compared to the actual observational data. Acceptance is based on an
analysis of the site's seismic energy transmission properties (Ref. 24, or j
equivalent). Conservatism should be assessed based on consideration of the
amplification analysis and in comparison with the actual published data. The
staff will generally accept an acceleratit,a for seismic design as being conserva-
tive if, when applied at the ground surface, it results in a value at the
foundation free field level as large as would be obtained from the empirical
relation of the mean of the intensity acceleration values in Reference 31. [

Available ground motion time histories for earthquakes of comparable values of
magnitude, epicentral distance, acceleration level, and site conditions should
be presented (Ref. 40). The spectral content for each potential maximum
earthquake should be described; it should be based on consideration of the
available ground motion time histories and regional characteristics of seismic
wave transmission. The dominant frequency associated with the peak acceleration
should be determined either from analysis of ground motion time histories or
by inference from descriptions of earthquake phenomenology, damage reports,
and regional ch racteristics of seismic wave transmission.

In some cases, the peak acceleration may not be as significant for engineering
d: sign purposes as a sustained acceleration at a lower level. One situation
where the sustained acceleration level may differ from the peak acceleration
is in proximity to the causative fault of the earthquake. It is appropriate
in such cases to define the " reference acceleration for seismic design" as
representative of the level of sustained acceleration. The " reference accelera-
tion for seismic design" determined in this section of the applicant's SAR is
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' taken to be the high frequency asymptote to the design response spectrum
defined in Reference 6. At this time, the staff is not aware of any published |
relations between earthquake intensity or magnitude and sustained acceleration.
Such relations could be developed from analyses of the response spectra of
accelerograph time histories in those areas where magnitude and intensity
measurements are also available. In lieu of such studies, the peak accelerations
are considered to represent conservative reference accelerations for seismic
design. Lower levels of reference acceleration may be justified on a site
specific basis.

The staff's retiew of proposed reference accelerations for seismic design
. considers: the proximity of the site tu the geologic structure or province
with which the potential earthquake is associated, characteristics of accelera-
tion time histories at epicentral distances similar to that of the potential
SSE, results of time-dependent spectral analyses of such time histories (cf.
Refs. 33, 34, 35), the level and dominant frequency of the peak acceleration, |
and seismic wave amplitude attenuation as a result of transmission from the
source to.the site and in the material underlying the site.

The free field response spectrum is reviewed by GB. The Structural Engineering
Branch (SEB) reviews the design response spectrum under Standard Review Plan
(SRP) Section 3.7.1. In general, the response spectrum is acceptable if it is
as conservative as the response spectrum from each of the potential earthquakes
as described above.

The time duration of strong ground motion is required for analysis of site

O The adequacy of the time history for structural analysis is reviewed by SEB
foundation liquefaction potential and for design of many plant components.

under SRP Section 3.7.1. The time history is reviewed in this SRP section
to confirm that it is compatible with the seismological and geological
conditions in the site vicinity and with the accepted SSE model. At present,
there is no truly adequate model for deterministically computing the time
history of strong ground motion from a given source-site configuration. It is

recognized that advances in this technology are being made. It is therefore
acceptable to consider an ensemble of ground motion time histories from earth-
quakes with similar size, site-source characteristics and spectral characteristics
or results of a statistical analysis of such an ensemble. Total duration of
the motion is acceptable when (1) it is as conservative as values determined
using the procedure described by Bolt (Ref. 36) for hard rock sites or for |
analyses where nonstationarity of strong motion time functions is unimportant *
and (2) the spbctrum of the derived accelerogram is found acceptable in the
SEB review under SRP Section 3.7.1. |

Subsection 2.5.2.7, " Operating Basis Earthquake." In meeting the requirements
of Reference 3, this subsection is acceptable when the vibratory ground motion
for the OBE is described with the SSE and the acceleration level at the site
specified. The. minimum value of the acceleration level for the OBE is currently
one-half the reference acceleration for seismic design corresponding to the
SSE. For sites in highly seismic regions, mainly in the western United States, |

the complete description of the OBE, as giv;n in 10 CFR Part 100,

O *more conservative values may be required.For sites on sediments or for analyses where nonstationarity is important,
See, e.g., Refs. 32 and 38.
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Appendix A, Section III(d) (Ref. 3), is required. In some cases, probability
calculations, like those described by Algermissen (Ref. 37), would be helpful [
in estimating the acceleration level reasonably expected to affect the plant
site during the operating life of the plant. Acceptable source regions that
can be use as input to these calculations are these geologic structures or
tectonic provinces with which historical earthquake activity has been asso-
ciated. Such descriptions should include the acceleration level of the OBE
and a determination of the probability of exceeding that level during the
40 year operating life of the plant.

III. REVIEW PROCEDURES

Upon receiving the applicant's SAR, an acceptance review is conducted to
determine: compliance with the investigative requirements of 10 CFR Part 100,
Appendix A (Ref. 3). The rev? ewer also identifies any site-specific problems, [the resolution of which could result in extended delays in completing the
review.

-

After SAR acceptance and docket.ing, those areas are identified where add 1tional
information is required to determine the earthquake hazard and to establish
the design acceleration. 7hese are transmitted to the applicant as draft
requests for additional information (Q-1).

A site visit is ' conducted during which the reviewer inspects the foundation
(if available), local faulting, and other geologic conditions. During the |site visit the reviewer also discusses and clarifies the Q-1 questions with
the applicant and his consultants so that it is clearly understood what addi-
tional information is required by the staff to continue the review. Following
the site visit, a revised set of requests for additional informatinn (Q-1) |including any additional questions which may have been developed during the
site visit is formally transmitted to the applicar'

At the Q-2 stage the review procedure consists mainly of an evaluation of the
applicant's response to the Q-1 questions. The reviewer prepares requests for
adMtional clarifying information and formulates positions which may agree or
disagree with those of the applicant. These are formally transmitted to the
applicant.

The safety analysis report and amendments responding to the requests for |
additional information (Q-1, Q-2) are reviewed to determine that the informa-
tion presented by the applicant is acceptable according to the criteria described
in Seccion II above. Based on information supplied by the applicant, obtained
from site visits, or from staff consultants or literature sources, the reviewer
independently identifies the relevant seismotectonic provinces, evaluates the
capability of faults in the region, and determines the earthquake potential
for each province and each capable fault or tectonic structure using procedures
noted in Section II (Acceptance Criteria) above. The reviewer avaluates the |vibratory ground motion which the potential earthquakes could produce at the
site and defines the safe shutdown earthquake and operating Sasis earthquake.

O
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IV. EVALUAlION FINDINGS

If the evaluation by the staff, on completion of the review of the geologic
and seismologic aspects of the plant site, confirms that the applicant has met
the requirements or guidance of applicable portions of References 1 through 6,
the conclusion"in the SER states that the information provided and investiga-
tions performed support the applicant's conclusions regarding the seismic
integrity of the subject nuclear power plant site. In addition to the conclu-
sion, this section of the SER includes (1) definitions of seismotectonic
provinces; (2) evaluations of the capability of geologic structures in the
region; (3) determinations of the SSE acceleration at ground surface or at a
subsurface level which may be more appropriate to the site; (4) reference
acceleration for seismic design; (S) time duration of strong ground motion;
(6) free field response spectr_- based on evaluation of the potential earth-
quakes; and (7) determinationt 'he OBE acceleration at ground surface.,

Staff reservations about any sigi ficant deficiency presented in the applicant's
SAR are stated in sufficient detail to make clear the precise nature of the
concern. The above evaluation determinations or redeterminations are made by
the staff during both the construction permit (CP) and operating license (0L)
phases of review.

Operating license (OL) applications are reviewed for any new information
developed subsequent to the construction permit (CP) safety evaluation report
(SER). The review will also determine whether the CP recommendations have

p been implemented.
t i
V A typical OL-stage summary finding for this section of the SER follows:

In our re' view of the seismologic aspects of the plant si'.e we have considered
pertinent information gathered since our initial seismologic review which was
made in conjunction with the issuance of the Construction Permit. This new
information includes data gained from both site and near-3ite investigations
as well as from a review of recently published literature.

As a result of our recent review of the seismologic information, we have
determined that our earlier conclusion regarding the safety of the plant from
a seismological standpoint remains valid. These conclusions can be summarized
as follows:

(1) Seismologic information provided by the applicant and required by Appendix A
to 10 CFR Part 100 provide an adequate basis to establish that no capable
faults exist in the plant site area which would cause earthquakes to be
centered there.

(2) ,The acceleration level proposed for the safe shutdown earthquake is the
appropriate acceleration level for the seismic design of the plant in
conformance with Appendix A to 10 CFR Part 100.

The new information reviewed for the proposed nuclear power plant is discussed
in Safety Evaluation Report Section 2.5.2.

bv
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The staff concludes that the site is acceptcble from a seismologic standpoint
and meets the requirements of (1) 10 CFR Part 50, Appendix A (General Design
Criterion 2), (2) 10 CFR Part 100, and (3) 10 CFR Part 100, Appendix A. This
conclusion is based on the following:

1. The applicant has met the requirenents of:

10 CFR Part 50, Appendix A (General Design Criterion 2) with respecta.
to protection against natural phenomena such as faulting.

b. 10 CFR Part 100 (Reactor Site Criteria) with respect to the identi-
fication of physical characteristics such as geology (faulting) and
seismology (near-site events) used in determining the suitability of
the site.

c. 10 CFR Part 100, Appendix A (Seismic and Geologic Sit"g Criteria for
Nuclear Power Plants) with respect to obtaining the geologic and
seismic information necessary to determine (1) site suitability and
(2) to determine the appropriate design of tne plant. In complying
with this regulation, the applicant alsc meets the staff's guidance
described in Regulatory Guide 1.132, " Site Investigations for Founda-
tions of Nuclear Power Plants," Regulatory Guide 4.7, " General Site
Suitability for Nuclear Power Stations," and Regulatory Guide 1.60,
" Design Response Spectra for Seismic Design of Nuclear Power Plants."

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant / licensee proposes an acceptable
alternative method for complying with specific portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs (Refs. 4
through 9).
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2.5.3 SURFACE FAULTING

REVIEW RESPONSIBILITIES

Primary - Geosciences Branch (GB)

Secondary - None

I. AREAS OF REVIEW

GB reviews information in the applicant's safety analysis report (SAR) related to
the existence of a potential for surface faulting affecting the site. The informa-
tion presented in this section results largely from detailed surface and subsurface

Thegeological and geophysical investigations performed in the site and vicinity.
following specific subjects are addressed: the structural and stratigraphic condi-
tions of the site and vicinity (subsection 2.5.3.1), any evidence of fault offset
or evidence demonstrating the absence of faulting (subsection 2.5.3.2), earthquakes
associated with faults (subsection 2.5.3.3), determination of age of most recent
movement on faults (subsection 2.5.3.4), determination of structural relationships

/^N of site area faults to regional faults (subsection 2.5.3.5), identification and
description of capable faults (subsectio 2.5.3.6), zones requiring detailed fault(") investigations (subsection 2.5.3.7), and results of studies in zones requiring
detailed fault in"estigations (subsection 2.5.3.8).

II. ACCEPT..NCE CRITERIA

GB acceptance criteria are based on meeting the requirements of the following
regulations:

1. 10 CFR Part 50, " Appendix A, " General Design Criteria for Nuclear Power
Plants"; General Design Criterion 2 " Design Bases for Protection Against
Natural Phenomena." This criterion requires that safety-related portions of
the structures, systems, and components important to safety shall be designed
to withstand the effects of earthquakes, tsunami, and seiches without loss of
capability to perform their safety functions (Ref. 1).

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Standard review plans are prepired fc se guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operav ..uclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuc .ar industry and the general public of regulatory procedures and policies. Standard review

[
h plans are not substitutes for regulatoq guides or the Commission's regulations and compliance with them is not required. Thees

t / standard review plan sections are keye to the Standard Format and Content of Safety Analysis Reports for Nuclear rower Ptsnts.
G/ Not all sections of the Standard Forma; have a corresponding review plan.

Published standard review plans will be revised p:sriodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
Office of Nuclear Reactor Regulation, V.ast ..*gton, D.C. 20555.

_



2. 10 CFR Part 100, " Reactor Site Criteria." This part describes criteria
which guide the evaluation of the suitability of proposed sites for nuclear
power and testing reactors (Ref. 2).

3. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants." These criteria describe the nature of the investi-
gations required to obtain the geologic and seiseic data necessary to
determine site suitability and identify geologic and seismic factors
required to be taken into account in the siting and design of nuclear power
plants (Ref. 3).

The following regulatory guides provide information, recommendations, and
guidance and in general describe a basis acceptable to the staff for imple-
menting the requirements of GDC 2, Part 100, and Appendix A to Part 100.

a. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
Power Plants." This guide describes programs of site investigations
related to geotechnical aspects that would normally meet the needs
for evaluating the safety of the site from the standpoint'of the per-
formance of foundations and earthworks under anticipated. loading condi-
tions including earthquake. It provides general guidance and recom-
mendations for developing site-specific investigation programs as
well as specific guidance for conducting subsurface investigations,
including the spacing and depth of borings and sampling (Ref. 4).

b. Regulatory Guide 4.7, " General Site Suitability Criteria for Nuclear
Power Stations." This guide discusses the major site characteristics
related to public health and safety which the NRC staff considers in
determining the suitability of sites for nuclear power stations
(Ref. 5).

The data and analyses presented in the SAR are acceptable if, as a minimum,
they describe and document the information required by Reference 3 and should
conform to the format suggested in Reference 15. References 8, 9, and 10 are
used by the staff as the principal relevant guides to judge whether or not all
of the current pertinent references have been consulted. Among others,
References 6, 7, 11 through 14, and 16 are also used by the staff.

Specific criteria necessary to meet the relevant requirements of the Commission
regulations identified above are as follows:

Subsection 2.5.3.1. In meeting the requirements of References 1 through 3 and
the positions of References 4 and 5, this subsection is considered acceptable
if the discussions of the stratigraphy, methods of fault dating, structural
geology, and geologic history of the site are complete, compare well with
studies conducted by others in the same area, and are supported by detailed
investigations performed by the applicant. In the case of coastal and inland
sites near large bodies of w ter, similar detailed investigations are to be
conducted offshore as weli os onshore. Site and regional geologic maps and
profiles constructed at scales adequate to illustrate clearly the surficial
and bedrock geology, structural geology, topography, and the relationship of |
the safety-related foundations of the nuclear power plant to these features
should be included in the SAR.

O
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Subsection 2.5.3.2. In meeting the requirements of References 1, 2, and 3,
this subsection is acceptable if sufficient surface and subsurface information

p is provided and supported by detailed investigations, eithe, to confirm the
i absence of faulting or, if faulting is present, to demonstrate its age. If(V faulting is present in the site vicinity, it must be defined as to fault geometry,

amount and sense of movement, recurrence rate, and age of latest movement. In |
addition to g :ologic evidence which may indicate faulting, linears interpreted
fromtopographicmeos, low-andhigh-altitudeaerialphotographs, Landsat, Skylab,|In order to expediteand other imagery should be documented and investigated.
the review process, an identification list, index, and duplicates of the remote-
sensing data used in the linear study should be provided to the staff. Evidence
for absence of faulting is obtained by conducting site surface and subsurface
investigations in such detail and areal extent to ensure that edetected offsets
are not likely to exist. These investigations will vary in detail according
to the geological complexity of the specific site.

Subsection 2.5.3.3. In meeting the requirements of References 1, 2, and 3,
this subsection is acceptable if all historically reported earthquakes within
5 miles of the site or near faults which trend within 5 miles of the site, as
discussed in SRP Section 2.5.2, are evaluated with respect to hypocenter accuracy |
and source origin. In conjunction with these discussions, a plot of the earth-
quake epicenters superimposed on a map showing the local tectonic structures
as defined in SRP Section 2.5.1 should be provided. Hypocentral error estimates
of the earthquakes should be shown.

Subsection 2.5.3.4. In meeting the requirements of References 1 and 3, this
subsection is acceptable when every fault, any part of which is within 5 miles
of the site, is investigated in sufficient detail using geological and geo-
physical techniques of sufficient sensitivity to demonstrate the age of most

Q recent movement (Ref. 16). An evaluation of the sensitivity and resolution of |
the exploratory techniques used should be given.

Subsection 2.5.3.5. In meeting the requirements of References 1, 2, and 3,
this subsection is acceptable when a discussion is given of the structural and
genetic relationship between site area faulting and the regional tectonic frame-
work. In regions of active tectonism it may be necessary to conduct detailed
geologic and geophysical investigations to demonstrate the structural relation-
ships of site area faults to regional faults'known to be seismically active.
Both a theoretical and an observational basis for the conclusions reached
should be given.

Subsection 2.5.3.6. In meeting the requirements of References 1, 2, and 3,
this subsection is acceptable when it has been demonstrated that the investi-
gative techniques used have sufficient sensitivity to identify all faults
greater than 1000 feet in length within 5 miles of the site and when the
geometry, length, sense of movement, amount of offset, age of latest movement,
and limits of the fault zone are given for each fault. Investigations are to

extend at least 5 miles beyond all plant sites adjacent to large bodies of
water such as oceans, rivers, and lakes.

Subsection 2.5.3.7. In meeting the requirements of Reference 3, tnis s"bsec-
tion is judged acceptable if the zone designated by the applicant o. .aqt.' ring
detailed faulting investigation is consistent with the description of such a
zone described in Reference 3. |

0
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Subsection 2.5.3.8. In meeting the requirements of References 1, 2, and 3,
this subsection must be presented by the applicant if the aforementioned inves-
tigations reveal that surface displacement must be taken into account. No
commercial nuclear power plant has been constructed on a known capable fault
and it is an open question as to whether it is feasible to design for surface
or near-surface displacement with confidence that the integrity of the safety-
related features of the plant would remain intact should displacement occur.
It is, therefore, staff policy to reconmend relocation of plant sites found to
be located on capable faults as determined by the detailed faulting investiga-
tion. If in the future it becomes feasible to design for surface faulting, it |
will be necessary to present the design basis for surface faulting and supporting
data in considerable detail.

III. REVIEW PROCEDURES

The staff review procedure involves an tvaluation to determine that the appli-
cant has followed the investigations outlined in Reference 3. Consultants /
advisors assist the staff in reviewing this section of the SAR, on a case-by-case
basis. On request, the advisor / consultant provides expertise in numerous earth
science disciplines and occasionally is able to provide first-hand knowledge
of the site. A literature search is conducted concerning the regional and local
geology. The staff also utilizes state geological surveys and contacts univer-
sities and private industry to obtain additional data.

Generally, the steps that applicants must follow in determining the presence
and extent of faulting, and whether near-surface faulting (if present) represents
a hazard or not, is outlined in the seismic and geologic siting criteria (Ref. 3). |
Specific investigative techniques are not given in the criteria, however. The
site area must be investigated by a combination of exploratory methods which
may include borings, trenching, seismic profiling, geologic mapping, and geo-
physical investigations. The results of these explorations are cross-compared
and evaluated by the staff.

It has been the policy of the staff to encourage applicants to avoid areas where
there is a possibility for surface faulting. As the question of whether or
not a surface faulting condition exists is so critical in determining whether
a particular site is suitable, this consideration is usually addressed very
early in the review. Exceptions are those cases in which a fault, the existence
of which was previously unknown, is revealed in excavations during construction
or is discovered during the course of other investigations in the area. The
staff is to be notified by the applicant when the excavations for critical
structures are available for NRC inspection and when the detailed geologic maps
to be used by the staff while examining tne above excavations will be available
for use. In addition, the staff is to be contacted immediately if a fault, not
previously identified in the SAR, is found within 5 miles of the plant.

When faults are identified in the site vicinity, it must be demonstrated that
the faults are not capable. This is accomplished by determining the ages of
the faults by absolute age dating (radiometric), associating the faulting with
regional tectonic activity of known age, stratigraphic or geomorphic evidence,
etc. Nu.nerous age-dating techniques (principally radiometric) are discussed
in Reference 16. In such cases the staff will carry out limited site obser-
vations and investigations of its own such as examinations of excavations. In
some cases, the staff may select samples from shear zones for subsequent dating
analysis. Applicants usually trench in the areas where major facilities are
to be located.
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Subsection 2.5.3.1 is evaluated by conducting an independent literature search
and cross-comparing the results with the information submitted in the SAR.

O The comparison should show that the conclusions presented by the applicant are
based on sound data, are consistent with the published reports of experts who
have worked in the area, and are consistent with the conclusions of the staff
and its advisors / consultants. If the applicant's conclusions and assumptions |
conflict with the literature, substantive investigative results to support
those conclusions must be submitted to the staff for review.

Subsection 2.5.3.2 is evaluated by first determining through a literature
search tnat all known evidences of fault offset have been considered in the
investigation. The results of the applicant's site investigations are studied
and cross-compared in detail to see if there is evidence of existing or poten-
tial displacements. If such evidence is found, additional investigations such
as field mapping, geophysical investigations, borings, trenching, etc., must
be carried out to demonstrate that there is no offset or to define 'ne charac-
teristics of the fault if it does exist.

.

Subsection 2.5.3.3 is reviewed in conjunction with the consideration of SRP
Section 2.5.2. Historic earthquake data derived from the review of SRP
Section 2.5.2 are compared with known local tectonic features and a determina-
tion is made as to whether any of these earthquakes can reasonably be associated
with the local structures. This determination includes an evaluation of the
hypocentral error estimates of the earthquakes. When available, the earthquake
source mechanisms should be evaluated with respect to fault geometry. In addi-
tion, applicants / licensees are encouraged to evaluate the relationship of fault
parameters to earthquake magnitude. These parameters may includet but are not

n\ limited to, siip rate, recurrence intervals, length, and type of fault.

b Subsection 2.5.3.4 is evaluated to determine if the age dating methodology
used by the applicant is based on accepted geological procedures. In some
cases unusual age dating techniques may be used. When such methods are
employed, the staff will require extensive documentation of the technique and
may treat it as a generic review item. The resolution of all age dating tech-
niques should be carefully documented.

Subsection 2.5.3.5 is evaluated by determining through a literature search
that the applicant's evaluation of the regional tectonic framework is consistent
with that of recognized experts whose reports appear in the published literature. |
The conclusions reached by the applicant should be based on sound geologic
principles and should explain the available geological and geophysical data.
When special investigations are made to determine the structural relationship
between faults which pass within 5 miles of the site and regional faults, the
resolution of the investigative techniques should be given.

Subsection 2.5.3.6 is evaluated to determine if a sufficiently detailed investi-
' gation has been made by the applicant to define the specific characteristics

of all capable faults located within 5 miles of the site. The fault character-
istics requiring definitions include: length, orientation, relationship of
the fault to regional structures; the nature, amount, and geologic history of
displacements along the fault; and the outer limits of the fault zone estab-
lished by mapping fault traces 10 miles along trends in both directions from
the point of nearest approach to the site (Ref. 3). The staff must be satisfied |
that the investigation covers a large enough area in sufficient detail to demon-p)'

g strate that there is little likelihood of near-surface displacement hazards
b associated with capable faults existing undetected near the site.
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Subsection 2.5.3.7. Criteria for determining the zone requiring detailed fault-
ing investigation are clearly outlined in Reference 3. The staff reviews the |
results of the applicant's faulting investigation together with the published
literature. The investigative techniques employed by the applicant are evalu-
ated to ascertain that they are consistent with the state of the art. As part
of this phase, experts in specific disciplines are asked to review certain
aspects of the investigative program. The results of the investigation are
analyzed to determine whether the outer limits of the zone requiring faulting
investigation are appropriately conservative. If there is insufficient data
to substantiate the outer boundaries, more conservative assumptions are required.

Subsection 2.5.3.8. If the detailed faulting investigations for the proposed
commercial nuclear power plant reveal that there is a potential for surface
displacement at the site, the staff recommends that an alternate location for
the proposed plant be considered. In the future, when it may be feasible to
design a commercial nuclear power plant for displacements, substantial infor-
mation will be required to support the design basis for surface faulting.

IV. EVALUATION FINDINGS

If the evaluation by the staff, on completion of the review of the geologic
and seismologic aspects of the plant site, confirms that the applicant has met
the requirements of applicable portions of 10 CFR Part 50, Appendix A, General
Design Criterion 2, " Design Bases for Protection Against Natural Phenomena,"
10 CFR Part 100, " Reactor Site Criteria," and 10 CFR Part 100, Appendix A,
" Seismic and Geologic Siting Criteria for Nuclear Power Plants," the conclusion
in the SER statts that the information provided and investigations performed
support the applicant's conclusions regarding the geologic and seismic integ-
rity of the subject nuclear power plant site. Staff reservations about any
significant deficiency either presented in the applicant's SAR or identified
by the staff are stated in sufficient detail to make c. lear the precise nature
of the concern. The above evaluation determinations are made by the staff
during both the construction permit (CP) cnd operating license (0L) phases of
review.

Operating license (OL) applications are reviewed for any new information
developed subsequent to the construction permit (CP) safety evaluation report
(SER). The review will also determine whether the CP recommendations have been
implemented.

A typical OL-stage finding for this section of the SER follows:

In our review of the geologic and seismologic aspects of the plant
site we have considered pertinent information gathered since our
initial geologic and seismologic review which was made in conjunction
with the issuance of the construction permit. This new information
includes data gained from both site and near-site investigations as
well as from a review of recently published literature.

As a result of our recent review of the geologic and seismologic
information, we have detcrmined that our earlier conclusion regarding
the safety of the plant from a geological and seismological standpoint
remains valid. These conclusions can be summarized as follows:

O
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(1) Geologic and seismologic investigations and information provided
by the applicant and required by Appendix A to 10 CFR Part 100,

\ provide an adequate basis to establish that no capable faultsw ,) exist in the plant site area which would cause earthquakes to
be centered there.

(2) No evidence has been found to indicate that a potential exists
for surface faulting at the plant site.

The new information reviewed for the proposed nuclear power plant is
discussed in Safety Evaluation Report Section 2.5.3.

The staff concludes that the site is acceptable from a geologic and
seismologic standpoint and meets the requirements of (1) 10 CFR Part
50, Appendix A (General Design Criterion 2), (2) 10 CFR Part 100,
and (3) 10 CFR Part 100, Appendix A. This conclusion is based on
the following:

1. The applicant has met the requirements of:

a. 10 CFR Part 50. Appendix A (General Design Criterion 2)
with respect to protection against natural phenwena such
as faulting.

b. 10 CFR Part 100 (Reactor Site Criteria) with respect to
the identification of physical characteristics such as
geology (faulting) and seismology (near site events) used

/m in determining the suitability of the site.
\

k_- c. 10 CFR Part 100, Appendi. A (Seismic and Geologic Siting
Criteria for Nuclear Power Plants) with respect to obtaining
the geologic and seismic information necessary to determine
(1) site suitability, and (2) to determine the appropriate
design of the plant. In complying with this regulation, the
applicant also meets with the staff's guidance described in
Regulatory Guide 1.132, (Site Investigations for Foundations
of Nuclear Power Plants) and Regulatory Guide 4.7 (General
Site Suitability for Nuclear Power Stations).

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using .is SRP section.

Except in those cases in which the applicant / licensee proposes an acceptable
alternative method for complying with specific portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

r

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES,

('7i 1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."N
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2. 10 CFR Part 100, " Reactor Site Criteria." |

3. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuc ear Power Plants."

4. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
Power Plants."

5. Regulatory Guide 4.7, " General Site Suitability Criteria for Nuclear Power
Stations."

6. R. L. Bates and J. A. Jackson, eds. , " Glossary of Geology," American
Geological Institute, Falls Church, Virginia (1980).

7. G. V. Cohes (Chairman) et al., " Tectonic Map of the United States," U.S.
Geological Survey and American Association of Petroleum Geologists
(1962).

8. American Petroleum Institute data base, accessible through RECON system.

9. GeoRef data base, American Geological Institute, Falls Church,
Virginia.

10. RECON / Energy data base, Department of Energy

11. State geological maps and accompanying texts.

12. U.S. Geological Survey 7.5- and 15 minute topographic and geologic quad-
rangle maps.

13. Aerial photographs frem Federal agencies such as the National Aeronautics
and Spa,ce Administration, the U.S. Department of Agriculture, the U.S. Geo-
logical Survey, and the U.S. Forest Service.

14. Landsat, Skylab, and other imagery.

15. Regulatory Guide 1.70, " Standard '' rmat and Content of Safety Anal.vsis
Reports for Nuclear Power Plants.'

|

16. P. J. Murphy, J. Briedis, and J. H. Peck, " Dating Techniques in Fault
,

| Investigations," p. 153-168, in: Geology in the Siting of Nuclear Power
Plants; A. W. Hatheway and C. R. McClure, Jr., eds., Reviews in Engr.'

Geol., v. 4, Geol. Soc. America, 1979.

|
!

|

.
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|
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2.5.4 STABILI~Y GF SUBSURFACE MATERIALS AND FOUNDATIONS

REVIEW RESPONSIBILITIES

Primary - Hydrologic and Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

Information must be presented by the applicant concerning the properties and sta-
bility of all soils and rock which may affect the nuclear power plant facilities,
under both static and dynamic conditions including the vibratory ground motions
associated with the safe shutdown earthquake. Stability of these materials, as
they influence the safety of seismic Category I facilities, must be demonstrated.
In addition an assessment of the properties and stability of these materials should
be consistent with SRP Sections 3.7 and 3.8. Much of the information discussed in
this section may be presented in other sections, in which case it may be cross-
referenced rather than repeated here.

O)\ |Q The staff review covers the following specific areas:

1. Geologic features (Subsection 2.5.4.1) in the vicinity of the site:

a. Areas of actual or potential surface or subsurface subsidence, solution
activity, uplif t, or collapse.

b. Zones of ulteration or irregular weathering profiles, and zones of
structural weakness.

c. Unrelieved stresses in bedrock and their potential for creep and rebound
effects.

.

i

d. Rocks or soils that might be unstable because of their mineralogy, lack
of consolidation, water content, or potentially undesirable response to
seismic or other events.
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e. History of deposition and erosion, including glacial and other pre-
loading influence on soil deposits.

f. Estimates of consolidation and preconsolidation pressures and methods
used to estimate these values.

2. The static and dynamic engineering properties of soil and rock strata
underlying the site (Subsection 2.5.4.2) as supported by representative
field and laboratory data provided by the applicant.

3. The relationship of the foandations for safety-related facilities and the
engineering properties of underlying materials as illustrated on plot plans
and profiles (Subsection 2.5.4.3) provided by the applicant.

4. The results of seismic refraction and reflection surveys, including in-hole
and cross-hole explorations, as presented in the safety analysis report
(SAR) by discussions, plot plans, boring logs, tables, and profiles to
support the assumed dynamic soil or rock characteristics (Subsection
? 5.4.4) and stratigraphy.

5. Safety-related excavation and backfill plans and engineered earthwork
cnalyses and criteria (Subsection 2.5.4.5) as illustrated on plot plans
and profilec, discussed in the text, and supported by explorations for
barrow material, test fills and adequate representative laboratory test
records.

6. Groundwater conditions and piezametric pressure in all critical strata
(Subsection 2.5.4 6) as they affect the loading and stability of foundation
materials. This part of the staff review also includes an evaluation of
the applicant's plans for dewatering during construction as well as
groundwater control throughout the life of the plant.

7. The responses of site soils or rocks to dynamic loading (Subsection 2.5.4.7),
including appropriate laboratory and field test records in sufficient number
and detail adequate to support conclusions derived from the analyses.
Soil-structure interaction analyses are reviewed in coordination with
Structural Engineering Branch (SEB) to assure soil properties data for the
soil profile model are representative of the in situ soils.

8. The liquefaction potential (Subsection 2.5.4.8) and consequences of lique-
faction of all subsurface soils, including the settlement of foundations.
These analyses are based on soil properties obtained by state-of-the-art
laboratory and field tests and involve application of both deterministic
and probabilistic procedures.

9. The earthquake design bases (Subsection 2.5.4.9) are evaluated in detail
in Section 2.5.2 of the SAR. These are summarized and cross-referenced
in this subsection. The safe shutdown earthquake (SSE) and the operating
basis earthquake (OBE) are evaluated in this subsection in combination
with other hazards (floods, etc.) to assess the adequacy of the site
materials under dynamic conditions.

10. The results of investigations and analyses conducted to determine founda-
tion material stability, deformation and settlement under static conditions
(Subsection 2.5.4.10).
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11. Criteria, references, and design methods (Subsection 2.5.4.11) used in
static and seismic analyses of foundation materials, including an explana-O tion of computer programs used in the analyses and snil loads on subsurface
facilities.

12. Techniques and specifications to improve subsurface conditions (Subsec-
tion 2.5.4.12), which are to be used at the site to provide suitable
foundation conditions.

13. Additional information on foundations is covered in SRP Section 3.8.5 and
should be cross-referenced to this section.

The HGEB will coordinate other branch evaluations that interface with the
Geotechnical Engineering aspects of the site as follows: Geosciences Branch
(GB) will determine the adequacy of the geologic and seismic information cited
in suppcit. of the applicant's conclusions concerning the suitability of the
plant site as part of its primary review responsibility for SRP Section 2.5.1.
GB also reviews the seismological and geological investigations carried out to
establish the ground motion environment for seismic design of the plant, the
procedures and analyses used by the applicant in establishing the SSE and 08E
for the site, and the seismic design bases for foundations as part of its primary
review responsibility for SPP Section 2.5.2. HGEB reviews the geotechnical
parameters and methods employed in the analysis of soil and foundation response
to the ground motion environment. The results of the stability evaluations of
subsurface materials and foundations are reviewed by SEB to assure that the
soil loads and structural deflections, including any reduction in support I
capability of subsurface materials, can safely be accommodated by structural I
components as part of its primary review responsibilities. for SRP Sections 3.7
and 3.8. Licensing Guidance Branch (LGB) will coordinate the review of technical

d specifications to insure that Geotechnical Engineering Design features related
to materials of construction and geometric arrangement of subsurface materials,
foundations, cut slopes, and embankments, which if degraded or altered would
have a significant effect on safety, are included in conjunction with its primary
review responsibility fcc SRP Section 16.0. Quality Assurance 9 ranch (QAB)
will coordinate the review of Geotechnical Engineering aspects of the QA program
pertaining to safety-related structures, systems, and components in conjunction
with its prirr.ary review responsibilities for SRP Section 17.1.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The applicable rules and basic acceptance criteria pertinent to the areas of
this section of the Standard Review Plan are:

1. 10 CFR Part 50, 650.55a - Codes and Standards. This rule requires that
structures, systems, and components shall be designed, fabricated, erected,
constructed, tested and inspected in accordance with the - uirement of
applicable codes and standards commensurate with the impoicance of the
safety function to be performed. (Ref. 1).

%!
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2. 10 CFR Part 50, Appendix A:

(a) General Design Criterion 1 " Quality Standards and Records." This
criterion requires that structures, systems and components important
to safety shall t' designed, fabricated, erected, and tested to quality
standards commensurate with the imp 3rtance of the safety functions
to be performed. It also requires that appropriate records of the
design, fabrication, erection, and testing of structures, systems, and
components important to safety shalf be maintained by or under the
contrcl of the nuclear power unit licensee throughout the life of
the unit. (Ref. 2)

(b) General Design Criterion 2 " Design Bases for Protection Against
Natural Phenomena." This criterion requires that safety-related
portions of the system shall be designed to withstand the effects of
earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches
without loss of capability to perform their safety functions.
(Ref. 3)

(c) General Design Criterion 44 " Cooling Water" - This criterion
requires that a system shall be provided with the sefety function of
transferring the combined heat load from ,tructures, systems, and
components important to safety to an ultimate heat sink under normal
operating and accidentai conditions. (Ref. 4)

3. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants." This appendix establishes quality
assurance requirements for the design, construction, and operation of those
structures, syctems, and components of nuclear power plants that prevent
or mitigate the conseepences of possulated accidents that could cause undue
risk to the health and safety of the public. (Ref. 5)

4. 1.0 CFL Part 100, " Reactor Site Criteria." This part describes criteria
which guide the evaluation of the suitability of proposed sites for nuclear
power and testing reactors. (Ref. 6)

5. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants." These criteria describe the nature of the investi-
gations required to obtain the geologic and seismic data necessary to
determine site suitability and identify geologic and seismic factors
required to be taken into account in the siting and design of nuclear
power plants. (Ref. 7)

The following Regulatory Guides provide information, recommendations, and
guidance and in general describe a basis acceptable to the staff that may be
used to implement the requirements of 10 CFR Part 50, g50.55a; 10 CFR Part SC,
Appendix A, General Design Criteria 1, 2 and 44; 10 CFR Part 50, Appendix B;
10 CFR Part 100; and 10 CFR Part 100, Appendix A.

1. Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power Plants."
This guide describes a basis acceptable to the staff that may be
used to implement General Design Criteria 2 and 44 with regard to
the ultimate heat sink, including necessary retaining structures and
the canals and conduits connecting the ultimate heat sink with the
cooling water system intake structures. (Ref. 8)
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2. Regulatory Guide 1.28, " Quality Assurance Program Requirements (Design
and Construction)." This guide describes a method acceptable to the staff

_

T for complying with the Commission's regulations with regard to 10 CFR
,") Part 50, Appendix B, overall quality assurance program requirements during

design and construction of nuclear power plants. (Ref. 9)

3. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
Power Plants." This guide describes programs of site investigations
related to geotechnical engineering aspects that would normally meet the
needs for evaluating the safety of the site from the standpoint of the
performance of foundation and earthworks under anticipated loading
conditions including earthquake in complying with 10 CFR Part 100 and
10 CFR Part In0, Appendix A. It provides general guidance and recom-
mendations for developing site-specific investigation programs as well as
specific guidance for conducting subsurface investigations, the spacing
and depth of borings and sampling. (Ref. 10)

4. Regulatory Guide 1.138, " Laboratory Investigations of Soils for Engineering
Analysis and Design of Nuclear Power Plants." This guide describes labora-
tory investigations and .esting practices acceptable for determining soil
and rock properties e ' *aracteristics needed for engineering analysis
and design for foundm..xs and earthwork for nuclear power plants in
complying with 10 CFR'Part 100 and 10 CFR Part 100, Appendix A. (Ref. 11)

A thorough evaluation of the geotechnical engineering aspects of the nuclear
plant site as described in the following subsections must be presented along
with the basic data supporting all conclusions. Sufficient information must
be provided to allow the staff and its advisors to conduct independent analyses.
The site investigations must be adequate in scope and in technique to provide
the necessary data.,,,

Specific criteria necessary to meet the relevant requirements of the Commission
regulations identified above are as follows:

Subsection 2.5.4.1. In meeting the requirements of References 1, 6, and 7 and
the regulatory positions of References 10 and 11, the section defining geologic
features is acceptable if the discussions, maps, and profiles of the site
stratigraphy, lithology, structural geology, geologic history, and engineering
geology are complete and are supported by site investigations sufficiently
detailed to obtain an unambiguous representation of the geology. 'The informa-
tion must be presented in this subsection or cross-referenced to the appropriate
subsection in Section 2.5.1 of the SAR. |

,

Subsection 2.5.4.2. In meeting the requirements of References 1, 2, 3, 6, and
7 and the regulatory positions of References 10 and 11, the description.of
properties of underlying materials is considered acceptable if state-of-the-art
methods are used to determine the static and dynamic ergineering properties of
all foundation soils and rocks in the site area. These methods are described,
for example, in geotechnical journals published by the American Society of
Civil Engineers (Ref. 13), applicable standards published oy the American Society
for Testing and Materials (Ref. 14), publications of the Institution of Civil
Engineers (Ref. 15), and various research reports prepared by universities
(Ref. 16). The properties of foundation material must be supported by field
(Ref. 19 and 20) ard laboratory (Ref. 21) test records.

V'
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Normally, a complete field investigation and sampling program must be performed
to define the occurrence and properties of underlying materials at a given site
(Ref. 17). Summary tables must be provided which catalog the important test |
results; test results should be plotted when appropriate. Also, a detailed
discussion of laboratory sample preparation must be given when applicable.
For critical laboratory tests, full details must be given, e.g., how saturation
of the sample was determined and maintained during testing, how the pore pres-
sures changed.

The applicant should provide a detailed and quantitative discussion of the
criteria used to determine that the samples were properly taken and tested in
sufficient number to define all the critical soil parameters for the site.
For sites that are underlain by saturated soils and sensitive clays, it should
be shown that all zones which could become unstable due to liquefaction or
strain-softening phenomena have been adequately sampled and tested. The
relative density of the soils at the site should be determined. The applicant
must also show that he has adequately defined the consolidation behavior of
the soils as well as their static and dynamic strength. The discussion should
explain how the developed data is used in the safety analyses, how the test
data is enveloped for design, why the design envelope is conservative and present
a table indicating the value of the parameters used in the analyses.

Subsection 2.5.4.3. In meeting the requirements of References 2, 3, 6, and 7
and the regulatory positions of References 8, 10, and 11, the discussion of the
relationship of foundations and underlying materials is acceptable if it
includes:

1. A plot plan or plans showing the locations of all site explorations, such
as borings, trenches, seismic lines, piezometers, geologic profiles, and
excavations with the locations of the safety-related facilities superimposed
thereon.

2. Profiles illustrating the detailed relationship of the foundations of all
seismic Category I and other safety-related facilities to the simsurface
materials.

3. Logs of core borings and test pits.

4. Logs and maps of exploratory trenches in the preliminary safety analysis
report (PSAR), and geologic maps and photographs of the excavations for
the facilities of the nuclear power plant in the final safety analysis
report (FSAR).

,

Subsection 2.5.4.4. In meeting the requirements of References 1, 2, 6, and 7
dod the regulatory positions of References 10 and 11, the presentation of the
dynamic characteristics of soil or rock is acceptable if geophysical investi-
gations have been performed at the site and the results obtained therefrom are
presented in detail. Completeness of thq presentation is judged by whether or
not the exploratory techniques used by the applicant yield unambiguous and
useful information, whether they represent state-of-the-art exploration methods
(Refs. 10, 13, 14, and 17), and whether the applicant's interpretations are |
supported by adequate field records in the SAR. See also Subsection 2.5.2.3.

Subsection 2.5.4.5. In meeting the requirements of References 1 through 7 and
the regulatory positions of References 8 through 11, the presentation of the
data concernina axcavation, backfill, and earthwork analyses is acceptable if:
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1. The sources and quantities of backfill and borrow are identified and are

m shown to have been adequately investigated by borings, pits, and laboratory
' property and strength testing (dynamic and static) and these data are

included, interpreted, and summarized.

2. The extent (horizontally and vertically) of all Category I excavations,
fills, and slopes are clearly shown on plot plans and profiles.

3. Compaction specifications and embankment and foundation designs are
justified by field and laboratory tests and analyses to assure stability
and reliable performance.

4. Quality control methods are discussed and the quality assurance program
described and referenced.

5. Control of grouadwater during excavation to precluda degradation of
foundation materials is described and referenced.

Subsection 2.5.4.6. In meeting the requirements of References 2, 3, 4, 6, and
7 and the regulatory positions of References 8,10, and 11, the analysi:, of
groundwater conditions is acceptable if the following are included in this
subsection or cross-referenced to the appropriate subsections in Section 2.4
of the SAR: |

1. Discussion of critical cases of groundwater conditions relative.to the
foundation stability of the safety related facilities of the nuclear
power plant.

2. Plans for dewatering during construction.

3. Analysis and interpretation (,f seepage and potential piping conditions
during construction.

4. Records of field and laboratory permeability tests.

5. History of groundwater fluctuations as determined by periodic monitoring
of local wells and piezometers. Flood conditions should also be considered.

Subsection 2.5.4.7. In meeting the requirements of References 2, 3, 4, 6, and
7 and the regulatory positions of References 10 and 11, descriptions of the
response of soil and rock to dynamic loading are acceptable if:

1. An investigation has been conducted and discussed to determine the effects
of prior earthquakes on the soils and rccks in the vicinity of the site.
Evidence of liquefaction and sand cone formation should be included.

!
; 2. Field seismic surveys (surface refraction and reflection and in-hole and

cross-hole. seismic explorations) have been accomplished and the data
i presented and interpreted to develop P and S wave velocity profiles.

3. Dynamic tests have been performed in the laboratory on samples of the
j foundation soil and rock and the results included. The section should be
i cross-referenced with Subsection 2.5.2.5.

O
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The soil-structure interaction analysis should be described in SRP Sections 3.7.1
and 3.7.2 and cross-referenced to this subsection. In the soil-structure
interaction analysis, the following parameters are reviewed:

The static and dynamic properties of the soil supporting the structurea.
are properly determined and compatible with the characteristics of the
analytical model used to evaluate soil-structure interaction effects.

b. The soil profile has been properly modeled when a two-dimensioral finite-
element analysis is used, or if a half-space analysis method is used, when
foundation moduli and damping are consistent with soil properties and soil
profiles at the site.

c. The static and dynamic loads, and the stresses and strains induced in the
soil surrounding and underlying the structure are adequately and
realistically evaluated.

d. The cens?quences of the induced soil stresses and strains, as they
influence the soil surrounding and underlying the structure, have been
conservatively assessed.

Subsection 2.5.4.8. In meeting the requirements of References 2, 3, 4, 6, and
7 and the regulatory positions of References 8, 10, and 11, if the foundation
materials at the site adjacent to and under Category I structures and facilities
are saturated soils and the water table is above bedrock, then an analysis of
the liquefaction potential at the site is required. The need for a detailed
analysis is determined by a study on a case by case basis of the site strati-
graphy, ciitical soil parameters, and the location of safety-related founda-
tions. Undisturbed samples obtained at the site and appropriate laboratory
tests are required to show if the soils are likely to liquefy. Liquefaction
potential assessments using both deterministic and probabilistic a,ioroaches
are desirable.

When i,he need for an in-depth analysis is indicated, it may be based on cyclic
triaxial test data obtained from undisturbed soil samples taken from the critical
zones in the site area. The shear stresses induced in the soil by the postulated
earthquake should be determined in a manner that is consistent with SRP
Section 2.5.2. The criterion that should be used to determine when the soil
samnles tested " liquefied" should be taken as the onset of liquefaction (defined
as the cycle when the pore pressure first equals the confining pressure).
Test data showing the rate of pore pressure increase with number of load cycles
should be presented. If the behavior of the pore pressure is such that peak
to peak axial strains greatu than a few percent occur before liquefaction,
then the applicant must includt. the effects of these strains in his assessment
of the potential hazards that couplete or partial liquefaction could have on
the stability and settlement of any Category I structures.

Nonseismic liquefaction (such as that induced by erosion, floods, wind loads
on structures and wave action) should be analyzed using state-of-the-art soil
mechanics principles.

.

Subsection 2.5.4.9. In meeting the require.nents of References 3, 6, and 7, |
the earthquake design basis analysis is acceptable if a brief summary of the
derivation of the safe shutdown and operatirig basis earthquakes (SSE and OBE)
is presented and references are included to Subsections 2.5.2.6 and 2.5.2.7.

2.5.4-8 Rev. 2 - July 1981

___ - ___ __________ __



-______

Subsection 2.5.4.10. In meeting the requirements of References 1, 2, 3, 4, 6,
and 7 and the regulatory positions of References 8, 10, and 11, the oiscussions

f of static analyses are acceptable if the stability of all safety related

s facilities has been analyzed from a static stability standpoint including
bearing capacity, rebound, settlement, and differential settlemer.t3 under
deadloads of fills and pl6nt facilities, and lateral loading conditions.
Field and laboratory test procedures and results must be included to document {soil and rock properties used in the analyses. The applicant must show that '

the methods of analysis used are appropriate for the local soil conditions
and the function of the facility.

Subsection 2.5.4.11. In meeting the requirements of References 1, 2, 3, 4, 6,
and 7 and the regulatory positions of Reference 8, the discussion of criteria
and design methods is acceptable if the criteria used for the design, the design
methods employed, and the factors of safety obtained in the design analyses
are descritted and a list of raferences presented. Ar. explanation and verifica-
tion of the computer analyses used and source references should be included.

Subsection 2.5.4.12. In meeting the requirements of References 1 through 7
i and the regulatory positions of References 8 and 9, the discussion of techniques
| to improve subsurface conditions is acceptable if plans, summaries of specifica-
| tions, and methods of quality control are described for all techniques to be
I used to improve foundation conditions (such as grouting, vibraflotation, dental

work, rock bolting, or anchors).

III. REVIEW PROCEDURES

The review process'is conducted in a similar manner and concurrent with that
described in SRP Section 2.5.1. The services of' consultants are used on |

%) selecte<1 sites to aid the staff in evaluating the geotechnical ongineering
aspects of particular sites.

After acceptance of the SAR, the results of site investigations (such as
borings, geologic maps, logs of trenches and pits, permeability test records,
results of seismic investigations, laboratory test.results, profiles, and plot
plans) are studied and cross-checked in considerable detail to determine whether
or not the assumptions used in the evaluation are conservative. The design
criteria are reviewed to ascertain that they are within the present state-of-
the-art. Staff comments and questions at this phase of the review, concerning
the information in the SAR, are sent to the applicant as first-round questions
(Q-1). For those facilities that have complex subsurface conditions, where
marginal safety has been achieved, or where the applicant proposes to construct
a seismic Category I earth or rockfill dam, an independent analysis of the design

-

is performed by the staff or its advisors. The evaluations conducted by the |
staff and its advisors may identify additional unresolved items, or reveal that
the applicant's investigations and analyses are not coraplete or sufficiently
conservative. Additional information is then requested in a second round of
questions (Q-2), or a staff position is taken requiring adoption of a more
conservative approach.

The data needed to satisfy the requirements of tais section are not usually
complete in the early stages. Detailed design investigations are usually still
in progress and final conclusions have often not been made. Because of this,
the question and answer exchange may not be complete at the Q-2 stage. Most
of the open items of Section 2.5 remaining at the time that the safety evaluationj,

V
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report (SER) input is required are in the geotechnical engineering area because
actual site conditions may not be fully revealed until excavations are opened
and construction has begun. Thus, a site visit, in addition to that noted in
Section 2.5.1, " Basic Geologic and Seismic Information," is necessary during
the post-CP period to examine the foundation materials exposed in excavations
during construction. Information and final designs, including confirming tests
and revised analyses, are to be submitted in the FSAR.

Generally, the staff is guided by the criteria in References 1 through 11 and
the Standard Format (Ref. 12) in reviewing Section 2.5.4.

Following is a brief description of the review procedures conducted by the
staff in evaluating the geotechnical engineering aspects of nuclear power
plant sites.

Subsection 2.5.4.1. Geologic features are evaluated by conducting an inde-
pendent literature search and comparing these results with the information
included in the applicant's SAR. References used in reviewing this subsection
include published or unpublished reports, maps, geophysical data, construction
records, etc. , by the USGS, other Federal agencies, State agencies, and private
companies (such as oil corporations and architect engineering firms). In
conjunction with the literature search, the staff and its advisors review the |
geological investigations conducted by the applicant. Using the references
listed at the end of this section and other sources, the following questions
are considered in detail:

1. Are the exploratory techniques used by the site investigator representative
of the present state-of-the-art? Do the samples represent the in situ
soil conditions?

<

2. Do the applicant's investigations provide adequate coverage of the site
area and in sufficient detail to define the specific subsurface conditions
with a high degree of confidence?

3. Have all areas or zones of actual or potential surface or subsurface sub-
sidence, uplift or collapse, deformation, alternation, solution cavities
or structural weakness, unrelieved stresses in bedrock, or rocks or soils
that might be unstable because of their physical or chemical properties
been identified and adequately evaluated?

Subsection 2.5.4.2. Properties of under13..g materials are evaluated to deter-
mine whether or not the investigations performed (including laboratory and field
testing) were sufficient to justify the soil and rock properties used in the
foundation analyses.

To determine whether sufficient investigations were performed, the staff care-
fully reviews the criteria developed and used by the applicant in laying out
the boring, sampling and testing program and evaluates the effectiveness of
the program in defining the specific foundation conditions at the site to
assure that all critical conditions have been adequately sampled and tested.
If suitable criteria have not been developed and used by the applicant, the
staff develops appropriate criteria, using Regulatory Guide 1.132 and the data
given in the SAR, and determines if sufficient investigation and testing have
been carried out. If criteria are given, the staff reviews them to determine

,

if they are appropriate and have been implemented.

|

2.5.4-10 Rev. 2 - July 1981
1

1

6



-- _

If it is the staff's judgment that the applicant's investigationc or testing
are inappropriate or insufficient, additional investigations will be required.O The final conclusion is based on professional judgment, considering the

( complexity of the site subsurface conditions. As part of the review, the
staff nust ascertain, often with the help of consultants, that state-of-the-art |
laboratory and field techniques and equipment are employed in determining thee

material properties.

Subsection 2.5.4.3. Plot plans and profiles are reviewed by comparing the
subsurface materials with the proposed locations (horizor'al and vertical) of
foundations and walls of all seismic Category I facilities. The profiles and
' plot plans are cross-checked in detail with the results of all subsurface
investigations conducted at the site to ascertain that sufficient exploration
has been carried out and to determine whether or not the interpretations made
by the investigators are valid and the foundation design assumptions contain
adequate margins of safety.

Subsection 2.5.4.4. Staff evaluation consists of a detailed review of all
geophysical explorations conducted at the site, including seismic refraction,
reflection, and in-hole surveys and magnetic and gravity surveys. Consultant
expertise regarding specific techniques may be drawn upon in this review.
Logs of core borings, trenches, and test pits are reviewed and compared with
data from the seismic surveys and other geophysical explorations. Results
must be consistent or additional investigations are required, or the applicant |

must use the most conservative values. Following the PSAR review and during
the FSAR review the staff compares conditions as mapped in the open excavations
with interpretations and assumptions derived during the investigation program.

I Subsection 2.5.4.5. Excavations, backfill, and earthwork are evaluated by the
D' staff as follows:

1. The investigations for borrow material, including boring and test pit logs,
and compaction test data are reviewed and judged as to their adequacy.

2. Laboratory dynamic and static records of tests performed on samples
compacted to the design specifications are reviewed to ascertain that
state-of-the-art criteria are met.

3. Analyses and interpretations are reviewed to assure that static and
dynamic stability requirements are met.

4. Excavation and compaction specifications and quality control procedures
are reviewed to ascertain conformance to state-of-the-art conservative

| standards.
i

Subsection 2.5.4.6. Groundwater conditions as they affect foundation stability
are evaluated by studying the applicant's records of the historic fluctuations,

of groundwater at the site as obtained by monitoring local wells and springs
and by analysis of piezometer and permeability data from tests conducted at
the site. The applicant's dewatering plans during and following construction
are also reviewed. Adequacy of these plans is evaluated by comparing with the
results of the groundwater investigations and by professional judgment of
groundwater and soil conditions at the site.

Subsection 2.5.4.7. Response of soil and rock to dynamic loading and soil-
structure interaction is evaluated by a detailed study of the results of thea
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investigations and analyses performed. Specifically, the effects of past
earthquakes on site soiis or rocks (a requirement in SRP Section 2.5.2) are
determined. The data from core borings, from geophysical investigations, and
from dynamic laboratory tests such as sonic and cyclic triaxial tests on
undisturbed samples are evaluated. The ob. ject of the staff review is to
ascertain that reasonably conservative dynamic soil and rock characteristics
are used in the design and analyses and that all the significant soil and rock
strata have been considered in the analyses. In some cases, independent
analyses and interpretations are carried out as outlined in SRP Section 2.5.2,
or as required to verify the liquefaction analysis discussed in Subsection
2.5.4.8.

Subsection 2.5.4.8. Liquefaction potential is reviewed by a study of the
results of geotechnical investigations including boring logs, laboratory clas-
sification test data and soil profiles to determine if any of the site soils
could be susceptible to liquefaction. The results of in-situ tests such as
the standard penetration tests and the density ar.d strength data obtained from
undisturbed samples obtained in exploration borings are examined and, when
appropriate, related to the liquefaction potential of in situ soils.

If it is determined that there may be liquefaction-susceptible soils beneath
the site, the applicant's site exploration methods, laboratory test program,
and analyses are reviewed for adequacy and reasonableness. The analysis sub-
mitted by the applicant is reviewed in detail and compared to an independent
study performed by the staff employing both deterministic and probabilistic
methods as appropriate. As a minimum, the staff study consists of:

1. A review of appropriate standard penetration test results, other in situ
test data and groundwater conditions to assess liquefaction potential.

2. A careful review of conventional laboratory and cyclic triaxial test data
to insure that appropriate samples were obtained and tested from critical,
liquefiable zones.

3. Confirmation that an adequate number of samples were properly tested and
that the test results account for the natural variation in different
samples as well as define the cyclic resistance to liquefaction of the
soils.

4. An assessment of the liquefaction potential using a conservative envelope
of the test data submitted.

5. A calculation of the stress induced by the earthquake that has been arrived
at by an envelope of critical conditions calculated for the site based on
variations in the properties of the soil strata.

6. Assurance that conservative ranges of relative density of the soils are
estimated. The applicant's estimates of the " safety factor" obtained
from his analysis is compared to the safety margins estimated by the
staff. (The applicant's plans to " eliminate" the liquefaction condition,
usually by excavation and backfill, vibroflotation, or chemical grouting
is evaluated as discussed in Subsections 2.5.4.5 and 2.5.4.12.)

7. An assessment of post-earthquake stability and setticments due to partial
liquefaction using state-of-the-art techniques.
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8. An assessment of nonseismic liquefaction based on state-of-the-art
techniques.

| Subsection 2.5.4.9. The in-depth staff evaluation of the safe shutdown and
operating basis earthquakes is contained in SRP Section 2.5.2. The staff's:

| evaluation of the amplification characteristics of specific soils and rocks
beneath the site as determined by procedures discussed in that section and in'

Subsections 2.5.4.2, 2.5.4.4, and 2.5.4.7 are summarized and cross-referenced -

herein.

The review of Subsection 2.5.4.9 concentrates on determining its consistency a,
or inconsistency with other subsections. Cross-referencing with other sections '

is expected.

Subsection 2.5.4.10. Static analyses of the bearing capacity and settlement !

of the supporting soils under the loads of fills, embankments, and foundations *

are evaluated by conventional, state-of-the-art methods (Ref.18). In general, |
the evaluation procedure includes:

1. Determining whether or not the soil and rock properties used in the analyses
represent the actual site conditions beneath the plant facilities. The

| site investigation, sampling, and laboratory test programs must be adequate
j for this evaluation.
i

| 2. Determining whether or not the methods of analysis are appropriate for
the earthworks, foundz.tions, and soil conditions at the site.

,

) 3 ')O
. Coordinating with SEB to determine whether or not tho bearing capacity, .

settlement, differential settlement, and tilt estimates indicate conserva-
tive and tolerable behavior of the plant foundations when these valuesv

; are cc pared to design criteria and quality assurance specifications.

! 4. Evaluation of particularly complex cases on the basis of accepted
principles and techniques as supplemented by case histories and confirma-;

tory measurement and analysis programs (Ref. 18). |

Subsection 2.5.4.11. Criteria and design methods, including construction
! control and monitoring systems, are evaluated on the basis of conservative

accepted practice for similar facilities. Site exploration, sampling, testing,
and interpretation are judged with respect te completeness, care and technique,
meaningful documentation, performance records for similar projects, published
guidelines, and state-of-the-art practice. However, unconventional or research-
oriented tests and interpretations are encouraged whenever such work aids or

j supplements conventional practices. Design criteria and methods are compared
| to similar standards published or utilized by public agencies such as the U.S.

Navy Department, U.S. Army Engineers, and U.S. Department of the Interior.
i Design safety features, the applicant's proposed confirmatory tests and

measurements, and monitoring of performance for safety-related foundations and
1 earthworks are reviewed and evaluated on a case-by-case basis.

Subsection 2.5.4.12. Tachniques to improve subsurface conditions are evaluated
; by reviewing the applicant's specifications and techniques for performance and

quality control for such activities as grouting, excavation and backfill,'
.

vibroflotation, rock bolting, and anchoring. Confirmatory data should be
contained in the FSAR.

%

,
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IV. EVALUATION FINDINGS

If the evaluation by the staff, on completion of the review of geotechnical
engineering aspects of the plant site, confirms that the applicant has met the
requirements of References 1 through 7 and the regulatory positions of References 8
through 11, the conclusion in the SER will state that the investigations performed
at the site are adequate to justify the soil and rock characteristE s used in
the design, and that the design analyses contain adequate margins of safety
for construction and operation of the subject nuclear power plant. Staff reserva-
tions about any portion of the applicant's analyses will be stated in sufficient |detail to make clear the pre <:ise nature of the staff concern.

A typical staff SER finding folicws:

The site is locathd in the Piedmont at an average elevation of +395 feet
mean sea level (n,si), Exploratory barings have been made and ref action
and reflection seismic surveys conducted to establish the stratigraphy of
the site. Additionally, undisturoed samples of representative soils and
core borings have Deen obtained to evaluate the characteristics of the
foundation materials; close-centered cross-hole seismic tests have been
conducted to determine the elastic properties of these materials. Ground-
water at the site varies from +375 to +380 feet msl.

The area has been exposed to subaerial weathering and erosion since middle
Mesozoic time, and a deep weathering profile has developed. The depth of
weathering depends on the location and degree of jointing, orientation of
schistosity, tnd composition of the parent rock.

The applicant has categarized the foundation material into three zones
according to the degree of weathering:

(a) Zone 1 contains resideal soil derived from severely weathered slate.
The soil is a sandy, silty clay containing slate and quartz fragments.
Decomposed to severely weathered slate is also present. The slate
still retains the original rack structure, although it is soft and
partly friable. Quartz veine within the slate are extremely fractured.
Seismic compression (P) and shear (S) wavt velocities exceed N
ft/sec and 1800 ft/sec, respectively. Zone 1 ranger in thicknm.,
from less taan 20 feet to more than 50 feet.

i

(b) Zone 2 consists of moderately weathered slate and varies from 15 to
60 feet thick. P and S wave velocities generally exceed 6500 ft/sec
and 2500 f t/sec, respectively.'

(c) Zone 3 contains r. lightly weathered to unweathered slate and is
encountered at depths of 60 to 90 ft below ground surface.

| The site area will be leveled to aoout elevation +390 feet msl, and
containments'will be founded on a 10 foot thick, reinforced concrete mat
on slightly weathered slate or fill concrete over slightly weathered slate.
The reactor service building between the reactors and the control building
will be on mats at elevation +385 feet msl on compacted structural fill
resting on slightly to moderately weathered rock. The turbine generators
will be founded on compacted structural fill over moderately weathered

j rock at elevation +300 feet msl. The diesel generator building, reactor
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plant component air-cooled heat exchanger enclosures, and the CACS air-
cooled heat exchanger will be founded on either individual concrete

; footings or continuous footings (grade beams) at +385 feet ms1, ons

compacted structural fill over moderately weathered slate. Allowable1

bearing capacities from laboratory tests and field plate tests for Zone 1,
Zone.2, and Zone 3 materials are 4, 10, and 25 tons per square foot,'

respectively. All piping will be entrenched and bedded in moderately to
: severely weathered slate.

Settlement and differential settlement of safety-related facilities has
j be m estimated to be less than one inch. !

The applicant states that severely weathered or soft tones of_ rock will |,

be excavated and replaced with lean concrete. This procedure will also
be followed wherever severe weathering extends alonq joints, schistosity,'

,

etc., below the base of the foundations; this material will be excavated'

3

to a depth 1-1/2 times the width of the zone and backfilled with concrete. ;

~

Category I structural backfill under structures will either be concrete
^

'
.

or compacted granular backfill. If granular backfill is used, it will be
cc.npacted to at least 85 percent relative density or to 95 percent of the

| maximum density determined by the Modified Proctor test. These backfill
criteria are acceptable crbria for soil pressures on foundations and'

baried pipes and are suitable and conservative for both static and dynamic
; conditions.

Suitable borrow material for dikes, dams and impervious linings are
available for the ultimate beat sink ponds. The applicant's tests on

p these materials and the construction criteria to be followed ensure that
d leakage, piping and cracking hazards of these vital earthworks are minimal.

Filters, blanket drains, relief walls, piezometers and settlement monuments
will assure the reliable performance of the ultimate heat sink water-
retention facilities.

The applicant has shown that the appropriate acceleration level on sound
rock is 0.12g for the safe shutdown earthquake (SSE). The operating bases
earthquake (0BE) value is taken as 0.06g. The applicant has performed a
site-dependent analysis to estirate the site amplification effects and
found that the weathered rock or structural backfill would amplify the

'

rock motion. An acceleration level of 0.17g for tha SSE will be used for
those structures founded on wuathered rock or structural backfill over
weathered rock. The time history used for seismic design of Category I
earth dams and for liquefaction assessment envelopes the response spectra
for the site'and has a conservative duration.

The staff concludes that information, including analysis and substantia-
, -tion, presented by the applicant is sufficient to demonstrate that the

properties and stsility of all soils and rock, whose performance could
adversely affect directly or indirectly safety-related structures of the
nuclear plant or pose a hazard to the public, meet the requirements of
the, pertinent Commission's regulations (cite appropriate References 1
through 7).

m ,

The applicant has met the requirements of the pertinent Commission's
- regulations (cite appropriate Reference- 1 through 7) with respect to

, defining geologic features; demonstration of the static and dvnamic.
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engineering properties of soil and rock strata underlying the site as
supported by results of investigations including borings, shaf ts, pits,
trenches, and field and laboratory tests; properties of borrow mattrials;
can'paction and excavation specifications; design criteria, methods, and
analyses; groundwater conditions and contr?l; response of site soil and
rock to static and dynamic loading including evaluation of liquefaction
potential; settlement analyses; and, where required, techniques and
specifications to improve subsurface conditions, by meeting the regulatory
position in Regulatory Guide (cite appropriate References 8 through 11)
or by providing and meeting an alternative method to these regulatory
positior; that the staff has reviewed and found to be acc ; table.

Based on the results of the applicant's investigations, laboratory and
field tests, analyses, and criteria for design and construction, we
conclude that the site and the plant foundations will be adecuate to
safely support the planned nuclear power plant and that safety-related
earthworks will perform their functions reliably.

V. IMPLEMENTATION

Implement revisions to this SRP section immediately upon publication.
Circumstances which prevent implementation or impose unusual conditions upon
licensee or applicant may be brought to the attention of NRC for resolution.
Alternative methods for licensee or applicant compliance with Commissi;
regulations may be proposed for NRC review. See referenced Regulatory Gv : des,
NUREGs and Rules for further specific details on implementation.

VI. REFERENCES

1. 10 CFR Part 50, 950.55a, " Codes and Standards."

2. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

3. 10 CFR Part 50, Apperdix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

4. 10 CFR Part 50, Apper. dix A, General Design Criterion 44, " Cooling Water."

5. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants."

6. 10 CFR Part 100, " Reactor Site Criteria."

7. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

8. Regulatory Guide 1.27, "Ulti nate Heat Sink for Nuclear Power Plants."

| 9. Regulatory Guide 1.28, " Quality Assurance Program Requirements (Design
i and Construction)."
|
' id. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear

Power Plants." #

.

2.5.4-16 Rev. 2 - July 1981

. _ _ _ _ _ _ _ _



1
1

11. Regulatory Guide 1.138, " Laboratory Investigations of Soils fer Engineering |
Analysis and Design of Nuclear Power Plants." |

12. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

13. Journal of the Geotechnical Engineering Division, Proceedings of the
American Society of Civil Engineers.

14. Book of ASTM Standards and Special Technical Publications, American Society
for Testing and Materials.

15. Geotechnique, The Institution of Civil Engineers, London.

16. Earthquake Engineering Research Center, University of California, Berkeley.

17. M. Juul Hvorstev, " Subsurface Exploration and Sampling of Soils for Civil
Engineering Parposes," Waterways Experiment Station, U.S. Army Corps of
Engineers, November 1949.

18. GE0DEX INTERNATIONAL, Soil Mechanics Information Service, Sonoma,
California.

19. Engineering Manual EM 1110-2-1907, " Soil Sampling," U.S. Army Corps of
Engineers, March 1972.

20. Engineering Manual EM 1110-2-1908, " Instrumentation of Earth and Rock Fill
Dams," U.S. Army Corps of Engineers, August 1971.

- 21. Engineering Manual EM 1110-2-1906, " Laboratory Soil Testing," U.S. Army
Corps of Engineers, November 1970.

|

|

|

|
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2.5.5 STABILITY OF SLOPES

REVIEW RESPONSIBILITIES

Primary - Hydrologic and Geotechnical Engineering Branch (HGEB)

Secondary - None

I. AREAS OF REVIEW

Information, including analyses and substantiation, must be presented in the appli-
cant's safety analysis report (SAR) and reviewed by the staff concerning the sta-
bility of all earth and rock slopes both natural and man-made (cuts, fills, embank-
ments, dams, etc.) whose failure, under any of the conditions to which they could
be exposed during the life of the plant, could adversely affect the safety of the
plant. The following subjects must be evaluated using the applicant's data in the
SAR and information available from other sources: slope characteristics (subsection
2.5.5.1); design criteria and design analyses (subsection 2.5.5.2); results of the

p ) (investigations including borings, shafts, pits, trenches, and laDoratory tests
( subsection 2.5.5.3); properties of borrow material, compaction and excavation speci-
V' fications (subsection 2.5.5.4).

The HGEB will coordinate other brar.ch evaluations that interface with the Geotech-
nical Engineering aspects of the site as follows: Geosciences Branch (GB) will
determine the adequacy of the geologic and seismic information cited in support of
the applicant's conclusions concerning the suitability of the plant site and the
stability of earth and rock slopes as part of its primary review responsibility for
SRP Section 2.5.1. GB also reviews the seismological and geological investigations
carried out to establish the ground motion environment for seismic design of the
plant, the procedures and analysis used by the applicant in establishing the SSE
and OBE for the site, and the seismic design bases for foundations as part of its
primary review responsibility for SRP Section 2.5.2. The results of the stability
evaluations of earth and rock slopes are reviewed by Structural Engineering Branch
(SEB) to assure that displacements or failure of site slopes as indicated in the
SAR do not have an adverse impact on structural components as part of its primary
review responsibilities for SRP Sections 3.7 and 3.8.
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Licensing Guidance Branch (LGB) will coordinate the review of technical specifi-
cations to insure that Geotechnical Engineering design features related to
materials of construction and geometric arrangement of subsurface materials,
foundations, cut slopes, and embankments, which if altered or modified would
have a significant effect on safety, are included in conjunction with its
primary review responsibility for'SRP Section 16.0. Quality Assurance Branch
(QAB) will coordinate the review of the Geotechnical Engineering aspects of the
QA program pertaining to safety-related structures, systems and components in
conjunction with its primary review responsibility for SRP Section 17.1.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The applicable rules and basic acceptance criteria pertinent to the areas of
this section of the Standard Review Plan are:

1. 10 CFR Part 50, 950.55a, " Codes and Standards." This rule requires that
structures, systems, and components shall be designed, fabricated,
erected, constructed, tested, and inspected in accordance with the
requirement of applicable codes and standards commensurate with the
importance of the safety function to be performed. (Ref. 1)

2. 10 CFR Part 50, Appendix A:

(a) General Design Criterion 1 " Quality Standards and Records." This
criterion requires that structures, systems, and components important
to safety shall be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety functions
to be performed. It also requires that appropriate records of the
design, fabrication, erection, and testing of structures, systems,
and components important to safety shall be maintained by or under
the control of the nuclear power unit licensee throughout the life
of the unit. (Ref. 2)

(b) General Design Criterion 2 " Design Bases for Protection Against
Natural Phenomena." This criterion requires that safety-related

| portions of the system shall be designed te withstand the effects of
earthquakes, tornadoes, hurricanes, floods, tsunami, and seiches
without loss of capability to perform their safety functions.

(Ref. 3)

(c) General Design Criterion 44 " Cooling Water." This criterion
requires that a system shall be provided with the safety function of
transferring the combined heat load from structures, systems, and
components important to safety to an ultimate heat sink under normal
operating and accidental conditions. (Ref. 4)

3. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
[lntsandfuelReprocessingPlants." This appendix establishes quality
as:mrance requirements for the design, construction, ard operation of those
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structures, systems, and components of nuclear power plants that prevent
or mitigate the consequences of postulated accidents that could cause undue
risk to the healtn and safety of the public. (Ref. 5)

4. 10 CFR Part 100, " Reactor Site Criteria." This part describes criteria
which guide thc avaluation of the suitability of proposed sites for nuclear
power and testing reactors. (Ref. 6)

5. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants." These criteria describe the nature of the investi-
gations required to obtain the geologic and seismic data necessary to
determine site suitability and identifies geologic and seismic factors
required to be taken into account in the siting and design of nuclear
power plants. (Ref. 7)

The following regulatory guides provide information, recommendations, and
guidance and in general describe a basis acceptable to the staff that may be
used to implement the requirements of 10 CFR Part 50, 650.55a; 10 CFR Part 50,
Appendix A, General Design Criteria 1, 2, and 44; 10 CFR Part 50, Appendix B;
10 CFR Part 100; and 10 CFR Part 100, Appendix A.

1. Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power Plants."
This guide describes a basis acceptable to the staff that may be used to
implement General Design Criteria 2 and 44 with regard to the ultimate
heat sink, including necessary retaining structures and the canals and
conduits connecting the ultimate heat sink with the cooling water system
intake structures. (Ref. 8)

O 2. Regulatory Guide 1.28, " Quality ..;surance Program Requirements (Design and
Construction)." This guide describes a method acceptable to the staff
for complying with the Commission's regulations with regard to 10 CFR
Part 50, Appendix B, overall quality assurance program requirements during
design and construction of nuclear power plants. (Ref. 9)

3. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
Power Plants." This guide describes programs of site investige.tions
related to geotechnical engineering aspects that would normally meet the
needs for evaluating the safety of the site from the standpoint of the
performance of foundation and earthworks under anticipated loading condi-
tions including earthquake in complying with 10 CFR Part 100 and 10 CFR
Part 100, Appendix A. It provide", general guidance and recommendations
for developing site-specific investigation programs as well af specific
guidance for conducting subsurface investigations, the spacing and depth
of borings, and sampling. (,Ref. 10)

4. Regulatory Guide 1.138, " Laboratory Investigations of Soils for Engineering
Analysis and Design of Nuclear Pwer Plants." This guide describes labora-
tory investigations and testing practices acceptable for determining soil
and rock properties and characteristics needed for engineering analysis
and design for fourdations and earthwork for nuclear power plants in
complying with 10 CFR Part 100 and 10 CFR Part 100, Appendix A. (Ref. 11)

The information in the SAR must be in compliance with the criteria presented
g in References 1 through 7. This section of the SAR is judged acceptable if

the information presented is sufficient to demonstrate the dynamic and static
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stability of all slopes whose failure could adversely affect, directly or in-
directly, safety-related structures of the nuclear plant or pose a hazard to
the public. The emergen~ cooling water source is of particular interest with
regard to slope stability (Refs. 4 and 8). The secondary source of emergency |
cooling water should survive the operating basis earthquake (0BE) and design
basis flood. Completeness is determined by the ability to make an independent
evaluation on the basis of information provided by the applicant.

Specific criteria necessarj to meet the relevant requirements of the Commission
regulations identified above are as follows:

Subsection 2.5.5.1. In meeting the requirements of References 3, 4, and 6 and
the regulatory positions contained in References 8, 10, and 11, the discussion
of slope characteristics is acceptable if the subsection includes:

1. Cross sections and profiles of the slope in sufficient quantity and detail
to represent the slope and foundation conditions.

2. A summary and description of static and dynamic properties of the soil
and rock comprising seismic Category I embankment dams and their founda-
tions, natural and cut slopes, and all soil or rock slopes whose stability
would directly or indirectly affect safety-related and Category I facili-
ties. The text should include a complete discussion of procedures used
to estimate, from the available field and laboratory data, conservative *

soil properties and profiles to be used in the analysis.

3. A summary and description of groundwater, seepage, and high and low
groundwater conditions.

Subsection 2.5.5.2. In meeting the requirements of References 1, 2, 3, 6, and
7 and the regulatory positions of Reference 8, the discussion of design criteria
and analyses is acceptable if the criteria for the stability and design of all
seismic Category I slopes are described and valid static and dynamic analyses
have been presented to demonstrate that there is an adequate margin of safety.
A number of different methods of analysis are available in the literature.
Computer analyses should be verified by manual methods. Analysis using both

|deterministic and probabilistic approaches is desirable.

To be acceptable, the static analyses should include calculations with different
assumptions and methods of analysis to assess the following factors:

1. The uncertainties with regard to the shape of the slope, boundaries of
the several types of soil within the slope and their properties, the
forces acting on the slope, and pore pressures acting within the slope.

2. Failure surfaces corresponding to the lowest factor of safety.

3. The effect of the assumptions inherent in the method of analysis used.

4. Adverse conditions such as high water levels due to the probable maximum
flood (PMF), suddca drawdown, or steady seepage at various levels. In
general, safety factors related to the slope hazard are needed; however,
actual values depend somewhat on the method of analysis, on the assumptions
concerning the soil properties, on construction techniques, and on the
range of material parameters.
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To be acceptable, the dynamic analyses must account for the effect of cyclic
p motion of the earthquake on soil strength properties. Actual test data are

l needed for both the in situ soils as well as for any materials used in thei

V construction of dams or embankments. As discussed above, the various parameters,
such as geometry, soil strength, modeling method (location and number of elements
(mesh) if a finite element analysis is used), and hydrodynamic and pore pressure
forces, should be varied to show that there is an adequate margin of safety
(Refs. 34 and 35). Where liquefaction is possible, major dam foundation slopes |
and embankments should be analyzed by state-of-the-art finite-element or finite-
difference methods of analysis. Where there are liquefiable soils, changes in
pore pressure due to cyclic loading must be considered in the analysis to assess
not only the potential for liquefaction but also the effect of pore pressure
increase on the stress-strain characteristic of the soil and the post earthquake
stability of the slopes.

Subsection 2.5.5.3. In meeting the requirements of Reference 7 and.the regula-
tory positions of References 10 and 11, the applicant should describe the borings
and soil testing carried out for slope stability studies and dam and dike analyses.
The test data, which must meet the criteria set forth in Sections 2.5.1 and
2.5.4, could be presented in those sections and referenced in this subsection.
Because dams, dikes, and natural or cut slopes are often remote from the main
plant area, results of additional exploration, tests, and analyses for these |areas should be presented in this subsection.

Subsection 2.5.5.4. In meeting the requirements of Reference 5 and the regula-
tory positions oFReferences 9,10, and 11, the applicant should describe the
excavation, backfill, and borrow material planned for any dams, dikes, and
embankment slopes. Planned construction procedures and control of earthworkss
should be described. To be acceptable, the information must be given as dis-s

A cussed in subsection 2.5.4.5. Some of this information could be presented in
subsection 2.5.4.5. Because dams, dikes, and other earthworks are often remote
from the main seismic Category I structures, it is necessary to complete this
information in this subsection. Quality control techniques end requirements
during and following construction must also be discussed and referenced to
quality assurance sections of the SAR.

III. REVIEW PROCEDURES

The review process is conducted in a similar manner and concurrent with that
described in SRP Sections 2.5.1, 2.5.2, and 2.5.4. The services of consultants
may be used to aid the staff in geotechnical engineering evaluations regarding
foundation engineering and slope stability analyses, particularly in the evalua-
tion of safety-related and seismic Category I earthworks, earth and rock-fill
dams, dikes, and reservoirs. Typical references used by the staf f are listed
in subsection VI of this SRP section.

An acceptance review is conducted to determine if the provided information is
complete as outlined in the Standard Format (Ref.12) and to judge whether or
not the information presented is sufficient to permit an independent in-depth
review and analysis of the safety of the proposed facility. After acceptance
of the SAR, the results of site investigations such as borings, maps, logs of
trenches, permeability test records, results of seismic investigations, labora-
tory test results, profiles, plot plans, and stability analyses are studied

p and cross-checked in considerable detail to determine whether or not the
assumptions and analyses used in the design are conservative. The degree of
conservatism required depends upon the type of analysis used, the reliability
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of parameters considered in the slope stability analysis, the number of borings,
the sampling program, the extent of the laboratory test program, and the
resultant safety factor. h general, the applicable soil strength data should
be conservatively selected fer the various possible soil profiles and slope
conditions. For lower safety f actors, several soil profiles should be analyzed
to insure that reasonable ranges of soi! properties have been considered. Other
factors such as flood conditions, pore pressure effects, possible erosion of
soils, and possible seismic amplification effects should be conservatively
assessed.

The design criteria and analyses are reviewed to ascertain that the techniques
employed are appropriate and represent the present state-of-the-art. Staff
comments and questions at this phase of the review, concerning the information
in the SAR, are sent to the applicant as first-round aestions (Q-1). An inde-
pendent analysis of the design of safety-related earth or rock-fill embankments
may be performed by the staff's advisors or by the staff as deemed nec;ssary.
Consultants may also evaluate natural or cut slopes, as required, on a case-by-
case basis. The evaluations conducted by the staff and its advisors may identify
additional unresolved items or reveal that the applicant's analyses are not
conservative. Additional information is then requested in a secono round of
questions (Q-2), or a staff position is taken requiring conformance to a more
conservative approach.

After completing the review, if the staff's conclusions are consistent with
those reached by the applicant, these conclusions are summarized in the safety
evaluation report (SER) or in a cupplement to the SEk la the event that the
applicant's investigation and design are not judged to br sufficiently conserva-
tive, a staff position is stated and the applicant is asked to further substan-
tiate his position by additional investigations or monitoring to demonstrate
that a failure of the slopes in question will not harm the safety functions of
the plant, or to concur in the staff position.

The data needed to satisfy the requirements of this section are often incomplete
in the early stages. However, sufficient field and laboratory data should be
presented and conservatively interpreted to allow a realistic assessment of
the safety of proposed slopes and supporting foundations. Detailed design
investigations are usually still in progress and final design conclusions have
often not been made. Because of this, the question and answer exchange is not
generally complete at the Q-2 stage. Most of the open items of Section 2.5
remaining at the time that the safety evaluation report (SER) input is required
are in the foundation engineering and slope stability areas because actual
conditions may not be revealed until excavation:, are opened; site visits con-
ducted af ter construction permit (CP) issuance are therefore necessary.

All natural safety-related slopes are examined during at least one of the two
site visits required of the staff. Because excavated slopes or embankments
are not usually constructed until after a construction permit has been granted,
detailed as-built documentation of these slopes and embankm.nts, as well as
complete stability and safety analyses, are necessary in the FSAR.

Following is a brief description of the review procedures conducted by the
staff in evaluating the slope ptability aspects of nuclear power plant sites.

Subsection 2.5.5.1. Plot plans, cross sections, and profiles of all safety-
related slopes in relation to the topography and physical properties of the
underlying materials are reviewed and compared with exploratory records to
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I
! ascertain that the most critical conditions have been addressed and that the |characteristics of all slopes have been defined. The soil and rock test data :
'

are reviewed to insure that there is sufficient relevant test data to verify !;

the soil strength characteristics assumed for the slopes, dikes, and dams under [
1

analysis. The evaluation is to some extent a matter of engineering judgment; '

| however, if the safety factors resulting from the analysis are not appropriate
: to the hazards posed by a slope failure and other than clearly conservative |

soil properties and profiles were used, the applicant is required to obtain |' additional data to verify his assumptions, or to show that, even if the worst !
possible conditions are assumed, there is an adequate margin of safety. With '

respect to seismic analysis, this subsection and subsection 2.5.5.2 are reviewed
; concurrently because different methods of analysis may involve different ,

j approximations, assumptions, and soil properties. |

| In addition to generic state-of-the-art literature, other potential sources of !

j information are those containing design, construction, and performance records
' of natural slopes, excavation sle" s, and dams that may have been constructed

in the general vicinity of the i tar power plant. Examples of such documents,

; are design memoranda and construc.t. ion reports regarding nearby projects of .

public agencies such as the Corps of Engineers, the Tennessee Valley Authority,;

the Bureau of. Reclamation, and private construction contractors or architect-
engineers.

j

Subsection 2.5.5.2. The criteria, design techniques, ard analyses ara
; evaluated by the staff to ascertain that:

)

i 1. Appropriate state-of-the-art methods have been employed.
D'

2. Conservative assumptions regrrding seil and rock properties have been
used in the design and analysis of slopes and embankments as discussed
above in subsection 2.5.5.1.'

3. Appropriately conservative margins of safety have been incorporated in
the design.

The criteria and design methods used by the applicant are reviewed to ascertain
that state-of-the-art techniques are being employed. The design analyses are
reviewed to be sure that the most conservative failure approach has been used
and that all adverse conditions to which the slope might be subjected have been
considered. Such conditions include ground motions from the safe shutdown
earthquake, settlement, cracking, flood or low-water steadystate seepage, sudden
drawdown of an adjacent reservoir, or a reasonable assumption of the possible
simultaneous occurrence of two natural events such as an earchquake and flood.
The review is also concerned with determining whether or not the soil and rock
characteristics derived from the investigations described in subsection 2.;.5.3

; have beei completely and conservatively incorporated into the design. When
marginal Jactors of safety are indicated by the independent analyses performed
by the staff and its consultants, additional substantiation and refinement is
required or the applicant must use more conservative assumptions.

No single method of analysis is entirely acceptable for all stability assess-
ments; thus, no single method of analysis can be recommended. Relevant manuals

,

i issueo by public agencies (such as the U.S. Navy Department, U.S. An j Corps
of Engineers, and U.S. Bureau of Reclamation) are often used in reviews to
ascertain whether the analyses performed by the applicant are reasonable

!
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(Refs. 22, 26, 32, and 33). Many of the important interaction effects cannot |
be included in current analyses and must be treated in some approximate fashion.
Engineering judgment is an important factor in the staff's review of the analyses
and in assessing the adequacy of the resulting safety factors.

If the staff review indicates that questionable assumptions have been made by
the applicant or some nonstandard or inappropriate method of analysis has been
used, then the staff or its consultant may model the dam or slope in a manner
which it feels is Jore consistent with the data and perform an independent
analysis employing both deterministic and probabilistic methods as appropriate. |

During the operating license review, all open items requiring resolution,
including constructivi data and as-built analyses, settlement records,
piezometer records, id absence of seepage, that support the adequacy and
safety of the design, 're reviewed by the staff.

Subsection 2.5.5.3. A comprehensive program of site investigations including
borings, sampling, geophysical surveys, test pits, trenches, and laboratory
and field testing must be carried out by the applicant to define the physical
characteristics of all soil and rock beneath safety-related and seismic
Category I slopes, and borrow material that is to be used to construct safety-
related dams, fills, and embankments (Refs. 10 and 11). The staff feviews |
these investigations to ascertain that the program has been adequate to define
the in situ and earthwork soil and rock characteristics. The decision as to
the adequacy of the investigation program is based on the methods discussed in
SRP Section 2.5.4.

Subsection 2.5.5.4. The preliminary specifications and quality control techni-
ques to be used during construction are reviewei by the staff to ascertain that
all design conditions are likely to be met (Refs 5 and 9). During this part |
of the review the following are among those subjects reviewed for adequacy:

1. Proposed construction dewatering plan to ensure that it will not result
in damage either to the natural or engineered foundation materials or to
the structural foundation.

2. The ev avation plan to remove all unsuitable materials from beneath the
foundatlans and the quality control procedures which establish suitable
materials.

3. The techniques end equipment to be used in compacting foundation and
embankment materials.

4. The quality control and testing program to provide a high level of assurance
that:

a. The 3 elected borrow material is as good and as relatively homogeneous
as anticipated from the investigation program. ,

b. The compacted foundation soil meets design specification <

5. The techniques for improving the stability of natural slopes such as
drainage, grouting, rocl. bolting, and applying gunite.

6. The plans for monitoring during and after construction to detect occurrences
that could detrimentally affect the facility. Such monitoring includes
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periodic examination of slopes, survey of settlement monuments, and
measurements of local wells and piezometers.

n
I \ IV. EVAtVATION FINDINGSG

Upon completion of the staff's review of the geotechnical engineering aspects
of the material presented by the applicant related to the stability of all
earth and rock slopes, both natural and man-made, an evaluation of completeness,
accuracy and adequacy is made. If the evaluation confirms that the applicant
has met the requirements and regulatory positions of Refe ences 1 through 11,
the conclusion in the SER states that the investigations performed for slope
stability studies and dam and dike analyses are adequate to justify the soil
and rock characteristics used in the design, and that the design analyses
contain margins of safety which adequately demonstrate that natural and man-
made slopes will remain stable under SSE conditions and that safety-related
earthwork will function reliably.

The staff's conclusions regarding the stability of slopes are summarized in
the safety evaluation report (SER) or in a supplement to the SER. Tne
following is an example:

Both natural and man-made slopes exist at the site. At the plant
site, which is located several hundred feet from the Green Valley
and about 280 feet above the level of Jones Pond, the slope is rela-
tivelygentleforabout250feetwestofthewesternmostCategoryI
structures, then steepens, attaining an angle of more than 45 near
the bottom of the valley wall. Major structural trends, schistosity,
and one of the predominant joint trends are nearly perpendicular to

(N the slope. A second predomin E t joint set is nearly parallel to the
( river and dips to the southwest, but no slope movements have apparently
\ affected the valley walls in the vicinity of the site. Seven other

joint trends were detected by the applicant. These joint sets are
reported to be moderately spaced and discontinuous. The applicant
has drilled several exploratory holes and cored others to assess the
natural slope characteristics and groundwater regime. Even though
the natural slopes are scme distance from safety-related plant
facilities and slope failures are 5t obvious safety hazards, the
applicant has performed stability analyses of these slopes under
safe shutdown earthquake (SSE) conditions. The minimum computed
safety factor was 1.6 using conservative slope and material
parameters.

Man-made earth slopes related to the safety of the plant include
excavation cuts for the ultimate heat sink canal and dams and dikes
fer the ultimate heat sink storage pond. An extensive investigation
and test program has determined all the significant characteristics
and properties of cut slopes and fill embankments. Earthwork compac-
tion criteria, construction control, and select fill materials are
consistent with high quality water retention facilities. Conservative
stability analyses of these slopes under SSE conditions indicated
minimun safety factors of 1.5.

The staff concludes that information including analysis and substan-
tiation presented by the applicant is sufficient to demonstrate the

C's dynamic and static stability of all slopes whose failure could
adversely affect directly or indirectly safety-related structures of
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the nuclear plant or pose a hazard to the public and meets the require-
ments of the pertinent Commission's regulations (site appropriate
References 1 through 7).

The applicant has met the requirements of the pertinent Commission's
regulations (cite appropriate References ; +.hrough 7) with respect
to slope characteristics; design criteria and design analyses; results
of investigations including borings, shafts, pits, trenches, and labora-
tory tests; properties of borrow materials; and compaction and excava-
tion specifications by meeting the regulatory position in Regulatory
Guide (cite appropriate References 8 through 11) or by providing and
meeting an alternative method to these regulatory positions that the
staff has reviewed and found to be acceptable.

Based on the results of the applicant's investigations, laboratory
and field tests, analyses, and criteria for design and construction,
we and our consultants conclude that natural and man-made slopes
will re nain stable under SSE conditions and that safety-related
earthworks will function reliably.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenred regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, S50.55a, " Codes and Standards."

2. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

3. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

4. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water."

5. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants."

6. 10 CFR Part 100, " Reactor Site Criteria."

7. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

8. Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power Plants."
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l 9. Regulatory Guide 1.28, " Quality Assurance Program Requirements (Design
: and Construction)."
'

10. Regulatory Guide 1.132, " Site Investigations for Foundations of Nuclear
Power Plants."

11. Regulatory Guide 1.138, " Laboratory Investigations of Soils for Engineeringc

Analysis and Design of Nuclear Power Plants."

12. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

13. Journal of the Geotechnical Engineering Division, Proceedings of the
American Society of Civil Engineers.

'

14. Book of ASTM Standards and Special Technical Publications, American Society
for Testino and Materials.

15. Geotec W que, The Institution of Civil Engineers, London.

Eart' quake Engineering Research Center, University of California, Berkeley.16. n
;

17. M. Juul Hvorslev, " Subsurface Exploration and Sampling of Soils for Civil
Engineering Purposes," Waterways Experiment Station, U.S. Army Corps of
Engineers, November 1949.

18. GE0DEX INTERNATIONAL, Soil Mechanics Information Service, Sonoma, California.

O 19. Engineering Manual EM 1110-2-1907, " Soil Sampling," U.S. Army Corps of
; V Engineers, March 1972.

20. Engineering Manoal EM 1110-2-1908, " Instrumentation of Earth and Rock Fill
Dams," U.S. Army Corps of Engineers, August 1971.

21. Engineering Manual EM 1110-2-1906, " Laboratory Soil Testing," U.S. Army'

Corps of Engineers, November 1970.

22. Corps of Engineers, " Engineering and Design Stability of Earth and
Rock-Fill Dams," Manual N. EM 1110-2-1902, Office fo the Chief of'

Engineers, Dept. of the Army (1970).
'

23. "ASCE Soil Mechanics and Foundation Division Conference on Stability and
Performance of Slopes and Embankments, August 22-26, 1966," published in
J. Soil Mech. and Found., ASCE, Vol. 93 (1967).

24. P. Chakrabarti and A. K. Chepra, "A Computer Program for Earthquake
Analysis of Gravity Oams Including Hydrodynamic Interaction," Report No.
EERC-73-7, Earthquake Engineering Research Center, Univ. of California,
Berkeley (1973).

25. I. M. Idriss, J. Lysmer, R. Hwang, and H. B. Seed, " Quad-4: A Computer
Program for Evaluating the Seismic Responses of Soil Structures by
Variable Damping Finite Element Procedures," Report No. EERC 73-16,

n Earthquake Engineering Research Center, Univ, of California, Berkeley
,

( (1973).
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John Wiley & Sons (1968).
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Under Earthquake Loading Conditions - State-of-the-Art Evaluation of
Characteristics for Seismic Responses Analyses," U.S. Atomic Energy
Commission Contract W-7405-eng-26, January 1972.

29. F. H. Kulhawy, J. M. Duncan, and H. B. Seed, " Finite Element Analysis of
Stresses and Movements in Embankments During Construction," Report No.
TE-69-4, U.S. Army Engineers Waterways Experiment Station, Vicksburg
(1969).
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ed., John Wiley & Sons (1967).
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the Army (1965).
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3.2.1 SE15MIC CLASSIFICATION

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

General Design Criterion 2 of 10 CFR Part 50, Appendix A, in~part, requires that
structures, systems, and components important to safety be designed to withstand
the effects of earthquakes without lou of capability to perform their safety
functions. The earthquake for w11ch these plant features are designed is defined
as the safe shutdown earthqt.ake (SSE) in 10 CFR Part 100, Appendix A. The SSE is
based upon an evaluation of the maximum earthquake potential and is that earth-
quake which produces the maximum vibratory ground motion for which structures,
systems, and components important to safety are designed to remain functional.
Those plant features that are designed to remain functional if an SSE occurs aren

(O designated seismic Category I in Regulatory Guide 1.29.)

The MEB reviews the seismic classification of those structures, systems, and
components (including their foundations and supports) which are important to
safety and are designed to withstand, without loss of function, the effects of a
SSE and specified as seismic Category I by the applicant in his safety analysis
report (SAR). This review which is coordinated with each branch that has primary
review responsibility for these plant features is performed for both construction
permit (CP) and operating license (OL) applications. The MEB review of seismic
Category I items includes the following plant features: structures, dams, ponds,
cooling towers, reactor internals, fluid systems important to safety that are
identified in Regulatory Guide 1.26, ventilation systems, standoy diesel
generator auxiliary systems; fuel handling systems, and cranes.

The applicant's proposed seismic classification may in part be presented in the
form of a table 1 which identifies those structures, systems and components that

ISee Appendices C and D, SRP Section 3.2.2 " System' Quality Group
Classification," for guidance.
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are designated seismic Category I. The table should identify all activities
affecting the safety-related functions of these seismic Cat v ry I plant
features which should also meet the pertinent quality assurance requirements
of 10 CFR Part 50, Appendix B. Details of the seismic classification of these
plant features may be shown on plot plans, general arrangement drawings, and
piping and instrumentation diagrams.

Where portions of structures and fluid systems are seismic Category I they
also must be clearly identified. For fluid systems important to safety, the
classification tables in the SAR should identify system components such as
pressure vessels, heat exchangers, storage tanks, pumps, piping, and valves,
have suitable footnotes defining interfaces, and be in sufficient detail so
that there is a clear understanding of the extei,6 of those portions of the
system that are classified as seismic Category I.

The MEB also performs the following reviews f or the SRP sections indicated:

1. Determines the acceptability of the quality group classification of
system components in accordance with SRP Section 3.2.2. This information
may be combined with the information in this SRP section which may result
in cross referencing rather than repetition of the information.

2. Verities that systems and components important to safety that are
designated as seismic Category I items are designed in accordance with
the regulatory guides, industry codes and standards that are referenced
in SRP Sections 3.2.2, 3.9.1 through 3.9.3, and

3. Determines the adequacy of the inservice testing program for pu; cps and
valves in accordance with SRP Section 3.9.6.

II. ACCEPTANCE CRITERIA

Acceptance criteria is based on meeting the relevant requirements of the
following regulations:

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, as it relates to
the requirements that structures, systems, and components important to
safety shall be designed to withstand the effects of earthquakes without.
loss of capability to perform necessary safety functions.

2. 10 CFR Part 100, Appendix A, as it relates to certain structures,
systems, and components being designed to withstand the Safe Shutdown
Earthquake (SSE) and remain functional. These plant features are those
necessary to assure:

a. the integrity of the reactor coolant pressure boundary,

b. the capability to shut down the reactor and maintain it in a safe
shutdown condition,

c. the capability to prevent or mitigate the consequences of accidents
which could result in potential offsite exposures comparable to the
guideline exposures of 10 CFR Part 100.

To meet the requirements of General Design Criterion 2 and 10 CFR Part 100,
Appendix A, the following regulato"y guide is used: Regulatory Guide 1.29,
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" Seismic Design Classification." lhis guide describes an acceptable method of
identifying and classifying those plant features that should be designed to. s

I withstand the effects of the SSE.

III. REVIEW PROCEDURES
,

( Selection and emphasis of various aspects of the areas covered by this SRP
section will be made by the reviewer on each case. The judgement on the areasi

to be given attention during the review is to be based on ar inspection of the
material presented, the similarity of the material to that recently reviewed
on other plants, and whether items of special safety significance are involved.

Regulatory Guide 1.29, which identifies structures, systems, and components of
light-water cooled reactors on a functional basis, is the principal document
used for identifying those plant features important to safety which, as a
minimum, should be designed to seismic Category I requirements.

The staff review should et Alish whether the applicant has indicated
compliance with Regulatory Guide 1.29 in the SAR. Where there are differences
with respect to the Guide, these differences should be identified. For
General Electric BWR/6 main steam lines and main feedwater lines, an acceptable
alternate seismic classiiication to that currently specified in Position C.1.e
of Regulatory Guide 1.29, is provided in Figure B-1 attached to Appendix B of
SRP Section 3.2.2.

The information in the SAR identifying seismic Category I structures, systems,
and components is reviewed for completeness and to assure there is sufficient

q detail to permit identification of specific items. This may include a review
of the SAR text, tables, plot plans, general arrangement drawings, stYuctural
drawings, and piping and instrumentation diagrams, as appropriate. Where
portions of a system are classified seismic Category I, the boundary limits of
that portion of the system designed to Category I requirements is reviewed on
the piping and instrumentation, diagrams. For fluid systems which are partially *

seismic Category I, the Category I portion of the system should extend to the
first seismic restraint beyond the isolation valves which isolate that part
which is seismic Category I from the non-seismic portion of the system. In
addition, where portions of a structure are classified seismic Category I,
those portions of the building foundations and supports designed to Category I
requirements are identified on the plant arrangement drawings. The interfaces
between coniponents and associated support structures designed to seismic
Category I requirements are then checked to assure compatibility. -

Structures, systems, and components that are classified seismic Category I are
also reviewed to assure that these plant features are within the scope of an
applicant's Quality Assurance Program. This Quality Assurance Program sheuld
be in compliance with the pertinent Quality Assurance requirements of 10 CFR
Part 50, Appendix B. Regulatory Guide 1.29 is used for identifying those
plant features important to safety that are within the scope of this Appendix B
Quality Assurance Program. If there are items designated seismic Category I,

that are not identified as within the scope of the Appendix B Quality Assurance<

Program this information is transmitted to the Quality Assurance Branch for
resolution of the issue. The seismic classification review of structures,
systems, and components important to safety and the review verifying that

p these plant features are constructed in accordance with a 10 CFR Part 50,
\ Appendix B Quality Assurance Program is normally performed concurrently with

! the quality group classification review of SRP Section 3.2.2.
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In the event an applicant intends to take exception to Regulatory Guide 1.29
and has not provided an adequate justification for his proposed seismic
classification, questions are prepared by the staff which may require
additional documentation or analysis to establish an acceptable basis for his
proposed seismic classification. Staff comments ray also be prepared requesting
clarification in order to assure a clear understanding of the seismic
classification assigned to a system by the applicant.

If the staff's questions are not resolved in a satisfactory manner, a staff
position is taken requiring conformance to Regulatory Guide 1.29.

IV. EVALUATION FINDINGS

The staff's review should verify that adequate and suf ficient information is
contained in the SAR and amendments to arrive at conclusions of the following
type, which are to be included in the staff's safety evaluation report:

Structures, systems and components (excluding electricas features)
that are important to safety and that are required to i, <*and the
effects of a safe shutdown earthquake and remain func' ne
been classified as seismic Category I items and have b :fied

in an acceptable manner in Tables 3.X.X and 3.X.X, ano system
piping and instrumentaticn diagrams in the SAR. Other structures,
systems and components that may be required for operation of the
facility (excluding electrical features) need not be designed to
seismic Category I requirements. The structures, systems and
components not required to be designed to seismic Category I include
those portions of Category I systems such as vent lines, drain
lines, till lines and test '.ines on the downstream side of isolation
valves and those portions of the systems which are not required to
perform a safety function.

The staff concludes that the structures, systems and components
important to safety that are within t.he scope of the Mechanical
Engineering Branch have been properly classified as seismic
Category I items ana meet the requirements of General Design
Criteria 2, " Design Bases for Protection Against Natural Phenomena"
and 10 CFR Part 100, Appendix A, " Seismic 'nd Geologic Siting
Criteria for Nuclear Power Plants." This conclusion is based on the
applicant having met the requirements of General Design Criterion 2,
and a CFR Part 100, Appendix A, by having properly classified their
structures, systems and components (SSC) important to safety as
seismic Category I items in accordance with 'n3 positions of
Regulatory Guide 1.29, " Seismic Design Classification" and by our
conclusion that the identified $51 are the plant feeLures necessary
to assure (1) the integrity of the reactor coolant pressure
bouniary, (2) the capability to shutdown the reactor and maintain it
in a se Te shutdown condition, and (3) the capability to prevent and
mitigate the consequences of accidents w!.ich could result in
potent # 31 offsite exposures comp =mable to the guideline exposures of
10 CFR / art 100.

V. IMPl.EMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP Sectiun.

3.2.1-4 Rev. 1 - July 1981



. _ _ . . .__ .___ __ . _ - _ _ . _ _ . . _ . _ . _ _ . _ . _ _ _ . . - _ __ _
_

Except in those cases in which the applicant proposes an acceptable alternative
m method for complying with specified portions of the Commission's regulations,!

[Vi the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.;

| Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced Regulatory Guide.

-
.

| VI. REFERENCES '

:

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, Appendix A " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

| 3. Regulatory Guida 1.29, " Seismic Design Classification."
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3.2.2 SYSTEM QUALITY GROUP CLASSIFICATION

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

Nuclear power plant systems and components important to safety should be
designed, fabricated, erected, and tested to quality standards commensurate with
the importance of the safety function to be performed.

The MEB reviews the applicant's classification system for pressure-retaining
components such as pressure vessels, heat exchangers, storage tanks, pumps,
piping, and valves in fluid systems important to safety, and the assignment by
the applicant of quality groups to those portions of systems required to perform
safety functions. Where required, specific information or assistance may be

C'T required from the ICSB to review electrical and instrumentation systems needed
This review which isV for functioning of plant features important to safety.

coordinated with each branch that has primary review responsibility for these
plant features is performed for both construction permit (CP) and operating
license (OL) applications. Excluded from this review are: structures; internal
parts of mechanical components such as shaf ts, seals, impellers, packing, and
gaskets; fuel, electrical, and instrumentation systems, electrical valve
actuation devices, and pump motors.

The applicant presents data in his safety analysis report (SAR) in the form of a
tavle which identifies the fluid systems important to safety; the system
components such as pressure vessels, heat exchangers, storage tanks, pumps,
piping, and valves; the associated quality group classification, ASME Code and
code class; and the quality assurance requirements. In addition, the applicant
presents on suitable piping and instrumentation diagrams the system quality group
classifications.

Rev.1 - July 1981
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The MEB also performs the following reviews for the SRP sections indicated:

1. Determines the acceptability of tt'e seismic classification of system
components in accordance with SRP Section 3.2.1. The information may be
combined with the information in this SRP section which may result in
cross referencing rather than repetition of the information,

2. Verifies that systems and components important to safety that are
designated as Quality Groups A, B, C, or 0 items are constructed in
accordance with the regulatory guides, industry codes and standards that
are referenced in SRP Sections 3.2.1, 3.9.1 through 3.9.3, and

3. Determines the adequacy of the inservice testing program for pumps and
valves in accordance with SRP Section 3.9.6.

II. ACCEPTANCE CRITERIA

Acceptance criteria is based on meeting the relevant requirements of the
following regulations:

10 CFR Part 50, Appendix A, General Design Criterion 1 and 10 CFR Part 50,
@ 50.55a, as they relate to the requirement that structures, systems, and
components important to safety shall be designed, fabricated, erected, and
tested to quality standards commensurate with the importance of the safety
function to be performed.

To meet the requirements of General Design Criterion 1 and 10 CFR Part 50,
G 50.55a, the following regulatory guide is used:

Regulatory Guide 1.26, " Quality Group Classification and Standards."
This guide describes an acceptable method for c'etermining quality
standards for Quality Group B, C, and D water- and steam-containing

. components important to safety of water-cooled nuclear power plants.

III. REVIEW PROCEDURES

Selection and emphasis of various aspects of the areas covered by this SRP
section will be made by the reviewer on each case. The judgement on the areas
to be given attention during the review is to be based on an inspection of the
material presented, the similarity of the material to that recently reviewed
on other plants, and whether items of special safety significance are involved.

Section 50.55a of 10 CFR Part 50 identifies those ASME Section III, Code
Class 1 components of light-water-cooled reactors important to safety which
are part of the reactor coolant pressure boundary. These componel.ts are
designated in Regulatory Guide 1.26 as Quality Group A. In addition,
Regulatory Guide 1.26 identifies, on a functional basis, water- and steam-
containing components of those systems important to safety that are Quality
Groups B ar.d C. Quality Group D applies to water- and steam-containing
components of systems that are less important to safety. An applicant may use
the NRC Group Classification system identified in Regulatory Guide 1.26 or,
alternately, the corresponding ANS classification system of Safety Classes
which can be cross-referenced with the classification groups in Regulatory
Guide 1.26. There are also systems of light-water-cooled reactors important
to safety that are not identified in Regulatory Guide 1.26 and which the staff
considers should be classified Quality Group C. Exa,ples of these systems

3.2.2-2 Rev.1 - July 1981
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are: diesel fuel oil storage an( transfer system; diesel engine cooling water
system, diesel engine lubrication system, diesel engine starting system,
diesel engine combustion air intaNe and exhaust system, and instrument and
service air systems required to r,erform a safety function; and certain
ventilation plant systems. Gas treatment systems which are considered as;

engineered safeguards systems should be classified Quality Group B.

The information supplied in the application identifying fluid systems
important to safety is reviewed for completeness, and the quality group
classification, ASME Code and code class, and quality assuranc.e requirements
of euch individual maior component are checked for compliance with the above
criteris. The various modes of system operation are checked to assure that
the assigned NRC quality groups are acceptable.

.

The piping and instrumentation diagrams are reviewed to assure that the
applicant has delineated in detail the system quality group classification,

boundaries for systems important to safety. Each individual line on a diagram
is checked to assure the accuracy of the assigned quality group classification,
including branch lines such as vent lines, drain lines, fill lines, test lines, |and sample lines. Changes in quality group classification are permitted
normally only at valve locations, with the valve assigned the hignes clas-
sification. A change in quality group classification with no valve present is
permitted only when it can be demonstrated that the sfety function of the
system is not impaired by a failure on the lower-classification side of the
boundary.

The following fluid systems important to safety for pressurized water reactor
(PWR) and boi'ing water reactor (BWR) plants are reviewed by the MEB with
regard to quality group classification.

FLUID SYSTEMS IMPORTANT TO SAFETY FOR PWR PLANTS
!

l Reactor Coolant System
Emergency Core Cooling System
Containment Spray System
Chemical and Volume Control System
Baron Thermal Regeneration System ,2t-

Boron Recycle System ,2t

Residual Heat Removal System
2Component Cooling Water System

2Spent Fuel Pool Cooling and Cleanup System
aSampling System

2Service Water System
Compressed Air System ,2t

| Emergency Diesel Engina Fuel Oil Storage and Transfer System
Emergency Diesel Engine Cooling Water System;

Emergency Diesel Engine Starting System ,

Emergency Diesel Engine Lubrication System,

Emergency Diesel Engine Combustion Air Intake and Exhaust System
Main Steam Systema

aFeedwater System
Auxiliary Feedwater System
Steam Generator Blowdown System |

3

, . Containment Cooling System
Containment Purge System

3.2.2-3 Rev. 1 - July 1981
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Ventilation Systems for Areas such as Control Room and Engineered Safety
Features Rooms

Combustible Gas Control System
Condensate Storage System 1

FLUID SYSTEMS IMPORTANT TO SAFETY FOR BWR PLANTS

Reactor Recirculation System
Main Steam System (up to but not including the turbine)
Feedwater System (up to outermost containment isolation valve or shutof f valve,

as applicable)
Relief Valve Discharge Piping

-2Control Rod Drive Hydraulic System
Standby Liquid Control System
Reactor Water Cleanup System

2Fuel Pool Cooling and Cleanup System |
3Sampling System

Residual Heat Removal System
High Pressure Core Spray System
Low Pressure Core Spray System
Reactor Core Isolation Cooling System
RHR Service Water System
Emergency Equipment Service Water System
Compressed Air System .2i

Emergency Diesel Engine Fuel Oil Storage and Transfer System
Emergency Diesel Engine Cooling Water System
Emergency Diesel Engine Starting System
Emergency Diesel Engine Lubrication System
Emergency Diesel Engine Combustion Air Intake and Exhaust System
Standby Gas Treatment System
Combustible Gas Control System
Containment Cooling System
Main Steam Isolation Valve Leakage Control System |

2Condensate and Refueling Wr.ter Storage System
Ventilation Systems for Areas such as Control Room and Engineered Safety

Features Rooms

Clarification of the Quality Group Classification provided in Regulatory
Guide 1.26 and applicable to those portions of BWR main steam and feedwater
systems (other than the reactor coolant pressure boundary) on the turbine side
of the containment isolation valves, are given in Appendices A and B, attached
to this SRP section.

Additional ;9' dance on the quality group classification of systems and
components important to safety for a typical PWR plant is given in Appendix C
attached to this SRP section. Similarly, additional guidance on the quality
group classification of systems and components important to safety for a typical
BWR plant is given in Appendix 0 attached to this SRP section. Appendices C
and D, in part, identify individual system components including appropriate
interconnecting piping and valves, by quality group and the applicable code and

10n some plants this system may be non-safety-related, providing it complies
with the requirements of Regulatory Guide 1.26.

2Por tions of the system that perform a safety-related function.
3 Portions of the system to outermost containment isolation valve.
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i code class. Table 3.2.2-1 attached to this SRP section provides a su:.aary of
the construction Codes and Standards for components of water-cooled nuclear

3 power plants and is based on the NRC quality group classification system in
'

Regulatory Guide 1.26.

I In the event an applicant intends to take exception to Regulatory Guide 1.26
and has not provided adequate justification for his proposed quality group
classification, questions are prepared by the staff which may require
additional documentation or an analysis to establish an acceptable basis fori

his proposed quality group classification. Staff comments may also be!

prepared requesting clarification, in order to assure a clear understanding of
the quality group classifications assigned to a system by the applicant.

Exceptions and alternatives to the specified quality group classifications of
.' Regulatory Guide 1.26 are unacceptable unless " equivalent quality level" is

justified. In such cases, justification can be demonstrated if: the
component is classified to meet the requirements of a higher group clas-
sification than specified in Regulatory Guide 1.26 or alternative design rules
are based on the use of a more conservative design; the extent of component

,

nondestructive examination is equal to or greater than required by thei

specified code; and the quality assurance requirements of Appendix B, 10 CFR,
' Part 50 are met.

If the staff's questions are not resolved in a satisfactory manner, a staff
position is taken requiring conformance to Regulatory Guide 1.26.

,

I IV. EVALUATION FINDINGS

' The staff's review should verify that adequate and sufficient information is
contained in the SAR and amendments to arrive at a concic3 ion of the following

; type, which is to be included in the staff's safety evaluation report:
'

Pressure-retaining components of fluid systems important to safety
such as pressure vessels, heat exchangers, storage tanks, pumps,
piping and valves have been classified Quality Group A, B, C, or D
and have been identified in an acceptable manner in Table 3.X.X and
on system piping and instrumentation diagrams in the SAR. These
components have been constructed to quality standards commensurate
with the importance of the cafety function to be performed. The
review of Quality Group A and B (ASME Section III, Class 1 and 2)
reactor coolant pressure boundary components is discussed in Sec-
tion 5.2.1.1 of the SER. Other Quality Gtoup B components of systems

,

identified in Position C.1.a through C.1.e of Regulatory Guide 1.26!

1 are constructed to ASME Section III, Class 2. Components in systems
3 identified in Postion C.2.a through C.2.d of Regulatory Guide 1.26

are constructed to Quality Grup C standards, ASME Section III,
Class 3. Components in systems identified in Position C.3 of
Regulatory Guide 1.26 are constructed to Quality Group D standards
such as, ASME Section VIII and ANSI B31.1.-

The staff concludes that pressure-retaining components of fluid
systems important to safety have been properly classified as Quality
Group A, B, C, or D items and meets the requirements of Gereral

i Design Criterion 1, " Quality Standards and Records." This
conclusion is based on the applicant having met the requirements of

Q General Design Criterion 1 by having properly classified these'

3.2.2-5 Rev. 1 - July 1981
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|
|
l

|

pressure-retaining components important to safety Quality Group A,
B, C, or D in accordance with the positions of Regulatory
Guide 1.26, " Quality Group Classifications and Standards," and by

,

our conclusion that the identified pressure-retaining components are |
those necesscry (3) to prevent or mitigate the consequences of
accidents and malfunctions originating within the reactor coolant
pressure boundary, (2) to permit shutdown of the reactor and |

maintain it in a safe shutdown condition, and (3) to contain
'

radioactive materials.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
rtjarding the NRC staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced Regulatory Guide.

V. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality
Standards and Records."

|

2. Regulatory Guide 1.26, " Quality Group Classifications and Standards."

3. ASME Boiler and Pressure Vessel Code, 1980 Edition, Section III, " Nuclear
Power Plant Components," American Society of Mechanical Engineers (1980).

|
4 ASME Boiler and Pressure Vessel Code, 1980 Edition, Section VIII,

Division 1, " Pressure Vessels," American Society of Mechanical Enginsers
(1980).

5. ANSI /ASME B31.1-1980, " Power Piping," American National Standards
Institute (1980).

6. API Standard 620, Sixth Edition, " Recommended Rules for Design and
Construction of Large, Welded, Low-Pressure Storage Tenkt," American
Petroleum Institute (1977).

7. API Standard 650, Sixth Edition, Revis ,n 1, " Welded Steel Tanks 'for Oil
Storage," American Petroleum Institute 1970).

8. AWWA D100-79, "AWWA Standard for Steel 'anks-Standpipes, Reservoirs, and
Elevated Tanks for Water Storage," American Water Works Association
(1979).

9. ANSI B96.1-1980, " Specification for Welded Aluminum-Alloy rield-Erected
Storage Tanks," American National Standards Institute (1980).

10. Appendix A, " Classification of Main Steam Components Other Than the
Reactor Coolant Pressure Boundary for BWR Plants," attached to this SRP
section.
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'1. Appendix B, " Classification of BWR/6 Main Steam and Feedwater Components (.

Other Than the Reactor Coolant Pressure Boundary," attached to this SRP ,

section. !
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TABLE 3.2.2-1

SUMMARY Or CONSTRUCTIONt CODES AND STANDARCS FOR COMPONENTS OF WATER-COOLED
2NUCLEAR POWER PLANTS BY NRC Qt;aLITY CLASSIFICATION SYSTEM

NRC Quality Classification System
Components

Quality Group A Quality Grotra R Q'n'ity Group C Qu.111ty Group D

Pr*ssure Vessels ASME Bciler and Pressure ASME Boiler and Pressure aSME Boiler and Pressure ASME Boiler <mo Pressure
Vessel Code, Section III, Vessel Code, Section III, Vessel Code, Section liI, Vessel Code, Section VIII,
Di;ision 1 Subsection NB Division 1, Subs'ction NC Division 1, Subsection Nr. Divi = ion 1.
-Class 1, Nuclear Power -Class 2, Nuclear P wer r -Class 3, Nuclear Powei

3 3 3Plant Components '4 Plant Components '4 Plant Components '4

Piping As above As above As above ANSI B31.1 Power Piping

Pumps As above As above As above Manufacturers standards.

-[ Valves As above As above As above ANSI B31.1 Power Piping
& and ANSI B16.34

Atmospheric Not applicable As above As above API-650, AWA D100, or
Storage Tanks ANSI B96.1

0-15 psig Storage Not applicable As above As above API-620
Tanks

Supports As above except As above except As above except Manufacturers standards
Subsection NF Subsection NF Subsection NF

Metal Containment Not applicable As 1bove except Not applicable h ' applicable
Components Subsection NE, Class MC

Ccre Support Not applicable As above except Not applicable Not applicable .

Structures Subsection NG
,
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~\ NOTES-
1

1As defined in Subsubarticle NCA-1110 of Section III, of the ASME Boiler and
i Pressure Vessel Code, construction is an all-inclusive term comprising

. 'i, materials, design, fabrication, examination, testing, inspection, and:

certification required in the malufacture and installation of components.
,

'

2As, defined in Regulatory Guide 1 26, the NRC Quality Classification System
' identifies on a functional basis components of fluid systems by Quality

Groups A, B, C, and D.

3Sce Section 50.55a, " Codes and Standards," of 10 CFR Part 50 for guidance
''

with regard to the Code Edition and Addenda to be applied
i

4The specific applicability of ASME Code Cases is covered separately in SRP
Section 5.2.1.2, Regulatory Guides 1.84 and 1.85, or in Commission regula-
tions, where appropriate. Applicants proposing the use of ASME Code Cases,

' not covered;by these 59P and Regulatory Guides should receive approval from
the Commission prior to their use and should demonstrate that an acceptable

: level of quality and safety would be achieved.
s
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!APPENDIX A*

CLASSIFICATION OF MAIN STEAM COMPONENTS OTHER THAN
THE REACTOR COOLANT PRESSURE BOUNDARY FOR BWR PLANTS

A. BACKGROUND

A pipe classification of "D + QA" for main steam line components of BWR plants
was proposed by the General Electric Company in 1971 as an alternative to
Quality Group B and has bee 1 accepted by the staff in a number of licensing
case reviews.

However, we have recently identified a number of potential problems which are
applicable to main steam li.es of BWR plants. These problems relate to postus
lated breaks in high energy fluid-containing lines outside the containment.
The criteria pertaining to protection required for structures, systems, and
components outside containment from the effects of postulated pipe breaks, as
contained in the Direct ir of Licensing's letter to utilities dated July 12,
197b reference ASME Section III, Class 2, which corresponds to NRC Quality
Group B.

The recent ASME Code Section XI revision contains in-service inspection
reouirements for Class 2 components. Steam lines classified as "D + QA" could
be interpreted to be exempt from these inspection requirements. Such |
interpretations would be contrary to the intent of the code and inconsistent
with requirements of the NRC Codes and Standards rule, Section 50.55a of
10 CFR Part 50.

Furtnermore, the applicability of the following NRC Regulatory Guides, |
Standard Review Plan section, and Regulations, as they relate to ASME
Section III, Class 2 components is not always clearly identified or implemented
in case applications wherever "O + QA" classification is adopted:

1. SRP Section 3.9.3, "ASME Code Class 1, 2, and 3 Components, Component
Supports, and Core Support Structures."

2. Regulatory Guide 1.26. " Quality Group Classifications and Standards."

3. 10 CFR Part 50, 6 50.55a, " Codes and Standards for Nuclear Power Plants."

4. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
Plants."

In view of the foregoing, we find it necessary to clarify the quality group
classification criteria for main steam components for BWR plants.

B. _ BRANCH TECHNICAL POSITION

The main steam line components of BWR plants should conform to the criteria
listed in the attached Table A-1 of SRP Section 3.2.2.

|

A 1

Formally BTP RSB No. 3-1 1

3.2.2-10 Rev. 1 - July 1991
,



.

:

C. REFERENCES

1. Letter of March 22, 1973, J. A. Hinds to J. M. Hendrie.

2. Letters of August 13, 1973 and November 26, 1973, J. M. Hendrie to J. A.
Hinds.

Table A-1 |

CLASSIFICATION REQUIREMENTS FOR MAIN STEAM COMPONENTS ,0THER
THAN THE REACTOR COOLANT PRESSURE BOUNDARY

Classification
Item System or Component Quality Group

1. Main S" team Line from 2nd Isolation B

Valve to Turbine Stop Valve.

2. Main Steam Line Branch Lines to B

First Valve.

3. Main Turbine Bypa:s Line to B

Bypass Valve.

4. First Valve in Branch Lines B

Connected to Either Main Steam
Linet er Turbine Bypass Lines.

3. a. Turbine Stop Valves, Turbine D + QA1d Control Valves, and Turbine or
Sypass Valves. Certification 2

b. Main Steam Leads from Turbine D + QAl'3
Control Valves to Turbine Casing. or

Certification 2
|
l
'

IThe following requirements shall be met in addition to the Quality Group D
requirements:

1. All cost pressure-retaining parts af a size and configuration for
which volumetric examination methods are effective shall be examined
by radiographic methods by qualified personnel. Ultrasonic
examination to equivalent standards may be used as as alternate to
radiographic methods.

2. Examination procedures and acceptance standards shall be at least
equivalent to those specified as supplementary types of examination
in ANSI B31.1-1973, Par. 136.4.

2The following qualification shall be met with respect to the certification
requireme..ts:

1. The manufacturer of the turbine stop valves, turbine control valves,
turbine bypass values, and main steam leads from turbine control$

w]
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Table A-1 (cont'd)

valves to the turbine casing shall utilize quality control proced, ares
equivalent to those defined in General Electric Publication

GEZ-4982A, " General Electric Large Steam Turbine - Generator Quality
Control Program."

2. A certification shall be obtained from the manufacturer of these
valves and steam leads that the quality control program so defined
has been accomplished.

3The following requirements shall be met in addition to the Quality Group D
requirements:

' l. .All longitudinal and circumferential butt weld joints shall be
radiographed (or ultrasonically tested to equivalent standards).
Where size or configuration does not permit effective volumetric
examination, magnetic particle or liquid penetrant examination may
be substituted. Examination procedures and acceptance standards
shall be at least equivalent to those specified as supplementary
types of examinations, Paragraph 136.4 in ANSI B31.1-1973.

2. All fillet and socket welds shall be examined by either magnetic
particle or liquid penetrant methods. All structural attachment
welds to pressure retaining materials shall be examined by either
magnetic particle or liquid penetrant methods. Examination
procedures and acceptance standards shall be at least eouivalent to
those spec.ified as supplementary types of examinations, Paragraph
136.4 in ANSI B31.1-1973.

3. All inspection records shall be maintained for the life of the
plant. These records shall include data pertaining to qualification
of inspection personnel, examination procedures, and examination
results.

.

O
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APPENDIX B*

/~N
i CLASSIFICATION OF PWR/6 MAIN STEAM AND FEEDWATER COMPONENTS( / OTHER THAN THE REACTOR COOLANT PRESSURE BOUNDARYss.-

A. BACKGROUND

At various times the NRC staff has discussed with the General Electric Company
the subject of appropriate classification requirements in boiling water
reactor (BWR) plants for main steam system components. These discussions have
included consideration of components that are (a) not classified as safety-

'
related items but are located downstream of the isolation valves, (b) not
specifically designed to seismic Category I standards, and (c) not housed in
Seismic Category I structures.

To date, BWR plant reviews have resulted in various approaches for different
individual applications. While these different approaches have resulted in
acceptable levels of safety in each case, they have required time-consuming
case-by-case reviews. The GESSAR'(PDA) BWR/6 application which was reviewed
as part of our standardization program, includes this portion of the BWR |

plant.

In the course of the GESSAR PDA review, we have identified a systematic basis
'for classification of such components that will result in an acceptable and
uniform design basis for the main steam lines (MSL) and feedwater lines (MFL)
in BWR/6 plants.

B. BRANCH TECHNICAL POSITION

C3
.

The main steam and feedwater system components of BWR/6 plants should be
classified in accordance with SRP Section 3.2.2, Appendix A, or alternately,
in accordance with the attached Table B-1 of SRP Section 3.2.2. The classifi-
cations indicated are consistent with the guidelines currently specified in
Regulatory Guide 1.26 and Regulatory Guide 1.29.

As an additional requirement, a suitable interface restraint should be
provided at the point of departure from the Class I structure where the
interface exists between the safety and nonsafety-related portions of the MSL
and MFL.

A sketch is attached (Figure B-1) to clarify the specified alternate |

classification system.

C. REFERENCES

|.
| 1. Letter of April 19, 1974, J. M. Hendrie to J. A. Hinds.
.

&

4

a
\s_ e Farmally BTP RSB No. 3-2 |

i
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Table B-1

CLASSIFICATION REQUIREMENTS FOR BWR/6 MAIN STEAM AND FEEDWATER
SYSTEM COMPONENTS OTHER THAN THE REACTOR COOLANT PRESSURE COUNDARY

QUALITY GROUP
Item SYSTEM OR COMPONENT CLASSIFICATION

1. Main Steam Line (MSL) from second isolation valve to and B

including shutoff valve.

2. Branch lines of MSL between the second isolation valve and the B

MSL shutoff valve, from branch point at MSL to and including the
first valve in the branch line.

3. Main feedwater line (MFL) from second isolation valve and B

including shutoff valve.

4. Branch lines of MFL between the second isolation valve and the B

MFL shutoff valve, from the branch point at MFL to and including
the first valve in the branch line.

5. Main steam line piping between the MSL shutoff valve and the D (1)
*

turbine main stop vaive.

6. Turbine bypass piping. D

7. Branch lines of the MSL between the MSL shutoff valve and the D

turbine main stop valve.

8. Turbine valves, turbine control valves, turbine bypass valves, D (1,2)
and main steam leads from the turbine control valves to the or
turbine casing. Certification (3)

9. Feedwater system components beyond the MFL shutoff valve. D

(1) All inspection records shall be maintained for the life of the plant.
i These records shall include data pertaining to qualification of inspection
' persennel, examination procedures, and examination results.

(2) All cast pressure retaining parts of a size and configuration for which
volumetric methods are effective shall be examined by radiographic methods
by qualified personnel. Ultrasonic examination to equivalent standards
may t;e used as an alternate to radiographic methods. Examination
procedures and acceptance standards shall be at least equivalent to those
defined in Paragraph 136.4, " Examination Methods of Welds - Non-Boiler
External Piping," ANSI B31.1-1973.

O
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Table B-1 (cont'd)

(3) The following qualifications shall be met with respect to the
certification requirements:

1. The manufacturer of the turbine stop valves, turbine control valves,
turbine bypass valves, and main steam leads from turbine control
valves to the turbine casing shall utilize quality control procedures
equivalent to those defined in General Electric Publication GEZ-4982A,
" General Electric Large Steam Turbine-Generator Quality Control
Program."

2. A certification shall be obtained from the manufacturer of these
valves and steam leads that the quality control program so defined

| has been accomplished.

e

o

o
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$ System Components in BWR/6 Plants.;
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Appendix D

BWR Plants

Classification of Systems and Components

In Course of Preparation

Classification of Structures

In Course of Preparation
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NU REG-0800
(Fcrmtriy NUREG 75/087)

p [p* *Ec
o

U.S. NUCLEAR REGULATORY COMMISSION

U !$,, g%y/OFFICE OF NUCLEAR REACTOR REGULATIONA) STANDARD REV EW PLAN\
..ee e

3.3.1 WIND LOADINGS

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None |

I. AREAS OF REVIEW

The following areas relating to the design of structures that have to withstand the
effects of the design wind * specified for the plant are reviewed to assure conform-
ance with the requirements of General Design Criterion 2 (Ref. 1).

1. The design wind velocity and its recurrence interval, the velocity variation
with height, and the applicable gust factors are reviewed from the standpoint
of use in defining the input parameters for the structural design criteria
appropriate to account for wind loadings. The bases for the selection and the
values of these parameters are within the review responsibility of the
Meteorology Section of the Accident Evaluation Branch (AEB) as stated in SRP |

3 i Sections 2.3.1 and 2.3.2.
w/

2. The procedures that are utilized to transform the design wind velocity into an
effective pressure applied to structures are reviewed taking into considera-
tion the geometrical configuration and physical characteristics of the
structures and the distribution of wind pressure on the structures.

II. ACCEPTANCE CRITERIA

SEB accepts the design of structures that must withstand the effects of the design
wind load if the relevant requirements of General Design Criterion 2 concerningI

natural phenomena are complied with. The criteria necessary to meet the relevant

| requirements of GDC 2 are as follows:
1

^ Referred to as 100 year return period " fastest mile of wind" in SRP Section 2.3.1.

Rev. 2 - July 1981
|

| USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review

l O plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The
s

[ standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.l

(, Not all sections of the Standard Format have a corresponding review plan.
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1. The wind used in the design shall be the most severe wind that has been
historically reported for the site and surrounding area with sufficient
margin for the limited accuracy, quantity, and period of time in which
historical data has been accumulated.

2. The acceptance criteria for the design wind velocity and its recurrence
interval, the velocity variation with height, the applicable gust factors,
and the bases for determining these site-related parameters, are estab-
lished by the Accident Evaluation Branch (AEB) and are contained in SRP |
Sections 2.3.1 and 2.3.2. The approved values of these parameters should
serve as basic input to the review and evaluation of the structural design
procedures.

3. The procedures utilized to transform the wind velocity into an effective
pre'ssure to be applied to structures and parts and portions of structures,
as delineated in ANSI A58.1, "Builting Code Requirements for Minimum
Design Loads in Buildings and Other Structures" (Ref. 2), are acceptable.
In particular, the procedures utilized are acceptable if found in accord-
ance with the following:

For a design wind velocity of V 30 mph specified at a height of
30 feet above the ground, the velocity pressure, q30, is given
by:

q30 = 0.00256 0 psf

The effective pressure for structures, qF, and for portions thereof,
q , at various heights above the ground should be in accordance with

p
Table 5 and Table 6 of ANSI A58.1, respectively. Since most nuclear
power plants are located in relatively open country, Exposure C, as
defined in ANSI A58.1, should be selected for both tables.

Depending upon the structure geometry and physical configuration,
pressure coefficients may be selected in accordance with Section 6.4
of ANSI A58.1. Geometrical shapes that are not covered in this
document are reviewed on a case-by-case basis. ASCE Paper No. 3269,
" Wind Forces on Structures" (Ref. 3), may be used to obtain the
effective wind pressures for cases which ANSI A52.1 does not cover.

III. REVIEW PROCEDURES

The reviewe" selects and emphasizes material from the review procedures
described below as may be appropriate for a particular case.

1. The site-related parameters described in subsection I.1 are reviewed by
the Accident Evaluation Branch (AEB) under SRP Sections 2.3.1 and 2.3.2. |The structural reviewer examines the approved values of these parameters
to assure that they are consistent with those contained in SRP-

Sections 2.3.1 and 2.3.2.

O
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2. After the acceptability of the site-related parameters is established,
the reviewer proceeds with the evaluation of the structural aspects of

a wind design. The procedures used by the applicant to transform wind

(b velocities into effective pressures are reviewed and compared with those$

procedures delineated in subsection II of this plan. |

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP section, and concludes that his evaluation is
sufficiently complete and adequate to support the following type of conclusive
statement to be included in the staff's safety evaluation report:

The staff concludes that the plant design is acceptable and meets the require-
ments of General Design Criterion 2. This conclusion is based on the following:

The applicant has met the requirements of GDC 2 with respect to the
capability of the structures to withstand design wind loading so that
their design reflects

1. appropriate consideration for the most severe wind recorded for
the site with an appropriate margin;

2. appropriate combinations of the effects of normal ard accident
conditions with the effects of the natural phenomena; and

3. the importance of the safety function to be performed.

O The epplicant has met these requirements by using ANSI A58.1 and ASCE paper

(# No. 3269, which the staff has reviewed and found acceptable, to transform the1

wind velocity into an effective pressure on structures and for selecting
pressure coefficients corresponding to the structures geometry and physical
configuration.

The applicant has designed the plant structures with sufficient margin to
prevent structural damage during the most severe wind loadings that have been
determined appropriate for the site so that the requirements of Item 1 listed
above are met. In addition, the design of seismic Category 1 structures, as
required by Item 2 listed above, has included in an acceptable manner load
combinations which occur as a result of the most severe wind load and the
loads resulting from normal and accident conditions.

The procedures used to determine the loadings on structures induced by the
design wind specified for the plant are acceptable since these procedures have
been used in the design of conventional structures and proven to provide a
canservative bacis which together with other engineering design considerations
assures that the structures will withstand such environmental forces. The use
of these procedures provides reasonable assurance that in the event of design
basis winds, the structural integrity of the plant structures that have to be
designed for the design wind vill not be impaired and, in consequence, safety-
related systems and components located within these structures are adequately
protected and will perform their intended safety functions if needed, thus
satisfying the requirement of Item 3 listed above.

L.)
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Comt.ission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. ANSI A58.1, " Building Code Requirements for Minimum Design Loads in
Buildings and Other Structures," Committee A58.1, American National
Standards Institute.

3. ASCE Paper No. 3269, " Wind Forces on Structures," Transactions of the
American Society of Civil Engineers, Vol. 126, Part II (1961).

O
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3.3.2 TORNADO LOADINGS l

REVIEW RESPONSIBILTIES
1

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas relating to the design of structures that have to withstand the
effects of the design basis tornado specified for the plant are reviewed to assure
conformance with the requirements of General Design Criterion 2 (Ref. 1).

1. The design parameters applicable to the tornado, including the tornado wind
translatiunal and tangential velocities, the tornado generated pressure dif-
ferential and its as ociated time interval, and the spectrum of tornado-
generated missiles including their characteristics, are reviewed from the
standpoint of use in defining the input parameters for the structural design,3

f Y criteria appropriate to account for tornado loadings. The bases for the
( ,/ selection and the values of these parameters are within the review responsi-

bility of the Accidert. Evaluation Branch (AEB) as stated in SRP Sections 2.3.1,
2.3.2, and 3.5.1.4.

2. The procedures that are utilized to transform the tornado parat:ters into
effective loads on structures aro reviewed, including the following:

a. The transformation of the tornado wind into an effective pressure applied
to structures, taking into consideration the geometrical configuration
and physical characteristics of the structures and the distribution of
wind pressure on the str':ctures.

b. If venting of a structure is used, the procedures for transforming the
tornado generated differential pressure into an effective reduced pres-
sure are reviewed by the Auxiliary Systems Branch (ASB) upon SEB request. |
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c. The transformation of tornado generated missile loadings, which ar-
impactive dynamic loads, into effective loads.

d. The combination of the above individual loadings in a manner that
will produce the most adverse total tornado effect on structures.

3. The information provided to demonstrate that failure of any structure or
component not designed for tornado loads will not affect the capability
of other structures or components to perform necessary safety functions.

II. ACCEPTANCE CRITERIA

SEB accepts the design of structures that must withstand the effects of the .

design tornado wind load and the associated missiles if the relevant require-
ments of General Design Criterion 2 concerning natural phenomena are complied
with. The criteria necessary to meet the relevant requirements of GDC 2 are
as follows:

1. The tornado wind and associated missiles generated by the tornadic winds
used in the design shall be the most severe wind that has been historically
reported for the site and surrounding area with sufficient margin for the
limited accuracy, quantity, and period of time in which historical data
has been accumulated.

2. The acceptance criteria for the tornado wind velocity, the differential
pressure and its associated time interval, the spectrum of tornado-
generated missiles and their characteristics, and the bases for deter-
mining these parameters, are established by the Accident Evaluation i
Branch (AEB) as described in SRP Sections 2.3.1, 2.3.2, and 3.5.1.4. The I
approved values of these paramenters should serve as basic input to the
review and evaluation of the structural design procedures.

3. The acceptance criteria for the procedures used to transform the tornado
parameters into effective loadings on structures are as follows:

a. For transforming the tornado wind velocity into an effective pres-
sure applied to structures, the criteria delineated in either the
American Society of Civil Engineers (ASCE) Paper No. 3269, " Wind
Forces on Structures" (Ref. 2), or in ANSI A58.1, " Building Code
Requirements for Minimum Design Loads in Buildings and Other
Structures" (Ref. 3), are, in general, acceptable. In particular,

the following shall apply:

(i) The maximum velocity pressurc, p, should be based upon the
maximum tornado velocity, V, using the following formula:

p = 0.00256 V2 psf, in which V is in mph.

(ii) The velocity pressure should be assumed constant with height.

(iii) The maximum velocity pressure, p, applies at the radius of the
tornado funnel at which the maximum velocity occurs. The tan-
gential velocity varies with the radial distance from the center
of the tornado core. The variation may be considered in accord-
ance sith that described in the paper, " Tornado Resistant Design
of Nuclear Power Plants" (Ref. 4).

o
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(iv) For calculating velocity pressures on external surfaces o.f struc-
o tures, on external portions thereof, and on internal surfaces,

(V) where there are openings in the structure, appropriate shape
coefficients shall be used in accordance with ASCE Paper No. 3269
(Ref. 2). Gust factors may be taken as unity.

b. If venting of a structure is adopted as a design measure to permit
transforming the tornado generated differential pressure into an
effective reduced pressure, the acceptance criteria ce established
on a case-by-case basis, upon request, by the Auxiliary Systems
Branch (ASB).

c. The acceptance criteria for transforming the tornado generated mis-
sile impact into an effective or e'uivalent static load on structures

are delineated in subsection II of SRP Section 3.5.3.

d. Having established the effective loads for each of the above three
individual tornado generated effects, the combination thereof should
then be determined in a conservative manner for each particular
structure, as applicable. An acceptable mei, hod of combining these
effects is as follows:

(i) W *W
t 's *

(ii) W
t p

(iii) W
t m

(iv) Wt" +.5W
w p

v (v) W * *
t w m

(vi) W +.5W +W
t w p ,

where: W total tornado load,t.....
W ..... tornado wind load,

/p ..... tornado differential pressure load, and
W tornado missile load.,....

For each particular structure or portion thereof, tne most adverse
of the above combinations should be used, as appropriate.

These combined effects constitute the total tornado load which should
then be combined with other loads as specified in SRP Sections 3.8.1,
3.8.4, and 3.8.5.

4. The information provided to demonstrate that failure of any structure or
component not designed for tornado loads will not affect the capability
of other structures or components to perform necessary safety functions,
is acceptable if found in accordance with either of the following:

a. The postulated collapse or structural failure of structures and com-
[~) ponents not designed for tornado loads, including missiles, can be
\v shown not to result in any structural or other damage to safety-

related structures or components.
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b. Safety related structures are designed to resist the effects of the
postulated structural failure, collapse, or generation of missiles gfrom structures and components not designed for tornado loads.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from the review procedures described
below, as may be appropriate for a particular case.

1. The site-related parameters described in subsection I.1. are reviewed by
the Accident Evaluation Branch (AEB) in accordance with SRP Sections 2.3.1, |
2.3.2, and 3.5.1.4. The structural reviewer examines the approved values
of these parameters to assure that they are consistent with those contained
in the SRP sections stated above.

2. After the acceptability of the site-related parameters is established,
the SE8 reviewer proceeds with his review of the structural aspects of
tornado dc-sign in the following manner:

a. The procedures used by the applicant to transform tornado wind veloc-
ities into effective pressures are reviewed and compared with those
procedures delineated in either ASCE Paper No. 3269 or in ANSI A58.1,
whichever is selected, and, in particular, with the acceptance criteria
delineated in subsection II.3.a.

b. Where venting is used, procedures for transforming the tornado-
generated differential pressure into an effective reduced pressure
are reviewed, upon request, by the Auxiliary Systems Branch (ASB)
upon SEB request. |

c. The treatment of tornado generated missiles is covered in SRP
Section 3.5.1.4 and the review procedures for design of missile
barriers are described in SRP Section 3.5.3.

d. After procedures for determining the individual tornado effects are
reviewed, the manner in which these effects are then combined to
arrive at the most adverse total tornado effect is reviewed and
compared with the acceptance criteria delineated in subsection II.3.d.
Other proposed methods which may depend upon the geometry and confi-
guration of a particular structure are reviewed on a case-by-case

ibas s.

3. The information provided to demonstrate that failure of any structure or
component not designed for tornado loads will not affect the capability
of other structures or components to perform necessary safety functions
is reviewed to assure that one of the acceptance criteria of subsection II.4
is satisfied.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP sectica, and concludes that his evaluation is
sufficiently complete and adequate to support the following type of statement
to be included in the staff's safety evaluation report.
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The staff conchdes that the plant design is acceptable and meats the
requirements of General Design Criterion 2. This conclusion is based

Q on the following:

The applicant has met the requirements of GDC 2 with respect to the
structure r:apability to withstand design tornado wind loading and
tornado missiles so that their design reflects

1. appropriate consideration for the most severe tornado recorded
for the site with an apprcpriate margin;

2. appropriate combinations of the effects of normal and accident
conditions with the effects of the natural phenomena; and

3. the importance of the :afety function to be performed.

The applicant has met these requirements by using ANSI A58.1 and
ASCE paper No. 3269, which the staff has reviewed and found accept-
able, to transform the wind velocity generated by the tornado into
an effective pressure on structures and for selecting pressure
coefficients corresponding to structures geometry and physical
configuration.

The applicant has designed the plant structures with sufficient
margin to prevent structural damage during the most severe tornado
loadings that have been determined appropriate for the site so that
the requirements of Item 1 listed above are met. In addition, the

(n) design of seismic Category I structures, as required by Item 2 listed
V above, has included in an acceptable manner, load combinations which

occur as a result of the most severe tornado wind load and the loads
resulting from normal and accident conditions.

The procedures utilized to determine the loadings on structures
induced by the design basic tornado specified for the plant are
acceptable since these procedures have been used in the design of
conventional structures and proven to provide a conservative basis
which together with other engineering design considerations assures
that the structures withstand such environmental forces.

The use of these procedures provides reasonable assurance that in
the event of a design basis tornado, the structural integrity of the
plant structures that have to be designed for tornadoes will not be
impaired and, in consequence, safety-related systems and components
located within these structures will be adequately protected and may
be expected to perform necessary safety functions as required, thus
satisfying the requirement of item 3 listed above.

|

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

O Except in those cases in which the applicant proposes an acceptable alternative

(b method for complying with specified portions of the Commission's regulations,t
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the method described herein will be used by the staff in its evaluation of
conformance with Commiss 4n regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection irgainst Natural Phenomena."

2. ASCE Paper No. 3269, " Wind Forces on Structures," Transactions of the
American Society of Civil Engineers, Vol.126, Part II (1961).

3. ANSI A58.1, " Building Code Reqt.irements for Minimum Design Loads in
Buildings and Other Structures," Committee A58.1, American National
Standards Institute.

4. J. R. Mcdonald, K. C. Mehta and J. E. Minor, " Tornado-Resistant Design
of Nuclear Power Plant Structures," Nuclear Safety, Vol. 15, No. 4,
July-August 1974.
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3.4.1 FLOOD PROTECTION

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ASB review of the plant flood protection includes all structures, systems and
components (SSC) whose failure could prevent safe shutdown of the plant or result
in uncontrolled release of significant radioactivity to assure conformance with the
requirements of General Design Criterion 2. The facility design and equipment
arrangements presented in the applicant's safety analysis report (SAR) are reviewed
with respect to the following considerations: to identify the safety-related SSC
that must be protected against flooding from both external and internal causes; to
determine the capabilities of structures housing safety-related systems or equipment
to withstand flood conditions, i.e., the relationship between structure elevation
and flood elevation including waves and wind effects as determined in the review

/ ) described in SRP Sections 2.4.1 through 2.4.14; to determine the adequacy of the |

(/ isolation of redundant safety-related systems or equipment subject to flooding; to
identify possible inleakage sources, such as cracks in structures not designed to
withstand seismic events and exterior or access openings or penetrations in
structures located at a lower elevation than the flood level and associated wave
activity. The ASB review also includes consideration of flooding from internal
sources of SSC important to safety from failure of tanks, vessels, and piping. The

effects of piping failures are considered in SRP Section 3.6.1. The effects of
flooding due to failure of tanks and vessels are reviewed within the context of
this SRP section.

The ASB review for the underground drainage system and for flood protection uses
information provided by HGEB reviews. as indicated below, to assure that the inte-
grated design of the underground drainage system is capable of performing its
safety function and that the flood protection utilized is compatible with the
maximum flood elevation established for the plant site.

!

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents Lre made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. Theg

) standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
i

Not all sections of the Standard Format have a corresponding review plan.I
g

~ Published standard review plans will be revised periodically, as appropriate, to accommodate commmte and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
Office of Nuclear Reactor Regulation, Washington, D.C. 20555.



Coordinated reviews are pe-formed by other branches and the results used by
the ASB to complete the overall evaluation of the flood protection. The
coordinated reviews are as follows:

The Hydrologic and Geotechnical Engineering Branch (HGEB) reviews the under-
ground drainage system as part of its primary review responsibility for SRP
Section 2.4.13. The HGEB also verifies the elevations and coincident condi-
tions determir.ed for the various conditions of site flooding, including the
adequacy of the type of flood protection utilized as part of its primary
review responsibility for SRP Sectivas 2.4.1 through 2.4.14. The Structural
Engineering Branch (SEB) determines the acceptability of the design analyses,
procedures, and criteria used for structures that must withstand the effects
of the design basis flood as part of its primary review responsibility for SRP
Section 3.4.2. The Instrumentation and Control Systems Branch (ICSB) and the
Power Systems Branch (PSB) will, upon request, verify the adequacy of instru-
mentation needed for flood protection, including adequacy of detectors and
alarms necessary to detect rising water levels within structures, and will
evaluate the consequences of f1 coding on other safety-related instrumentation
and electrical equipment in affected areas. The review of Technical Specifi-
cations is coordinated and performed by the Licensing Guidance oranch as part
of its primary review responsibility for SRP Section 16.0.

For these areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

Acceptability of the flood protection measures described in the SAR is based
on meeting specific general design criteria and regulatory guides. The plant
design for protection of SSC from the effects of flooding is acceptable if it
meets the relevant requirements of General Design Criterion 2, " Design Bases
for Protection Against Natural Phenomena," and 10 CFR Part 100, Appendix A,
" Seismic and Geologic Siting Criteria for Nuclear Power Plants," Section IV.C
as related to protecting SSC important to safety from the effects of floods,
tsunamis and seiches. Acceptance is based on the design meeting the guide-
lines of Regulatory Guide 1.59 with regard to the methods utilized for
establishing the probable maximum flood (PMF), probable maximum precipitation
(PMP), seiche and other pertinent hydrologic considerations; and the guide-
lines of Regulatory Guide 1.102 regarding the means utilized for protection of
SSC important to safety from the effects of the PMF and PMP. If safety-related

structures are protected from below grade groundwater seepage by means of a
permanent dewatering system, then the system should be designed as a safety-
related system and meet the single failure criterion requirements.

III. REVIEW PROCEDURE

The review procedures below are used during the construction permit (CP) review
to determine that the design criteria and bases and the preliminary design as
set forth in the preliminary safety analysis report (PSAR) meet the acceptance
criteria given in subsection II of this SRP section. For the review of operating

license (OL) applications the procedures are utilized to verify that the initial
design criteria and bases have been appropriately implemented in the final design
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as set forth in the final safety analysis report (FSAR). The reviewer will
select and emphasize material from the paragraphs below as may be appropriate

,

for a particular case.

The reviews of flood elevations and other hydrologic considerations pertinent
to protection of SSC important to safety, including the underground drainage
systert, are performed by HGEB as part of its primary responsibility for SRP
Sections 2.4.1 through 2.4.14.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I of this SRP section.
The' primary reviewer obtains and uses such input as required to assure that
this review procedure is complete.

The review procedure consists of:

1. A determination from the SAR as to which SSC are safety-related and should |be protected against floods or flooded conditions.

2. An evaluation using the plant arrangement and layout drawings as to the
various means to prevent flooding of safety-related systems or components,
such as external barriers, enclosures, pumping systems, and watertight
doors. The measures utilized are reviewed and coordinated with HGEB to
determine their ability to cope with the design basis flood conditions,
as established in SRP Sections 2.4.1 tiirough 2.4.14.

3. An assessment of leakage, a determination if liquid-carrying systems could
s produce flooding, and an evaluation of the measures taken to protect safety-

[V') related equipment. The effects of piping failures are considered in SRP
Section 3.6. The effects of potential flooding of SSC due to postulated
failure of nonseismic Category I and nontornado protected tanks, vessels,
and other process equipment is considered in this SRP section. A failure
modes and effects analysis may be performed to determine that the flooding
consequences resulting from failures of such liquid-carrying systems close
to essential equipment will not preclude required functions of safety
systems.

4. A review of the SAR to ascertain if safety-related systems or components
are capable of normal function while completely or partially flooded.

5. A review of plant arrangement and layout drawings to determine if safety-
related equipment or components are located within individual compartments
or cubicles which act as positive barriers against possible means of

! flooding, and if barriers or other means of physical separation are utilized
between redundant safety-related trains.

6. Review plant structure design drawings to determine if any safety-related
structures have been provided with a safety-related permanent dewatering
system for control of ground water seepage. The dewatering system should be
designed to safety grade requirements. In addition, see SRP Section 2.4.13.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that'

A) his evaluation supports conclusions of the following type, to be included in(
U the staff's safety evaluation report:
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The flood protection review included all systems and components
whose failure could prevent safe shutdown of the plant and main-
tenance thereof or result in significant uncontrolled release of
radioactivity. Based on the review of the applicant's proposed
design criteria, design bases, and safety classification for
safety-related SSC necessary for a safe plant shutdown during and
following the flood condition from either external or internal
causes, the staff concludes that the design of the facility for
flood protection conforms to the Commission's regulations as set
forth in General Design Criterion 2 and 10 CFR Part 100 Appendix A.
This conclusion is based on the applicant having met the require-
ments of General Design Criterion 2 and Appendix A to 10 CFR
Part 100 with respect to protection of SSC important to safety from
the effects of floods, tsunamis, and seiches by:

(a) Meeting Regulatory Guide 1.59 positions C.1 regarding the
conditions utilized for design of SSC important to safety for
the worst site-related flood probable at a nuclear power plant
(e.g., PMF, seismically induced flood, hurricane, seiche,
surge, PMP) and C.2 regarding alternatives to hardened pro-
tection of SSC important to safety.

(b) Meeting Regulatory Guide 1.102 positions C.1 regarding the type
of flood protection provided and C.2 regarding provision of
guidance in establishing shutdown technical specifications and
emergency operating procedures related to flooding.

(c) The method used by the applicant for protection of SSC important
to safety from flooding from external and internal causes has
been reviewed by the stafi and found acceptable; and

(d) Protecting essential SSC from external and internal flooding by
locati'ig the systems and components in individual flood proof
enclosures, providing exterior barriers (levees, seawalls,
floedwalls, revetments or breakwaters), or design of individual
systems to maintain their safety function if they are flooded.

; V. IMPLEMENTATION

i The following is in; ended to provide guidance to applicants and licensees
! regarding the staff's plans for using this SRP section.

|
Except in those cases in which the applicant proposes an acceptable alternative

I method for complying with specified portions of the Commission's regulations,
| the method described herein will be used by the staff in its evaluation of

conformance with Commission regulations.

Implementation schedules for confo mance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."
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! 2. 10 CFR Part 100, Appendix A, " Seismic ana Geologic Siting Criteria for
; Nuclear Power Plants."
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3. Regulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants."

| 4. Regulatory Guide 1.102, " Flood Protection for Nucir.ar Power Plants." |
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3.4.2 ANALYSIS PROCEDURES

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None
|

I. AREAS OF REVIEW

The fol!owing areas relating to the design of seismic Category I structures to with-
stand the effects of the flood or highest ground water specified for the plant are
reviewed.

1. The uesign p r.ameters of the flood or highest groundwater are reviewed from
the standpoint of use in defining the input parameters for the structural
design criteria appropriate to account for flood and groundwater leadings.
Further, for plants where the flood level is higher than the proposed grade
around the plant structures, the dynamic phenomena associated with such a

{s} flooding such as currents, wind waves, and their hydrodynamic effects, are
/ similarly reviewed. The bases for these parameters are within the review

responsibility of the Hydrologic & Geotechnical Engineering Branch (HGEB) as |
stated in Standard Review Plan Section 2.4.2.

2. The procedures that are utilized to transform the static and dynamic effects
of the flood and highest groundwater into effective loads applied to seismic
Category I structures are reviewed.

II. ACCEPTANCE CRITERIA

SEB accepts the design of structures that must withstand the effects of the flood
or highest groundwater level if the relevant requirements of General Design
Criterion 2 concerning natural phenomena are complied with. The criteria neces-
sary to meet the relevant requirements of GDC 2 are as follows:

1. The flood or highest grouridwater and the associated dynamic ef fects, if any,
used in the design shall be the most severe ones that have been historically

Rev. 2 - July 1981
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Standard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
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reported for the site and surrounding area, with sufficient margin for
the limited accuracy, quantity, and period of time in which the historical
data have been accumulated.

2. The acceptance criteria for the flood or highest ground water level, for
establishing the dynamic effects of the flood where it is above the plant
grade, and for the bases for determining these site-related and hydrody-
namic parameters, are established by the Hydrologic & Geotechnical |Engineering Branch (HGEB) as stated in Standard Review Plan Section 2.4.2. I

3. In most situations, the flood level is below the proposed plant grade and
only its hydrostatic effects need be considered. Unless the hydrostatic
head associated with the flood or with the higheit groundwater level is
relieved by utilizing a drainage and pumping system around the foundations
of structures, it has to be considered as a structural load on the base-
mer.t walls and foundation slab of the building. Another consideration in
such a situati
The total buoy,on is to prevent any uplift or floating of the structure.ancy force may be based on the flood or hi hest groundwater6
head excluding wave action, if applicable. However, the lateral, over-
turning and upward hydrostatic pressures acting on the side walls and on
the four.dation slab, respectively, which chould be considered in the
structural design of these eierents, should be based on the total head
including wave action, if any.

Where the flood level is above the proposed plant grade, the dynamic loads
of wave action should be considered. Procedures for determining such
dynamic loads are acceptable if they are in accordance with or similar to
those delineated in the U.S. Army Coastal Engineering Research Center,
Technical Report No. 4 (Ref. 2), as applicable. Other methods are reviewed -

on a case-by-case basis.

III. REVIEW PROCEEURES

The reviewer selects and emphasizes material from the review procedures described .

below as may be appropriate for a particular case.

1. The site-related and hydrodynamic parameters described in subsection II.1
of this SRP section are reviewed by the Hydrologic & Geotechnical Engineer-
ing Branch (HGEB) and are covered in Standard Review Plan Section 2.4.2.
The structural reviewer examines the approved values of these parameters
to assure that they ara consistent with those contained in SRP Section 2.4.2.

2. After the acceptability of the site-related and hydrodynamic parameters s

' '
is established, the reviewer proceeds with his review of the structural
aspects of the design for flood or groundwater. The procedures used by %
the applicant to determine effective flood loads are reviewed and compared
with those procedures delineated in subsec. tion II.2 of this SRP section.

IV. EVALUATION FINDINGS ~.

The reviewer verifies that sufficient information has been provided to satisfy
,

" -

the requirements of this Standard Review Plan section, and concludes that his
evaluation is sufficiently complete and adequate to support the following type
of conclusive statement to be included in the staff's safety evaluation report:

3.4.2-2 Rev. 2 - July 1981 x
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(Oi The_ staff concludes that the plant design is acceptable and meets
V the requirements of General Design Criterion 2. This conclusion is

~

oas:.m on the following:

The applicant has me'. the requirements of GDC 2 with respect to the
structures capability to withsta @ the effects of the flood or highest
groundwater level so that their design reflects.

1. appropriate consideration for the most severe flood recorded
for the site with an appropriate margin,

2. appropriate combiriuion of the e'ffects of normal and accident
conditions with the effect of the natural phenomena, and

.3. the importance of the safety functions to be performed.

The applicant has met these requirements by reference 2 which provides
guidance.and tech _niques used in design for hydraulic and hydrodynamic
-loads.

The applicant bas designed the plant structures with sufficient margin.

to prevent structural damage during the most severe flood or groundwater
^ and the associ'ated dynamic effects that have been determined appropriate

for the site sotthat'the requirements of Item 1 listed above are met.
In addition, the, design of seismic Category 1 structures, as required

(N by Item 2 listed above, has , included in an acceptable manner loads

(%~'j combinations which occur as'a result of the most severe flood or
groundwater-related loads and the loads resulting from normal and
accident conditions.

,

The procedures dtilized i * termine the loadings on seismic Category I
"

a 1
str_uctures induced @y t' jn flood or highest groundwater level+

,1

spe'cif bd for the plant. m.ceptable since these procedures have
\ been used in-f,ha(desigg 'of conventional structures and proven to

.i - provide a consh'rvstive basis which together with other engineering
Y design cons,iderations assures that the structures will wi'thstand'

- 4'% O such environmental' forces. --*
. ,

p. x . -m

The use of these prochdures provides reasonable assurance that in
~

the event of floods,or high groundwater, the structural integrity of

coridequence[eic Category I structures will not be impaired and, inseisbicCategoryIsystemsandcomponentslocatedwithin
the'Dlant sel.

'
-

these structnes will be adequately protected and may be expected to
c 'p'erforar necesury, safety functions, as required, thus satisfying

requirement of: itet 3 7isted above.
w N

V. IITLEMENTATI0th

The followirq is intendea to provide guidance to applicants and licensees
regarding th~e'NRC staff's plans for using this SRP section.

w %

O)
ExceptinthIsecasesinwhichtheapplicantproposesanacceptablealternative

( method,for complying with specified portions of the Commission's regulations,
.

t Y

3. , , y 3.4.2-3 Rev. 2 - July 1981
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the niethod described herein will be used by the staff in its evaluation of
conformance.with Commission regulations.

VI. VEiERENCES

1. 10 CFR .Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

.

2. U.S. Army Coastal Engineering Research Center, "St. ore Protection Manual," *

3rd Edition, 19//.
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3.5.1.1 INTERNALLY GENERATED HISSILES (0UTSIDE CONTAINMENT)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None
~

I. AREAS OF REVIEW

The ASB reviews all structures, systems, and components (SSC) provided to s wport
the reactor facility that require protection from internally generated missiles
(outside containment) to assure conformance with the requirements cf General Design
Criterion 4. The review concerns missiles that could result from in plant compo-
nent overspeed failures and high pressure system ruptures.

The ASB reviews the functional operations and performance requirements for all
structures, systems, and components outside containment and identifies the SSC that
are necessary for the safe shutdown of the reactor facility and the SSC whose fail-

/ 4 ure could result in a significant release of radioactivity. All SSC will be re-
/ viewed to assure adequate protection from internally generated missiles if the SSC

are necessary to perform functions required for attaining and maintaining a safe
shutdown condition or if the SSC are necessary to mitigate the consequences of an
dCCident.

The review of internally generated missile protection includes the following:
structures, systems or portion of systems, and components that require protection
from internally generated missiles are identified; pressurized components and
systems are reviewed to determine their potential for generating missiles such as

,

| valve bonnets and hardware retaining bolts, relief valve parts, and instrument
wells; high speed rotating machinery are reviewed to determine their potential for

| generating missiles from component averspeed or failure, such as failure of the
pump itself (resulting from seizure), pamp or component parts, and rotating seg-
ments (e.g., impellers and fan blades).

If safety-related systems or components are located in areas containing nonsafety-
related SSC, then the nonsafety-related SSC are reviewed with respect to internal

,

|
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missile effects if the failure could precluae the intended safety function of
the safety-related SSC.

In addition, the ASB will coordinate with the Structural Engineering Branch (SEB)
review that interfaces with the review of this area as follows:

The SEB determines the acceptability of the analysis and criteria
used for the design of structures or barriers that protect essential
systems and components from internally generated missiles (SRP
Section 3.5.3). The results are used by the ASB to complete the
overall evaluation of protection against internally generated missiles.
For the area of review identified above, the acceptance criteria and
their methods of application are contained in the SRP section.

II. ACCEPTANCE CRITERIA

Acceptability of the design information on protection of essential systems and
components from internally generated missiles presented in the applicant's
safety analysis report (SAR) is based on meeting specific general design
criteria and regulatory guides.

The dasign of structures, systems, and components is acceptable if the inte-
grated design affords missile protection in accordance with General Design
Criterion 4, with respect to protecting structures, systems, and components
important to safety against the effects of internally generated missiles that
may result from equipment failures, in order to maintain their essential safety
functions. Acceptance is based on the design meeting the guidelines of Regulatory
Guide 1.115, as related to the identification and protection of SSC important
to safety from the effects of turbine missiles, and the NRC staff verification
that the applicant's essantial SSC will be protected from internally generated
missiles (outside containment) by location in individual missile proof :tructures
or by special localized protective shields or barriers.

III. REVIEW PROCEDUPg

The review pr.,cedures set forth below are used during the construction permit
(CP) application review to determine that the design criteria and bases and
the preliminary design in applicant's preliminary safety analysis report meet
the acceptance criteria given in subsection II of this SRP section. For the
review of the operating license (0L) application, the review procedures and
acceptance criteria are used to verify that the initial design criteria and
bases have been appropriately implemented in the final design as set forth in
the final safety analysis report. The reviewer selects and emphasizes areas
within the scope of this SRP section as may be appropriate in a particular case.

The reviews of the effects of internally generated missiles on structures are
performed by SEB as part of its primary responsibility for SRP Sectica 3.5.3.
The objective in the review of the reactor facility, structures, systems and
components, with regard to protection requirements for internally generated
missiles, is to ' identify the SSC that are needed to perform a cafety. function.
Some structures and systems are designed as safety-related in their entirety,
others have portions that are safety related, and others are classified as not
needed for safety. In order to determine their safety category, the ASB evaluates

O
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) the SSC with regard to their function in achieving and maintaining a safe
'

reactor shutdown condition or in preventing accidents or mitigating the con-
i sequences of such accidents. The single failure criterion is used in the

analysis. The safety functions to be performed by the SSC in the various plant
i designs are essentially the same. However, the location and arrangement of

the SSC and the methods used vary from plant to plant depending upon the indi-
i vidual design. The review identifies variations in plant designs that must be

evaluated on an individual case basis. SSC that perform a safety function, or
which by virtue of their failure could have an adverse effect on a safety
function, should be protected from the effects of internally generated missiles.

i The information provided in the SAR pertaining to SSC design bases and criteria,
system descriptions and safety evaluations, piping and instrumentation diagrams,
station layout drawings, and system and component characteristic and classifica-
tion tables are reviewed to identify potential sources of missiles and to deter-.

mine the SSC that require protection in order to maintain their safety related
t functions. The reviewer may use failure mode and effect analyses and the results
i of reviews by other branches in evaluating specific SSC and the origin of possible

missiles, in identifying the SSC that require protection from internally generated
missiles and the adequacy of the protection provided. Components within onef

j train of a system containing redundant trains need not be protected from missiles
' originating from the same train.

The reviewer determines that nonsafety-related SSC are protected from internally
| generated missiles if their failure by a missile impact could prevent a required
; safety function of the SSC.
l

IV. E_ VALUATION FINDINGS

! The reviewer verifies tnat sufficient information has been provided to satisfy
the requirements of this SRP section and that his evaluation is complete and
adequate to support conclusions of the following type, to be included in the

! staff's safety evaluation report:

The review of possible effects of internally generated missiles (outside
containment) included structures, systems, and components whose failure
could prevent safe shutdown of the plant or result in significant
uncontrolled reiease of radioactivity. Based on the review of the
applicant's design bases and criteria for essential structures, systems,
and components necessary to maintain a safe plant shutdown, the staff
concludes that the structures, systems, and components to be protected
from internally generated mistiles (outside containment) meet the
requirements of General Design Criterion 4. This conclusion is based
on our determination thzt the applicant has met the requirement of

! GDC 4 with respect to protection of safety-related SSC from internal
missiles outside containment as the applicant:

1. Has met regulatory positions C.1 and C.3 of Regulatory Guida 1.115
" Protection Against Low Trajectory Turbine Missiles" as related.

to the identification and protection of SSC important to safety
from the effects of turbine saissiles;

2. Has used methods for identification of potential sources of
internal missiles and for demonstrating the adequacy of the

O protection provided which have been reviewed by the staff ini

j this or in previous applications and found acceptable;

3.5.1.1-3 Rev. 2 - July 1981
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3. Has shown . hat essential SSC functions will be protected from
internally generated missiles (outside containment) by locating
the systems or components in individual missile proof structures
or providing special localized protective shields or barriers.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

2. Regulatory Guide 1.115, " Protection Against Low-Trajectory Turbine Missiles."

O

|

|

!

!

O
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3.5.1.2 INTERNALLY GENERATED MISSILES (INSIDE CONTAINMENT)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None |

I. AREAS OF REVIEW

The ASB review of the structures, systems, and components (SSC) to be protected
from internally generated missiles (inside containment) to assure conformance with
the requirements of General Design Criterion 4 includes all SSC within the contain-
ment and the containment itself. The review includes internally generated missiles
associated with component overspeed failures, missiles that could originate from
high energy fluid system failures, and missiles due to gravitational effects.

,

The ASB with the requested assistance of the Containment Systems Branch (CSB) and
the Reactor Systems Branch (RSB) reviews the functional operations and performance
requirements for structures, systems,'and components inside containment and identi-
fies which of the operations are necessary for the safe shutdown of the reactori

s

facility in the event of an accident or other circumstances that might result in
an internally generated missile, or for the mitigation of the effects of loss-of-
coolant or other accidents. Safety-related SSC are reviewed with respect to their
capability to perform functiors required for attaining and maintaining a safe shut-
dc,wn condition during such accident conditions.

The review of internally generated missile protection includes the following:

1. Structures, systems or portion of systems, and components requirin0 protection
from internally generated missiles and the method of protection provided
against such missiles.

,

2. Credible primary rreissiles including, valve hardware, retaining bolts, relief
valves parts, instrument wells and reactor vessel seal rings (PWR).

3. Credible secondary missiles generated as a result of impact with primary
missiles.

Rev. 2 - July 1981
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The review performed oy the Structural Engineering Branch (SEB) is coordinated
by the ASB and the results used to complete the overall ASB evaluation of the
protection against internally ger:erated missiles. The SEB determines the
acceptability of the analytical procedures and criteria used for structures or
barriers that protec', the containment structure and liner, essential systems,
and safety-related components from internally generated missiles as part of
its pr bary review responsibility for SRP Section 3.5.3. The acceptance
criteria and their methods of application are contained in that SRP section.

II. ACCEPTANCE CRITERIA

Acceptability of the design information on protection of structures and essential
systems and ecmponents from internally generated missiles, as presented in the
applicant's ;fety analysis report (SAR), is based on General Design Criterion 4.
An additionai basis for determining acceptability is the degree of similarity
of the design to that of previously approved plants.

The design of structures, systems, and components is acceptable if the integrated
design affords missile protection in accordance with General Design Criterion 4,
as it relates to structures housing essential systems and to the systems being
capable of withstanding the effects of internally generated missiles. A

statement in the SAR that essential structures, systems, and components will
be afforded prctection by locating the systems or components in individual
missile proof structures, physically separating redundant systems or components

' of the system, or providing special localized protective shields or barriers,
is an acceptable method for meeting this criterion at the construction permit
stage for providing protection from internally generated missiles (inside
containment).

III. REVIEW PROCEDURES

The review procedures bulow are used du.ing the construction permit (CP)
review to determine t.1st the design criteria and bases and the preliminary
design as set forth in the preliminary s+ty analysis report meet the accept-
ance criteria given in Subsection II. For the review of operating licensc-
(0L) applications, the review procedures and acceptance criteria are used to
verify that the initial design criteria and bases have been appropriately
implemented in the final design as set forth in the final safety analysis
report. The reviewer selects and emphasizes. areas within the scope of this
SRP section as may be appropriate in a particular case.

The first objective in the review of the structures, systems, and components,
with regard to protection requirements for internally generated missiles, is
to determine whether the equipment is needed to perform a safety function.
Some structures and systems are designed as safety related in their entirety,
others have portions that are safety related, and others are classified as not
needed for safety. In order to determine the safety category of the SSC, the
RSB and CSB upon request from the ASB, will evaluate the SSC with regard to
their function in achieving safe reactor shutdown conditions or in preventing
accidents or mitigating the consequences of accidents, and will provide an
input to the ASB. The primary reviewer obtains such input as required to |
assure that this review procedure is complete. Structures, systems, or
components that perform a safety function, or by virtue of their failure could
have an adverse effect on a safety function should be protected from the
effects of internally generated missiles.

3.5.1.2-2 Rev. 2 - July 1981



A review is conducted of the information provided in the SAR pertaining to SSC
oesign bases and criteria, the listing of credible primary missiles, secondary

[,} missiles, damage or failures to safety related SSC as a result of missile
V impingement and missile protection provided. The reviewer may use failure

mode and effect analyses and the results of other portions of the facility
review in evaluating specific SSC and the origin of possible missiles, and in
determining which structures, systems, and components require protection from
internally generated missiles and whether the degree of protection provided is
adequate.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his evaluation supports conclus uns of the following type, to be included in
the staff's safLty evaluation report:

The review of possible effects of internally g8nerated missiles
(inside containment) included structures, systems, and components
whose failure could prevent safe shutdown of the plant or result in
signific6nt uncontrolled release of radioactivity. Based on the
review of the applicant's design bases and criteria for essential
structures, systems, and components necessary to maintain a safe
plant shutdown, the staff concludes that the structures, systems,
and components to be protected from internally generated missiles
(inside containment) meet the requirements of General Design
Criterion 4 with respect to protection of safety-related SSC from
internal missiles inside containment since the applicant:

) 1. Has used methods for identification of potential sources
V of internal missiles and for demonstrating the adequacy of

the protection provided which have been reviewed by the
staff in this or in previous applications and found
acceptable; and

2. Has shown that essential SSC functions will be protected
from internally generai.ed missiles (inside containment) by
locating the systems or components in individual niissile-
proof structures or providing special localized protective
shields or barriers.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

; Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's regu-
lations, the method des ~ibed herein will be used by the staff in its evalua-
tion of conformance with Jommission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
n and Missile Design Bases."

3.5.1.2-3 Rev. 2 - July 1981
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3.5.1.3 TURBINE PIS HLES

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

Plant designs are reviewed with the objective of establishing whether safety-
related plant structures, systems, and components have adequate protection against
the effects of potential turbine missiles. The primary review area is the evalua-
tio1 of turbine missile generation, strike, and damage probabilities with respect
to the safety-related missile targets. The review requires input from the Auxiliary
Systems Branch (ASB) on target identification and from the Structural Engineering
Branch (SEB) on barrier quality.

MTEB reviews the turbine disc failure analysis, fracture toughness properties,
turbine startup procedures, and inservice inspection as part of its primary review

(av) responsibility for SRP Section 10.2.3.

In addition, MTEB will coordinate other branches' evaluations that interface with
the overall review of turbine missiles. These interfaces are as follows: SEB,
upon request, reviews the turbine missile impact effects on steel and concrete
barriers (e.g., penetration depth, scabbing, and structural response) as part of
its primary review responsibtlity for SRP Section 3.5.3. Power Systems Branch

,

(PSB) reviews the turbine overspeed protection incluuing overspeed sensing and
tripping as part of its primary review responsibility for SRP Section 10.2.
Mechanical Engineering Branch (MEB) reviews the adequacy of the inservice testing
program of pumps and valves as part of its primary review responsibility for SRP
Section 3.9.6. Equipment Qualification Branch (EQB) reviews the seismic qualifi-
cation of instrumentation and electrical system components and the environmental
qualification of mechanical and electrical system componerts as part of its primary
review responsibility for SRP Sections 3.10 and 3.11, respectively. ASB identifies
structures, systems, and components to be protected from turbine missiles as part
of its primary review responsibility for SRP Section 3.5.2. For those areas of
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review identified above as being reviewed as part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
section of the corresponding primary branch.

II. AC:EPTANCE CRITERIA

MTEB acceptance criteria are based on the plant design and layout satisfying
the requirements of General Design Criterion 4 (Ref. 1), which requires that
structures, systems, and components important to safety shall be protected
against the effects of missiles that might result from equipment failures, in
this case the steam turbine. Consideration of turbine missile protection is
relevant for essential systems, i.e., those structures, systems, and components
recessary to ensure:

- The integrity of the reactor coolant pressure boundary.

The capability to prevent accidents that could result in potential offsite-

exposures that are comparable to the guideline exposures of 10 CFR Part 100,
" Reactor Site Criteria."

- The capability to shut down the reactor and maintain it in a cold shutdown
condition.

Specific criteria necessary to meet the relevant requirements of GDC 4 are as
follows:

1. Plant designs with a favorable turbine generator placement and orientation,
and adhering to the guidelines presented in Regulatory Guide 1.115 (Ref. 2)
will be considered to be adequately protected against turbine missile
hazards. Exclusions of safety related structures, systems, or components
from low trajectory turbine missile strike zones constitutes adequate
protection against low trajectory turbine missiles. In those cases where
exclusion of safety-related targets from the low trajectory missile
strike zones is impractical (e.g. , location dictated by site character-
istics, such as a water intake structure for the ultimate heat sink)
target size, shielding, or redundancy may be considered with respect to
missile protection. The acceptance criterion is that the combined strike
and damage probability for these targets be less than 10 3 per turbine
failure.

2. Plant designs with unfavorable turbine generator placement and orientation,
such that safety-related structures, systems, or components are within
thelowtrajectoryturbinemissilestrikezonesandaresusceptibleto
potential missile damage, should have sufficient missile protection in
terms of one or more of the following: missile barriers; target
redundancy; turbine disc integrity; or overspeed protection.

The SRP Section 2.2.3 risk acceptance guidelines that are used for
potential accident situations in the vicinity of the plant will also be
used in determining the sufficiency of protection against turbine missiles.

3. The following criteria apply exclusively to plants for which an application
for a construction permit was submitted prior to 11/15/76:
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When the estimated turbine missile risks exceed the guidelines of
SRP Section 2,2,3, the following requirements should be met:

n
i. The design and on-line testing of the overspeed sensing and

tripping system, including the main steam stop and control'

valves, and reheat stop.and intercept valves, should be in
accordance with SRP Section 10.2, as determined by the PSB.
For Operating License reviews a determination should be made of-
whether increased valve testing should be required, based on
cost-benefit considerations.

ii. The applicant should submit a detailed strike and damage analysis
with respect to all vulnerable targets (with the aim of assessing
the margin available) and/or provide local shielding (if the
above analyses indicate that SRP Section 2.2.3 guidelines are
still exceeded). The procedures used for describing missile
interactions with structural barriers and barrier damage
analysis should conform to those of SRP Section 3.5.3. The SEB
will review the interaction aspects of turbine missiles with
respect to structural barriers and their damage analysis. The
MIEB reviewer will perform an overall risk assessment of turbine
missile hazard based on an independent evaluation of the detailed
strike and damage analyses. The MTEB will also review the
adequacy of turbine disk integrity in accordance with SRP
Section 10.2.3.

III. REVIEW PROCEDURES
-

O The reviewer selects and emphasizes aspects of the areas covered by this SRP
section as may be appropriate for a 1 articular case. Thejudgmentonareasto
be given attention and emphasis in tie review is based on an inspection of the
material presented to see whether it is similar to that recently reviewed on
other plants and whether items of special safety significance are involved.

Upon request from the primary reviewer, the secondary review branches will
provide input for the areas of review stated in subsection I of this SRP
section. The primary reviewer obtains and uses such input as required to
assure that this review procedure is complete.

The review procedure involves the following:

1. The plant layout drawings are reviewed to determine the relative placement
of safety-related structures, systems, and components with respect to the
turbine generator unit (s)'. This review is focused on determining if the
plant layout conforms to the turbine placement and orientation recommenda-
tions outlined in Regulatory Guide 1.115. If the orientation is such
that all safety-related targets are excluded from the low trajectory
turbine missiles, further review in this regard is not necessary. This
procedure also encompasses the possibility of having some cafety-related
targets within the strike zones when their placement is unavoidable.
However, these systems must be protected against the effects of turbine
missiles generated at design overspeed and destructive overspeed. As
indicated in the Regulatory Guide 1.115, this condition it met if the
size, placement, and/or shielding by barriers is such that the total

O strike and damage probability for all such targets within the strike
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zones is less than 10 3 per turbine failure. Adequate protection will
also be identified with targets which are redundant and sufficiently
independent (e.g. , by separation distance or barriers) such that a turbine
failure could not compromise two or more members of a redundant train.

The fr,llowing specific information is necessary in order to perform the
above review:

Dimensioned plant layout drawings (plan and elevation views).a.

b. Barriers (e.g., structural wall material strength properties, thick-
nesses).

Identification of safety related structures, systems, and componentsc.
in terms of locati.', redundancy, and independence (Ref. 3).

d. Identification of all turbine generator units (present and future)
in the vicinity of the plant being reviewed.

A quantitative description of the turbine generator in terms ofe.
rotor shaft, wheels, steam valve characteristics, rotational speed
and turbine internals pertinent to turbine missiles analyses.
Postulated missiles should be identified in terms of missile size,
mass, shape, and exit speed for design overspeed and destructive
overspeed turbine failures. A description should be provided of the
analysis used in estimating the miss.ile exit speeds. The sense of
rotation should be identified with respect to each turbine generator
under consideration.

Most of this information can be obtained from the applicant's SAR.
The relevant Standard Format Sections are 1.2, 3.5, 3.8, and 10.2.

2. Plants which do not conform to the recommendations of Regulatory Guide
1.115 should be reviewed on a case-by-case basis for each safety related
target. The review centers around the evaluation of the individual
probability components in the relation

2 N

P = 1 ,1 P
yj ),1 2ij

P P ;j3N i=1 ,=1

where

P Total probability for incurring damage which exceeds the=

criteria described in subsection II, per turbine year.

N Total number of distinct turbine missile sources per turbine-=

generator unit, usually identified with the number of low
pressure wheels.

P. Probability for tmissiles due to i gbine failure leading to the ejection of
=

yI
type of turbine failure.

6 x 10 5 per turbine year for design over speed failures.P =yy
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4 x 10 5 per turbine year for destructive overspeed failuresP =
12

(Ref. 4).,

(V\

P '. . = The strike probability with respect to a barrier between the23 turbine and the target. In case of reultiple barriers, it is
equivalent to the probability for striking the final barrier
betweg the turbine and the target. The j - index refers to

* the j- wheel on the turbine rotor.

3i. = The probability for damaging the target. This can be eitherP
3 due to primary missile penetration of a barrier or due to the

generation of secondary missiles (e.g., scabbing in concrete),
or both.

It should be noted that in the case of multiple barriers the value of P
willbedeterminedbyacombinationofgeometricconsiderations,missil$'..3
deflections, and intermediate barrier penetration estimates (Ref. 5). The
usual procedure is to estimate the portion of the total solid angle
associated with each ejected missile that is subtended by the target in
question. If there are no intermediate barriers, or if all barriers up
to the final barrier are penetrated independently of missile state (i.e.,
energy, impact orientation) then P2ij can be approximated by

pjj - ( A0 ) ( A$Aomax )P
_

g

where
im

(g) A0 -

Azimuthal angle gbtended by the target with the |J respect to the j- wheel.

Maximum azimuthal ggle range of fragment trajectories60 =
J, max ejected from the j- wheel.

10? for inner wheels=

25? for end wheels.=

Elevation angle subtended by the target.A$ =

A$ max Maximum elevation angle range for a missile (e.g.,=

for a single fragment the probability of any given
elevation angle is uniformly distributed over
2n radians, $ max = 360?).

An additional factor f may be used to multiply the above relation if
penetration of intermediate barriers is conditional on missile state.
This can be done by considering the ratio of all missile states that
penetrate the barrier to the total number of missile states. If there
are M barriers, this may be expressed as

M
f.=n (All missile states that penetrate M barrier)ij

y3 m=1 (Total number of possible missile states)ijp
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where the i and j indices refer to the turbine failure mode and failed
wheel, respectively.

Estimates of the potential for concrete penet. ration and/or scabbing are
based on the missile penetration criteria described in SRP Section 3.5.3.

The evaluation of the overall probability P is performed by considering
conservative as well as realistic estimates of all the individual parameters
that are used in the analysis. The conservative and realistic estimates
of P are used in conjunction with the risk acceptance guidelines described
in SRP Section 2.2.3 in determining the acceptability of the plant design
with respect to turbine missile risk.

3. The reviewer may request technical as.;istance on an as needed basis in
the following areas in order to complete the turbine missile enluation:

a. Where the design basis protection against turbine missiles is
primarily by use of barriers, the adequacy of structural turbine
barrier procedures are verified by the SEB in accordance with the
criteria of SRP Section 3.5.3.

b. The effect of fracture toughness properties on the failure
probability of the low pressure turbine wheels is reviewed by the
MIEB.

c. The turbine overspeed protection system and its testing are
evaluated by the HEB (turbine steam valve reliability) and the PSB
(tripping and overspeed sensing systems).

d. The identification of plant essential systems to be protected against
turbine missiles is reviewed by the ASB.

4. For Construction Permit applic2tions docketed prior to 11/15/76 and to
all Operating License reviews, a summary should be prepared of the
following items:

a. Identification of all safety-related targets vulnerable to turbine
missiles.

b. MTEB findings regarding turbine disc and rotor integrity and
inservice inspection program.

c. When appropriate, SEB evaluation of credit for missile barriers.

d. PSB findings regarding turbine overspeed protection system.

act assessment of localized missile shielding
A general value imp /or system relocation (CP's only).

e.
(CP's and OL's) and

f. Identification of additional plant requirements, if any.

5. High trajectory turbine missiles are characterized by their nearly
vertical trajectories. Missiles ejected more than a few degrees from the
vertical, either have sufficient speed such that they land offsite, or
their speeds are low enough so that their impact on most plant structures
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,

i

l
I

is not a significant hazard. The probability of a high trajactory turbine
missile landing within a few hundred feet from the turbine is on the

O order of 10-? per square foot of horizontal target area. Consequenty the
'

Q risk from high trajectory turbine missiles is insignificant unless the
vulnerable target area is on the order of 104 square feet or more.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the review and calculations support conclusions of the following types:

1. The staff concludes that the turbine missile risk for the proposed plant
design is acceptable and meets the requirements of General Design
Criterion 4. This conclusion is based on the applicant having suf-
ficiently demonstrated to the staff in accordance with Regulatory
Guide 1.115 that the probability of turbine missile damage to structures,
systems, and components important to safety (i.e., those listed in
Regulatory Guide 1.117) is acceptably 1cw.

2. The staff concludes that the turbine missile risks for the proposed plant
designs are too high and do not meet the requirements of General Design
Criterion 4. Additional protection against turbine missiles is required
in order to reduce the overall risk. The applicant should corcply with
Regulatory Guide 1.115 (turbine reorientation, vulnerable system
relocation, missile barriers, overspeed protection, turbine disc integrity
and inservice inspection, or other appropriate measures may be recommended).

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed 1

hereir. are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

Regulator Guide 1.115, " Protection Against Low-Trajectory Turbine2.
Missiles.y'

3. Regulatory Guide 1.117, " Tornado Design Classification."

4. S. H. Bush, " Probability of Damage to Nuclear Components," Nuclear Safety,
Vol. 14, No. 3, May-June 1973.

5. " Fundamentals of Protective Design," TM-5-855-1, Department of the Army,O July 1965.
O
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U$f>fi STANDARD REV EW PLAN
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OFFICE OF NUCLEAR REACTOR REGULATIONN
..ee e

3.5.1.4 MISSILES GENERATED BY NATURAL PHENOMENA

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB) |

Secondary - None |

I. AREAS OF REVIEW

The applicant's assessment of possible hazards due to missiles generated by the
design basis tornado, flood, and any other natural phenomena identified in Sec-
tion 3.5 of the safety analysis report (SAR) is reviewed and evaluated by the ASB
to assure that apF.ropriate design basis missiles have been chosen and properly
characterized, and to assure that the effects caused by these missiles are accept-
able. Currently, only missiles from the design basis tornado are consistently
considered in the plant design Mses. Missiles from other phenomena are con-
sidered on a case-by-case basis when they are identified.

( N The ASB also reviews the identification of those structures, systems and compo-
(U) nents that should be protected against missile impact under Standard Review Plan

(SRP) Section 3.5.2.

The Structural Engineering Branch (SEB) determines the acceptability of the design
analysis, procedures and criteria used to establish the ability of seismic Cate-
gory I structures and/or missile barriers to withstand the effects of tornado
missiles as part of its primary review responsibility for SRP Section 3.5.3. The
acceptance criteria and their methods of application are combined in that SRP
section.

.

II. ACCEPTANCE CRITERIA

The acceptability of the assessment as described in the applicant's Safety Analysis
Report (SAR) is based on compliance with: General Design Criteria 2 and 4 as it
relates to the capability of structures, systems, and componeni.s important to
shfety to withstand the effects of tornadoes and other natural phenomena. Accept-
ance is based on meeting the guidelines of Regulatory Guide 1.76 and 1.117. The
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methodology of identification of appropriate design basis missiles generated
by natural phenomcaa shall be consistent with the acceptance criteria defined
for the evaluation of potential accidents from external sources in SRP
Section 2.2.3.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II. For review of operating license (0L) applications,
the procedures are utilized to verify that the initial design criteria and bases
have been appropriately implemented in the final design as set forth in the
final safety analysis report.

Upon request from the primary reviewer, SEB will provide input for the areas
of review stated in subsection I. The primary reviewer obtains and uses such
input as required to assure that this review procedure is complete.

The reviewer will select and emphasize material from this SRP section, as may
be appropriate for a particular case.

The judgment on areas to be given attention and emphasis in the review is to
be based on an inspection of the material presented to see whether it is similar
to that recently reviewed on other plants and whether items of special safety
significance are involved.

.1 The SAR is reviewed for the identification of the design basis natural
phenomena which could possibly generate missiles. Postulated missiles
are reviewed for proper characterization. |

2. The probability per year of damage to the total of all important struc-
tures, systems, and components (as discussed in Regulatory Guide 1.117)
due to a specific design basis natural phenomena capable of generating
missiles is estimated,

3. If this probability is greater than the acceptable probability stated in
Regulatory Guide 1.117, then specific design provisions must be provided
to reduce the estimate of damage probability ta an allowable level.

4. All plants are required to be designed to protect safety-related equipment
against damage from missiles which might be generated by the design basis
torcado for that plant. Thereviewerverifiesthattheapplicanthaspostu-|
lated missiles that include at least three objects: a massi"e high kinetic
energy missile which deforms on impact, a rigid missile to test penetration
resistance, and a small rigid missile of a size sufficient to just pass
through any openings in protective barriers. Until more definitive guide-

|'iles are established, these missiles may be assumed to be an 1800 Kg
m omobile, a 125 Kg 8" armor piercing artillery shell, and a 1" solid
steel sphere, all impacting at 35% of the maximum horizontal windspeed of
the design basis tornado. The first two missiles are assumed to impact
at normal incidence, the last to impinge upon barrier openings in the
most damaging directions. These missiles are idc.ntified as Spectrum I.

Alternately, the missiles selected by the National Bureau of Standards as
representative of construction site debris in report NBSIR 76-1050 may be
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used. These are identified as Spectrum Il missiles. Tornado regions are
defined in WASH-1300.

7

i SPECTRUM II Velocity (m/sec)
MISSILE Mass (Kg) Dimensions (m) Region I Region II Region III

'

r

A Wood Plank 52 .092 x .289 x 3.66 83 70 58,

8 6" Sch 40 pipe 130 .168 0 X 4.58 52 42 10
C 1" Steel rod 4 .02540 x .915 51 40 8,

,

D Utility pole 510 .343D x 10.68 55 48 26 '

E 12" Sch 40 pipe 340 .320 x 4.58 47 28 7
-

F Automobile 1810 5 x 2 x 1.3 59 52 41

; Vertical velocities of 70% of the postulated horizontal velocities are
; acceptable in both spectra except for the small missile in Spectrum I or
i missile C above. These missiles, which are used to test barrier
! openings, should be assumed to have the same velocity in all directions.
i Missiles A, B, C, and E are to be considered at all elevations and
' missiles 0 and F at elevations up to 30 Feet above all grade levels

within 1/2 mile of the facility structures.

Applicants who were required at the construction permit stage to design to one
of the missile spectra (A or B) of the November 24, 1975 version of this SRP.

section (or a review modification such as a 24" vertical and 21" horizontal
wall thickness commitment in Region I), shall have the option at the OL stage
of showing conformance with either their original commitment or Rev. 2 (same |as Rev. 1) to this SRP section. Partial compliance with each is not
acceptable.

SRP Section 3.5.1.4, November 24, 1975 MISSILE Si'ECTRUM A

Fraction of total
tornado velocity *

| A. Wood plank, 4 in. x 12 in. x 12 ft, weight 200 lb. 0.8
I

; B. Steel pipe, 3 in diameter, schedule 40, 10 ft
'

long weight 78 lb. 0.4
,

C. Steel rod,1 in. diameter x 3 f t long, weight
8 lb. 0.6

0. Steel pipe, 6 in. diameter, schedule 40. 15 ft
long, weight 285 lb. 0.4

: E. Steel pipe, 12 in. diameter, schedule 40, 15 ft
long, weight 743 lb. 0.4

F. Utility pole, 13-1/2 in.' diameter, 35 ft long,
weight 1490 lb. 0.4

G. Automobile, frontal area 20 ft , weight 4000 lb. 0.2

%
/
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SRP Section 3.5.1.4, November 24, 1975 "No TUMBLING" MISSILE SPECTRUM B

Horizontal Velocity
ft/sec

A. Wood plank, 4 in. x 12 in. x 12 ft, weight 200 lb. 368

B. Steel pipe, 3 in. diameter, schedule 40, 15 ft
long, weight 115 lb. 268

C. Steel Rod,1 in. diameter x 3 f t long, weight 8 lb. 259

D. Steel pipe, 6 in. diameter, schedule 40, 15 ft long,
weight 285 lb. 230

E. Steel pipe, 12 .1. diameter, schedule 40, 30 ft long
weight 1500 lb. 205

f. Utility pole, 14 in, diameter, 35 ft long, v:eight
1500 lb. 241

2
G. Automobile, frontal area 20 f t , weight 4000 lb. 100

These missiles are considered to be capable of striking in all directions with
vertical velocities equal to 80% of the acceptable horizontal velocities.
Missiles A, B, C, D, and E are to be considered at all elevations and
missiles F and G at elevations up to 30 feet above all grade levels within
1/2 mile of the facility structures.

IV. EVALUATION FINDI1GS

The reviewer verifies that sufficient information has been provided and the
review and calculations support conclusions of the following type, to be
included in the staf f's saf ety evaluation report:

Structures, systems, and components inportant to safety are designed to
withstand the effects of natural phenomena without loss of capability to

| perform their safety functions.

|

The basis for acceptance in the staff review is the conformance of the
| applicants design and design criteria for the protection from the effects of

natural phenomena to the Commiss'on's regulations as set forth in the General
Design Criteria, and to applicable Regulatory Guides and National Standards.

The staff cond udes that the assessment of possible hazards due to missiles
| generated by the design basis tornado, flood, and other natu.'al plenomena is

acceptable and conforms to the requirenients of General Design Criterion 2 and'

Gener,1 Design Criterion 4 as they relate to tornado generated missiles. This
conclusion is based on the applicant having met the requirements of General
Design Criteria 2 and 4 by: (a) meeting Regulatory Guide 1.76 Positions C-1
a.)d C-2 and (b) nieeting Regulatory Guide 1.117 Positions C-1 thru C-3.

V. IMPLEMEi4T ATION

The following is intended to provide guidance to applicants 'nd licensees
regarding the NRC staff's plans for using this SRP section.
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Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's,

/''*g regulations, the method described herein will be used by the staff in its

( ) evaluation of conformance with Commission regulations.
_

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Basis */or
Protection Against Natural Phenomena." .

,

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Basis."

3. Regulatory Guide 1.76, " Design Basis Tornado for Nuclear Power Plants.''

4. Regulatory Guide 1.117, " Tornado Design Classification."

5. " Tornado-Borne Missile Speeds," NBSIR 76-1050, National Bureau of
Standards (April 1976).

6. " Technical Basis for Interim Regional Tornado Criteria," WASH-1300, U.S.
Atomic Energy Commission (May 1974).
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|
; BRANCH TECHNICAL POSITION ASB 3-2 .

TORNADO DESIGN CLASSIFICATION |

O,
(This Branch Technical Position has been superseded by Regulatory Guide 1.117.)

.

|

|
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3.5.1.5 SITE PROXIMITY MISSILES (EXCEPT AIRCRAFT)

REVIEW RESPONSIBILITIES

Primary - Siting Analysis Branch (SAB)

Secondary - NONE g

I. AREAS OF REVIEW

The staff reviews the nature and extent of offsite activities identified in SRP
Section 2.2.1-2.2.2 to determine whether any missiles resulting from such activities,
other than aircraft (aircraft hazards are reviewed separately in SRP Section 3.5.1.6),
have the potential for adversely affecting structures, systems, and components (SSC)
essential tc, safety. In the event that an offsite activity has the potential for
missile production (e.g., explosion) and is found to be a design basis event accord-
ing to SRP Section 2.2.3, the staff reviews the plant design to determine whether
the plant is adequately protected against the effects of the postulated missiles.
The SSC that should be protected against missiles are identified in accordance witn

/n SRP Section 3.5.2 as part of the primary review responsibility of the Auxiliary'

V) Systems Branch (ASB). The Siting Analysis Branch (SAB) identifies and characterizes
any offsite missiles that are required to be accommodated within the plant design
basis in order to protect adequately the safety-related SSC. The Structural Engi-
neering Branch (SEB) on request by SAB reviews the missile impact effects on the
safety-related SSC. The acceptance criteria necessary for the review and the
methods of application for the above reviews are contained in the referenced SRP
section.

II. ACCEPTANCE CRITERIA
|

| SAB acceptance criteria are based on meeting the relevant requirements of one of
the following regulations:

,

1. 10 CFR Part 100, 9100.10 indicates that the site location, in conjunction with
other conside.ations (such as plant design, construction, and operation), should
insure a low risk of public exposure. This requirement is met if the probability
of site proximity missiles impacting the plant and causing radiological

Rev. 1 - July 1981 |
i

| USNRC STANDARD REVIEW PLAN
| Star.dard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of

applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
,CN Commission's pokcy to inform the nuclear industry and the general pubhc of regulatory procedures and policies. Standard review

{
} plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The

x / standard review plan sections are keyed to the Standard Format and Content of safety Analysis Reports for Nuclear Powey Plants.
U Not all sections of the Standard Format have a corresponding review plan.

Pubbshed standard review plans will be revised periodicelly, as appropriate, to accommodate comments and to reflect new inf orma-
tion and experience.

| Comments and suggestions for improvement will be considered and thould be sent to the U.S. Nuclear Regulatory Commission.
Office of Nuclear Reactor Regulation, Washington D.C. 20555.

|
1

- -



consequences greater than 10 CFR Part 100 exposure guidelines is less than
about 10 7 per year (see SRP Section 2.2.3). If the results of the review
do not indicate that the above critorion is met, then the acceptance
criterion described in 2 below applies.

2. General Design Criterion (GDC) 4 of 10 CFR Part 50, Appendix A, requires
that structures, systems, and components (SSC) important to safety be appro-
priately protected against the effects of missiles that may result from
events and conditions outside the nuclear power unit. The plant complies
with GDC 4 and is considered adequately protected against site proximity
missiles if the following criterion is met: The SSC important to safety
are capable of withstanding the effects of the postulated missiles without
loss of safe shutdown capability and without causing a release of radio-
activity which would exceed 10 CFR Part 100 dose criteria.

III. REVIEW PROCEDURES &

The reviewer selects and emphasizes aspects of the areas covered by this SRP
section as may be appropriate for a particular case. The judgment on areas
to be given attention and emphasis in the review is based on an inspection of
the material presented to see whether it is similar to that recently reviewed
on other plants and whether items of special safety significance are involved.

1. The identification and description of accidents which could possibly
generate missiles is obtained from the review performed in accordance with
SRP Section 2.2.1-2.2.2 and SR9 Section 2.2.3.

2. The SSC identified by ASB in reference to SRP Section 3.5.2 are reviewed
with respect to missile velnerability. Using conservative assumptions,
and experience gained from past reviews on similar SSC missile interac-
tions, a determination is made of those portions of the plant which clearly
have the potential for unacceptable missile damage. If all SSC appear to
be adequately protected against the effects of the postulated missiles,
then the revies is terminated and evaluation findings are written in terms
of design basis considerations (See subsection II.2 of this SRP section).

3. The total probability of the missiles striking a vulnerable critical area |
of the plant is estimated. The total probability per year (P ) may be

7estimated by using the following expression:

P =P xP xP xP xN
T E MR SC p

'

where:

P = probability per year of design basis event obtained from the review
E performed under SRP Section 2.2.3,

P = Probability of missiles reaching the plant,
MR

PSC = probability of missiles striking a vulnerable critical area of the
plant,

P = probability of missiles exceeding the energies required to penetratep to vital areas (e.g., based on wall thickness provided for tornado
.
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missiles), or producing secondary missiles which could damage vital
equipment, and

N = number of missiles generated by the design basis event. |

P may be assumed to be equal to 1 as a first step in the analysis.p
If P thus calculated is greater than 10 7 per year, then missile

T
effects on SSC should be estimated by SEB on request by SAB. The
request should be accompanied by a specified missile description,
including missile size, shape, weight, energy, material properties,

*

and trajectory.

IV. EVALUATION FINDINGS

Based upon the nature of activities around the site and the review performed,
the staff provides an evaluation in one of the following forms, to be included
in the staff's safety evaluation report.

1. The staff concludes that the site location, in conjunction with other
considerations (such as plant design, construction, and operation) is accep-
table and meets the requirements of 10 CFR Part 100, 6100.10. This conclu-
sion is based on the information provided by the applicant and re,iewed
by the staff which demonstrates that the probability of site proximity
missiles adversely affecting safety-related structures, systems and components
is acceptably low (within the criteria given in SRP Section 2.2.3), and
that the site location has been determined to insure a low risk of public
exposure due to the hazard of site proximity missiles.

2. The staff concludes that the protection for structures, systems, and com-
ponents important to safety is acceptable and meets the requirements of
General Design Criteria 4 of Appendix A to 10 CFR Part 50. This conclu-
sion is based on the information provided by the applicant and reviewed
by the staff which identified potential missiles that could adversely affect
safety-related structures, systems, and components and which demonstrates
that these structures, systems, and components have adequate barriers pro-
tecting them from the effects of missiles such that radiation exposures
in excess of those given in 10 CFR Part 100 will not t,e exceeded.

3. Information provided by the applicant and reviewed by the staff has led
us to identify potential missiles which could adversely affect safety-
related structures, systems, and components. However, some of these struc-
tures, systems, and components have adequate barriers protecting them from
the effects of such missiles in accordance with the requirements of GDC 4
of Appendix A to 10 CFR Part 50, such that radiation exposures in excess
of those given in 10 CFR Part 100 will not be exceeded. The remaining
safety-related structures, systems, and components, although vulnerable
to the potential effects of identified missiles, have a suf ficiently low
probability (within the criteria given in SRP Section 2.2.3) of unacceptable
damage (on the basis of considerations such as low strike probability, or
adequate separation and redundancy) such that the risk of public exposure
is low and in conformance with 10 CFR Part 100, S100.10.

J
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V. IMPLEMENTATION

Tha following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in whu b the applicant proposes an acceptable alternative
m:thod for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Irqplementation schedules for conformance to parts of the method discussed herein
are contained in the refe enced regulatory guides.

VI. REFERENCES

1. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

2. Regulatory Guide 1.76, " Design Bases Tornado for Nuclear Power Plants."

3. Regulatory Guide 1.91, ' Evaluation of Explosions Postulated to Occur on
Transportation Routes Near Nuclear Power Plant Sites."

4. Standard Review Plan Section 2.2.3, " Evaluation of Potential Accidents."

O

O
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3. 5.1. 6 AIRCRAFT HAZARDS

REVIEW RESPONSIBILITIES

Primary - Siting Analysis Branch (SAB)

Secondary - None

I. AREAS OF REVIEW

The staff reviews the applicant's assessment of aircraft hazards. The purpose of
the review is to assure that the risks due to aircraft hazards are sufficiently
low. Probabilistic considerations may be used to demonstrate that aircraft hazards
need not be a design basis concern. Otherwise, design basis aircraft identifica-
tion is made and the applicant's plant design is evaluated to assure that it is
protected against the potential effects of aircraft impacts and fires.

The SAB reviews the applicant's assessment of aircraft hazards to the plant and
determines whether or not they should be incorporated into the plant design basis.

! 5 If the aircraft hazards are incorporated into the plant design basis, the SAB,m

V identifies and der ribes the design basis aircraft in terms of aircraft weight,
speed, and other appropriate characteristics.

On request by SAB, the following branches with primary review responsibility will
review specific aspects of aircraft hazards:

1. The Structural Engineering Branch (SEB), in the area of missile effects (SRP
Section 3.5.3), with respect to aircraft impacts,

2. The Chemical Engineering Branch (CMEB), in the area of fire protection (SRP
Section 9.5.1). with respect to aircraft fires, and

3. The Auxiliary Systems Branch (ASB), in the area of structures, systems, and
components (SSC) important to safety (SRP Section 3.5.2), with respect to
protection requirements against aircraft crashes.

Rev. 2 - July 1981 |
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4. For those areas of review identified above as being part of the primary
responsibility of other branches, the acceptance criteria necessary for
the review and the methods of their application are contained in tic
referenced SRP sections of the corresponding primary branches.

5. The Applied Statistics Branch (ASB/MPA) will provide technical review
support 'th respect to aircraft accident statisics.

II. ACCEPTANCE CRITERIA '

SAB acceptance criteria are based on meeting the relevant requirements of one -

of the following sets of regulations: -

1. 10 CFR Part 100, g100.10 as it relates to indicating that the site location,
i- conjunction with other considerations (such as plant design, construti .
tion, and operation), should insure a low risk of public exposure. This ,

requirement is met if the probability of aircraft accidents resulting in , >y '

radiological consequences greater than 10 CFR Part 100 exposure guidelines
is less than about 10 7 per year (see SRP Section 2.2.3). The probability-
is considered to be less than about 10 7 per year by inspection if the
distances from the plant meet all the requirenents listed below:

(a) The plant-to-airport distance D is between 5 and 10 statute miles, '

and the projected annual number of operations is less than 500 02, s

or the plant-to-airport distance D is greater than 10 statute ailes,
and the projected annual number of operations is less than 1000 02, -

(b) The plant is at least 5 statute miles from the edge of military '

\

training routes, including low-level training routes, except for thou
associated with a usage greater than 1000 flights per year, or where'
activities (such as practice bombing) may create an unusual stress ,s

situation, m

(c) The plant is at least 2 statute miles beyond the nearest edge of a -

federal airway, holding pattern, or approach pattern.

If the above proximity criteria are not met, or if sufficiently. hazardous
| military activities are identified (see item b above), a detailed review of

aircraft hazards must be performed. Aircraft accidents which could lead to,

I radiological consequences ir. excess of the exposure guidelines of 10 CFR -

Part 100 with a probability of occurrence greater than about 10 7 per year s
j should be considered in the design of the plant. If the results of the review

do not support a finding that the risk due to aircraft activities is acceptablyi

| low, then the design basis acceptance criteria outlined in Item II.2 below

| applies.

2. General Design Criterion (GDC) 4 of 10 CFR Part 50 (Ref. 13), Appendia A,
requires that structures, systems, and components (SSC) important to safety J
be appropriately protected against the effects of missiles that may result
from events and conditions outside the nuclear power unit. GDC 3 of 10 CFR
Part 50, Appendix A, requires that SSC important to safety be appropriately
protected against the effects of fires. The plant meets the relevant
requirements of GOC 3 and GOC 4, and is considered appropriately protected
against design basis aircraft impacts (Ref. 6) and fires (Ref. 3) if the
SSC important to safety are capable of withstanding the effects of the
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postulated aircraft'impacty gd fires without loss of safe shutdown capa-
bility, and without cNstag a release of radioactivity which would exceed

;
- C 10CFRPart100doseguidehines. ''

ThesafetyrelatedSSCt6bYonsideredwithrespecttotheaboveaccept-.

ance criteria Rclude M ose,te5cribed in the Appendix to Regulatory Guide,

1.117, "Structurer, System, and Components of Light-Water-Cooled Reactors-

- - to be Protected Against lun.adoes." Other safety-ralated SSC, which may
not be inquded in Regulatory Guide 1.117, will be considered on 'a case-by- i

1 -
,

case basis .fc scor(tance with the acceptance criteria of the appropriate,

branches h,w !hg' primary responsibility for their protection.

| III. REVIEW PROCEi)URES

The revidiar s m ets eed emphasizes aspects of the areas covered by this SRP i1 s

f section as rpy'b4 apprdpriate for a particular case. The judgment on areas
I to be giv m attention and emphasis in the review is b2 sed on a inspection

# of the material presented to see whether it is similar to that recently-

reviewed oh cther plants and whether items of special safety significant'

'

areinvob;ed.
*

The stalf's review of the aircraft hazard assessment consists of the follcw-
j ingstyps:
\ 1. Aviation Uses. Data desribing aviation uses in the airspace near the |

proposed site, including airports and and their approach paths, federal
: airways, Fede-al Aviation Administration (FAA) restricted areas, and mili-

_

tary uses .fi)btained frds'Section 2.2.1-2.2.2 of the SAR. For many cases, |
j no detailed analysis need be made as the probability can be judged adequately

low based on a comparison with analyses previously performed (Refs. 5, 7,m
8, 9 and 10)i In general, civilian and military maps should be examined
to verify that al haviation facilities of interest have been considered.
In the prn ess, the reviewer should develop an independent assessment of
the aircra'ft hazards. Communications with agencies responsible for air-
craft operations and the evaluation of aircraft operational data may be
utilized.

!

|\ 2. Airways. For situations where federal airways or aviation corridors pass
; through the vicinity of the site, the probability per year of an aircraft
i crashing into the plant (Pn ) should be estimated. This probability will

depend on a number of factbPs such as the altitude and frequency of the
flights, the widtn of the corridor, and the ccrresponding distribution of

: past accidents.
,

One way of calculating P is by using the following expression:
FA

P'p{=CxNxA/ws -

where:-

! \

'-C= inflight crash rate per mile for aircraft using airway,
! .

| Q.? width of airway (plus twice the distance from the airway edge to the
; b site wh4n the site is outside the airway) in miles,

,,, s--o

.
- ;

; ..
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N= number of flights per year along the airway, and
A= effective area of plant in square miles.

This gives a conservative upper bound on aircraft impact probability if
care is taken in using values for tha individual factors that are meaning-
ful and conservative. For commercial aircraft a value of C = 4 x 10 10 |

-

(Ref. 11) per aiecraft mile has been used. For heavily traveled corridors
(greater than 100 flights per day), a more detailed analysis may be required
to obtain a proper value for this factor.

3. Civilian and Military Airports and Heli-Ports (Re(s. 2, 4, ano 14). The |
probability of an aircraft crashing into the site should be estimated for
cases where one or more of the condition: in Item II.1 of the Acceptance

Criteria are not met.

The probability per year of an aircraft crashing into the site for tnese
cases (P ) m y be calculated by using the following expression:

A

L M

1=1 j=1 j "ij A)P *k kA

where:

number of different types of aircraft using the airport,M =

number of flight trajectories affecting the site,L =

probability per square mile of a crash per aircraft movement,C. =

3 for the jth aircraft, *

number (per year) of movements by the jth aircraft along theN.. =
3 ith flight path, and

effective plant area (in square miles) for the jth aircraft.A. =

J

The manner of interpreting the individual factors in the above equation |
may vary on a case-by-case basis because of the specific conditions of
each case or because of changes in aircraft accident statistics.

Values for C. currently being used are taken from the data summarized in
J

the following table:

Distance From Probability (x 108) of a Fatal Crash per Square
End of Runway Mile per Aircraft Movement

(miles) U.S. Air Carrier 1 General Aviation o N/USMC1 USAFI

0-1 16.7 84 8.3 5. 7

1-2 4. ) 15 1.1 2.3
2-3 0.96 6.2 0.33 1.1
3-4 0.68 3. 8 0.31 0.42
4-5 0.27 1.2 0.20 0.40
5-6 0 NAs NA NA

6-7 0 NA NA NA

7-8 0 NA NA NA

8-9 0.14 NA NA NA

9-10 0.12 NA NA NA

1Rsference 2.
2R:ference 4.
3NA indicates that data was not available for this distance.
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4. Designated Airspaces. For designated airspaces involving military or
civilian usage, a detailed quantitative modeling of all operations should, g

Q} (C) of an aircraft crash per unit area and time in the vicinity of the
be verified. The results of the model should be the total probability/

proposed site.
,

The probability per year of a potentially damaging crash at the site due
to operations at the facility under consideration (P ) is then given forgthis case by the following expression:

PM=CxA
1

where:

C total probability of an aircraft crash per square mile per year=

in the vicinity of the site due to the airports being considered,
and

A = effective area of one unit of the plant in square miles.

Where estimated risks due to military aircraft activity are found to be
unacceptably high, suitable airspace or airway relocation should be imple-
mented. Past experience has been that military authorities have been
responsive to modification of military operations and relocation of training
routes in close proximity to nuclear power plant sites. (Ref. 12)

5. Holding Patterns. Holding patterns are race track shaped courses at speci-
fied altitudes, associated with one or more radio-navigational facilities,-

(%/
where aircraft can " circle" while awaiting clearance to execute an approach
to a landing at an airport or to continue along an airway. Holding patterns
which are sufficiently distant from the plant need not be considered (See
subsection II above).~ Otherwise, traffic in the holding pattern should
be converted into equivalent aircraft passages taking into account the
characteristics, including orientation with respect to the plant, of the
holding pattern. The information in Item III.2 above should be used in
this evaluation.

6. The total aircraft hazard probability at the site equd t the sum of the
individual probabilities obtained in the preceding steps.

7. The effective plant areas used in the calculations should include the
following:

a. A shadow area of the plant elevation upon the horizontal plane based
on the assumed crash angle for the different kinds of aircraft and
failure modes.

b. A skid area around the plant as determined by the characteristics of.

| the aircraft under consideration. Artificial berms or any other man-
made and natural barriers should be taken inte account in calculating
this area,

c. The areas of those safety-related SSC which are susceptible to impact
or fire daraage as a result of aircraft crashes.

(w/)w
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IV. EVALUATION FINDINGS

Tt.e reviewer drafts an introductory paragraph for the evaluation findings
describing the precedure used ia evaluat ng the aircraft hazards with respact
to the safety-related SSC. The reviewei verifies that t'.. site location is
acceptable and meets the requirements of 10 CFR Part 100, $100.10.

The oasis for the above findings may be strictly in terms of the probabilities
asswiated with potential aircraft crashes otsite. If the aircraft crash
statistics applicable to the onsite facilities are such that SRP Section 2.2.3
criteria are met without explicit consideration of plant design features, then
conclusions of the following type should be included in the staff's safety
evaluation report:

The staff concludes that the operation cf the plant in the vicinity
of does not present an undue risk to the health and safety of
the public and meets the relevant requirements of 10 CFR Part 100, $100.10.
This conclusion is based on the staff's independent verification of the
applicant's assessment of aircraft hazards at the site that resulted in a
probability less than about 10 7 per year for an accident having radioloq-
ical consequences worse than tne exposure guidelines of 10 CFR Part 100.

In addition, plant sites reviewed in the past which had equivalent
aircraft traffic in equal or closer proximity were, after careful
examination, found to present no undue risk to the safe cperation of
those plants Based upon this experience, in the staff's judgment,
no undue risk is present from aircraft hazard at the plant site now
under consideration.

In the event that the staff evaluation of the aircraft hazards does not support

the above basis, i.e., if SRP Section 2.2.3 criteria are not met, then the basis

for acceptance is derived from applying GDC 3 and GDC 4 criteria. If the protec-

tion against aircraft impacts and fires is such that the plant safety-related
SSC meet GDC 3 and GDC 4 criteria, then 10 CFR Part 100 requirements are
considered to be met and conclusion of the following type may be included in
the staff's safety evaluation report:

The staff concludes that the operation of the plant in the
vicinity of does not present an undue risk to the health
and safety of the public due to aircraft hazards and meets the relevant
requirements of General Design Criteria 3 and 4. This conclusion is
based on the staff having independently verified the applicant's assess-
ment of aircraft hazards, including aircraft fires and impacts, at
the site and that if the appropriate safety-related structures, systems,
and components are designed to withstand the aircraft selected as
the design basis aircraft, the probability of an aircraft strike causing
radiological consequences in excess of the exposure guidelines of
10 CFR Part 100 is less than about 10 7 per year.

.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

O
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Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
and method described herein will be used by the staff in its evaluation of

N confermance with Commission regulations.

Itplementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREG.

VI. REFERENCES

1. 10 CFR Part 100, " Reactor Site Criteria."

2. D. G. Eisenhut, " Reactor Siting in the Vicinity of Airfields." Paper
presented at the American Nuclear Society Annual Meeting, June 1973.

3. I. I. Pinkel, " Appraisal of Fire Effects from Aircraft Crash at Zion Power
Reactor Facility," July 17, 1972 (Docket No. 50-295). .

4. D. G. Eisenhut, " Testimony on Zion /Waukegan Airport Interaction" (Docket
No. 50-295).

5. USAEC Regulatcry Staff, " Safety Evaluation Report," Appendix A, " Probability
of an Aircraft Crash at the Shoreham Site" (Docket No. 50-322).

6. " Addendum to the Safety Evaluation by the Division of Reactor Licensing,
USAEC. in the Matter of Metropolitan Edison Company (Three Mile Island
Nuclear Station Unit 1, Dauphin County, Pennsylvania)," April 26, 1968
(Docket No. 50-289).

b/ 7. Letter to Honorable J. R. Schlesinger from S. H. Bush, Chairman, Advisory
Committe on Reactor Safeguards, " Report on Rome Point Nuclear Generating
Station," November 18, 1971 (Project No. 455).

8. Letter to Mr. Joseph L. Williams, Portland General Electric Company, from
R. C DeYoung (in reference to Mr. Williams' letter of May 7, 1973),
November 23, 1973 (Project No. 485).

9. " Aircraft Considerations-Preapplication Site Review by the Directorate of
Liensing, USAEC, in the Matter of Portland General Electric Company,
Boardman Nuclear Plant, Boardman, Oregon," October 12,1973 (Project No. 485).

10. Letter to Mr. J. H. Camobell, Consumers Power Company, from Col. James M.
Campbell, Dep. Chief, Strategic Division, Directorate of Operations, U.S.
Air Force, May 19, 1971 (Docket No. 50-155).

11. H. E. P. Krug, " Testimony on Aircraft Operations in Response to a Question
from the Board" (Docket Nos. 50-275 and 50-323).

12. Letter to Mr. J. H. Campbell, Consumers Power Company, from Col. James M.
Campbell, Dep. Chief, Strategic Division, Directorate of Operations, U.S.
Air Force, May 19, 1971 (Docket No. 50-155).

13. 10 CFR Part 50, " Domestic Licensing of Production and Utilization Facilities."

/mD) 14. NUREG-0533, " Aircraft Impact Risk Assessment Data Base for Assessment oft

Fixed Wing Air Carrier Impact Risk in the Vicinity of Airports."|
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3.5.2 STRUCTURES, SYSTEMS, AND COMPONENTS TO BE PROTECTED FROM EXTERNALLY
GENERATED MISSILES

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ASB review of the structures, systems, and components (SSC) to be protected
from externally generated missiles includes all safety-related SSC on the plant
site that have been provided to support the reactor facility. These include such
elements as essential service water intakes, buried components (e.g., essentiai
service water piping, storage tanks), and access openings and penetrations in
structures.

The ASB reviews the functional operations or performance requirements for S5C
to assure conformance with the requirements of General Design Criteria 2 and 4

p) and identifies the SSC that are necessary for the safe shutdown of the reactor(v' facility and the SSC wh;se failure could result in a significant release or
radioactivity. Safety-related SSC are reviewed with respect to their capability
to perform functions required for attaining and maintaining a safe shutdown
condition during normal or accident conditions, mitigating the consequences of
an accident, or preventing the occurrence of an accident assuming impact from
externally generated missiles. If the turbine is not properly oriented, AEB
will request ASS to also review the protection of SSC from the effects of
tt.rbine missiles.

Based on their relation to safety, structures or areas of structures, systems
or portions of systems, and components are identified as requiring protection
from externally generated missiles if a missile could prevent the intended
safety function, or if as a result of missile impact on a nonsafety-related ESC,
its failure could degrade the intended safety function of a safety related SSC.
The SEB will determine the acceptability of barriers and structures designed
to withstand externally generated missiles as part of its primary responsibility
for SRP Section 3.5.3.
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11. ACCEPTANCE CRITERIA

Acceptability of the list of SSC to be protected against externally generated
missiles, presented in the applicant's safety analysis report (SAR), is based
on specific general design criteria and regulatory guides.

The identification of structures, systems, and components to be protected
against externally generated missiles is acceptable if it is in accordance
with General Design Criterion 2, with respect to protection of SSC important
to safety from the effects of natural phenomena and General Design Criterion
4, with respect to protection of SSC important to safety against the effects
of externally generated missiles to maintain their essential safety functions.
Acceptance is based on the design meeting the guidelines of Regulatory Guide
1.13, as related to the spent fuel pool systems and structures being capable
of withstanding the effects of externally generated missiles and preventing
missiles from contacting stored fuel assemblies; Regulatory Guide 1.27, as
related to the ultimate heat sink and connecting conduits being capable of
withstanding the effects of externally generated missiles; Regulatory Guide
1.115, as related to the protection of SSC important to safety from the
effects of turbine missiles; and Regulatory Guide 1.117, as related to the
protection of SSC important to safety from the effects of tornado missiles.

III. REVIEW DROCEDURES

he procedures set forth below are used during the construction permit (CP)
review to determine that the applicant's list of SSC that require protection
from externally generated missiles is complete and meets the acceptance cri-
teria given in su;section II of this SRP section. For operating license (0L)
applications, the procedures are used to verify that the CP-stage list continues
to be applicable and compiete, or has been supplemented as appropriate. The
reviewer will select and emphasize material from the paragraphs below, as may
be appropriate for a particular case.

The first step in the review is to verify the identification of the safety-
related SSC, and whether the SSC are considered safety related in their
entirety or have only portions that are safety related. In order to determine
the safety category of the SSC, the ASB evaluates the SSC of the facility with
respect to their necessity for achieving and maintaining safe reactor shutdown,
aad for pe-forming accident prevention or mitigation functions. The informa-
tion provided in the SAR pertaining to SSC design bases, design criteria,
descriptions and safety evaluations, together with the system and component
characteristic tables and safety classification tables are reviewed to iden-

| tify safety functions performed by the SSC. In general, the tafety functions
to be performed by the SSC in various designs remain essentially the same.
However, the location or arrangement of the SSC and the methods used vary from
plant to plant depending upon the individual designer. The reviewer identi-
fies variations in design and evaluates them on a case-oy-case basis.

The second step in the review is to determine the SSC, or portions of SSC,
that require protection against externally generated missiles. The reviewer
uses engineering judgment and the results of failure modes and effects ana-
lyses in conjunction with the results of reviews under other SRP sections for
specific SSC in determining the need for missile protection. Most safety-

| related systems are located within structures that are resistant to external
missiles by virtue of design for other purposes (e.g., primary containment),

Oi

'

3.5.2-2 Rev. 2 - July 1981

|



or because the structures are constructed specifically to withstand missiles.
Systems and components located within such structures are considered ade-

O quately protected. The reviewer concentrates his attention on safety-related
( SSC located outside such structures and on penetrations and access openings in

'

the structures. Essential service water piping and components, storage tanks,
and ultimate heat sink components cre examples of.SSC typically located out-
side missile-resistant structures. Depending on the nature and source of the
externally generated missiles, protection may be provided by missile barriers
for individual components, by locating independent redundant systems in com-
partments located in a missile protected structure, or by subgrade location at
a sufficient depth. Physical separation alone is not normally an acceptable
method of missile protection for redundant safety-related systems and compo-
nents located in nonmissile protected independent structures. Specific
missile sources and the protection needed are considered in other SRP sections
in the 3.5.1 series.

The reviewer determines that nonsafety-related SSC are identified as requiring
protection from externally generated missiles if as a result of their failure
by a missile, the consequences could prevent the intended safety function of a

,

safety-related SSC.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The review of the SSC to be protected from externally generated missiles

h't,/ included all safety-related structures, systems, and components provided
to support the reactor facility. Based on the review of the applicant's
proposed design criteria, design bases, and safety classifications
for SSC necessary for safe reactor shutdown, the staff concludes that
the SSC to be protected from externally generated missiles are in
conformance with General Design Criteria 2 and 4. This conclusion
is based on the follov;ing:

The applicant has met the requirements of General Design Criteria 2
and 4 with respect to protection of SSC important to safety against
the effects of externally generated missiles by:

(1) Meeting Regulatory Position C.2 of Regulatory Guide 1.13, " Spent
Fuel Storage Facility Design Basis," by preventing missiles gen-
erated by tornado winds from causing significant loss of watertight
integrity of the fuel storage pool, and from contacting fuel within
the pool;

(2) fleeting Regulatory Position C.2 and C.3 of Regulatory Guide 1.27,
" Ultimate Heat Sink for Nuclear Power Plants," so that the ulti-
mate heat sink is capable of withstanding the effects of external
missiles generated by natural phenomena;

(3) Meeting Regulatory Position C.1 in Regulatory Guide 1.115,
" Protection Against Low Trajectory Turbine Missiles," such that
essential systen,s are protected from low-trajectory turbine

\v,
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missiles either by proper turbine orientation or by missile
barriers;

(4) Meeting Regulatory Positions C.1, 2, and 3 and the appendix to
Regulatory Guide 1.117, " Tornado Design Classification," such
that SSC important to safety are protected from the effects of
missiles generated by the Design Basis Tornado by providing mis-
sile barriers for individual components, locating independent
redundant systems or components in missile protected structures
or by underground locations at a depth sufficient to protect
against missiles; and

(5) Identifying all SSC requiring protection against the effects of
externally generated missiles.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

The implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases
for Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. Regulatory Guide 1.3, " Fuel Storage Facility Design Basis."

4. Regulatory Guide 1.27, " Ultimate Heat Sink."

5. Regulatory Guide 1.115, " Protection Against Low-Trajectory Turbine
Missiles."

6. Regulatory Guide 1.117, " Tornado Design Classification."
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3.5.3 BARRIER DESIGN PROCEDURES

REVIEW RESPONSIBILITIES

Primary Structural Engineering Branch (SEB)

Secondary None

I. AREAS OF REVIEW

The following areas relating to procedures utilized in the design of seismic
Category I structures, shields, and barriers to withstand the effects of missile
impact are reviewed.

1. Procedures utilized for the prediction of local damage in the impacted area.
This includes estimation of the depth of penetration and, in case of concrete
barriers, the potential for generation of secondary missiles by spalling or
scabbing effects.

2. Procedures utilized for the prediction of the overall response of the
(k ') barrier or portions thereof due to the missile impact. This includes assump-

tions on acceptable ductility ratios where elasto plastic behavior is relied
upon, and procedures for estimation of forces, moments, and shears induced
in the barrier by the impact' force of the missile.,

3. Accident Evaluation Branch (AEB) reviews the adequacy of missiles' parameters
cited in support of the applicant's conclusions concerning their suitability
for the plant as part of its primary review responsibility for SRP Sec-
tion 3.5.1. Structural Engineering Branch reviews the parameters reviewed
by the (AEB) for consideration as an integral part of structural analysis.

II. ACCEPTANCE CRITERIA

SEB accepts the design of structures, shields, and barriers that must withstand
the effects of environmental and natural phenomena if the relevant requirements
of General Desiga Criteria 2 (Ref. 1) and 4 (Ref. 2) are met. The relevant
requirements of General Design Criteria 2 and 4 are as follows:

.,
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A. General Design Criterion 2 as it relates to structures, systems, and
components, capability to withstand, without loss of safety functions,
the effects of tornadoes and the appropriate combinations of the effects
of normal and accident conditions with the effects of the natural phenomena.

B. General Design Criterion 4 as it relates to structures, systems, and
components being appropriately protected against dynamic effects, including
the effects of missiles, pipe whipping, and discharging fluids that may
result from equipment failures and from events and conditions outside the
nuclear power unit.

Specific criteria necessary to meet the relevant requirements of General
Design Criteria 2 and 4 are as follows:

1. For Local Damage Prediction

a. In Concrete
.

Sufficient thickness of concrete should be provided to prevent
perforation, spalling, or scabbing of the barriers in the event of
missile impact.

Several empirical equations, such as the todified NDRC formula
(Ref. 3) are available to estimate missile penetration into concrete.
These equations should be used to determine the required barrier
thicknesses. Thicknesses resulting from such calculations should in
no case be less than those listed in Table 1, which thicknesses are
necessary to protect against tornado missiles.

The tornado missile spectrum for which Table 1 concrete requirements
are adequate is shown in Table 2. Tornado missiles and other types
of missiles are specified in accordance with SRP Section 3.5.1.

Barrier thicknesses less than those listed in Table 1 may be used
provided that sufficient justification including test data are
presented to support them, in which case they will be reviewed on a
case-by case basis.

For turbine missile barriers, penetration and scabbing predictions
should be based on empirical equations such as the modified NDRC
formula (Ref. 3) or the results of a valid test program.

b. In Steel

The results of test conducted by the Stanford Research Institute on
the penetration of missiles into steel plates are summarized by
W. B. Cottrell and A. W. Savolainen in "U. S. Reactor Containment
Technology" (Ref. 4). The equations presented in Reference 4 are
acceptable. Other equations such as the Ballistic Research Laboratory
formula described in Reference 5 may be used provided the results
are either comparable to those referenced above, or are validated by
penetration tests.

O
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c. In Composite Sections

(3 For composite or multi-element missile barriers, procedures for
( prediction of local damage are acceptable if the residual velocity

of the missile perforating the first element is considered as the
striking velocity for the next element. For determining this residual
velocity, the equations presented by Recht and Ipson (Ref. 6) are
acceptable when the first barrier of a multi-element missile barrier
is steel. When the first barrier is concrete, procedures are reviewed
on a case-by-case basis.

2. For Overall Damage Prediction

The response of a structure or barrier to missile impact depends largely
on the k,cai.1on of impact (e.g., midspan of a slab or near a support), on
the dynamic properties of the target and missile, and on the kinetic
energy of the missile. In general, the assumption of plastic collisions
is acceptable, where all of the missile initial momentum is transferred
to the target and only a portion of its kinetic energy is absorbed as
strain energy within the target. However, where elastic impacts are
expected, the additional momentum transferred to the target by missile
rebound should be included.

After it has been demonstrated that the missile will not penetrate the
barrier, an equivalent static load concentrated at the impact area should
then be determined, from which the structural response, in conjunction
with other design loads, can be evaluated using conventional design
methods. An acceptable procedure for such an analysis, where the impact

h. is assumed to be plastic, is presented in a paper by Williamson and Alvy
V (Ref. 6). Other procedures may be used provided the results obtained are

comparable to those referenced above.

Maximum allowable ductility ratios for steel and reinforced concrete
barriers and other structural elements if used, in the above analysis,
are given in Appendix A to this SRP section.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from the review procedures described
below as may be appropriate for a particular case.

I
1. For the prediction of local damage. the equations proposed by the applicant

for estimation of missile penetration are reviewed in the following
manner:

a. For missile penetration in concrete, the reviewer verifies that the
applicant has made a commitment te utilize empirical formulas such as
the modified NDRC formula or valid test results. The reviewer also
verifies that the applicant has made a commitment to provide sufficient
barrier thi ': ness to prevent perforation and to prevent spalling or
scabbing when protection from spalling or scabbing is considered
necessary.

O
()
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b. For missile penetration in steel, the reviewer verifies that the
applicant has made a commitment to utilize the more conservative of
the BRL formula or the Stanford equations. If other equations are
selected, the applicability and validity of such equations are
reviewed to assure that the results are comparable to those obtained
from the Stanford equations. If sufficient justification for the
use of alternate equations is not provided, additional information

, is requested from the applicant at the first stage of the review.

c. For missile penetration in composite or multi-element barriers, the
reviewer verifies that the applicant has made a commitment to utilize
the criteria delineated in Section.II.l.c of this plan. If other
criteria are proposed, the justification provided is reviewed to
assure that such equations give results which are comparable to
those referenced above.

2. For the prediction of overall damage and response of the barrier, the
reviewer verifies that the applicant has made a commitment to utilize the
criteria delineated in subsection II.2. of this SRP section. If other
criteria are selected, the applicant's justification is reviewed to
assure that the results obtained are at least as conservative as those
delineated in subsection II.2. If sufficient justification is not provided,
additional information is requested from the applicant at the first stage
of the review. .

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP section, and concludes that his evaluation is
sufficiently complete and adequate to support the following type of conclusive
statement to be included in the staff's Safety Evaluation Report:

The staff concludes that the barrier design is acceptable and meets the
requirements of General Design Criteria 2 and 4 with respect to the
capabilities of the structures, shields, and barriers to provide sufficient
protection to equipment that most withstand the effects of natural phenomena
(tornado missiles) and environmental effects including the effects of
missiles, pipe whipping, and discharging fluids. This conclusion is
based on the following:

The procedures utilized to determine the effects and loadings on
seismic Category I structures and missile shields and barriers
induced by design basis missiles selected for the plant are acceptable
since these procedures provide a conservative basis for engineering
des 5n to assure that the structures or barriers are adequately
resistant to and will withstand the effects of such forces.

The use of these procedures provides reasonable assurance that in
the event of design basis missiles striking seismic Catefory I
structures or other missile shields and barriers, the structural
integrity of the structures, shields and barriers will not be
impaired or dagraded to an extent that will result in a loss of
required protection. Seismic Category I systems and components
protected by these structures are, therefore, adequately protected

3.5.3-4 Rev. 1 - July 1981

____ -__ _ _ - _ . _ _ _ _ _. _ _ _ . _ _ . -. _ . _ - _



_. _ _ .- -. .

,

against the effects of missiles and will perform their intended
safety function, if needed. Conformance with these procedures is
an acceptable basis for satisfying in part the requirements of

< . ('')' General Design Criteria 2 and 4.g
_,

V. REFERENCES

1. 10 CFR Part 50, Appendix 4, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. R. P. Xennedy, "A Review of Procedures for the Analysis and Design of
Concrete Structures to Resist Missile Impact Effects," Holmes and Narver,
Inc., September, 1975.

4. W. B. Cottre'l and A. W. Savolainen, "U.S. Reactor Containment Technology."
ORNL-NSIC-5, Vol.1, Chapter 6, Oak Ridge National Laboratory.

5. C.R. Russell, " Reactor Safeguards," MacMillan, New York, 1962.

6. R. F. Recht and T. W. Ipson, " Ballistic Perforation Dynamics," Journal of
Applied Mechanics, Transactions of the ASME, Vol. 30, Series E, No. 3,
Septemeber 1963.

I 7. R. A. Williamson and R. R. Alvy, " Impact Effect of Fragments Striking
Structural Elements," Holmes and Narver, Inc., Revised November 1973.

[
N,_ 8. Regulatory Guide 1.76, " Design Basis Tornado for Nuclear Power Plants."
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TABLE 1

Minimum Acceptable Barrier Thickness Requirements
For Local Damage Prediction Against Tornado

Generated Missiles

Concrete
Strength Wall Thickness Roof Thickness

Regions * (psi) (inches) (inches)

3000 23 18
Region I 4000 20 16

5000 18 14

3000 16 13
Region II 4000 14 11

5000 13 10

3000 <6 <6
Region III 4000 <6 <6

5000 <6 <6

*For definition of Region I, II, and III, refer to Regulatory Guide 1.76
(Ref. 8).

TABLE 2

Revised Tornado Missile Spectrum

Region 1

a
Mass Velocity

Missile Dimensions (meters) (Kilograms) (meters per second)
Wood Plank 0.092 x 0.289 x 3.66 52 A?
6-inch Schedule 40 Pipe 0.168 Diameter x 4.58 130 52
1-inch Steel Rod 0.0254 Diameter x 0.915 4 51
Utility Pole 0.343 Diameter x 10.68 510 55
12-inch Schedule 40 Pipe 0.32 Diameter x 4.58 340 47
Automobile 5 x 2 x 1.3 1810 59

Velocities are horizontal velocities. For vertical velocities, 70 percent of
the horizontal velocities are acceptable. For missile velocities in tornado
regions other than Region I see SRP Section 3.5.1.4.

O
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APPENDIX A

STANDARD REVIEW PLAN SECTION 3.5.3

PERMISSIBLE DUCTILITY RATIO
FOR OVERALL DAMAGE PREDICTION

I. INTRODUCTION

In the evaluation of overall response of reinforced concrete and steel structural
elements (e.g., missile barriers, columns, slabs, etc.) subjected to impactive
or impulsive loads, such as impacts due to missiles, assumption of nonlinear
response (i.e., ductility ratios greater than unity) of the structural elements
is generally acceptable provided that the intended safety functions of the
structural elements and those of safety-related systems and components supported
or protected by the elements are maintained. The following summarizes specific
positions for review and acceptance of ductility ratios for reinforced concrete
and steel structural elements subjected to impactive and impulsive loads.

II. SPECIFIC POSITIONS

1. Reinforced Concrete Members

The technical position of the regulatory staff with regard to permissible
ductility ratios is stated in Regulatory Guide 1.142. Prior to publication
of Revision 1 of Regulatory Guide 1342, the staff position regarding
ductility will be provided to applicants on a case-by-case basis.

* 2. Structural Steel Members
)

a. For tension due to flexure
4

pd 5 10.0

b. For columns with slenderness ratio (1/r) equal to or less than 20

51.3Pd;

( Where 1 = effective length of ae member
!

j r = the least radius of gyration

|
; For columns with slenderness ratio greater than 20
l

pd 11.0

i c. For members subjected to tension

*u
1 0.5 e

Pd y

Where e = Ultimate strain
u

/

'y = Yield strain
,

3.5.3-7 Rev. 0 - July 1981

.. .-- - - . . . - . . -_= .- - . - - - , . - . , _ _ - . , _ -.-



NU REG-0800
(Formtrly NUREG-75/087)

pfpaarcg\
.

U.S. NUCLEAR REGULATORY COMMISSION

W,gf") STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATIONN.....

3.6.1 PLANT DESIGN FOR PROTECTION AGAINST POSTULATED PIPING
FAILURES IN FLUID SYSTEMS OUTSIDE CONTAINMENT

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW -

The plant design for protection against piping failures outside containment is
reviewed to assure that such failures would not cause the loss of needed func-
tions of safety-related systems and to assure that the plant could be safely snut
down in the event of such failures. The review includes high energy and moderate
energy fluid system piping located outside of containment. If .,uch a system
penetrates containment (except for the auxiliary feedwater system) the review
starts with the first isolation valve outside of containment. The review boun-
dary for auxiliary feedwater systems extends either to the steam generator or to
the feedwater (or steam) line, as appropriate. The ASB reviews the plant design

p! to assure conformance with the requirements of General Design Criteria 4.
The

specific areas of review are as follows:iv
1. ASB reviews the general layout of high and moderate energy piping

systems with respect to the plant arrangement criteria of Section B.1
of Branch Technical Position (BTP) ASB 3-1, which is attached to this
SRP section. Three arrangement situations are covered by the criteria
and all three may be encountered in a single plant. They are:

Arrangements where protection of safety-related plant features isa.
provided by separation of high and moderate energy systems from
essential systems and components.

| b. Arrangements where protection of safety-related plant features is
provided by enclosing either the high and moderate energy systems
or the safety-related features in protective structures.

|

|

i
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c. Arrangements where neither separation nor protective enclosures
are practical and special protective measures are tr'<o to ensure
the operability of safety-related features.

2. ASB, coordinates with other review branches as deta: . S 6 w and
reviews design features recommended in Section B.2 of BTP ASB 3-1 as
follows:

The Mechanical Engineering Branch (MEB) confirms the seismic anda.
quality group classifications of systems and components defined
as essential safety related features in Appendix A of BTP
ASB 3-1, as part of its primary review responsibility for SRP
Sections 3.2.1 and 3.2.2.

b. ASB identifies protective structures, piping restraints, and
other measures used for protection against pipe breaks outside
containment. Review of the specific aspects of these elements
recommended in item B.2.b of BTP ASB 3-1 is done by the Structural
Engineering Branch (SEB) and MEB as follows:

(1) SEB reviews the design of protective structures in connection
with the review of other Category I structures under SRP
Section 3.8.4.

(2) MEB reviews the design of piping restraints and other
protective measures in connection with the review of break
locations and dynamic effects of piping failures under SRP
Section 3.6.2.

c. ASB identifies portions of high and moderate energy fluid
system piping between containment isolation valves that are

: subject to the recommendations of item B.2.c of BTP ASB 3-1.
! MEB reviews the design of these portions of piping in connection
l with the review of break locations and dynamic effects of

piping failures under SRP Section 3.6.2.
I

3 ASB reviews analyses of postulated piping failures with respect to
the guidelines of Section B.3 of BTP ASB 3-1. The locations and
types of failures to be considered and the dynamic effects associated
with the failures are reviewed by the MEB under SRP Section 3.6.2.

a. ASB reviews analyses of piping failures in high and moderate
! energy fluid systems postulated according to the guidelines of
| B.3.a of BTP ASB 3-1. ASB reviews resulting environmental
| conditicas resulting from postulated piping failures.

b. ASB reviews the assumptions made in the analyses with regard
to:

(1) The availability of offsite power.

(2) The failure of a single active component in systems used
to mitigate the consequences of the piping failure.

(3) The special provisions applicable to certain dual purpose
systems.

3.6.1-2 Rev. 1 - July 1981
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(4) The use of available systems to mitigate the consequences
of the piping failure.

O(,/ c. ASB reviews the effects of postulated failures on the habitabil-
ity of the control room and access to areas important to safe
control of post-accident operations.

d. ASB reviews the .:ffects of piping failures in systems not
designed to seismic Category I standards on essential systems
and components.

In addition, the ASB will coordinate other branches evaluations that
interface with the overall review of the system as follows: The Equip-
ment Qualification Branch (EQB) reviews the environmental effects of pipe
rupture, such as temperature, humidity, and spray-wetting with respect to
the functional performance of essential electrical equipment and instrument-
ation as part of its primary review responsibility for SRP Section 3.11.
The Materials Engineering Branch (MTEB) reviews inservice inspection
aspects of piping within protective structures or guard pipes, between
containment isolation valves, as part of its primary review responsibility
for SRP Section 6.6.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance
criterial necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary
branch.

II. ACCEPTANCE CRITERIA
O

Acceptability of the plant design for protection against postulated
piping breaks outside containment, as described in the applicant's
safety analysis report (SAR), will be based on General Design Criter-
fon 4, ac, it relates to structures, systems and components important
to safety being designed to accommodate the dynamic effects of
postulated pipe rc ture, including the effects of pipewhipping and
discharging fluids. Acceptance is based on conformance to Branch
Teenical Position ASB 3-1, attached to this SRP secticn.

III. REVIEW PROCEDURES .

All the systems of concern in this section have been reviewed under
other SRP sections with respect to design functions for normal
operation and for the prevention or mitigation of decidents. The
review under this SRP section does not deal with individual system
design requirements necessary to assure that each system performs as
intended, but rather considers the protection necessary to assure
the operation of such systems in the event of nearby piping failures.
The reviewer will select and emphasize material in the review, as
may be appropriate for a particular case.

1. ASB reviews the information presented in the SAR identifying
all high and moderate energy fluid systems, and verifies by

(3 comparison with individual system temperatures and pressures

'') that they have been correctly identified. The reviewer.willi
s

then, by reviewing system descriptions of the high and moderate
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energy piping runs, and by reviewing the appropriate system
arrangement and piping drawings, examine the plant arrangement
measures that were taken to assure protection from the effects
of postulated pipe breaks of high energy systems, or of leakage
cracks for moderate energy systems. The reviewer will determine
from the SAR that the following means, either by themselves or
in combination, have been used by the applicant to achieve this
protection:

a. High and moderate energy fluid systems are separated from
essential systems and components, as defined in Appendix A to
BTP ASB 3-1. The reviewer inspects plant arrangement drawings
and other information to verify that this is the case.

b. High and moderate energy flJid systens, or portions thereof,
are enclosed within structures or compartn'ents designed to
protect nearby essential systems or components. Or, the essen-
tial systems and components are enclosed in protective struc-
tures. The reviewer traces the routing of the systems identified
in the SAR as high or moderate energy systems on appropriate
plant arrangement drawings, locates the postulated break loca-
tions specified in the applicant's analyses, and determines all
locations where the effects from the breaks or leaks interface
with safety-related equipment. The reviewer then determines
that at these locations, enclosures have been provided that
protect the safety-related equipment. Where questions as to
break locations arise, the reviewer consults the MEB for a
determination on the proper locations.

c. For cases where neither physical separation nor protective
enclosures are considered practical by the apolicant, the ASB
will review the SAR information to verify trie following:

(1) The reasons for which the applicant judged both physical
separation and system enclosure to be 1mpractical as means
of protection are consistent with item B.l.c of BTP ASB
3-1.

(2) Redundant design features or additional protection have
been provided in these situations and are such that failure
modes and effects analyses for all failu:e situations show
that the performance of safety features will be assured,
assuming a single active failure in any required system.
These analyses are done under the criteria and assumptions
of item B.3 of BTP ASB 3-1. Special measures taken to
provide additional protection are reviewed on an individual
case basis, with assistance from the other review branches
as needed.

2. ASB reviews the information presented in the SAR that identifies the
principal design features. The reviewer performs his evaluation by
comparing the design basis information given in the SAR with that
described in item B.2 of BTP ASB 3-1. By this comparison of indi-
vidual design features, the reviewer verifies as follows that the
necessary measures have been provided by the applicant in his design.

I
i
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a. ASB, with assistance from SEB and MEB, reviews the design
features provided for protective structures or compartments,O fluid system piping restraints, and other protective measures

() as described in item B.2.b of BTP ASB 3-1. The reviewer com-
pares the desi;n features and bases given in the SAR with the
stated item in DTP ASB 3-1. The comparative review may include
the use of plant arrangemeat and layout drawings as necessary
to clarify the design intentions and implementation. In the
majority of case reviews, SAR statements and drawings indicat-,

ing that the design meets the intent of the acceptance criteria
are accepted. However, there may be cases where engineering
judgment and independent staff analyses are needed to verify
the capability of structures and components to withstand the
dynamic pressure and mechanical effects of a pipe rupture.

b. ASB reviews the SAR information, as supplemented by angineering
sketches or drawings where necessary, to determine that fluid
system piping between coatainment isolation valves conforms to
item B.2.c of BTP ASB 3-1. This includes piping penetrations
between single and dual barrier containments that may have
enclosing protective structures. The review is mainly per-
formed on a comparative basis by ASB. MEB reviews these piping
details to verify the design limits, break locations, and
dynamic effects, in accordance with BTP MEB 3-1.

3. ASB reviews the results of the applicant's evaluation of the conse-
quences of postulated piping failures of high and moderate energy
fluid piping systems. The type and location of each postulated

(a) piping failure (i.e., longitudinal or circumferential) in either a
v' high or moderate energy system will be reviewed by MEB on the basis

of BTP MEB 3-1. The review by ASB will be based upon the information
provided by applicants in the SAR concerning the effects of postu-
lated failures on essential equipment and the ability of the plant
to be safely c%t down, as described in item D.3 of BTP ASB 3-1.

The re,iewer verifies that the applicant's evaluation has properly
considered the following points, and in certain cases, as necessary,
performs an independent evaluation especially with regard to single
failure analyses.

a. ASB reviews the applicant's plant arrangements and design!

features using layout drawings to assure that all potentially
affected essential systems and components have been considered
with respect to the effects of an assumed pipe break.

b. ASB reviews the effects of postulated piping failures as deter-
mined from the information given in the SAR. The reviewer will
confirm the results of the applicant's evaluations by perform-
ing a comparative, but abbreviated as appropriate, failure
modes and effects analysis that includes the considerations
given in item B.3.d of BTP ASB 3-1 for the following effects:

(1) The availability of offsite power.

hd
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(2) The effects of a single active component failure in sys-
tems necessary to mitigate consequences of the postulated
piping break.

(3) Permissible exclusions to (2) above based upon the provi-
sion given in item B.3.b(3) of BTP ASB 3-1 for certain
dual purpose moderate energy systems.

(4) The considerations involved in to the selection of avail-
able systems to mitigate the consequences of the piping
failure.

c. The reviewer will verify from a review of arrangement drawings
that control room habitability or access te necessary surround-
ing areas is not jeopardized as a conseqmoce of the postulated
piping failure,

d. ASB evaluates the applicant's analysis of the postulated failure
of non-seismic Category I piping systems by performing a failure
modes and effects analysis using SAR information and engineering
sketches as necessary.

4. Systems defined in Appendix A to BTP ASB 3-1 as " essential systems"
are those that are needed to shut down the reactor and mitigate the
consequences of the pipe break for a given postulated piping break.
However,dependinguponthetypeandlocationofthepostulatedgipe
break, certain safety equipment may not be classed as " essential
for that particular event (e.g., emerge , power system or high and
low pressure core spray systems). On the other hand, some safety
equipment will be " essential" for almost all cases (e.g., service
water to ultimate heat sink). Table 3.6.1-1 is a list of those
essential systems generally in the latter category.

TABLE 3.6.1-1

SYSTEMS USUALLY REQUIRED FOR SAFE SHUTDOWN

PWR BWR

Service Water System Service Water System

Auxiliary Feedwater System Reactor Coolant Injection System

Volume Control System

Decay Heat Removal System Residual Heat Removal System

Cyogggggggg}ingWaterSystem Cgoggg$$gggjingWaterSystem
-

Table 3.6.1-2 is a listing of systems typically classified as either
high or moderate energy systems that are located outside the primary
containment in pressurized water reactor (PWR) and boiling water
reactor (BWR) plants.

O
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TABLE 3.6.1-2
O

; Q TYPICAL HIGH ENERGY SYSTOIS OUTSIDE CONTAINMENT
.

PWR BWR
i

Main Steam Line System Main Steam Line System

Main Feedwater Line System Main Feedwater Line System

Auxiliary Feedwater System High Pressure Core Spray System

Volume Control System Process Sampling System

Process Sampling System Condensate System

Condensate System Reactor Cleanup System

Steam Generator Blowdown Line Standby Liquid Control System
TYPICAL MODERATE ENERGY SYSTEMS OUTSIDE CONTAINMENT

PWR BWR

Service Water System Service Water System

Decay Heat Removal System Residual Feat Removal System
O (outside of reactor coolant (outsideofreactorcoolant(j pressure boundary) pressure boundary)

Circulating Water System Circulating Water System

Fire Protection System Fire Protection System
;

Component Cooling Water System Component Cooling Water System

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and
his review supports conclusions of the following type, to be included in
the staff's safety evaluation report:

The review of the plant design for protection against postulated
piping failures outside containment included all high and moderate
energy piping systems located outside containment. The review of
these high and moderate energy systems for the plant
included layout drawings, piping and instrumentation diagrams, and
descriptive information.

The staff concludes that the facility design for protection against
postulatedpipjngfailuresoutsidecontainmentisacceptableand

m)_
meets the requirements of General Design Criterion 4 with respect to
accommodating the effects of postulated pipe ruptures. The applicant

(%/ has met the requirement of General Design Criterion 4 with respect

3.6.1-7 Rev. 1 - July 1981

- __. _ . .. . _ _ . . _ . _ _ _ . _ . _ _ _ -_-



to postulated pipe ruptures by conforming to Branch Technical Position
ASB 3-1.

V. Implementation

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plaas for using this SRP section.

Except in those cases in which the applicant proposes on acceptable alterna-
tive method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced Branch Technical Positions.

VI. References

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

2. Branch Technical Position ASB 3-1, " Protection Against Postulated
Piping Failures in Fluid Systems Outside Containment," attached to
this SRP section. ,

3. Branch Technical Position, MEB 3-1, " Postulated Break and Leakage
Locations in Fluid System Piping Outside Containment," attached to
Standard Review Plan Section 3.6.2.

O

O
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BRANCH TECHNICAL POSITION ASB 3-1p; (FORMERLY BTB APCSB 3-1)(v
PROTECTION AGAINST POSTULATED PIPING FAILURES IN

FLUID SYSTEMS OUTSIDE CONTAINMENT

A. BACKGROUND

General Design Criterion 4, " Environmental and Missile Design Bases," of
Appendix A to 10 CFR Part 50, " General Design Criteria for Nuclear Power
Plants," requires that systems and u....ponents important to safety ".. .shall
be apprcpriately protected against dynamic effects, including the effects
of missiles, pipe whipping, and dircharging fluids, that may result from
equipment failures and from events and conditions outside the nuclear
power uait." Guidance on acceptable design approaches to meet General
Design Criterion 4 for existing plants and for plants for which applica-
tions for construction permits were then under review was provided in
letters to applicants and licensees from A. Giambusso, Deputy Director of
Licensing for Reactor Projects, most of which were dated in December
1972. The gu' dance document from these letters is attached as Appendix B
to this position. Similar interim guidance for new plants was provided
in a letter to applicants, prospective applicants, reactor vendors, and
architect engineers from J. F. O' Leary, Director of Licensing, dated July
12, 1973. This document is attached as Appendix C to this position.

Reviews of nuclear power plant designs have indicated that the functional

p/ or structural integrity of systems and components required for safe
s shutdown of the reactor and maintenance of cold shutdown conditions could" be endangered by fluid system piping failures at locations outside contain-

ment. The staff has evolved an acceptable approach for the design,
including the arrangement, of fluid systems located outside of containment
to assure that the plant can be safely shut down in the event of piping
failures outside containment. This approach is set forth in this posi-
tion and in the companion branch technical position BTP MEB 3-1 attached
to SRP Section 3.6.2.

It is the intent of this design approach that postulated piping failures
in fluid systems should not cause a loss of function of essential safety-
related systems and that nuclear plants should be able to withstand
postulated failures of any fluid system piping outside containment,
taking into account the direct results of such failure and the further
failure of any single active component, with acceptablg offsite
consequences.

The detailed provisions of the position below and of BTP MEB 3-1 are -

intended to implement this intent with due consideration of the special
nature of certain dual purpose systems and the need to define and to 8
limit to a finite number the types and locations of piping failures to be .

analyzed. Although various measures for the protection of safety-related
systems and components are outlined in this position, the preferred
method of protectior. is based upon separation and isolation by plant
arrangement.

f3)
U Recent applications for CP licenses contain plant layouts where safety-

related equipment or structures appear to be located near the nain steam
|
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and feedwater high energy lines on the basis cf utilization of the " break
exclusion" design basis in these lines. In consideration of the large
magnitude of potential energy stored in these (main steam and feed)
systems du 'ig normal plant operation, we are revising BTP ASB 3-1 to
give cle- r guidance on acceptable methods for protecting essential
equiptr from the effects of postulated failures in these systems.

B. P' H TECHNICAL POSITIONy

Plant Arrangement..

Protection of essential systems and componentsW against postulated
piping failures ir. h_i g or moderate energy fluid systems that operate
during normal plant conditions and that are located outside of
containment, should be provided by items a., D., or c. below in
order of their preference.

a. Plant arrangements should separate fluid system piping from
essential systems and components. Separation should be
achieved by plant physical layouts that provide sufficient
distances between essential systems and components and fluid
system piping such that the full dynamic effects of any
postulated piping failure therein (e.g., pipe whip, jet impinge-
ment, and the environmental cenditions resulting from the
escape of contained fluids as appropriate to high or moderate
energy 11uid system piping) cannot impair the integrity or
operability of essential systems and components.

(1) Even though portions of the main steam and feedwater lines
meet the break exclusion requirements of item B.1.6 of BTP
MEB 3-1, they should be separated from essential equipment.
In order for essential equipment to be properly separated,
the essential equipment must be protected from the jet
impingement and environmental ef fects of an assumed longitud-
inal break of the main steam and feedwater lines. Each
assumed longitudinal break should have a cross sectional
area of at least one square foot and should be postulated
to occur at a location that has the greatest effect on
essential equipment.

(2) The main steam and feedwater lines should not be routed
around or in the vicinity of the control room.

i b. Fluid system piping or portions thereof not satisfying the
'

provisions of item B.l.a should be enclosed within structures
or compartments designed to protect nearby essential systems and
components. Alternatively, essential systems and components
may be enclosed within structures or compartments designed ~to
withstand the effects of postulated piping failurer in nearoy
fluid systems.,

|

c. Plant arrangements or system features that do not satisfy tN
provisions of either item B.1.a or item B. l.b should be limited
to those for which the above provisions are impractical because
of the stage of design or construction of the plant; because
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the plant design is based upon that of an earlier plant accepted
by the staff as a base plant under the Commission's standardi-
zation and replication policy; or for other substantive reasons

Q such as particular design features of the fluid systems. Such
cases may arise, for example, (1) at interconnections between
fluid systems and essential systems and components, or (2) in
fluid systems having dual functions (i.e., required to operate
during normal plant conditions as well as to shut down the
reactor). In these cases, redundar,t design features that are
separated or otherwise protected from postulated piping failures,
or additional protection, should be provided so that the effects
of postulated piping failures are shown by the analyses and
guidelines of Section B.3 to be acceptable. Additional protec-
tion may be provided by restraints and barriers or by designing
or testing essential systems and components to withstand the
effects associated with postulated piping failures.

If a case should arise as a result of overriding engineering considera-
tions, where adequate separation by physical distance or adequate
separation by a combination of distance and barriers cannot be reasonably
attained, and so justified to the staff, restraints may be used to assist
in obtaining a finding of adequate separation by d' stance or barriers
when designed as follows:

(1) The use of a restraint should not affect the responses of the piping
systems when subjected to the loads resulting from normal and upset
plant and sy< tem operating conditions.

(a) Care should be exercised to ensure that the system stresses due
d to normal and upset transients, thermal growth, and inertial

effects and differential anchor motions associated with seismic
events are not adversely affected by the restraints.

(b) A pro 0 ram should be developed to ensure that the system stresses
due to long term changes in the system and its supports and
restraints, such as due to pipe relaxattun and differential
settling, will not be adversely affected by the restraints.

(c) I''tafis of the methods used to obtain these assurances should
be submitted to the staff for review.

(2) The restraint and its supporting structures should be designed so
that they will not prevent the inservice inspection of any pipe
welds.

2. Design Features
a. Essential systems and components should be designed to meet the

seismic design requirements of Regulatory Guide 1.29.
i

b. Protective structures or compartments, fluid system piping
restraints, and other protective measures should be designed in
accordance with the following:

(1) Protective structures or compartments needed to implement
(O) Section B.1 should be designed to seismic Category I
%.J
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requirements. The arotective structures should be casigned
to withstand the effects of a postulated piping failure
(i.e., pipe whip, jet impingement, pressurization of
compartments, water spray, and flooding, as appropriate)
il combination with loadings associated with the operating
basis earthquake and safe shutdown earthquake within the
respective design load limits for structures. Piping
restraints, if used, may be taken into account to limit
effects of the postulated piping failure.

(2) High-energy fluid system piping restraints and protective
measures should be designed such that a postulated break
in one pipe cannot, in turn, lead to rupture of other
nearby pipes or components if the secondary rupture could
result in consequences that would be considered unacceptable
for the initial postulated break. An unrestrained whipping
pipe should be considered capable of rendering damage as
defined in Subsection III.2. of SRP Section 3.6.

c. Fluid system piping in containment penetration areas should be
designed to meet the break exclusion provisions contained in
item B.1.b of BTP MEB 3-1.

d. Piping classification as required by Regulatory Guide 1.26
should be maintained without change until beyond the outboard
restraint. If the restraint is located at the isolation valve,
a classification change at the valve interface is acceptable. |

3. Analyses and Effects of Postulated Pipie:g Failures

a. To show that the plant arrangement and design features provide
the necessary protection of essential systems and components,
piping failures should be postulated in accordance with BTP MEB
3-1, attached to SRP Section 3.6.2. In applying the provisions
of BTP MEB 3-1, each longitudinal or circumferential break in
high-energy fluid system piping or leakage crack in moderate-
energy fluid system piping shCJld be Considered separately as a
single postulated initial event occurring during normal plant
conditions. An analysis should be made of the effects of each
such event, taking into account the provisions of BTP MEB 3-1
and of the system and component operability considerations of
item B.3.b. below. The effects of each postulated piping failure
should be shown to result in offsite consequences within the
guidelines of 10 CFR Part 100 and to meet the provisions of
items B.3.c and d below.

b. In analyzing the effects of pos;.ulated piping failures, the
following 4 . antions should be made with regard to the opera-
bility of 1d components:

(1) Offs: .nould be assumed to be unavailable if a
trip or use u bine generator system or reactor protection
system is a direct consequence of the postulated piping
f aj_l ure.

9
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(2) A single active component failure should be assumed in
systems used to mitigate consequences of the postulatedp

( piping failure and to shut down the reactor, except as

noted in item B.3 b.(3) below. The single active component'

failure is assumed to occur in addition to the postulated

piping failure and any direct consequences of the piping
failure, such as unit trip and loss of offsite power.

(3) Where the postulated piping failure is assumed to occur in
one of two or more redundant trains of a dual purpose
moderate energy essential system, i.e., one required to

operate during normal plant conditions as well as to shut
down the reactor and mitigate the consequences of the
piping fcI!ure, single failures of components in the other
train or trains of that system only, need not be assumed'

provided the system is designed to seismic Category I
s b.ndards, is powered from both offsite and onsite sources,
and is constructed, operated, and inspected to quality
assurance, testing, and inservice inspection standards
appropriate for nuclear safety systems. Examples of
systems that may, in some plant designs, qualify as dual-
purpose essential systeins are service water systems,
component cooling systems, and residual heat removal
systems.

(4) All available systems, including those actuated by operator
actions, may be emr loyed to mitigate the consequences of a-
postulated piping failure. In judging the availability ofA) systems, account should be taken of the postulated failuret

V and its direct. consequences such as unit trip and loss of'

offsite power, and of the assumed single active component
failure and its direct consequences. The feasibility of

carrying out operator actions should be judged on the
basis of ample time and adequate access to equipment being
available for the proposed actions.

c. The effects of a postulated piping failure, including environ-
mental conditions resulting from the escape of contained fluids,
should not preclude habitability of the control room or access*

to surrounding areas important to the safe control of reactor
operations needed to cope witn the consequences of the piping
failure.

d. The. functional capability of essential systems and components
should be maintained after a failure of piping not designed to
seismic Category I standards, assuming a concurrent single
active failure.

4. Implementation
Designs of plants for which construction permit applicationsa.
are tendered after July 1, 1975 should conform to the pro-
visions of this position.

O b. Designs of plants for which construction permit applications
1

Q are tendered after July 1,1973 and before July 1,1975 should
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conform to the provisions of either (a) the letter of July 12,
1973 from J. F. O' Leary, Appendix C to this position, or (b)
this position, at the option of the applicants.

c. Designs of plants for which construction permit applications
were tendered before July 1, 1973 and operating licenses are
issued after July 1, 1975 should follow the guidance provided
in the December 1972 letter from A. Giambusso, Appendix G to
this position and provide analyses of moderate energy lines
made in conformance with Section 8.3 of this position, as part

' of the operating license application for these plants to demon-
strate that acceptable protection against the effects of piping
failures outside containment has been provided. Alternately,
this position may be used in its entirety as an acceptable
basis for this finding.

For plants in this category for which construction permits are
not issued as of February 1, 1975, a commitment by the applicant
to either (a) follow the guidance of Appendix B and submit
Section B.3 analyses of moderate energy lines with the plant
final safety analysis report (FSAR), or (b) conform the plant
design to the provisions of this position, should provide an
acceptable basis for issuance of the construction permit with
regard to effects of piping failures outside containment.

d. Designs of plants for which operating licenses are issued
before July 1, 1975 are considered acceptable with regard to
effects of piping failures outside containment on the basis of
the analyses made and measures taken by applicants and licen-
sees in response to the December 1972 letter from A. Giambusso,
and the staff review and acceptance of these analyses and
measures.

For plants in this category for which the staff review and
acceptance of protection against the effects of piping failures
outside containment is not substantially complete as of February 1,
1975, a commitment by the applicant to carry out analyses
according to Section B.3 of this position, to submit them for
staff review, and to carry out any system modifications found .

necessary before extended operation of the plant at power
levels above one-half the license power level, should provide
an acceptable basis for issuance of the operating license.

C. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

2. Regulatory Guide 1.29, " Seismic Design Classification."

3. Letter from A. Giambusso, Deputy Director for Reactor Projects,
Directorate of Licensing, to applicants and licensees, December
1972, and attachment entitled " General Information Required for
Consideration of the Effects of a Piping System Break Outside Contain-
ment." The corrected attachment is Appendix B to this position.
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4. Letter from J. F. O' Leary, Director of Licensing, to applicants,
reactor venders, and architect engineers, July 12, 1972, and attachment
entitled " Criteria for Determination of Postulated Break and Leakage
Locations in High and Moderate Energy Fluid Piping Systems Outside
of Containment Structures." The letter and attachtrent is Appendix C
to.this position.

I
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APPENDIX A
BRANCH TECHNICAL POSITION ASB 3-1

DEFINITIONS '

Essential Systems and Components. Systems and components required to shut
down the reactor and mitigate the consequences of a postulated piping failure,
without offsite power.

Fluid Systems. High and moderate energy fluid systems that are subject to the
postulation of piping failures outside containment against which protection of
essential systems and components is needed.

High-Energy Fluid Systems. Fluid systems that, during normal plant conditions,
are either in operation or maintained pressurized under conditions where
either or both of the following are met:

a. maximum operating temperature exceeds 200 F, or

b. maximum operating pressure exceeds 275 psig.

Moderate-Energy Fluid Systems. Fluid systems that, during normal plant
conditions, are either in operation or maintained pressurized (above atmospheric
pressure) under conditions where both of the following are met:

a. maximum operating temperature is 200 F or less, and

b. maximum operating pressure is 275 psig or less

Normal Plant Conditions. Plant operating conditions during reactor startup,
operation at power, hot standby, or reactor cooldown to cold shutdown condition.

Upset Plant Conditions. Plant operating conditions during system transients
that may occur with moderate frequency during plant service life and are
anticipated operational occurrences, but not during system testing.

Postulated Piping Failures. Longitudinal and circumferential breaks in
high-energy fluid system piping and through-wall leakage cracks in
moderate energy fluid system piping postulated according to the provisions of
BTP MEB 3-1, attached to SRP Section 3.6.2.

|
Single Active Component Failure. Malfunction or loss of function of a component
of electrical or fluid systems. The failure of an active component of a fluid
system is considered to be a loss of component function as a result of mechanical,

.
hydraulic, pneumatic, or electrical malfu,. tion, but not the loss of component

| structural integrity. The direct consequences of a single active component
failure are considered to be part of the single failure.

I
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l i APPENDIX B
V BRANCH TECHNICAL POSITION ASB 3-1

This appendix consists of the attachment to the letters sent by A. Giambusso,
Deputy Director for Reactor Projects, Directorate of Licensing, in December 1972
to applicants and licensees on the subject of postulated piping failurcs
outside containment. The attachment provided guidance on measures to be taken
and on information to be submitted. An errata sheet for the attachment was
sent in January 1973 to recipients of the original letters. The attachment as
given here has been corrected for the errata.

General Information Required for Consideration
of the Effects of a Piping System Break Outside Containment

The following is a general list of information required for AEC review of the
'.

effects of a piping system break outside containment, including the double
ended rupture of the largest pipe in the main steam and feedwater systems, and
for AEC review of any proposed design changes that may be found necessary.
Since piping layouts are substantially different from )lant to plant, a)plicants

p and licensees should determine on an individual plant ) asis the applica)ility
g of each of the following items for inclusion in their submittals.

1. The systems (or portions of systems) for which protection against pipe
whip is required should be identified. Protection from pipe whip need
not be provided if any of the following conditions will exist:

(a) Both of the following piping system conditions are met:

(1) the service temperature is less than 200 F; and

(2) the design pressure is 275 psig or less; or

(b) The piping is physically separated (or isolated) from structures,
systems, or components important to safety by protective barriers,
or restrair-d from whipping by plant design features, such as concrete
encasement; cr

(c) Following a single break, the unrestrained pipe movement of either
end of the ruptured pipe in any possible direction about a plastic
hinge formed at the nearest pipe whip restraint cannot impact any
structure, system, or component important to safe;y; or

(d) The internal energy levell associated with the whipping pipe can be
demonstrated to be insufficient to impair the safety function of any
structure, system or component to an unacceptable level.

O) M ootnotes are collected at the end of this appendix.(

.
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2. Design basis break locations should be selected in accordance with the
following pipe whip protection criteria: however, where pipes carrying
high energy fluids are routed in the vicinity of structures and systems
necessary for safe shutdown of the nuclear plant, supplemental protection
of those structures and systems shall be provided to cope with the environ-
mental effects (including the effects of jet impingement) of a single
postulated open crack at the most adverse location (s) with regard to
those essential structures and systems, the length of the crack being
chosen not to exceed the critical crack size. The critical crack size is
taken to be 1/2 the pipe diameter in length and 1/2 the wall thickness in
width.

The criteria used to determine the design basis piping break locations in
the piping systems should be equivalent to the following:

(a) ASME Section III Code Class I piping 2 breaks should be postulated to
3 or branch run:occur at the following locations in each piping run

(1) The terminal ends;

(2) Any intermediate locations between terminal ends where the
primary plus secondary stress intensities 5 circumferential
orlongitudinal)derivedonanelasticallyEa(lculatedbasis
under the loadings associated with one-half safe shutdown
earthquake and operational plant conditions exceeds 2.0 S,54

for ferritic steel, and 2.4 S f r austenitic steel;
m

(3) Any intermediate locations between terminal ends where the
cumulative usage factor (U)6 derived from the piping fatigue
analysis and based on all normal, upset, and testing plant
conditions exceeds 0.1; and

(4) At intermediate locations in addition to those determined by
(1) and (2) above, selected on a reasonable basis as necessary
to provide protection. As a minimum, there should be two
intermediate locations for each piping run or branch run.

(b) ASME Section III Code Class 2 and 3 piping breaks should be postu-
lated to occur at the following locations in each piping run or
branch run:

(1) The terminal ends;

(2) Any intermediate locations oetween terminal ends where either
the circumferential or longitudinal stresses derived on an
elastically calculated basis under the loadings associated with
seismic events and operational plant conditions exceed 0.8 (S

h+ S )7 r the expansion stresses exceed 0.8 S ; and
A A

(3) Intermediate locations in addition to these determined by (2)
above, selected on a reasonable basis as necessary to provide
protection. As i. minimum, there should be two intermediate
locations for each piping run or branch run.
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3. The criteria used to determine the pipe break orientation at the break
) locations as specified under (2) above should be equivalent to the

following:

(a) Longitudina18 breaks in piping runs and branch runs, I inches
nominal pipe size and larger, and/or <

(b) Circumferentia19 breaks in piping runs and branch runs exceeding
1 inch nominal pipe size.

4. A summary should be provided of the dynamic analyses applicable to the
design of Category I piping and associated supports which determine nie
resulting loadings as a result of a postulated pipe break .r h i g:

(a) The locations and number of design basis breaks on which the dynamic
analyses are based.

(b) The postulated rupture orientation, such as a circumferential and/or
longitudinal break (s), for each postulated design basis break location.

(c) A description of the forcing functions used for the pipe whip dynamic
analyses including the direction, rise time, magnitude, duration and
ir,itial conditions that adequately represent the jet stream dynamics
and the system pressure difference.

(d) Diagrams of mathematical models used for the dynamic analysis.

v) (e) A summary of the analyse:, which demonstrates that unrestrained
motion of ruptured lines will not damage to an unacceptable degree,
structures, systems, or components important to safety, such as the
control room.

5. A description should be provided of the measures, as applicable, to
protect against pipe whip, blowdown jet and reactive forces including:

(a) Pipe restraint design to prevent whip impact;

(b) Protective provisions for structures, systems, and components
required for safety against pipe whip and blowdown jet and reactive
forces;

(c) Separation of redundant features;

(d) Provisions to separate physically piping and other components of
redundant features; and

(e) A description of the typical pipe whip restraints and a summary of
number and ocation of all restraints in each system.

6. The procedures that will be used to evaluate the structural adequacy of
Category I structures and to design new seismic Category I structures
should be provided including:
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(a) The method of evaluating stresses, e.g., the working stress method
and/or the ultimate strength method that will be used;

(b) The allowable design stresses and/or strains; and

(c) The load factors and the load combinations.

7. The structural c'esign loads, including the pressure and temperature
transients, the dead, live and equipment loads and the pipe and equipment
static, thermal, and dynamic reactions should be provideo.

8. Seismic Category I structural elements such as floors, 'nterior walls,
exterior walls, building penetrations and the buildings as a whole should
be analyzed for eventual reversal of loads due to the postulated accident.

9. If new openings are to be provided in existinc structures, the capabil-
ities of the modified structures to carry the design loads should be
demonstrated.

10. Verification that failure of any structure, including non-seismic Category I
structures, caused by the accident, will not cause failure of any other
structure in a manner to adverseley affect:

(a) Mitigation of the consequences of the accidents; and

(b) Capability to bring the unit (s) to a cold shutdown condition.

11. Verification that rupture of a pipe carrying high energy fluid will not
directly or indirectly result in:

(a) Loss of required redundancy in any oortion of the protection syste.a
(as defined in IEEE-279), Class IE electric system (as defined in
IEEE-308), engineered safety feature equipment, cable penetrations,
or their interconnecting cables requiied to mitigate the consequences
of that accident and place the reactor (s) in a cold shutdown condi-
tion; or

(b) Environmentally induced failures caused by a leak or rupture of the
pipe which would not of itself result in protective action but does
disable protection functions. In this regard, a loss of redundancy
is perm tted; but a loss of function is not permitted. For such
situations, plant shutdown is required.

| 12. Assurance should be provided that the control room will be habitable and
' its equipment functional after a steam line or feedwater line break or

that the capability for shutdown and cooldown on the unit (s) will be
available in another habitaole area.

13. Environmental qualification should be demonstrated by test for that
electrical equipment required to function in the steam-air environment
resulting from a high energy line break. The information required for

i our review should include the following:

O
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(N (a) Identification of all electrical equipment necessary to meet require-
)(V ments of (11) above. The time after the accident in which they are

required to operate should be given.

(b) The test conditions and the results of test data showing that the
systems will perform their intended function in the environment
resulting from the postulated accident and time interval of the
accident. Environmental conditions used for the tests sheuld be
selected from a conservative evaluation of accident conditions.

(c) The results of a study of steam systems identifying locations where
barriers will be required to prevent steam fet impingement from
disabling a protection system. The design criteria for the barriers
should be stated and the capability of the equipment to survive
within the protected environment should be described.

(d) An evaluation of the capability for safety-related electrical equipment
in the control room to function in the environment that may exist
following a pipe break accident should be provided. Environmental

! conditions used for the evaluation should be selected from conservP ive
'

calculations of accident conditions.

(e) An evaluation to assure that the onsite power distribution system
and onsite sources (diesels and batteries) will remain operable
throughout the event.

i

O) Design diagrams and drawings of the steam and feedwater lines including14.

( branch lines showing the routing from containment to the turbine building
i should be provided. The drawings should show elevations and include the

location relative to the piping runs of safety-related equipment including
ventilation equipment, intakes, and ducts.

15. A discussion should be provided of the potential for flooding of safety-
related equipment in the event of failure of a feedwater line or any
other line carrying high energy fluid.

16. A description should be provided of the quality control and inspection
prograrrs that will be required cr have been utilized for piping systems
outsic. containment.

17. If leak detection equipment is to be used in the proposed modifications,
a discussion of its capabilities should be provided.

18. A summary should oe provided of the emergency procedures ti,at would be
followed after a pipe break accident, including the automatic and manual
operations required to place the reactor unit (s) in a cold shutdown
condition. The estimated times following the accident for all equipment
and personnel operational actions should be included in the procedure
summary.

19. A description should be provided of the seismic and quality classification
of the high energy fluid piping systems including the steam and feedwater
piping that run near structures, systems, or components important to

u safety.
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20. A description should be provided of the assumptions, methods, and results
of analyses, including steam generator blowdown, used to calculate the
pressure and temperature transients in compartments, pipe tunnels, inter-
mediate buildings, and the turbine building follow M a pipe rupture in
these areas. The equipment assumed to function in the analyses should be
identified and the capability of systems required to function to meet a
single active component failure should be described.

21. A descriptien should be prcvided of the methods or analyses performed to
demonstrate that there will be no adverse effects on the primary and/or
secondary containment structures due to a pipe rupture outside these
structures.

'The internal fluid energy level associated with the pipe break reaction may take
into account any line restrictions (e.g. , flow liroiter) between the pressure
source and break location, and the effects of either single-ended or double-
ended flow conditions, as applicable. The energy level in a whipping pipe may
be considered as insufficient to rupture an impacted pipe of equal or greater
nominal pipe size and equal or heavier wall thickness.

2 Piping is a pressure retaining component consisting of straight or curved pipe
and pipe fittings (e.g., elbows, tees, and reducers).

A piping run interconnects components such as pressare vessels, pumps, and3

rigidly fixed valves that may act to restrain pipe movement beycnd that required
for design thermal displacement. A branch run differs from a pip'ng run only
in that t originates at a piping intersection, as a branch of the main pipe run.

40perational plant conditions include normal reactor operation, upset conditions
(e.g., anticipated ope.ational occurrences) and testing conditions.

55 is the design stress intensity as specified in Section III of the ASW Boiler
aRdPressureVesselCode,"NuclearPlantComponents."

65 is the cumulative usage factor as specified in Section III of the ASNE Boiler3
atid Pressure Vessel Code, " Nuclear Power Plant Components."

75 is the stress calculated by the rules of NC-3600 and ND-3600 for Class 2 and
3 components, respectively, of the ASME Code Section III Winte- 1972 Addenda.

5 is the allowable stress range for expansion stress calculated by the rules of3
NC-3600 of the ASME Code, Section III, or the USA Standard Code for Pressure
Piping, ANSI B31.1.0-1967.

Longitudinal breaks are parallel to the pipe axis and oriented at any point8

around the pipe circumference. The break area is equal to the effective cross-
sectional flow area upstream of the break location. Dynamic forces resulting
from such breaks are assumed to cause lateral pipe movements in the direction
normal to the pipe axis.

Circumferential breaks are perpendicular to the pipe axis, and the break area9

is equivalent to the internal cross-sectional area of the ruptured pipe.
Dynamic forces resulting from such breaks are assumed to separate the piping
axially, and cause whipping in any direction normal to the pipe axis.
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APPENDIX C

/' BRANCH TECHNICAL POSITION ASB 3-1
\' This appendix consists of the letter and attachment sent by J. F. O' Leary,

Director of '.icensing, to applicants, reactor vendors, and architect-engineers
on the subject of postulated piping failures outside containment. The letter
was dated July 12, 1973.

Late last year, the Atomic Energy Commission's Regulatory staff requested
those utilities that operate nuclear power plants, have applied for
operating licenses, or have plants whose construction permit review was

~tially complete, to assess the effects and consequences of a postulated
rupture of piping containing high-energy fluids and located outside of
the containment structure. These requests were issued by Mr. A. Giambusso,
Deputy Director for Reactor Projects, Directorate of Licensing, in letters,
most of which were dated in December 1972.

Because these plants were either in operation or in advanced stages of
engineering design and construction, the request included guidance for
corrective modifications that could be implemented by in-situ measures.
Such modifications included relocation or rerouting of pi)ing, installation
of impingement barriers and encapsulation sleeves around ligh stressed
piping regions, provisions for venting of compartments subject to pressuri-
zation, aJdition of piping restraints, and strengthening of structural
components of buildings.,

V) From our review of responses submitted to the Regulatory staff, and from
discussions with architect-engineering firms, we have learned that some
of these organizations have inferred that the criteria contained in Mr.
A. Giambusso's letter pertaining to corrective modifications for plants
in advanced stages of construction and operation are applicable for the

,

design of high energy fluid systems outside the containment in new designs'

of nuclear power plants. It was not our intent that the criteria for
corrective plant modifications be applied to new power plants that are in
the initial design stages. We believe that a more direct approach,

; involving a rearrangement of the physical plant layout with a view to
relocation of essential safety systems and components is appropriate for
the new plants.

For the present, pending issuance of a planned AEC Regulatory Guide -
" Protection Against Postulated Events and Accidents Outside Containment,"
an acceptable implementation of Criterion 4 of the Commission's General
Design Criteria listed in Appendix A of 10 CFR Part 50, as applied to new
plants with respect to the design of structures, systems and components
important to safety and located outside of containment is as follows:

I. PIPING SYSTEMS CONTAINING HIGH-ENERGY FLUIDS * DURING NORMAL REACTOR1

*

OPERATION

(a) The piping systems are isolated by adequate physical separation and
n remotely located from safety systems and components that are required

(G)
* Refer to Appendix A for identification of high-energy fluid systems.
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to shut down the reactor safely and maintain the plant in a cold
shutdown condition.

(b) Where isolation by remote location is impracticable, systems containing
high-energy fluids, or portions of the systems, are enclosed within
the structures suitably designed to protect adjoining safety systems
and components required to shut down the reactor safely and maintain
the plant in a cold shutdosi condition from postulated pipe failures
within the enclosure.

(c) Where botn isolation by remote location (as specified in I.a)
and enclosure in protective structures (as specified in I.b)
are impracticable, systems containing high energy fluids, or
portions of the systems, are provided with restraints and
protective measures such tLat the operability and integrity of
structures, safety systems and components that are required to
shut down condition are not impaired.

(d) Protective enclosures for the piping systems containing high-energy
fluids are designed as Seismic Category I structures to withstand
the combined effects of a postulated pipe break, the dynamic
effects of pipe whipping, the jet impingement forces, and the
compartment pressurization as a consequence of discharging
fluids in combination with the specified seismic event of the
Safe Shutdown Earthquake and normal operating loads.

(e) Piping systems containing high-energy fluids are designed so
that the effects of a single postulated pipe break cannot, in
turn, cause failures of other pipes or components with unacceptable
consequences.

In addition, any systcms, or portions of systems, that are
designed to mitigate the consequences of a postulated pipe
failure, and to place the reactor in the cold shutdown condition,
are provided with design features that will assure the performance
of their safety function, assuming a single active component
failure.

(f) For a postulated pipe failure, the escape of steam, water. and
heat from structures enclosi,J the high-energy fluid containing
piping does not preclude: 1) the accessibility to surrounding
areas important to the safe control of reactor operations, 2)
the habitability of the control room, 3) the ability of instru-
mentation, electric power supplies, and components and controls
to initiate, actuate and complete a safety action. In this
regard, a loss of redundancy is permissible but not the loss of
function.

(g) The criteria for determination of postulated break locations
are contained in the attached Appendix A, " Criteria for Determina-
tion of Postulated Pipe Break or Leakage Iocations in Fluid
Piping Systems Outside Containments."
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h II. PIPING SYSTEMS CONTAINING MODERATE-ENERGY FLUIDS * DURING REACTOR ~
d OPERATION

(a) Piping systems containing moderate-energy fluids are designed
to comply with the criteria applied to high-energy fluid piping
systems as listed under I., above, except that the piping is
postulated to develop a limited-size through-wall leakage crack
instead of a pipe break.

(b) For each postulated leakage, design measures'are included that
provide protection from the effects of the resulting water
spray and flooding to the same extent required to satisfy
criterion 1(e).

(c) T;.e criteria for determination of postulated leakage locations
are contained in Appendix A.

The measures taken for the protection of structures, systems and components
important to safety should not preclude the conduct of inservice examir.ations
of ASME Class 2 and 3 pressure-retaining con;ponents as required by therules of ASME Boiler and Pressure Vesst. Code - Section XI, " Inservice
Inspection of Nuclear Power Plant Components'."

Although compliance with the design criteria listed above should be accomplished
by plant arrangement and layouts utilizing the separation concept to the
extent practicable, special consideration will be necessary to provide adequate

g protection where interconnection is unavoidable between high-energy fluid
v containing piping and piping of systems important to safety.

We are prepared to discuss with you these guidelines for the design of new
nuclear power plants with regard to protection required against postulated
breaks of high and moderate energy piping outside of containment, particularly
for those plants with construction permit applications currently under considera-
tion.

Sincerely,

John F. O' Leary, Director
Directorate of Licensing

Enclosure: Appendix A

*Riifer to Appendix A for identification of moderate-energy fluid systems.

nv
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APPENDIX A TO J. F. O' LEARY LETTER OF JUtY 12, 1972
CRITERIA FOR DETERMINATION OF POSTULATED BREAK AND LEAKAGE LOCATIONS

IN HIGH2 AND MODERATEx FNERGY FLUID PIPING SYSTEMS
OUTSIDE OF CONTAINMENT STRUCTURES

A. High-Energy Fluid Systems

1. For piping systems that by plant arrangement and layout are isolated by
remote location for structures, systems, and components important to

3 4safety , pipe braaks need not be postulated provided the requirements of
A.4 are satisfied.

2. For piping systems that are enclosed in suitably designed concrete structures
or compartments to protect structures, systems, and components important
to safety, pipe break should be postulated at the following locations in
each piping or branch run within the protective structure:

a. the terminal ends 9 of the piping or branch run (except as exempted
by the provisions of A.4), if located within the protective structure
or compartment, and

b. each fitting (i.e., elbow, tee, cross, non-standard fitting), and

c. a minimum of one break selected in each piping or branch run within
the protective structure or compartment at a location that results
in the maximum loading from the impact of the postulated ruptured
pipe and jet discharge force on wall, floor, and roof of the structure
or compartment, including internal pressurization, and taking into
account any piping restraints provided to limit pipe motions.

3. For portions of piping systems that can neither be isolated as
specified A.1, nor enclosed in protective structures as specified in
A.2, pipe breaks should be postulated at the following locations in
each piping or branch run within the confines of the structures or
compartments that enclose or adjoin areas containing syste.ns and
components important to safety:

a. the terminal ends 9 of piping or branch run (except as exempted by
A.4), if located within the boundary of the confining structure or
each compartment within the structure; and

b. any intermediate location within the boundary of the confining
5structure or each compartment within the structure where the stresses

8 andunder the loadings associated with specified seismic events
7 or, in lieu ofoperational plant conditions exceed 0.8 (S S 8

thesecalculatedstress-relatedlocations,N+tehc)hfitting(i.e.,
elbow, tree, cross, non-standard fitting); and

c. a minimum of two separated locations within the boundary of the
confining structure of each compartment within the structure in
piping or branch runs exceeding twenty pipe diameters in length; a
minimum of one location in piping or b-anch runs twenty pipe-diameters
or less in length except that no intermediate locations need to be
postulated in branch runs that are three pipe-diameters or less in
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O length. Intermediate break locations should be selected such that
V the maximum pipe whip and jet impingement will result, assuming for

this purpose an unrestrained ruptured pipe.

4. For those portions of the piping passing through primary containment
penetrations and extending to the first outside isolation valve,
pipe breaks need not be postulated provided such piping is conserva-
tively reinforced and restrained beyond the valve such that, in the
event of a postulated pipe break outside containment, the transmitted
pipe loads will neither impair the operability of the valve nor the
integrity of the piping or the conte ~7 ment penetration. (A terminal.

end of such piping is considered h originate at this restraint
location.)

B. Moderate-Energy Fluid Systems

1. For piping systems that by plant arrangement and layout are isolated
and physically separated and remotely located from systems and
components important to safety, through-wall leakage cracks need not
be postulated.

2. For piping systems that are located in the same areas as high-energy
fluid systems which, by the criteria of A.1 to A.3 have postulated
pipe break locations, through-wall leakage cracks need not be postu-
lated.

3. For piping systems that are located in areas containing systems and
v components important to safety, but where no high-energy fluid

systems are present, through-wall leakage cracks should be postu-
lated at the most adverse location to determine the protection
needed to withstand the effects of the resulting water spray and
flooding.

C. Side and Types of Pipe Breaks and Cracks

1. The following types of breaks should be postulated at the locations
specified by the criteria listed under A. High-Energy Fluid Systems:

i

a. longitudinal breaks in piping runs and branch runs with nominal
pipe sizes of 4 inches and larger,

b. circumferential breaks in piping runs and branch runs exceeding
a nominal pipe size of 1 inch.

2. The following leakage cracks are postulated at the locations speci-
fied by the criteria listed under B. Moderate-Energy Fluid Systems:

a. through-wall leakage cracks in piping and branch runs exceeding
a nominal pipe size of 1 inch, where the crack opening is
assu;ned as 1/2 the pipe diameter in length and 1/2 the pipe

,

wall thickness in width.'

(O
'

/
'm/

4
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FOOTNOTES

High-energy systems include those systems where either of the following
conditions are met:
a) the maximum operating temperature exceeds 200 F, and
b) the maximum operating pressure exceeds 275 psig.

2 Moderate energy systems include those systems where both of the following
conditions are met:
a) the maximum operating temperature is 200 F or less, and
b) the maximum operating pressure is 275 psig or less.

3 Structures, systems, and components important to safety, as specified herein
refer to those plant features required to shut down the reactor safely and
maintain the plant in the cold shutdown condition.

4 Break in piping means (a) a complete circumferential pipe severance and, (b) a
longitudinal split opening an area equal to the pipe area, but without pipe
severance. Such breaks are assumed to occur at each specified break location,
but not concurrently.

sEither circumferential or longitudinal stresses derived on an elastically-
calculated basis.

6Specified seismic events are earthquakes that produce at least 50 percent of the
vibratory motion of the Safe Shutdown Earthquake (SSE).

70perational plant conditions include normal reactor operation, upset conditions,
(e.g., anticipated operational occurrences) and testing conditions.

8S is the allowable stress at maximum temperature, and S is the allowable stress
h 4range for expansion stresses for Class 2 and 3 piping us permitted by the rules

of ASME Code Section III.

9 Terminal ends of pipe runs originate at points of maximum constraint (e.g.,
Connections to vessels, pumps, valves, fittings that are rigidly anchored to
structures) terminal ends of branch runs originate at pipe intersections and
components that act as rigid constraints.

These criteria are intended for the purpose of designing piping restraints and1

do not preclude consideration of other aspects of the AEC General Design
Criteria, sucn as single failure criteria and other additional protective
measures required to provide protection against environmental conditions inci-
dent to postulated accidents.

O
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3.6.2 DETERMINATION OF RUPTURE LOCATIONS AND DiNAMIC EFFECTS ASSOCIATED
WITH THE POSTULATED RUPTURE OF PIPING

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

General Design Criterion 4 (Ref. 1) requires that structures, systems, and compo-
nents important to safety shall be designed to accommodate the effects of postu-
lated accidents, including appropriate protection against the dynamic and
environmental effects of postulated pipe rupture

Information concerning break and crack location criteria and methods of analysis
for evaluating the dynamic effects associated with postulated breaks and cracks
in high- and moderate energy fluid system piping, including " field run" piping,

e inside and outside of containment should be provided in the applicant's safety
(mV) analysis report (SAR).This information is reviewed by the MEB in accordance with

this SRP section, to confirm that requirements for the protection of structures,
systems, and components relied upon for safe reactor shutdown or to mitigate the
consequences of a postulated pipe rupture are met.

At the construction permit (CP) stage, the staff review covers the following
specific areas:

1. The criteria used to define break and crack locations and configurations.

2. The analytical methods used to define the forcing functions, including the
jet thrust reaction at the postulated pipe break or crack location and jet
impingement loadings on adjacent safety-related structures, systems, and
components.

3. The dynamic analysis methods used to verify the integrity and operability of
mechanical components, component supports, and piping systems, including
restraints and other protective devices, under postulated pipe rupture loads.

Rev. 1 - July 1981
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At the operating license (OL) stage, the staff review covers the following
specific areas:

1. The implementation of criteria for defining pipe break and crack locations
and configurations.

2. The implementation of criteria dealing with special features, such as
augmented inservice inspection programs or Oe use of special protective
devices such as pipe whip restraints, including diagrams showing final
configurations, locations, and orientations in relation to break locations
in each piping system.

3. The acceptability of the analysis results, including the jet thrust and
impingement forcing functions and pipe n ip dynamic effects.

4. The design adequacy of systems, components, and component supports to
assure that the intended design functions will not be impaired to an
unacceptable level of integrity or operability as a result of pipe whip
orjetimpingementloadings.

In addition, the MEB will coordinate other branches' evaluations that interface
with the overall review of the plant protection against postulated pipe rupture
as follows:

The Auxiliary Systems Branch (ASB) reviews plant arrangements where separa-
tion of high and moderate energy systems is the method of protection for
essential systems and components outside containment in SRP Section 3.6.1.
The ASB identifies high- and moderate-energy systems outside containment
and the essential systems and conponents that must be protected from postu-
lated pipe rupture in these high and moderate energy systems. The Struc-
tural Engineering Branch (SEB) reviews loading combinations and other design
aspects of protective structures of compartments used to protect essential
systems and components in SRP Sections 3.8.3 and 3.8.4. The Material
Engineering Branch (MTEB) reviews inservice inspection and related design
provisions of high and moderate-energy systems in SRP Secticas 5.2.4 and
6.6, including those associated with the break exclusion regions. The
Reactor Systems Branch (R$B) identifies high- and moderate-energy systems
inside containment and the essential systems and components that must be
protected from postulated pipe rupture in these high- and moderate-energy
systems, such as the emergency core ccoling system in SRP Section 6.3.
The Equipment Qualification Branch (EQB) reviews the environmental effects
of pipe rupture, such as temperature, humidity, and spray-wetting, with
respect to the functional performance of essential electrical equipment

,

| and instrumentation in SRP Section 3.11. The Containment Systems Branch
| (CSB) will verify that piping systems penetrating the containment barrier

are designed sith acceptable isolation features to maintain containment
integrity as part of its primary review responsibility for SRP Section 6.2.4.

,

'

For those areas of review identified above as being reviewed as part of the
primary review responsibility of another branch, the accectance criteria
necessary for the review and their methods of applicatien are contained in the
referenced SRP section of the corresponding primary branch.

1 O
|

3.6.2-2 Rev. 1 - July 1981



~ .

II. ACCEPTANCE CRITERIA
,
.

p MEB acceptance criteria are based on meeting the requirements of General Casign
sj Criterion 4, as it relates to structures, systems, and components im90rtant to

safety being designed to accommodate the dynamic effects of postulated pipe\

rupture, including postulation of pipe rupture locations; break and crack
characteristics; dynamic analysis of pipe whip, and jet impingement loads.

Specific criteria necessary to meet the relevant requirments of GDC 4 are as
follows:

1. Postulated Pipe Rupture Locations Inside Containment

Acceptable criteria to define postulated pipe rupture locations and con-
figurations inside containment are specified in Branch Technical Position
(BTP) MEB 3-1 (Ref. 4).

2. Postulated Pipe Rupture Locations Outside Containment

For protection against postulated pipe ruptures outside containment, BTP
MEB 3-1 provide acceptable criteria to define postulated rupture locations
and plant layout considerations.

3. Methods of Analysis

Detailed acceptance criteria covering pipe whip dynamic analysis, including
determination of the forcing functions of jet thrust and jet impingement,
are included in subsection III, " Review Procedures," of this SRP section.
The general bases and assumptions of the analysis are given in BTP MEBu) 3-1, subsection B.3.

III. REVIEW PP0CEDURES

The reviewer will select and empnasize material from this SRP section, as may
be appropriate for a particular case.

1. The locations and configurations of breaks in high-energy piping and leakage
cracks in moderate energy piping are reviewed.

a. At the CP stage, the applicant's criteria for determining break and
crack locations are reviewed for conformance with the acceptance
criteria referenced in subsection II of this SRP section.

Exceptions taken by the applicant to the referenced pipe break location
and configuration criteria must be identified and the basis clearly
justified so that evaluation is possible. Deviations from approved
criteria and the justifications provided are reviewed to determine
acceptability.

b. At the OL stage, the following are reviewed to ensure that the pipe
break criteria have been properly implemented:

(1) Sketches showing the locations of the resulting postulated pipe
ruptures, including identification of longitudinal and circumfer-

(n) ential breaks, structural barriers, if any, restraint locations,
v and the constrained directions in each restraint.
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(2) A summary of the data developed to select postulated break loca-
tions including, for each point, the calculated stress intensity,
the calculated cumulative usage factor, and the calculated primary
plus secondary stress range as delineated in References 2 and 3
and BTP MEB 3-1.

2. Analyses of pipe motion caused by the dynamic effects of postulated breaks
are reviewed. These analyses should show that pipe motions will not be
such as to result in unacceptable impact upon, or overstress of, any struc-
ture, system, or component important to safety to the extent that essential
functions would be impaired or precluded. The analysis methods used should
be adequate to determine the resulting loadings in terms of the kinetic
energy or momentum induced by the impact of the whipping pipe, if unre-
strained, upon a protective barrier or a component important to safety
and to determine the dynamic response of the restraints induced by the
impact and rebound, if any, of the ruptured pipe.

An unrestrained whipping pipe should b. :nsidered capable of causing
circumferential and longitudinal breaks, individually, in impacted pipes
of smaller nominal pipe size, and developing through-wall cNcks in equal
or larger nominal pipe sizes with thinner wall thickness, t.tcept where
analytical or experimental, or both, data for the expected range of impact
energies demonstrates the capability to withstand the impact without rupture.

At the CP stage, the staff reviews the applicant's criteria, methods, and
procedures used or proposed for dynamic analyses by comparing them to the
criteria which follow. At the OL stage, the analyses are reviewed in
accordance with these criteria.

a. Dynamic Analysis Criteria

A, analysis of the d)namic response of the pipe run or branch should
be performed for eac! longitudinal and circumferential postulated
piping break.

The loading condition of a pipe run or branch, prior to the postulated
rupture, in terms of internal pressure, temperature, and inertial
effects should be used in the evaluation for postulated breaks. For
piping pressurized during operation at power, the initial condition
should be the greater of the contained energy at hot standby or at
102% power.

In the case of a circumferential rupture, the need for a pipe whip
dynamic analysis may be governed by considerations of the available
driving energy.

Dynamic analysis methods used for calculating pipino and restraint
system responses to the jet thrust developed following the postulated
rupture should adequately acccunt for the following effects: (a)
mass inertia and stiffness properties of the system, (b) impact and
rebound, (c) elastic and inelastic deformation of piping and restraints,
and (d) support boundary conditions.

If a crushable material, such as honeycomb, is used, the allowable
capacity of crushable material shall be limited to 80% of its rated
energy dissipating capacity as determined by dynamic testing, at loading

,
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rates within 50% cf the specified design loading rate. The rated
energy dissipating capecity shall be taken as not greater than the

CS area under the load-deflection curve as illustrated in Figure 3.6.2-1.

Q The portion of the curve in which the value of load vs. deflection
has departed from the essentially horizontal portion shall not be
used. Pure tension members shall be Ifmited to an allowable strain
of 50% of the ultimate uniform strain (Xm) (see Figure 3.6.2-2 (a)).
Alternatively the allowable strain value may be determined as the
value of strain associated with 50% of the ultimate uniform energy
absorption capacity as determined by dynamic testing at loading rates
within 50% of the specified design loading rate (see Figure 3.6.2-2
(b)). The method of dynamic analysis used should be capable of deter-
mining the inelastic behavior of the piping and restraint system within
these design limits.

%i Do not
.3 use this

area

X\\
Deflection

O
Figure 3.6.2-1 Rated energy dissipating capacity

| |
0
a

! % Do not
m

a
t |

I % use this
| E area*

i i
I i

Strain X, h
Do not Displacement

use this
value

(a) (b)

Figure 3.6.2-2 Limitations on pure tension members
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A 10% increase of minimum specified design yiela strength (5 ) may
be used in the analysis to account for strain rate effecie. Y

Dynamic analysis methods and procedures presented should include:

(1) A representative mathematical model of the piping system or piping
and restraint system.

(2) The analytical method of solution selected.

(3) Solutions for the most severe responses among the piping breaks
analyzed.

(4) Solutions with demonstrable accuracy or justifiable conservatism.

The extent of mathematical modeling and analysis should be governed
by the method of analysis selected.

b. Dynamic Analysis Models for Piping Systems

Analysis should be conducted of the postulated ruptured pipe and pipe
whip restraint system response to the fluid dynamic force.

Acceptable models for the analysis of ASME Class 1, 2, and 3 piping
systems and other nonsafety class high energy piping systems include
the following:

(1) Lumped Parameter Analysis Model: Lumped mass points are inter-
connected by springs to take into account inertia and stiffness
properties of the system, and time histories of responses are
computed by numerical integration, taking into account clearances
at restraints and inelastic effects. In the calculation, the

maximum possible initial clearance should be used to account
for the most adverse dynamic effects of pipe whip.

(2) Energy Balance Analysis Model: Kinetic energy generated during
the first quarter cycle movement of the rupture pipe and imparted
to the piping and restraint system through impact is converted
into equivalent strain energy. In the calculation, the maximum
possible initial clearance at restraints should be used to account
for the most adverse dynamic effects of pipe whip. Deformations
of the pipe and the restraint should be compatible with the level
of absorbed energy. The eneroy absorbed by the pipe deformation
may be deducted from the total energy imparted to the system.
For applications where pipe rebound may occur upon impact on
the restraint, an amplification factor of 1.1 should be used to
establish the magnitude of the forcing function in order to deter-
mine the maximum reaction force of the restraint beyond the first
quarter cycle of response. Amplification factors other than
1.1 may be used if justified by more detailec dynamic analysis.

(3) Static Analysis Model: The jet tnrust force is represented by
a conservatively amplified static loading, and the ruptured system
is analyzed statically. An amplification factor can be used to
establish the magnitude of the forcing function. However, the
factor should be based on a conservative value obtained by
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comparison with factors derhed from detailed dynamic analyses
performed on comparable systems.

(4) Other models may be considered if justified.

c. Dynamic Analysis Models for Jet Thrust Justified.

(1) The time-dependent function representing the thrust force caused
by jet flow from a postulated pipe break or crack should include
the combined effects of the following: the thrust pulse resulting
from the sudden pressure drop at the initial moment of pipe rup-
ture; the thrust transient resulting from wave propagation and
reflection; and the blowdown thrust resulting from buildup of
the discharge flow rate, which may reach steady state if there
is a fluid energy reservoir having sufficient capacity to develop
asteadyjetforasignificantinterval. Alternatively, a steady
state jet thrust function may be used, as outlined in .:ubsec-
tion III.2.c(4) below.

(2) A rise time not exceeding one millisecond should be used for
the initial pulse, unless a combined crack propagation time and
break oaening time greater than one millisecond can be substan-
tiated )y experimental data or analytical theory based on dynamic
structural response.

(3) The time variation of the jet thrust forcing function should be
related to the pressure, enthalpy, and volume of fluid in the
upstream reservoir, and the capability of the reservoir to supply
a high energy flow stream to the break area for a significant
interval. The shape of the transient function may be modifiedv
by considering the break area and th system flow conditions,
the pipiryg friction losses, the flow directional changes, and
the application of flow limiting devices.

(4) Thejetthrustforcemayberepresentedbyasteadystatefunction
if the energy balance model or the static model is used in the
subsequent pipe motion analysis. In either case, a step function
amplified as indicated in subsection III.2.b(2) or 2.b(3), above,
is acceptable. The function should have a magnitude not less
than

T = KpA
where

p = system pressure prior to pipe break
A = pipe break area, and
K = thrust coefficient.

To be acceptable, K values should not be less than 1.26 for steam,
saturated water, or stream-water mixtures, or 2.0 for subcooled,
nonflashing water.

.

'

3. Analyses of jet impingement forces are reviewed. These analyses should
show that jet ir,ingement loadings on nearby safety-related structures,
systems, and components will not be such as to impair or preclude essential

[mv} functions. Assumptions that are acceptable in modeling jet impingement
forces are:
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a. The jet area expands uniformly at a half angle not exceeding 10 degrees.

b. Theimpingingjetproceedsalongastraightpath.

c. The total impingement force acting on any cross-sectiou l area of
the jet is time and distance invariant, with a total magnitude equiv-
alent to the jet thrust force as defired in subsection III.2.c(4),
above.

d. The impingement force is uniformly distributed across the cross-
sectional area of the jet, and only the portion intercepted by the
target is considered.

e. The break opening may be assumed to he a circular orifice of cross-
sectional flow area equal to the effective flow area of the break.

f. Jet expansion within a zone of five pipe diameters from the break
location is acceptable if substantiated by a valid analysis or testing,
i.e., Moody's expansion model (Ref. 6). However, jet expansion is
applicable to steam or water-steam mixtures only, and should not be
applied to cases of saturated water or subcooled water blowdown.

4 Analyses of pipe break dynamic effects on mechanical components and supports
should include the effects of both internal reactor pressure vessel asym-
metric pressurization loads and expand asymmetric compartment pressurization
loads, as appropriate, as discussed for PWR primary systems in Reference 7.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The staff evaluation concludes that the pipe rupture postulation and
the associated effects are adequately considered in the plant design,
and therefore are acceptable and meet the requirements of General
Design Criterion 4. This conclus'an is based on the following:

1. The proposed pipe rupture locations have been adequately assumed
and the design of piping restraints and measures to deal with
thesubsequentdynamiceffectsofpipewhipandjetimpingement
provide adequate protection to the integrity and functionality
of safety related structures, systems, and components.

2. The provisions for protection against dynamic effects associated
with pipe ruptures of the reactor coolant pressure boundary inside
containment and the resulting discharging fluid provide adequate
assurance that design basis loss-of-coolant accidents will not
be aggravated by sequential failures of safety-related piping,
and emergency core cooling system performance will not be degraded
by these dynamic effects.

3. The proposed piping and restraint arrangement and applicable
design considerations for high- and moderate energy fluid systems
inside and outside of containment, including the reactor coolant
pressure boundary, will [ ovide adequate assurance that the
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structures, systems and components important to safety that are
in close proximity to the postulated pipe rupture will be pro-
tected. The design will be of a nature to mitigate the conse-

Q cuences of pipe ruptures so that the reactor can be safely shut
cown and maintained in a safe shutdown condition in the event
of a postulated rupture of a high or moderate energy paping
system inside or outside of containment.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

For protection against postulated pipe ruptures outside containment, Reference 2
includes the area of concern in this position and has been used for those plants
for which construction permit applications were tendered before July 1, 1973.
Reference 3 specifically emphasizes protection via plant arrangement and layouts
utilizina the concept of physical separation to the extent practical and has
been useo Jor those plants for which construction permit applications were
tendered after July 1,1973 and before July 1,1975 as specified in Section B.4
of BTP ASB 3-1. BTP MEB 3-1 has been used for all construction permit applica-
tions, in lieu of References 2 and 3, since July 1, 1975 and should be used
for future applications.
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BRANCH TECHNICAL POSITION MEB 3-1

POSTULATED RUPTURE LOCATIONS IN FLUID SYSTEM
PIPING INSIDE AND OUTSIDE CONTAINMENT

A. BACKGROUND

This position on pipe rupture postulation is intended to comply with the require-
ments of General Design Criteria 4, of Appendix A to 10 CFR Part 50 for the
design of nuclear power plant structures and components. It is recognized that
pipe rupture is a rare event which may only occur under unanticipated conditions,
such as those which might be caused by possible design, construction, or opera-
tion errors; unanticipated loads or unanticipated corrosive environments. Our
observation of actual piping failures have indicated that they generally occur
at high stress and fatigue locations, such as at the '.erminal ends of a piping
system at its connection to the nozzles of a component. The rules of this
position are intended to utilize the cvailable piping design information by
postulating pipe ruptures at locations having relatively higher potential for
failure, such that an adequate and practical level of procection may be achieved.

B. BRANCH TECHNICAL POSITION

Hign-Energy Fluid Systems Piping..

a. Fluid Systems Separated From Essential Systems and Components

For the purpose of satisfying the separation provisions of plant
arrangement as specified in B.1.a of Branch Technical Position (BTP)
ASB 3-1, a review of the piping layout and plant arrangement drawings
should clearly show the effects of postulated piping breaks at any
location are isolated or physically remote from essential systems and
components.1 At the designer's option, break locations as determined
from B.1.c. of this positit may be assumed for this purpose.

b. Fluid System Piping in Containment Penetration Areas

Breaks and cracks need not be postulated in those portions of piping
from containment wall to and including the inboard or outboard 1sola-
tion valves provided they meet the requirements of the ASME Code,
Section III, Subarticle NE-1120 and the following additional design
requirements:

(1) The following design stress and fatigue limits should not be
exceeded:

For ASME Code, Section III, Class 1 Piping

(a) The maximum stress ronge between any twc load sets (including
the zero load set) should not exceed 2.4 5,, and should be

calculated by Eq. (10) in Paragraph NB-3653, ASME Code,
Section III, for those loads and conditions thereof for

5ystems and components required to shut down the reactor and mitigate the1

consequences of a postulated pipe rupture without offsite power.

3.6.2-10 Rev. 1 - July 1991



which level A and level B stress limits have been specified
in the system's Design Specification, including an operating

( ) basis earthquake (0BE) event transie t. The 5, is design
O stress intensity as defined in Article NB-3600 of the ASME

Code Section III.

If the calculated maximum stress range of Eq. (10) exceeds
2.4 S , the stress ranges calculated by both Eq. (12) and

m
Eq. (13) in Paragraph NB-3653 should meet the limit of 2.4 Sm-

(b) The cumulative usage factor should be less than 0.1.

(c) The maximum stress, as calculated by Eq. (9) in Paragraph
NB-3652 under the loadings resulting from a postulated piping
failure beyond these portions of piping shoulr: not exceed
2.255 except that following a failure outside containment,
the pTpe between the outboard isolation valve and the first
restraint may be permitted higher stresses provided a plastic
hinge is not formed and operability of the valves with such
stresses is assured in accordance with the requirements
specified in SRP Section 3.9.3. Primary loads include those
which are deflection limited by whip restraints.

For ASME Code, Section III, Class 2 Piping

(d) The maximum stress ranges as calculated 5y the sum of Eq. (9)
and (10) in Paragraph NC-3652, ASME Code, Section III, con-

p/ sidering those loads and conditions thereof for which level A
and level B stress limits have been specified in the system'ss'"' Design Specification (i.e. , sustained loads, occasional
loads, and thermal expansion) including an OBE event should
not exceed 0.8(1.2 Sh + S ). The S and S are allowable

A h A

stresses at maximum (hot) temperature and allowable stress
range for thermal expansion, respectively, as defined in
Article NC-3600 of the ASME Code, Section III.

(e) The maximum stress. as calulated by Eq. (9) in Paragraph
NC-3652 under the ioadings resulting from a postulated piping
failure of fluid system piping beyond these portions of
piping should not exceed 1.8 S -

h

Primary loads include those which are deflection limited
by whip restraints. The exceptions permitted in (c) above
may also be applied provided that when the piping between
the outboard isolation valve and the restraint is constructed
in accordance with the Power Piping Code ANSI B31.1 (see
ASB 3-1 B.2.c(4), the piping shall either be of seamless
construction with full radiography of all circumferential
welds, or all longitudinal and circumferential welds shall
be fully radiographed.

(2) Welded attachments, fnr pipe supports or other purposes, to these
portions of piping should be avoided except where detailed stress

(O) analyses, or tests, are performeo to demonstrate compliance with
C/ the limits of B.1.b(1).
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(3) The number of circumferential and longitudinal piping welds and
branch connections should be minimized. Where guard pipes are <

used, the enclosed portion of fluid system piping should be
seamless construction and without circumferential welds unless
specific access provisions are made to permit inservice volumetric
examination of the longitudinal and circumferential welds.

(4) ine length of these portions of piping should be reduced to the
minimum length p actical.

(5) The design of pipe anchors or restraints (e.g., connections to
containment penetrations and pipe whip restraints) should not
require welding directly to the outer surface of the piping
(e.g. , flued integrally forged pipe fittings may be used) except
where such welds are 100 percent volumetrically examinable in
service and a detailed stress analysis is performed to demonstrate
compliance with the limits of B.1.b(1).

(6) Guard pipes provided for those portions of piping in the contain-
ment pe,;etration areas should be constructed in accordance with
the rules of Class MC, Subsection NE of the ASME Code, Section III,
where the guard pipe is part of the containment boundary. In
addition, the entire guard pipe assembly should be designed to
meet the following requirements and tests:

(a) The design pressure and temperature should not be less than
the maximum operating pressure and temperature of the
enclosed pipe under normal plant conditions.

(b) The design stress limits of Paragraph NE-3131(c) should
not be exceeded under the loading associated with containment
design pressure and temperature in combination with the
safe shutdown earthquake.

(c) Guard pipe assemblies should be subjected to a single pres-
sure test at a pressure not less than its design pressure.

(d) Guard pipe assemb'es should not prevent the access required
to conduct the ir.. /vice examination specified in 8.1.b.(7).
Inspection ports, if used, should not be located in that
portion of tSe guard pipe through the annulus of dual barrier
containmer'. structures.

(7) A 100% volumetric inservice examination of all pipe welds should
be conducted during each inspection interval as defined in
IWA-2400, ASME Code, Section XI.

c. Postulation of Pipe Rupture In Areas Other Than Containment Penetration

(1) With the exceptions of those portions of piping identified in
8.1.b, breaks in C hss 1 piping (ASME Code, Section III) should be
postulated at tL following locations in each piping and branch
run:

O
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(a) At terminal ends.2

[b'
3(b) At intermediate locations where the maximum stress range

as calculated by Eq. (10) and either (12) or (13) exceeds
2.4 S '

m

(c) At intermediate locations where the cumulative usage factor
Iexceeds 0.1.

(d) iftwointermediatelocationscannotbedeterminedby(b)
and (c) above, two highest stress locations 4 based on Eq. (10)
should be selected. If the piping an has only one change
or no change of direction, only one intermediate location
should be postulated.

As a result of piping reanalysis, the highest stress locations ,

may be shifted; however, the initially determined intermediate |
break locations need not be changed unless one of the following '

conditions exist:
:

i (i) Maximum stress ranges or cumulative usage factors exceed
| the threshold levels in (b) or (c.) above.

(ii) Achangeisrequiredinpipeparameterssuchasmajor
differences in pipe size, wall thickness, and routing.

(iii) Breaks at the new highest stress locations are signifi-
(N cantly apart from the original locations and result

(v) in consequences to safety-related systems requiring
additional safety protection.

In such conditions, the newly deteruined highest stress
locations should be the intermediate break locations.

" Extremities of piping runs that connect to structures, components (e.g.,
vessels, pumps, valves), or pipe anchors that act as rigid constraints to
piping motion and thermal expansion. A branch connection to a main piping
run is a terminal end of the branch run, except where the branch run is
classified as part of a main run in the Stress analysis and is shown to have
a significant effect on the main run behavior. In piping runs which are
maintained pressurized during normal plant conditions for only a portion of
the run (i.e., up to the first normally closed valve) a terminal end of such
runs is the piping connection to this closed valve.

35 tress range under those loads and conditions thereof for which level A and
level B stress limits have been specified in the system's Design Specification,
including an OBE event per paragraph NB-3653 of the ASME Code, Section III.

45 tresses under those loads and conditions thereof for which level A and level B
stress limits have been specified in the System's Design Specification,
including an OBE event as calculated by Eq. (9) and (10), Paragraph NC/ND-3652

O of the ASME Code, Section III.
g J
G
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(2) With the exceptions of those portions of piping identified in |
B.1.b, breaks in Class 2 and 3 piping (ASME Code, Section III)
should be postulated at the following locations in those portions
of each piping and branch run.

(a) At terminal ends.

(b) At intermediate locations selected by one of the following |
criteria:

(i) At each pipe fitting (e.g., elbow, tee, cross, flange,
and nonstandard fitting), welded attachment, and valve.
Where the piping contains no fittings, welded attach-
ments, or valves, at one location at each extreme of
the piping run adjacent to the protective structure.

(ii) At each location where the stresses 4 exceed 0.8
(1.2 Sh + S ) but at not less than two separatedA

locations chosen on the basis of highest stress.5
Where the piping consists of a straight run without
fittings, welded attachment, or valves, and all stresses
are below 0.8 (1.2 S + 5 ), a minimum of one location
chosenonthebasisbfhihheststress.

As a result of piping reanalysis, the highest stress
locations may be shifted; however, the initially
determined intermediate break locations may be used
unless one of the appropriate conditions of B.1.c(1)(d)
exist.

(3) Breaks in nonnuclear class piping should be postulated at the
following locations in each piping or branch run:

(a) At terminal ends of the run if located adjacent to the
protective structure.

(b) At each intermediate pipe fitting, welded attachment, and
valve.

(4) Applicable to (1), (2) and (3) above:

If a structure separates a high energy line from an essential
component, that separating structure should be designed to with-
stand the consequences of the pipe break in the high-energy line
which produces the greatest effect at the structure irrespective
of the fact that the above criteria might not require such a
break location to be postulated.

5 5 elect two locations with at least 10% difference in stress, or if stresses
differ by less than 10%, two locations separated by a change of direction of
the pipe run.

O
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d. The designer should identify each piping run be has considered to
postulate the break locations required by B.1.c above. In complex
systems such as those containing arrangements of headers and parallel*

piping running between headers, the designer should identify and
include all such piping within a designated run in order to postulate
the number of breaks required by these criteria.

With the exceptions of those portions of piping identified in 8.1.b,e.
i leakage cracks should be postulated in ASME Code, Section III, Class 1

piping where the stress range by Eq. (10) of Paragraph N8-3653 exceeds
1. 2 S and in Class 2 and 3 or nonsafety class piping where the stress
by th@, sum of Eq. (9) and (10) of Paragraph NC/ND 3652 exceeds 0.4
(1.2 Su + S ). Nonsafety class piping which has not been evaluated3
to obt8in sTmilar stress information shall have cracks postulated at |

locations that result in the most severe environmental consequence.

2. Moderate-Energy Fluid System Piping
,

'
a. Fluid Systems Separated from Essential Systems and Comp (,nents

For the purpose of satisfyinct the separation provisions of plant,

arrangement as specified in 8.1.a of BTP ASB 3-1, a review of the
piping layout and plant arrangement drawings should clearly show that
the effects of through-wall leakage cracks at any location in piping
designed to seismic and nonseismic standards are isolated or physically
remote from essential systems and componen_ts.

b. Fluid System Piping In Containment Penetration Areas _

Os! Leakage cracks need not be postulated in those partions of piping
from containment wall to and including the inboard or outboard isola-
tion valves provided they meel the requirements of the ASME Code,

|.
Section II., Subarticle NE-1120, and are designed such that the maxi- ,

mum stress range does not exceed 0.4 (1.2 Sh + S ) f r ASME Code,A
*

Section III, Class 2 piping.

i c. Fluid Systems In Areas Other Than Containment Penetration

(1) Through-wall leakage cracks should be postulated in fluid system
piping located adjacent to structures, systems or components
important to safety, except (1) where exempted by B.2.b and B.2.d,
or (2) where the maximum stress range in these portions of Class 1
piping (ASME Code, Section III) is less than 1.2 S,, and Class 2
or 3 or non-safety class piping is less than 0.4 (1.2 Sh + S )'A
The cracks should be postulated to occur individually at locations
that result in the maximum effects from fluid spraying and flooding,
with the consequent hazards or environmental conditions developed.

(2) Through-wall leakage cracks should be postulated in fluid system
piping designed to nonseismic standards as necessary to satisfy
B.3.d of BTP ASB 3-1.

%'

a
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d. Moderate-Energy Fluid Systems in Proximity to High-Energy Fluid Systems

Cracks need not be postulated in moderate energy fluid system piping
located in an area in which a break in high-energy fluid system piping
is postulated, provided such cracks would not result in more limiting
environmental conditions than the high-energy piping break. Where a
postulated leakage crack in the moderate-energy fluid system piping
results in more limiting environk. ntal conditions than the break in
proximate high-energy fluid system piping, the provisions of B.2.c
should be applied.

e. Fluid Systems Qualifying as High 2nergy or Moderate-Energy Systems

Through-wall leakagt cracks instead of breaks may be postulated in
the piping of those fluid systems that qualify as high-energy fluid
systems for only short oper9tional periods 6 but qualify as moderate-
energy fluid systems for the major operational period.

3. Type of Breaks and Leakage Cracks in Fluid System Piping

a. Circumferential Pipe Breaks

The following circumferential breaks should be postulated individually
in N gh-energy fluid system piping at the locations specified in B.1
of tnis position:

(1) Circumferentiai breaks should be postulated in fluid system
piping and branch runs exceeding a nominal pipe size of 1 inch,
except where the maximum stress range ,4 exceeds the limitsa

specified in B.I.c(1) and 8.1.c(2) but the circumferential stress
range is at least 1.5 times the axial stress range. Instrument
lines, one inch and less nominal pipe or tubing size should meet
the provisions of Regulatory Guide 1.11.

(2) Where break locations are selected without the benefit of stress
calculations, breaks should be postulated at the piping welds
to each fitting, valve, or welded attachment. Alternatively, a
single break location at the section of maximum stress range
may be selected as determined by detailed stress analyses (e.g.,
finite element analyses) or tests on a pipe fitting.

(3) Circumferential breaks should be assumed to result in pipe
| severance and separation amounting to at least a one-diameter

lateral displacement of the ruptured piping sections unless
ohysically limited by piping restraints, structural members, or

An operational period is considered "short" if the fraction of time that the'3

system operates within the pressure-temperature conditions specified for high-
energy fluid systems is about 2 percent of the time that the system operates as
a moderate-energy fluid system (e.g., systems such as the reactor decay heat
removal system qualify as moderate-energy fluid systems; however, systems such
as auxiliary feedwater systems operated during PWR reactor startup, hot standby,
or shutdown qualify as high-energy fluid systems).
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I

.

piping stiffness as may be demonstrated by inelastic limit
analysis (e.g., a plastic hinge in the piping is not developed
underloading).

I /
' (4) The dynamic force of the jet discharge at the break location
i should be based on the effective cross-sectional flow area of

the pipe and on a calculated fluid pressure as modified by an
analytically or experimentally determined thrust coefficient. |

Limited pipe displacement at the break location, line restric- '
,

tions, fle" limiters, positive pump-controlled flow, and the
absence of energy reservoirs may be taken into account, as
applicable, in the reduction of jet discharge.

(5) Pipe whipping should be assumed to occur in the plane defined
,

by the piping geometry and configuration, and to initiate pipe,

movement in the direction of the jet reaction.>

b. Longitudinal Pipe Breaks
,

The fol19 wino longitudinal breaks should be postulated in high-energy
~

fluid system piping at the locations of the circumferential breaks<

specified in B.3.a:,

(1) longitudinal breaks in fluid system piping and branch runs should
be postulated in nominal pipe sizes 4-inch'and larger, except
where the maximum stress range '4 exceeds the limits specifieds

in 8.1.c(1) and B.1.c(2) but the axial stress range is at least,

1.5 times the circumferential stress range.'

(2) Longitudinal breaks need not be postulated at:
;

(a) Terminal ends.

(b) At intermediate locations where the criterion for a minimum
number of break locations must be satisfied.'

!

,

'

' (3) Longitudinal breaks should be assumed to result in an axial !

split without pipe severance. Splits should be oriented (but :
4

not concurrently) at two diametrically opposed points on the'

] piping circumference such that the jet reactions causes out-of-
j plane bending of the piping configuration. Alternatively, a

single split may be assumed at the section of highest tensile,

stress as determined by detailed stress analysis (e.g., finite'

,

element analysis).
f

(4) The dynamic force of the fluid jet discharge should be based on
a circular or elliptical (20 x 1/20) break area equal to the
effective cross-sectional flow area of the pipe at the break
location and on a calculated fluid pressure modified by an
analytically or experimentally determined thrust coefficient as
determined for a circumferential break at the same location.
Line restrictions, flow limiters, positive pump-controlled flow,
and the absence of energy reservoirs may be tabn into account,

1 as applicable, in the reduction of jet discharge.
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(5) Piping movement should be assumed to occur in the direction of
the jet reaction unless limited by structural members, piping
restraints, or piping stiffness as demonstrated by inelastic
limit analysis.

c. Through-Wall Leakage Cracks

The f.illowing through-wall leakage cracks should be postulated in
moderate-energy fluid system piping at the locations specified in
B.2 of this position:

(1) Cracks should be postuiated in moderate-energy fluid system piping
and branch runs exceeding a nominal pipe size of 1 in:h. These
cracks should be postulated individually at locations that result
in the most severe environmental consequences.

(2) Fluid flow from a crack should be based on a circular opening
of area ecual to that of a rectangle one-half pipe-diameter in
length and one half pipe wall thickness in width.

(3) The flow from the crack should be assumed to result in an environ-
ment that rets all unprotected components within the compartment,
with consequent flooding in the compartment and communicating
compartments. Flooding effects should be determined on the basis
of a conservatively estimated time period required to effect
corrective actions.

C. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Basis."

2. " Boiler and Pressure Vessel Code," Section III and XI, American Society
of Mechanical Engineers.

3. Regulatory Guide 1.11, " Instrument Lines Penetrating Primary Reactor
Containment."

O
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3.7.1 SEISMIC DESIGN PARAMETERS

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None
|

I. AREAS OF REVIEW

The following areas relating to seismic design parameters are revie"''d:

1. Design Ground Motion

For the seismic design of nuclear power plants it is customary to specify the
earthquake ground motion which is exerted on the structure or on the soil-
structure interaction system. The design ground motion, sometimes known as
the seismic input, is based on the seismicity and geologic conditions at the
site and expressed in such a manner that it can be applied to the dynamic
analysis of structures. The design ground motions for the operating basisp) earthquake (0BE) and safe shutdown earthquake (SSE) are reviewed. They should(v' be consistent with the information on seismic environment at the site provided
in SRP Section 2.5.2, which includes the variation in and distribution of peak
ground acceleration in the free field at different depths across the soil
profile, sources and directions of motion, propagation and transmission of
seismic waves, and other response characteristics.

a. Design Response Spectra
|

A response spectrum is a plot of the maximum response of a family of
single-degree-of-freedom damped oscillators with different frequency
characteristics when the base of the oscillator is subjected to vibratory
motion indicated by an appropriate time motion record. The response
spectra are usually displaye( 9n tripartite log-log graph paper. When
obtained from a recorded eartriqutke, the response spectrum tends to be
irregular, with a number of peaks and valleys. A design response spec-
trum is a relatively smooth plot, obtained from a number of individual
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1

response spectra derived from wcords of past earthquakes. For high
frequencies, spectral acceleration approaches the bound set by the
maximum ground acceleration. For intermediate frequencies, spectral
velocity is amplified relative to the ground velocity. For low fre-
quencies, spectral displacement is amplified relative to the ground
displacement.

Design response spectra for the operating basis earthquake (0BE) and
safe shutdown earthquake (SSE) (Ref. 2) are reviewed. The design
response spectra in the free field applied at various foundation levels
of Category I structures are reviewed. Current practice permits use
of response spectra descr: bed in Regulatory Guide 1.60 (Ref. 3) for
certain typical sites and the high frequency end of those spectra is
anchored to the SSE and OBE ground acceleration for the site. Site-
specific response spectra may be used if they are developed from and
cor.sistent with the information on seismic environment at the site
provided in SRP Section 2.5.2.

b. Design Time History

When a recorded or specified time history is not available as input
motion for seismic system analysis, an artificial time history may
be generated from the design response spectra for the purpose of
carrying out a time history analysis. However, the response spectra
obtained from such artificial time history of motion should generally
envelop the design response spectra for all damping values to be used.

For the analysis of interior equipment, where the equipment is de-
coupled from the building, a compatible time history is needed
for computation of the time-history response of each floor. The
design floor spectra for equipment are cbtained from this time history
information.

In addition to the comparison of the response spectra derived from
the time-history with the design response spectra, the frequency 1

intervals at whirn the spectral values are calculated are also reviewed.

2. Critical Damping Values

The specific percentage of critical damping values used for Category I
structures, systems, and components are reviewed for both the OBE and the
SSE. Critical damping is the amount of damping that would completely
eliminate vibration. Although the use of critical damping is of little
practical importance in itself, it assumes great significance as a measure
of the damping capacity of a structure. Damping is conveniently expressed
in the form of some percentage of critical damping.

Vibrating structures have energy losses which depend on numerous factors,
such as material characteristics, stress levels, and geometric configura-
tion. This dissipation of energy, or damping effect, occurs because a
part of the excitation input is transformed into heat, sound waves, and
other energy forms. The response of a system to dynamic loads is a function
of the amount and type of damping existing in the system. A knowledge of
appropriate values to represent this characteristic is essential for
obtaining realistic results in dynamic analysis.

3.7.1-2 Rev. 1 - July 1981
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! In practical seismic analysis, which usually employs linear methods of
; analysis, damping is also used to account for many nonlinear effects such
| 'N as changes in boundary conditions, joint slippage, plastic hinges, concrete
|. j cracking, gaps, and other effects which tend to alter response amplitude.

In real structures, it is often impossible to separate "true" material4

! damping from system damping, which is the measure of the energy dissipation, |

from the nonlinear < scts. Overall structural damping used in design is !

normally determine' '.y observing experimentally the total response of the !
,

structure.
.

1 Only the overal' damping used for Category I structures, systems, and
components r viewed. When applicable, the basis for any dampicq values |1

1 that differ from those given in Regulatory Guide 1.61 (Ref. 4) is r(viewed. I

i
3 Supporting Media for Category I Structures i

The description of the supporting media for each Category I structure is {
''

} reviewed, including foundation embedment depth, depth of soil _over bedrock,
'

| soil layering characteristics, width of the structural foundation, total
i structural height, and soil properties to permit evaluation of the applica-

bility of finite element or lumped spring approaches for soil-structurei

j interaction analysis,
I

i

i 4. SEB coordinates other branches' evaluations that interface with structural
j engineering aspects of the review as follows:
1

; Review of geological and seismological information to establish the free
! field ground motion is performed by the Geosciences Branch as described

f T in SRP Section 2.5. Hydrologic and Geotechnical Engineering Branch reviews
the geotechnical arameters and methods employed in the analysis of free
field soil media and soil properties as described in SRP Section 2.5.
Structural Engineering Branch accepts the results of the reviews performed
by these branches including the maximum seismic ground accelerations for

| the Operating Basis Earthquake (0BE) and the Safe Shutdown Earthquake (SSE),
site dependent free field ground motion records, soil properties, etc.,'

as an integral part of the seismic analysis review of Category I structures.
.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance criteria<

I necessary for the review and their methods of application are contained in
i the referenced SRP section of the corresponding primary branci,

II. ACCEPTANCE CRITERIA
,

1

SEB accepts the design of structures that are important to safety and must with-'

stand the effects of the earthquakes if the relevant requirements of General >

i

| Design Criterion 2 (Ref. 1) and Appendix A to 10 CFR Part 100 (Ref. 2) concerning
material phenomena are complied with. The relevant re,uirements o' GDC 2 and

| Appendix A to 10 CFR Part 100 are:
;

or Design Criterion 2 - The earthquakes used in the design shuuld be the| a.
.

most severe ones that have been historically reported for the site and
I surrounding area with sufficient margin for the limited accuracy, quantity

and period of time in which historical data has been accumulated.,

!

!
i
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b. For Appendix A to 10 CFR Part 100 - Two earthquake levels, the safe shutdown
earthquake (SSE) and thE operating basis earthquake (OBE), shall be considerei
in the design of the safety-related structures, components and systems.

Specific criteria necessary to meet the relevant requirements of GDC 2 and
A>pendix A to 10 CFR Part 100 are described below.

The acceptance criteria for the areas of review described in subsection I above
are as follows:

1. Dg ',n Ground Motion
|

a. Desinn P - ce Spectra

De ''' ;onse spectra for the 08E and SSE are considered to be
accestou e if the associated amplification factors are in accordance
with Regulatory Guide 1.60, " Design Response Spectra for Nuclear
Power Plants," for all damping values.

As noted in Regulatory Guide 1.60, there are site circumstances where
the design response spectra are more appropriately developed to suit
the particular site characteristics. Design response spectra based
upon site-depandent analysis must be derived considering in situ
variable soil properties, a representative numuer of site earthquake
records, vertical amplification, possible slanted soil layers, and
the influence of any predominant soil layers. Variable soil properties
and nonlinear stress-r* rain relations in the soil media should be
considered.

.

If site-dependent design response spectra are used, the data and bases
from which the spectra are derived should be consistent with those
provided ir' Section 2.5.2 of the SAR.

To be acceptable the design response spectra should be specified for
three mutually orthogonal directions; two horizontal and one vertical.
Current practice is to assume that the maximum ground acceleratior.3
in the two horizontal directions are equal, while the maximum vertical
ground acceleration is 2/3 of the maximum horizontal acceleration.
For the western United States (West of Rockies), the response spectrum
for vertical motion can be taken as 2/3 the response spectrum for
horizontal motion ovec the entire range of frequencies.

b. Design Time Histon

The design time history to be used at various depths in the free-field
of the soil media shall be consistent with that developed or specified
in Section 2.5.2.

When no specific time history is provided in Section 2.5.2 of the
SAR, an artificial time history may be generated for use in the
seismic analysis. The artificial time history is acceptable if the
response spectra in the free field at the specified level of the site

O
.
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obtained from such time history envelop the design response spectra
at the same location for all damping values actually used in the
analysis. Appendix A to 10 CFR 100 specifies that for soil structure
interaction analysis or for seismic design of structures, the design
ground motion (sometimes called the control motion or reference motion)
is applied at the foundation level of Category I structures in the
free field.

When spectral values are calculated from the design time history the
frequency intervals are to be small enough such that any reduction
in these intervals does not result in more than 10% change in the
computed spectra. Table 3.7.1-1 provides an acceptable set of fre-
quencies at which the response spectra may be calculated. Another-

acceptable method is to choose a set of frequencies such that each
frequency is within 10% of the previous one.

The acceptance criterion for meeting the spectra-enveloping requirement
is that no more than five points of the spectra obtained from the
time history should fall below, and no more than 10% below, the design
response spectra.

Table 3.7.1-1
Suggested Frequency Intervals for Calculation of

Response Spectra

Frequency Increment
Range (hertz)g

(hertz)O)
<

0.2 - 3.0 .10
3.0 - 3.6 .15
3.6 - 5.0 .20
5.0 - 8.0 .25
8.0 - 15.0 .50

15.0 - 18.0 1. 0
18.0 - 22.0 2.0
22.0 - 34.0 3.0

2. Critical 9amping Values

The specific percentage of critical damping values used in the analyses
'

of Category I structures, systems, and components are considered to be
i acceptable if they are in ac:;ordance with Regulatory Guide 1.61, " Damping

Values for Seismic Design of Nuclear Power Plants.' Higher damping values |
may be used in a dynamic seismic analysis if docurrented test data are pro-
vided to support them. These values would be reviewed and accepted by
the staff on a case-by-case basis. The camping value for soil must be
based upon actual measured values or other pertirant laboratory data

i considering variation in soil properties and strtins within the soil.

m

i
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3. Supporting Media for Category I Structures

To be acceptable, the description of supporting media for ead. Category I
structure must include foundation embedment depth, depth of soil over bed-
rock, width of the structural foundation, total structural height, and
soil properties such as shear wave velocity, shear modulus, and density
as a function of depth.

III. REVIEW PROCEDURES

For each area of review, the following review procedure is followed. The
reviewer will select and emphasize material from the procedures given below as
may be appropriate for a particular case. The scope and depth of review procedures
must be such that the acceptable criteria described above are met.

1. Design Ground Motion
I

a. Design Response Spectra

Design response spectra for the GBE and SSE for all damping values
are checked to assure that the spectra are in accordance with the
acceptance criteria as given in subsection II. Any differences
between the regulatory guide spectra and the proposed response
spectra which have not been adequately justified are identified and
the applicant is informed of the need for additional technical
justification.

|
b. Design Time History

Methods of defining the design time history are reviewed to ascertain
that the acceptance criteria of subsection II.2 of this SRP section
are met.

2. Critical Damp r.g Valuesi

The specific percentage of critical damping values for the OBE and SSE
used in the analyses of Category I structures, systems, and components
are checked to assure that the damping values are in accomiance with the
acceptance criteria as given in subsection II.2 of this SRP section. Any
differences in damping values which have not been adequately justified
are identified and the applicant is informed of the need for additional
technical justification.

3. Supporting Media for Category I Structures

The description of the supporting media is reviewed to verify that sufficient
information, as specified in the acceptance criteria of sut, action II.3
of this SRP section is included. Any deficiency in the required information
is identified and a request for additional information is transmitted to
the applicant.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his evaluation supports conclusions of the following type, to be included in
the str f's safety evaluation report:

3.7.1-6 Rev. 1 - July 1981
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The staff concludes that the seismic design parameters used in the plant
3 structure design are acceptable and meet the requirements of General Design

Criterion 2 and Appendix A to 10 CFR Part 100. This conclusion is based oni

d the following:

The applicant has met the relevant requirements of GDC 2 and Appendix A to
10 CFR Part 100 by appropriate consideration for the most severe earthquake
recorded for the site with an appropriate margin and considerations for two
levels of earthquakes--the safe shutdown earthquake (SSE) and operating basis
earthquake (0BE). The applicant has met these requirements by the use of the
methods and procedures indicated below:

The seismic design response spectra (0BE and SSE) applied in the
design of seismic Category I structures, systems, and components
comply with the recommendations of Regulatory Guide 1.60, " Design
Response Spectra for Nuclear Power Plants." The specific percentage
of critical damping values used in the seismic analysis of Category .

I structures, systems, and components are in conformance with
Regulatory Guide 1.61, " Damping Values for Seismic Analysis of
Nuclear Power Plants." The artificial synthetic time history used
for seismic design of Category I plant structures, systems, and,

components is adjusted in amplitude and frequency contet to obtain
reponse spectra that envelop the design response spectra specified
for the site. Conformance with the recommendations of Regulatory
Guides 1.60 and 1.61 assures that the seismic inputs to Category I
structures, systems, and componer;ts are adequately defined so as to
form a conservative basis for the design of such structures, systems,
and components to withstand seismic loadings.

Alternatively, if a site-dependent analysis is used to develop the shape of
the design response spectra, the language of the evaluation findings should be
similar to the following:

The site-dependent analysis has developed the seismic design response |
spectra from site-related information, including site time histories.
This approach, used in lieu of the response spectra specified in '

Regulatory Guide 1.60, is acceptable since the free field response
spectra at finished grade level or at the structural foundation level
include consideration of amplification factors based upon an accept-
able set of site earthquake records, and the analysis has taken into
account actual soil properties at tne site and includes consideration
of damping values corresponding to the soil strain levels. The
specific percentage of critical damping values used in the seismic
analysis of Category I structures, systems, and components are in
conformance with Regulatory Guide 1.61, " Damping Values for Seismic
Analysis of N elear Power Plants."

The use of the site-dependent analysis and the damping values of
Regulatory uide 1.61 assures that the seismic design paramters to |
Category I structures, systems, and components are adequately defined
so as to form a conservative basis for the design of such structures,
systems, and components to withstand seismic loadings.

O
b
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission't regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix 4, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

.

3. Regulatory Guide No. 1.60, " Design Response Spectra for Nuclear Power
91 ants".

4. Regulatory Guide No. 1.61, " Damping Values for Seismic Analysis for Nuclear
Power Plants."

O

.

O
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3.7.2 SEISMIC SYSTEM ANALYSIS

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas related to the seismic system analysis described in the applicant's
safety analysis report (SAR) are reviewed.

1. Seismic Analysis Methods

For all Category I structures, systems, and components, the applicable seismic
analysis methods (response spectra, time nistory, equivalent static load) are
reviewed. The manner in which the dynamic system analysis method is performed,
including the modeling of foundation torsion, rocking and translation, is/m reviewed. The method chosen for selection of significant modes and an adequateb)i number of masses or degrees of freedom is reviewed. The manner in which
consideration is given in the seismic dynamic analysis to maximum relative
displacements between supports is reviewed. In addition, other significant
effects that are accounted for in the dynamic seismic analysis such as hydro-
dynamic effects and nonlinear response are reviewed. If tests or empirical
methods are used in lieu of analysis for any Category I ctructure, the testing
procedure, load levels, and acceptance basis are also reviewed.

2. Natural Frequencies and Responses |

For the operating license review, significant natural frequencies and responses |
for major Category I structures are reviewed. In addition, the response
spectra at major Category I equipment elevations and points of support are |
reviewed.

Rev. 1 - July 1981

USNRC STANDARD REVIEW PLAN
Standard review plar are prepared for the guidance of the Office of Nuclear Reactor Reguidon staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the

,

ex Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review i

/ \ plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The 1

( i standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants. '

\ Not all sections of the Standard Format have a corresponding review plan.
|Published standard review plans will be revired periodically, as appropriate. to a:commodate comments and to reflect new informa-
Ition and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation Washington, D.C. 20555.

I

.



3. Procedures Used for Analytical Modeling

The criteria and procedures used in modeling for the seismic system analyses
are reviewed. The criteria and bases for determining whether a component or
structure is analyzed as part of a system analysis or independently as a
subsystem are also reviewed.

4. Soil-Structure Interaction

The design earthquake motion is defined at the foundation level of the
structure in the " free field," i.e., the effect of the presence of struc-

tures is not included. When plants are founded on soil deposits or soft
media, the resulting motions of the base slab will differ from those
defined at the same elevation in the free field, due to deformability of

the foundation and soil. This difference between the base slab motion
and the free field motion is known as soil-structure interaction effect.

As applicable, the modeling methods of soil-structure interaction analysis
used in the seismic system analysis and their bases are reviewed. The
factors to be considered in accepting the validity of a particular modeling
method are: (1) the extent of embedment, (2) the depth of soil over
rock, and (3) the layering of the soil strata.

If the half-space (lumped parameter) modeling method is used, the parameters
used in the analysis are reviewed. Also, the procedures by which strain-
dependent soil properties (damping, shear modulus), layering, and variation
of soil properties are incorporated in the analysis are reviewed.

If the finite boundary modeling method for soil media is used, the criteria
for determining the location of the bottom boundary and side boundary are
reviewed. The procedures by which strain-dependent soil properties
(damping, shear modulus) are incorporated in the analysis are also reviewed.

To perfarm a dynamic analysis for a soil structure interaction system it
is necessary to have a well defined excitation system or forcing functions
applied at the soil boundaries to simulate the earthquake motion. It is

therefore required in most seismic analysis to generate an excitation
system acting at the soil boundaries such that the response motion of the
soil media at the plant site and at the foundation level of the free
field is identical to the design ground motion. The procedures and
theories for regeneration of such excitation system are reviewed.

Any other modeling methods used for soil-structure interaction analysis
are also reviewed as is any basis for not using soil-structure interaction
analysis. The procedures used to account for effects of adjacent struc-
tures on structural response in the soil-structure interaction analysis
are reviewed.

5. Development of Floor Response Spectra

The procedures 'or developing floor response spectra are reviewed. If a

method of analysis other than the time history method is used to develop
floor response spectra, the justification for its conservatism is
evaluated.

O
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1

6. Three Components of Earthquake Motion,

.

1

i The procedures by which the three components of earthquake motion are
| considered in determining the seismic response of structures, systems, t

I and components are reviewed.
1

7. Combination of Modal Responses

i When a response spectrum method is used for calculating the seismic
response of structures, systems, or components, the phase relationship
between various modes is lost. Only the maximum response for each mode
can be determined. The maximum responses for modes do not in general
occur at the same time and these responses have to be combined according>

to some procedure selected to approximate or bound the response of the
4

system. When a response .=9ectrum method is used, the description of the
procedure for combining modal responses (shears, moments, stresses,
deflections, and. accelerations) is reviewed, including that for modes

| with closely spaced frequencies.

8. Interaction of Non-Category I Structures with Category I Structures

The design criteria to account for the seismic motion of non-Category I
structures or portions thereof in the seismic design of Category I struc-:

tures or portions thereof are reviewed. The procedures that are used to ,

,

protect Category I structures from the structural failure of non-Category
'

I structures, due to seismic effects, are reviewed.!

9. Effects of Parameter Variations on Floor Responses

The procedures that are used to consider the effects of the expected
variations of structural properties, dampings, soil properties, and,

soil-structure interaction on the floor response spectra and time
I histories are reviewed.
4

10. Use of Equivalent Vertical Static Factors |
1

;-

|Where applicable, justification for the use of equivalent static factors
;

as vertical response loads for designing Category I structures, systems,
|
- and components in lieu of the use of a vertical seismic system dynamic

analysis is reviewed.
]

11. Methods Used to Account for Torsional Effects

The method employed to consider torsional effects in the seismic analysis!

of Category I structures is reviewed. The review includes the evaluation
of the conservatism of any approximate methods to account for torsional
accelerations in the seismic design of Category I structures.i

; 12. Comparison of Responses

; For the operating license review, where applicable, the comparison of
seismic responses for major Cc'qgory I structures using modal response
spectrum and time history appi- :hes is evaluated.

|

(v):

i

3.7.2-3 Rev. 1 - July 1981

i



13. Analysis Pricedure for Damping

The analysi' procedure to account for the damping in dif ferent elements
of the model of a coupled system is reviewed.

14. Determination of Category I itructure Overturning Moments

The description of the method and procedure used to determine design
overturning moments for Category I structures is reviewed.

15. SEB coordinates other branches' evaluations that interface with structural
engineering aspects of the review as follows:

Review of geological and seismological information to establish the free
field ground motion is performed by the Geosciences Branch as described
in SRP Section 2.5. hydrologic and Geotechnical Engineering Branch reviews
the geotechnical parameters and methods employed in the analysis of free
field soil media and soil properties as described in SRP Section 2.5. Struc-
tural Engineering Branch accepts the results of the reviews performed by
these branches including the maximum seismic ground accelerations for the
Operating Basis Earthquake (OBE) and the Safe Shutdown Earthquake (SSE),
site-dependent free field ground motion records, soil properties, etc.,
as an integral part of the seismic analysis review of Category I structures.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance
criteria necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary
branch.

II. ACCEPTANCE CRITERIA

The acceptance criteria 'or the areas of review described in subsection I of I

this SRP section are given below. Other approaches which can be justified to
be equivalent to or more conservative than the stated acceptance criteria may
be used. SEB accepts the design of structures, systems, and components that
are important to safety and must withstand the effects of earthquakes if the

,

relevant requirements of General Design Criterion (GDC) 2 (Ref. 1) and
|Appendix A to 10 CFR Part 100 (Ref 2) concerning natural phenomena are complied
iwith. The relevant requirements of GDC 2 and Appendix A to 10 CFR Part 100
|are:

A. General Design Criterion 2 as it relates to the earthquakes used in the
design should be the most severe ones that have been historically reported
for the site and surrounding area with sufficient margin for the limited
accuracy, quantity, and period of time in which historical data has been
accumulated.

,

B. Appendix A to 10 CFR Part 100 as it relates to the requirement that two l
earthquake levels, the safe shutdown earthquake (SSE) and the operating
basis earthquake (0BE), be considered in the design of safety related
structures, components, and systems. Appendix A to 10 CFR Part 100 further
states that the design used to ensure that the required safety functions
are maintained during and after the vibratory ground motion associated
with the safe shutdown earthquake shall involve the use of either a

|

|

|
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suitable dynamic analysis or a suitable qualification test to demonstrate
that structures, systems, and components can withstand the seismic and

N other concurrent loads, except where it can be demonstrated that the use
of an equivalent static load method provides adequate conservatism.

Specific criteria necessary to meet the relevant requirements of GDC 2 and
Appendix A to Part 100 are as follows:

1. Seismic Analysis Methods

The seismic analysis of all Category I structures, systems, and components
should utilize either a suitable dynamic analysis method or an equivalent
static load method, if justified.

a. Dynamic Analysis Method

A dynamic analysis (e.g. , response spectrum method, time history
method, etc.) should be used when the use of the equivalent static
load method cannot be justified. To be acceptable such analyses
should consider the following items:

(1) Use of either the time history method or the response spectrum
method.

(2) Use of appropriate methods of analysis to account for effects
of soil-structure interaction.

(3) Consideration of the torsional, rocking, and translational
O responses of the structures and their foundations.

(4) Use of an adequate number of masses or degrees of freedom in
dynacic modeling to determine the response of all Category I
and applicable non-Category I structures and plant equipment.
The number is considered adequate when additional degrees of
freedom do not result in more than a 10% increase in responses.
Alternately, the number of degrees of freedom may be taken
equal to twice the number of modes with frequencies less than
33 cps.

(5) Investigation of a sufficient number of modes to assure partici-
pation of all significant modes. The criterion for sufficiency
is that the inclusion of additional modes does not result in
more than a 10% increase in responses.

(6) Consideration of maximum relative displacements among supports
of Category I structures, systems, and components.

(7) Inclusion of significant effects such as piping interactions,
externally applied structural restraints, hydrodynamic (both

j mass and stiffness effects) loads, and nonlinear responses.

b. Equivalent Static Load Method

An equivalent static load method is acceptable if:

3.7.2-5 Rev. 1 - July 1981
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(1) Justification is provided that the system can be realistically '

represented by a simple model and the method produces conserva-
tive results in terms of responses. Typical examples or published
results for similar structures may be submitted in support of
the use of the simplified method.

(2) The design and associated simplified analysis account for the
relative motion between all points of support.

(3) To obtain an equivalent static load of a structure, equipment,
or component which can be represented by a simple model, a
factor of 1.5 is applied to the peak acceleration of the appli-
cable floor response spectrum. A factor of less than 1.5 may
be used if adequate justification is provided.

2. Natural Frequencies and Response Loaa_s |

To be acceptable for the operating license review, the 'ollowing
information should La provided.

a. A summary of natural frequencies, mode shapes, modal and total I

responses. for a representative number of major Category I structures,
including the containment building, or a summary of the total
responses if the method of direct intaraction is used.

b. A time history of acceleration (or other parameters of motion) or |

response stectrum at the major plant equipment elevations and points
of support.

3. Procedures Used for Analytical Modeling

A nuclear power plant facility consists of very complex structural systems.
To be acceptable, the stiffness, mass, and damping characteristics of the
structural systems should be adequately incorporated into the analytical
models. Specifically, the following items should be considered in
analytical modeling:

a. Designation of Systems Versus Subsystems

Major Category I structures that are considered in conjunction with
foundation and its supporting media are defined as " seismic systems." |

Other Category I structures, systems, and components that are not
designated as " seismic systems" should be considered as " seismic
subsystems."

b. Decoupling Criteria for Subsystems

It can be shown, in general, that frequencies of systems and sub-
systems have negligible effect on the error due to decoupling. It

can be shown that the mass ratio, R , and the frequency ratio, R ,
f$re defined as:govern the results where R,and Rf

_ Total mass of the supported subsystem
m Total mass of the supporting system |

_ Fundamental frequency of the supported subsystem
R f ~ Dominant frequency of the support motion
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The following criteria are acceptable:
p,

; (1) If R,<0.01, decoupling can be done for any R .7

(2) If 0.01 1 R, 50.1, decoupling can be done if 0.8 1 R7 1
1.25.

(3) If R >0.1, an approximate model of the subsystem should
beiEcludedintheprimarysystemmodel.

.

If the subsystem is comparatively rigid in relation to the supporting
system, and also is rigidly connected to the supporting system, it

,

is sufficient to include only the mass of the subsystem at the
support point in the primary system model. On the other hand, in
case of a subsystem supported by very flexible connections, e.g.,
pipe supported by hangers, the subsystem need not be included in the
primary model. In most cases the equipment and components, which
come under the definition of subsystems, are analyzed (or tested) as
a decoupled system from the primary structure and the seismic input
for the former is obtained by the analysis of the latter. One
important exception to this procedure is the reactor coolant system,
which is considered a subsystem but is usually analyzed using a
coupled model of the reactor coolant system and primary structure.

c. Lumped Mass Considerations

The acceptance criteria given under subsection II.1.a(4) of this SRP
section are applicable.

d. Modeling for Three Component Input Motion

In general, three-dimensional models should be used for seismic
analyses. However, simpler models can be used if justification can
be provided that the coupling effects of those degrees of freedom
that are omitted from the three-dimensional models are not significant.

4 Soil-Structure Interaction

An analytical model of a soil-structure interaction system is acceptable
if both the structure model and the supporting soil model are properly
coupled and the design motion is properly addressed. The coupled model
is subjected to the design grotnd motion as specified in SRP Section
3.7.1 or to the regenerated excitation system described in-Section II.4
(iii) below. A suitable dynamic analysis using the time history method
is performed for the entire soil-structure system and the dynamic responses
at various locations of the system are calculated. All assumptions to
simplify the analysis should be justified and the resulting errors be
studied. Any dynamic decoupling or condensation procedure should be
substantiated by theoretical verification and mathematical proofs.

.

At present most commonly used methods are the half-space and the finite
boundaries modeling methods and there is no indication as to which one is'

more reliable, especially when too many assumptions are involved. There-g
) fore, modeling methods for implementing the soil-structure interaction

V analysis should include both the half-space and finite boundaries approaches.
Category I structures, systems, and components should be designed to
accommodate responses obtained by one of the following:
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a. Envelope of results of the two methods,

b. Results of one method with conservative design considerations of
effects from u w of the other method,

c. Combination of a. and b. with provision of adequate conservatism
in design.

The acceptance criteria for the constituent parts of the entire soil-
structure interaction system are as follows:

i. Modeling of Structure

The acceptance criteria given under subsection II.3 of this SRP
section are applicable.

ii. Modeling of Supporting Soil

The effect of embedment of structure and the layering effect of soil
should be accounted for. For the half-soace modeling of the soil
media, the lumped parameter (soil spring) method and the compliance
function methods are acceptable. For the method of modeling soil
media with finite boundaries, all boundaries should be properly
simulated and the use of types of boundaries shculd be justified and
reviewed on a case-by-case basis. Finite element and finite differ-
ence methods are acceptable methods for discretization of a continuum.
The properties used in the soil-structure interaction analysis
should be those corresponding to the low strains which are consistent
with the realistic soil strain developed during tne design earthquake.
Use of high strain parameters needs to be adequately justified on a
case-by-case basis.

For structures supported on rock, a fixed base assumption is
acceptable.

iii. Generation of Excitation System

Appendix A to 10 CFR Part 100 states that the vibratory ground
motion produced by the safe shutdown earthquake shall be defined by
response spectra corresponding to the maximum vibratory acceleration
at the elevations of the foundations of the nuclear power plant
structure. A regenerated excitation system is acceptable if, when
applied to the soil model, it produces at the structural foundation
level in the free field a response motion whose response spectra
envelop the design response spectra of earthquake motion.

5. Development of Floor Response Spectra

To be acceptable, the floor response spectra should be developed taking
into consideration the three components of the earthquake motion. The
individual floor response spectral values for each frequency are obtained
for one vertical and two mutually perpendicular horizontal earthquake
motions and are c.ombined according to the " square root of the sum of the
squares" method to predict the total floor response spectrum for that
particular frequency (Ref. 3).
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In general, development of the floor response spectra is acceptable if a
time history approach is used. If a modal response spectra method of

(q analysis is used to develop the floor response spectra, the justification
for its conservatism and equivalency to that of a time history method$

d must be demonstrated by representative examples.

6. Three Components of Earthquake Motion

Depending upon what basic methods are used in the seismic analysis, i.e.,
response spectra or time history method, the following two approaches are
considered acceptable for the combination of three-dimensional earthquake
effects. (Ref. 4)

a. Response Spectra Method

When the response spectra method is adopted for seismic analysis,
the maximum structural responses due to each of the three components
of earthquake motion should be combined by taking the square root of
the sum of tha squares of the maximum codirectional responses caused
by each of the three components of earthquake motion at a particular
point of the structure or of the mathematical model.

b. Time History Analysis Method

When the time history analysis method is employed for seismic analy-
sis, two types of analysis are generally performed depending on the
complexity of the problem. (1) To obtain maximum responses due to
each of the three components of the earthquake motion: in this case

Q the method for combining the three-dimensional effects is identical
t'j to that described in item 6.a except that the maximum responses ares

calculated using the time history method instead of the spectrum method.
(2) To obtain time history responses from each of the three components
of the earthquake motion and combine them at each time step alge-
braically: the maximum response in this case can be obtained from
the combined time solution. When this method is used, to be accept-
able, the earthquake motions specified in the three different direc-
tions should be statistically independerit.

7. Combination of Modal Responses

When the response spectrum method of analysis is used to determine the
dynamic response of damped linear systems, the most probable response is
obtained as the square root of the sum of the squares of the responses
from individual modes. Thus, the most probable system response, R, is
given by

N

R)! (1)
2R = (I kk=1

thwhere R is the response for the k mode and N is the number of significant
modescbnsideredinthemodalresponsecombination.

When modes with closely spaced modal frequencies exist, the methods
/O delineated in Ref. 4 are acceptable. Two modes having frequencies within
Q 10% of each other are considered as modes with closely spaced frequencies.

I
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Other approaches which give an equivalent degree of conservatism to the
above methods, and which are adequately justified are also acceptable.

8. Interaction of Non-Category I Structures with Category I Structures

To be acceptable, the interfaces between Category I and non-Category I
structures and plant equipment must be designed for the dynamic loads and
displacements produced by both the Category I and non-Category I structures
and plant equipment. In addition, a statement indicating the fact that
all non-Category I structures meet any one of the following requirements
should be provided.

a. The collapse of any non-Category I structure will not cause the
non-Category I structure to strike a seismic Category I structure or
component.

b. The collapse of any non-Category I structure will not impair the
integrity of seismic Category I structures or components.

c. The non-Category I structures will be analyzed and designed to
prevent their failure under SSE conditions in a manner such that the
margin of safety of these structures is equivalent to that of
Category I structures.

9. Effects of Parameter Variations on Floor Response S;3ectra

Consideration should be given in the analysis to the effects on floor
response spectra (e.g., peak wiath and .eriod coordinates) of expected
variations of structural properties, dampings, soil properties, and
soil-structure interactions. Any reasonable method for determining the
amount of peak widening associated with the structural frequency can be
used, but in no case should the amount of peak widening be less than
i 10%. If no special study is performed for this purpose, the peak width
should be increased by a minimum of 15% to be acceptable. (Ref. 3)

10. Use of Equivalent Static Factors ,

The use of equivalent static load factors as vertical response loads for |

the seismic design of all Category I structures, systems, and components
in lieu of the use of a vertical seismic system dynamic analysis is
acceptable only if it can be justified that the structure is rigid in the
vertical direction. The criterion for rigidity is that the lowest
frequency in the vertical direction is more than 33 cps.

11. Methods Used to Account for Torsional Effects

An acceptable method of trcating the torsional effects in the seismic
analysis of Category I structures is to carry out a dynamic analysis
which incorporates the torsional degrees of freedom. An acceptable
alternative, if properly justified, is the use of static factors to
account for torsional accelerations in the seismic design of Category I
structures in lieu of the use of a combined vertical, horizontal and

torsional system dynamic analysis. To account for accidental torsion, an

additional seismicity of 5% of the maximum building dimension at the
level under consideration shall be assumed.
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12. Comparison of Responses
o

(v) The responses obtained from both modal analysis response spectrum c 1
time histury methods at selected points in typical Category I structures '

should be compared to demonstrate approximate equivalency between the two
methods.

13. Analysis Procedure vor Damping I

Either the composite modal damping approach or the modal synthesis technique
can be used to account for element-associated damping.

For the composite modal damping approach, two techniques of determining
an equivalent modal damping matrix or composite damping matrix are commonly
used. They are based on the use of the mass or stiffness as a weighting
function in generating the composite modal damping. The formulations
lead to:

J.={$}T[b]{$} (3)
J

T -
3 : f*l E 5*} (4)

where

K* = {$}T [K] {$} |
b [K] = assembled stiffness matrix,

thh. = equivalent modal damping ratio of the j mode,
J

[I(), [A] = the modified stiffness or mass matrix constructed from element
matrices formed by the product of the damping ratio for the
element and its stiffness or mass matrix, and
th

{$} = j normalized modal vector.

For models that take the sail-structure interaction into account by the
lumped soil spring approach, the method defined by equation (4) is accept-
able. For fixed base models, either equation (3) or (4) may be used.
Other techniques based on modal synthesis have been developed and are
particularly useful when more detailed data on the damping characteristics
of structural subsystems are available. The modal synthesis analysis
procedure consists of (1) extraction of sufficient modes from the structure
model, (2) extraction of sufficient modes from the finite element soil
model, and (3) performance of a coupled analysis using the modal synthesis
technique, which uses the data obtained in steps (1) and (2) with appro-
priate damping ratios for structure and soil subsystems. This methed is
based upon satisfaction of displacement compatibility and force equilibrium
at the system interfaces and utilizes subsystem eigenvectors as internal

O generalized coordinates. This method results in a nonproportional damping
V matrix for the composite structure and equations of motion have to be

solved by direct integration or by uncoupling them by use of complex
eigenvectors.
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Other techniques which are also considered acceptable for estimating the
equivalent modal damping of a soil-structure interaction model are reviewed
on a case-by-case basis.

14. Determination cf Category I Structure Overturning Moments

To be acceptable, the determination of the design moment for overturning
should incorporate the following items:

a. Three components of input motion.

b. Conservative consideration of vertical and lateral seismic forces.

III. REVIEW PROCEDURES

For each area of review, the following procedure is implemented. The reviewer
will select and emphasize mate ial from the procedures given below, as may be
appropriate for a particular case. The scope and depth of review procedures
must be such that the acceptance criteria described abN e are met.

1. Seismic Analysis Methods

Fur all Category I structures, systems, ani components, the applicable
methods of seismic analysis (response specora, time history, equivalent
static load) are reviewed to ascertain that the techniques employed are
in accordance with the acceptance criteria as given in subsection II.1 of
this SRP section. If empirical methods or tests are used in lieu of
analysis for any Category I struct're, these are evaluated to determine
whether or not the assumptions are conservative, and whether the test
procedure adequately models the seismic response.

2. Natural Frequencies and Response Loads

For the operating license review, the summary of natural frequencies and
response loads is rrviewed for compliance with the acceptance criteria in
subsection II.2 of this SRP section.

3. Procedurec Used for Analytical Modeling

The procedures used for modeling for seismic system analyses are reviewed
to determine whether the three-dimensional characteristics of struc.tures
are properly modeled in accordance with the acceptance criteria of subsec-
tion II.3 of this SRP section, and all significar. degrees of freedom
have been incorporated in the models. The criteria for decoupling of a
structure, equipment, or component and analyzing it separately as a
subsystem are reviewed for conformance with the acceptance criteria given
in subsection II.3 of this SRP section.

4. Soil-Structure Interaction

The methods of soil-structure interaction analysis used are examined to
determine that the techniques employed are in accordance with the accept-
ance criteria as given in subsection II.4 of this SRP section. Typical
mathematical models for soil-structure interaction analysis are reviewed

O
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to c.1sure the adequacy of the representation in accordance with subsection II.4
of this SRP section. In addition, the methods used to assess the effectspI of adjacent structures on structural response in soil-structure interactionU analysis are reviewed to establish their acceptability.

5. Development of Floor Response Spectra

Procedures for developing the floor response spectra are reviewed to
verify that they are in accordance with the acceptance criteria specified
in subsection II.5 of this SRP section. If a modal response spectrum
method of analysis is used to develop the floor response spectra, its
conservatism compared to that of a time history approach is reviewed.
The applicant is requested to provide additional technical justification
for any procedure considered not adequately justified.

6. Three Components of Earthquake Motion

The procedures by which the three components of earthquake motion are
considered in determining the seismic response of structures, systems,
and components are reviewed to determine compliance with the acceptance
criteria of subsection II.6 of this SRP section. Any other procedures
that are considered not adequately justified are so identified, and the
applicant is asked 'o provide additional justification.

7. Combiation of Modal Responses

The procedures for combining modal responses (shear:, moments, stresses,
deflections, and accelerations) for closely spaced modes are reviewed to

Os determine compliance with the acceptance critieria of subsection II.7 of
this SRP section, when a response spectrum modal analysis method is used.

8. Interaction of Non-Category I Structures with Category I Structures

- The design and analysis criteria for interaction of non-Category I struc-
tures with Category I structures are reviewed to ensure compliance with
the acceptance criteria of subsection II.8 of this SRP section.

9. Effects of Pi.rameter Variations on Floor Response Spectra

The seismic system analysis is reviewed to determine whether the analysis
considered the effects of expected variations of structural properties,
dampings, soi properties, and soil-structure interaction on floor responses
spectra (e.g., peak width and period coordinated) and to determine compli-

i ance with the acceptance criteria of subsection II.9 of this SRP Section.

10. Use of Equivalent Static Factors

Use of constant static factors as response loads in the vertical direction
for the seismic design of any Category I structure, system or component

j in lieu of a detailed dynamic method is reviewed to determine that constant
vertical static factors are used only if the structure is rigid in the

,

.

vertical direction.
i

%

i

!
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11. Methods Used to Account for Torsional Effects

The methods of seismic analysis are reviewed to determine that the torsional
effects of vibration are incorporated by including the torsional degrees
of freedon in the dynamic model. Justification provided by the applicant
for the use of any approximate method to account for torsional effects is
judged to assure that it results in a conservative design. If such
justification is deemed inadequate, it is identit ud and the applicant
requested to provide additional justification.

12. Comparison of Responses

Where applicable, the responses obtained from both response spectrum and
time history methods at selected points in major Category I structures
are compared to judge the accuracy of the ana!yses conducted. Large
differences in the results obtained by use of the two methods are identi-
fied and the applicant is asked to discuss tne reasons for the large
differences.

13. Analysis Procedure for Damping |

The analysis procedure to account for damping in different elements of
the model of a coupled system is reviewed to determine that it is in
accordance with the acceptance criteria of subsection II.13 of this SRP
section.

14. D_etermination of Category I Structure Overturning Moments

Methods to determine Category I structure overturning moments are reviewed
to determine compliance with the acceptance criteria of subsection II.14
of this SRP section.

Any matters identified during the review of the SAR where additional information
or justification are needed are included in the "Additionce Tachnical Information
Request" prepared by SEB for transmittal to the Division of Licensing. Such
requests not only identify any cortions of the seismic system analysis considered
unacceptable without further justification, but also specify the changes that
should be made in the SAR to mee+, the acceptance criteria. Subsequent amendments
of the SAR received in response to these SEB requests are reviewed for conformance
with the staff positions.

IV. EVALUATION FINDINGS

(Combined for Section 3.7.2 and 3.7.3)
The reviewer verifies that sufficient information has been provided and that
his evaluation is sufficiently complete and adequate to support conclusions of
the following type, to be included in the staff's safety evaluation report:

The staff concludes that the plant design is acceptable and meets the
requirements of General Design Criterion 2 and Appendix A to 10 CFR
Part 100. This conclusion is based on the following: the applicant
has met the requirements of GDC 2 and Appendix A to 10 CFR Part 100
with respect to the capability of the structures to withstand the
effects of the earthquaFes so that their design reflects:

O
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(1) Appropriate consideration for the most severe earthquake recorded
for the site with an appropriate margin (GDC 2). Consideration
of two levels of earthquakes-(Appendix A, 10 CFR Part 100),

s - (2) Appropriate combination of the effects of normal and accident
conditions with the effect of the national phenomena, and

(3) The importance of the safety functions to be performed (GDC 2).
The use of a suitable dynamic analysis or a suitable qualifica-
tion test to demonstrate that structures, systems, and compo-
nents can withstand the seismic and other concurrent loads,
except where it can be demonstrated that the use of an equivalent
static load method provides adequate consideration (Appendix A,
10 CFR Part 100).

The applicant has met the requirements of item 1 listed above by use of
the acceptable ccismic design parameters as per SRP Section 3.7.1. The
combination of earthquake resulted loads with those resulting from normal
and accident conditions in the design of Category I structures as specified
in SRP Sections 3.8.1 through 3.8.5 will be in conformance with item 2
listed above.

The scope of review of the seismic system and subsystem analysis for the
plant included the seismic analysis methods for all Category I structures,
systems, and components. It included review of procedures for modeling,
seismic soil-structure interaction, development of floor response spectra,
inclusion of torsional effects, seismic analysis of Category I dams,

i evaluation of Category I structure overturning, and determination of
composite damping. The review has included design criteria and procedures

(d for evaluation of the interaction of non-Category I structures and piping
with Category I structures and piping and the effects of parameter
variations on floor response spectra. The review has also included
criteria and seismic analysis procedures for Category I buried piping
outside containment.

The system and subsystem analyses are performed by the applicant on an
elastic and linear basis. Time history methods form the bases for the |
analyses of all major Category I structures, systems, and components.
When the modal response spectrum method is used the methods used in
combining modal responses are in conformance with one position of Regulatory
Guide 1.92. The square root of the sum of the squares of the maximum
codirectional response; is used in accounting for three components of the
earthquake motion for both the time history and response spectrum methods.
Floor spectra inputs to be used for design and test verifications of
structures, systems, and components are generated from the time history
method and they are in conformance with the position of Regulatory
Guide 1.122. A vertical seismic system dynamic analysis will be employed
for all structures, systems, and components where analyses show significant

,

structural amplification in the vertical direction. Torsional effects and I

|stability against overturning are considered. g

The coupled structure and soil model is used to evaluate soil-structure
interaction effects upon seismic responses. The lumped parameter (or
finite element) m+ od is used for modeling of the structure. The half-

O space and the finite boundary methods are used for modeling of the
("/ supporting soil. Appropriate nonlinear stress-strain and damping relation-

ships for the soil are considered in the analysis. We conclude that the
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use of the seismic structural analysis procedures and criteria delineated
above by the applicant provides an acceptable bases for the seismic
design which are in conformance with the requirements of item 3 listed
above.

V. IMPi.EMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contai .ed in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2," Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria fcr
Nuclear Power Plants."

3. Regulatory Guide 1.122, " Development of Floor Design Response Spectra for
Seismic Design of Floor-Supported Equipment or Components."

4. Regulatory Guide 1.92, " Combining Modal Responses and Special Components
in Seismic Response Analysis."

O
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SECTION 3.7.3 SEISMIC SUBSYSTEM ANALYSIS

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas related to the seismic subsystem analysis are reviewed:

1. Seismic Analysis Methods

The information reviewed is similar to that described in subsection I.1 of
Standard Review Plan (SRP) Section 3.7.2, but as applied to seismic Category I
subsystems.

2. Determination of Number of Earthquake Cycles

[m\
,

( ,) Criteria or procedures used to establish the number of earthquake cycles during
one seismic event and the maximum number of cycles for which applicable Cate-
gory I subsystems and components are designed are reviewed.

-

3. Procedures Used for Analytical Modeling

The criteria and procedures used for modeling the seismic subsystem are
reviewed.

4. Basis for Selection of Frequencies -

As applicable, criteria or procedures used to separate fundamental frequencies
of components and equipment from the forcing frequencies of the support struc-
ture are reviewed.

5. Analysis Procedure for Damping
g

The information reviewed is similar to that described in subsection I.13
of SRP Section 3.7.2, but as applied to Category I subsystems. ,
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6. Three Components of Earthquake Motion

The infor. ration reviewed is similar to that described in subsection I.6
of SRP Section 3. .C, but as applied to Category I subsystems.

7. Combination of Model Responses

The information reviewed is similar to that described in subsection I.7
of SRP Section 3.7.2, but as applied to Category I subsystems.

8. Interaction of Other Systems With Category I Systems

The seismic analysis procedures to account for the seismic motion of non-
Category I systems in the seismic design of Category I systems are reviewed.

9. Multiply-Supported Equipment and Components with Distinct Inputs

The criteria and procedures for seismic analysis of equipment and compo-
nents supported at different elevations within a building and between
buildings with distinct inputs are reviewed.

10. Use of Equivalent Static Factors

The information reviewed is similar to that described in subsection I.10
of SRP Section 3.7.2, but as applied to Category I subsystems.

11. Torsional Effects of Eccentric Masses

The criteria and procedures that are used to consider the torsional effects
of eccentric masses in seismic subsystem analyses are reviewed.

12. Category I Buried Piping, Conduits, and Tunnels

For Category I buried piping, conduits, tunnels, and auxiliary systems, the
seismic criteria and methods which consider the compliance characteristics
of soil media, dynamic pressures, settlement due to earthquake, and differ-
ential movements at support points, penetrations, and entry points into
structures provided wfth anchors are reviewed.

( 13. Methods for Seismic Analysis of Category I Dams

The analytical methods and procedures that will be used for seismic
| analysis of Category I dans are reviewed. The assumptions made, the

boundary conditions used, the hydrodynamic effects considered, and the
procedures by which strain-dependent materials properties are incerpo-
rated in the analysis are reviewed.

II. ACCEPTANCE CRITERIA

The acceptance criteria for the areas of review described in subsection I of
this SRP section are given below. Other criteria which can be justified to be
equivalent to or more conservative than the stated acceptance criteria may be

|

used. SEB accepts the design of subsystems that are important to safety and
must withstand the effects of earthquakes if the relevant requirements of
General Design Criterion (GDC) 2 (Ref. 1) and Appendix A to 10 CFR Part 100
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(Ref. 2) concerning material phenomena are complied with. The relevant
requirements of GDC 2 and Appendix A to 10 CFR Part 100 are:

1. General DesiJn Criterion 2, as it relates to the earthquakes used in the
design shoulJ be tt.e most severe ones reported to have affected the site
and surrounoing area with sufficient margin for the limited accuracy,
quantity, cod per'od of time in which historical data have been accumulated.

2. Appendis A to 10 CFR Part 100 as it relates to the requirement that two
earthquake levels, the safe shutdown earthquake (SSE) and the operating
basis earthquake (OBE), be considered in the design of safety related
structures, components, and systems. Appendix A to 10 CFR Part 100 further
states that the design used to ensure that the required safety functions
are maintained during and after the vibratory ground motion associated
with the safe shutdown earthquake shall involve the use of either a
suitable dynamic analysis or a suitable qualification test to demonstrate
that structures, systems, and components can withstand the seismic and
other concurrent loads, except where it can be demonstrated that the use
of an equivalent static load method provides adequate conservatism.

Specific criteria necessary to meet the relevant requirements of GDC 2 and
Appendix A to Part,100 are as follows:

a. Seismic Analysis Methods

The acceptance criteria provided in SRP Section 3.7.2, subsection II.1,
are applicable.

v b. Determination of Number of Earthquake Cycles

During the plant life at least one safe shutdown earthquake (SSE)
and five operating basis earthquakes (0BE) should be assumed. The
number of cycles per earthquake should be obtained from the synthetic
time history (with a minimum duration of 10 seconds) used for the
system analysis, or a minimum of 10 maximum stress cycles per earth-
quake may be assumed.

c. Procedures used for Analytical Modeling

The acceptance criteria provided in SRP Section 3.7.2, subsection II.3,
are applicable.

d. Basis for Selection of Frequencies

To avoid resonance, the fundamental frequencies of components and
equipment should preferably be selected to be less than 1/2 or more
than twice the dominant frequencies of the support structure. Use
of equipment frequencies within this range is acceptable if the
equipment is adequately designed for the applicable loads.

e. Analysis Procedure for Damping

The acceptance criteria provided in SRP Section 3.7.2, subsection II.13,
O, are applicable.
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f. Three Components of Earthquake Motion

The acceptance criteria provided in SRP Section 3.7.2, subsection II.6,
are applicable.

g. Cubination of Modal Responsef

The acceptance criteria provided in SRP Section 3.7.2, subsection II.7,
are applicable.

h. Interaction of P'her Systems With Category I Systems

To be acceptable, each non-Category I system should be designed to:
be isolated from any Category I system by either a constraint or
barrier, or should be remotely located with regard to the seismic
Category I system. If it is not feasible or practical to isolate
the Category I system, adjacent non-Category I systems should be
andlyzed according to the same seismic criteria as applicable to
the Category I system. For non-Category I systems attached to Cate-
c- y I systems, the dynamic effects of the non-Category I systems
s J1d be simulated in the modeling of the Category I system. The
attached non-Category I systems, up to the first anchor beyond the
interface, should also be designed in such a-manner that during an
earthquake of SSE intensity it will not cause a' failure of the Cate-
gory I system.

i. Multiply-Supported Equipment and Components With Distinct Inputs

Equipment and components in some cases are supported at several
points by either a single structure or two separate structures. The
motions of the primary strccture or structures at each of the support
points may be quite different.

A conservative and acceptable approach for equipment items supported
at two or more locations is to use an upper bound envelope of all
the individual response spectra for these locations to calculate
maximum inertial responses of multiply-supported items. In addi-
tion, the relative displacements at the support points should be
onsidered. Conventional static analysis procedures are acceptable

for this purpose. The maximum relative support displacements can be
obtained from the str.h.i. ural response calculations or, as a conser-
vative approximation, by using the floor response spectra. For the
latter uption, the maximum displacement of each support is predicted
by S * D g/w , where S is the spectral acceleration in "g's" at the2

d a a
high frequency end of the spectrum curve (which, in turn, is equal to

| the maximum floor acceleration), g is the gravity constant, and w is
the fundamental frequency of the primary support structure in radians
per second. The support displacements can then be imposed on the

,

; supported item in the most unfavorable combination. The responses
due to the inertia effect and relative displacements should be combined!

by the absolute sum method.

In the case of multiple supports located in a single structure, an
alternate acceptable method using tne floor response spectra involves
determination of dynamic responses due to the worst single floor res-
ponse spectrum selected from a set of floor response spectra obtained
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at various floors and applied identically.to all the floors, provided
there is no significant shift in frequencies of the spectra peaks.

h In addition, the support displacements should be imposed on the
Q supported item in the most unfavorable combination using static

analysis procedures.

In lieu of the response spectrum approach, time histories of support
. motions may be used as excitations to the subsystems. Because of
the increased analytical effort compared to the response spectrum
techniques ~, usually only a major equipment system would warrant a
time history approach. The time history approach does, however,
provide more realistic results in some cases as compared to the res-
ponse spectrum envelope method for multiply-supported systems. '

j. Use of Equivalent Static Factors

The acceptance criteria provided in SRP Section 3.7.2, subsec-
tion II.10, are applicable.

k. Torsional Effects of Eccentric Masses

For seismic Category I subsystems, when the torsional effect of an
eccentric mass is judged to be significant, the eccentric mass and
its eccentricity should be included in the mathematical model. The
criteria for judging the significance will be reviewed on a case-by-
case basis.

*
1. Category I Buried Piping, Conduits, and TunnelsfS *

( 3
,

-

V' For Category I buried piping, conduits, tunnels, and auxiliary systems,
the following items should be considered in the analysis:

(1) The inertial effects due to an earthquake upon buried systems
and tunnels should be adequately accounted for in the analysis.
In case of buried systems sufficiently flexible relative to the
surrounding or underlying soil, it is acceptable to assume that
the systems will follow essentially the displacements and
deformations that the soil would have if the systems were absent.
Procedures which take into account the phenomena of wave travel

* and wave reflection in compacting soil displacements from the
ground displacements are acceptable.

(2) The effects of static resistance of the u;rrounding soil on
piping deformations or displacs.ments, differential movements of
piping anchors, bent geometry and curvature changes, etc.,
should be adequately considered. Procedures utilizing the
principles of the theory of itructures on elastic foundations
are acceptable.

(3) When applicable, the effects due to local soil settlements, soil
arching, etc., should also be considered in the analysis.

m. Methods for Seismic Analysis of Category I Dams

For the. analysis of all Category I dams an appropriate approach
which takes into consideration the dynamic nature of forces (duev
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to both horizontal and vertical earthquake loadings), the behavior
of the dam material under earthquake loadings, soil structure inter-
action effects, and nonlinear stress-strain relations for the soil,
should be used. Analysis of earth-filled dams should include an
evaluation of deformations. For rock-filled dams, the analytical
procedure used will be reviewed on a case-by-case basis.

III. REVIEW PROCEDURES

For each area of review, the following review procedure is followed. The
reviewer will select and emphasize material from the procedures given below,
as may be appropriate for a particular case. The review procedures are such
as to satisfy the requirements of acceptance criteria stated in subsection II.

1. Seismic Analysis Methods

The seismic analysis methods are reviewed to determine that these are in
accordance with the acceptance criteria of SRP Section 3.7.2, subsection 11.1.

2. Determination of Number of Earthquake Cycles

Criteria or procedures used to establish the number of earthquake cycles
are reviewed to determine that they are in accordance with the acceptance
criteria as given in subsection II.2 of this SRP section. Justification
for deviating from the acceptance criteria is requested from the applicant,
as necessary.

3. Procedures Used for Analytical Modeiinj

The criteria am procedures used for nodeling for the seismic subsystem
analysis are reviewed to determine that these are in accordance with the
acceptance criteria of SRP Section 3.7.2, subsection II.3.

4 Basis for Selection of Frequencies

As applicable, criteria or procedures used to separate fundamental fre-
quencies of components and equipment from the forcing frequencies of the
support structure are reviewed to determine compliance with the accept-
ance criteria of subsection II.4 of this SRP section.

5. Analysis Procedure for Damping

The analysis procedure to account for damping in different elements of
the model of a coupled system is reviewed to determine that it is in
accordance with the acceptance criteria of SRP Section 3.7.2,
subsection II.13.

6. Three Components of Earthquake Motion

The procedures by which the three components of earthquake motion are con-
sidered in determining the seismic response of subsystems are reviewed to
determine compliance with the acceptance criteria of SRP Section 3.7.2,
subsection II 6.

O
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.

7. Combination of Modal Responses
i

The procedures for combining modal responses are reviewed to determine

O compliance with the acceptance criteria of SRP Section 3.7.2, subsec-
tion II.7, when a response spectrum modal analysis method is used.

8. Interaction of Other Systems with Category I Systems

The criteria used to design the interfaces between Category I and non-
Category I systems are reviewed to determine compliance with the
acceptance criteria of subsection II.8 of this SRP section.

9. Multiply-Supported Equipment and Components With Distinct Inputs
i

The criteria for the seismic analysis of multiply-supported components
and equipment with distinct input = are reviewed to determine that the
criteria are in accordance with the acceptance criteria of subsection II.9
of this SRP section.

10. Use of Equivalent Static Factors

Use of equivalent static factors as response loads in the vertical direc-
tion for the seismic design of any Category I subsystems in lieu of a
detailed dynamic method is reviewed to determine that constant static
factors are used only if the structure is rigid in the vertical direction.

11. Torsional Effects of Eccentric Masses

('*'s The procedures for seismic analysis of Category I subsystems are reviewedt
*

(' ') to determine compliance wit.h the acceptance criteria of subsection II.11
of this SRP section.

12. Category I Buried Piping, Conduits, and Tunnels
i

j The analysis procedures for Category I buried piping, conduits, tunnels,
' and auxiliary systems are reviewed to determine that they are in accord-

ance with the acceptance criteria of subsection II.12 of this SRP section.
j The analysis includes review of the procedures used to consider the
' inertial effects of soil media and the differential displacements at struc-
! tural penetrations, etc. Any procedures that are not adequately justified

are so identified and the applicant is requested to provide additional
justification.

i

.13. Methods for Seismic Analysis of Category I Dams
,

Methods for the seismic analysis of Category J dats are reviewed to deter-
j mine compliance with the acceptance criteria of subsection II.13 of this

SRP section.
1

IV. EVALUATION FINDINGS

Evaluation findings for SRP Section 3.7.3 have been combined with those of
SRP Section 3.7.2 and are given under SRP Section 3.7.2, subsection IV.

,
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
methed for complying with specified porticns of the Commission's regulations,
'h. method described herein ' vill be used ty the staf f in its evaluation of.

conformance with the Commission's regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomenon."

,

2. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants."

4
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3.7.4 SEISMIC INSTRUMENTATION

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas related to the seismic instrumentation program are reviewed:

1. Comparison with Regulatory Guide 1.12

A comparison of the proposed seismic instrumentation with the seismic instru-
mentation quidelines of Regulatory Guide 1.12 (Ref. 4) is made. In addition,
the bases for elements of the program that differ from Regulatory Guide 1.12
are reviewed.

C) 2. _ Location and Description of Instrumentation(
w,-

The locations for the installation of seismic instrumentation such as tri-
axial peak accelerographs, triaxial time history accelerographs, and triaxial
response spectrum recorders that will be installed in selected Category I
structures and cernponents are reviewed. The bases for selection of the
instrumentation ai.d the locations and a discussion of '' e extent to which
the seismic instrumentation will be employed to verify the seismic analyses
following an earthquake are reviewed.

3. Control Room Operator Notification

The procedures that will be followed to inform the control room operator (,f
the peak acceleration level and the input response spectra values shortly
after occurrence of an earthqua(e are reviewed. Also reviewed are the bases
for establishing predetermined values for activating the readout of the
seismic instrumentation to the control room operator.
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4. Comparison of Measured 'nd Predicted Responses

The criteria and procedures that will be used to compare measured responses
of Category I structures and selected components in the event of an earth-
quake with the results of the seismic system and subsystem analyses are
reviewed.

5. Inservice Surveillance

The requirements for inservice inspection, testing and calibration as
pertaining to operability and reliability are reviewed.

II. ACCEPTANCE CRITERIA

The acceptance criteria for the areas of review described in subsection I of
this SRP section are given below. Any other seismic instrumentation program
which can be justified to be equivalent to the acceptance criteria may be used.
SEB accepts the seismic instrumentation system if the relevant requirements of
General Des h n Criterion 2 (Ref. 2), 10 CFR Part 100, Appendix A (Ref. 3), and
10 CFR Part 50, g 50.55a (Ref. 1), as they relate to the capabilities and per-
formance of the instru.ments to adequately measure the effects of earthquakes
are met. Specific criteria necessary to meet the requirements of GDC 2,10 CFR
Part 100, Appendix A, and 10 CFR Part 50, g 50.55a, are as follows:

The instrumentation used for the measurements should be caNble of record-
ing the effects produced by the most severe earthquakes th't have beena
historically reported for the site and surrounding area with sufficient
margin for the limited accuracy, quantity and period of time in which
historical data has been accumulated.

It is required in 10 CFR Part 100, Appendix A, that suitable instrumenta-
tion shall be provided so that the seismic response of nuclear plant
features important to safety can be determined promptly to permit com-
parison of such response with that used as the design basis.

1. Comparison with Regulatory Guide 1.12

The seismic instrumentation program is considered to be acceptable if it
is in accordance with Regulatory Guide 1.12 (see also Table 3.7.4-1).
This guide recommends provision of a triaxial time history accelerograph
and a triaxial response spectrum recorder to measure the input time history
and response spectra directly. Additional time history accelerographs,
response spectrum recorders, peak accelerographs, and seismic switches
are recommended to measure the responses of structures, equipment, and
components at selected locations. The bases for elements of the proposed
seismic instrumentation program that differ from Regulatory Guide 1.12
must be provided.

2. Location and Description of Instrumentation

For the construction permit review there should be a commitment by the
applicant to provide the following instruments at the given locations:

O
1
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a. A triaxial time history accelerograph in the free field or at the
containment foundation, with readout in the control room.

[V b. A seismic switch on the containment foundation, with readout in the
control room.

c. A triaxial response spectrum recoruar on the containment foundation,
with readout in the control room.

In addition, a commitment to provies the recommended additional instra-
mentation at the various response locations should be made without provid-
ing details of actual locations.

For the operating license review, a detailed seismic instrumentation plan
including details of the locations, mounting and descriptions of the instru-
mentation should be provided. To be acceptable, the remaining instrumenta-
tion locations are related to the locations of the output vibratory motions
used in the seismic design. Typical general locations are:

a. Containment structure or reactor building.

b. Reactor piping.

c. Reactor equipment.

d. Other Category I structures, equipment, and piping.
| Instrumentation should be provided depending upon the plant safe shutdown
! r earthquake acceleration as given in Regulatory Guide 1.12. The soecific( ]j locations are determined by the plant designer so as to obtain the most

v pertinent information. A possible approach to the specification of the
seismic instrumentaticn system is given in Regulatory Guide 1.12. Other
desirable combinations of instruments which may p' rove to be as useful as
the instrumentation plan outlined in the guide may be utilized.

The criteria for selection of Category I structures, components, and equip-
ment to be instrumented and the location of instrumentation, as well as the
extent to which this instrumentation is employed to verify the seismic
analyses following an earthquake, should be specified. The criteria will
be reviewed on a case-by-case basis.

3. Control Room Operator Notification

To ve acceptable, the seismic switch located at the foundation of the con-
tainment should be connected to event indicators that are located in the
control room, so that a signal is given when the preset threshold level
(OBE acceleration level) resulting from the earthquake is exceeded. Also
both audio and visual signals should be provided to the control room opera-
tors in the event of an earthquake.

In addition, the triaxial time history accelerograph located in the con-
tainment foundation or in the free field should be connected to the control
room, so that peak acceleration level experienced in the basement of the
reactor containment structure or in the free field is indicated to the con-

A trol room operator. The response spectrum recorder in the reactor contain-
Q ment foundation or in the free field is also connected to the control room'
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to indicate if the design .esponse spectra values for discrete frequencies
are exceeded during an earthquake. -

4. Comparison of Measured and Predicted Responses

In the event of an earthquake, the control room operator should be immedi-
ately informed through the event indicators. If the instrumentation shows
that the peak acceleration or the response spectra experienced at the
foundatico of the containment building or in the free field exceed the OBE
acceleration level or response spectra, the plant should be chut down
(Ref. 3) pending permission to resume operations. To help predict the capa-
bility of the plant for resuming operations, field inspection of safety-
related items should be implemented and the measured responses from both
the peak-recording and strong motion accelerographs should be compared
with those assumed in the design.

The procedures for comparison of measured and predicted responses are
acceptable if a commitment is made to provide detailed comparisons, as
outlined below, between measured seismic responses of Category I struc-
tures and equipment with calculated responses determined from dynamic
analysis. First, the time history records are digitized and corrected
for time signal variations and baseline variations. The time history
records from the triaxial sensors located in the free field or at the
foundation of the containment building are used to calculate response -

spectra at i.ppropriate critical damping va)ues. The response spectra thus
obtained, or the response spectra from the response spectrum recorder, are
compared with the design response spectra. In addition, the time history
records from the free field triaxial sensor are used as input ground motion
for the reactor building dynamic model, including soil where applicable.
Amplified response spectra are then calculated at the locations of the
other sensors in the reactor building for comparison and correlation with
the response spectra directly measured. Structural responses and appli-
fied response spectra are calculated using the free field time history
records with the dynamic model for comparison with the original design and
analysis parameters. This comparison permits evaluation of seismic effects
on structures and equipment and forms the basis for remodeling, detailed

! analyses, and physical inspection.

5. Inservice Surveillance

Each of the seismic instruments shall be demonstrated operable by the
performance of the channel check, channel calibration, and channel func-
tional test operations at the intervals specified in Table 3.7.4-2.

III. REVIEW PROCEDURES

For each area of review, the following review procedure is followed. The
reviewer will select and emphasize material from the procedures given below,
as may be appropriate for a particular case.

1. Comparison with Regulatory Guide 1.12

The seismic instrumentation program is checked to assure that the instru-
mentation is in accordance with the guidelines of Regulatory Guide 1.12.

3.7.4-4 Rev. 1 - July 1981
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Any differences between the proposed and the guide seismic instrumentation,
which have not been adequately justified, are identified aad the applicant

p is informed of the need for additional technical justification.

2. LocationdndDescriptionofInstrumentation

At the operating license stage, the locations and descriptions of the
seismic instrumentation are reviewed to determine that these are in accord-
ance with the acceptance criteria of subsection II.2 of this SRP section.
If the instrumentation provided is judged to be insufficient, the need for
ac'ditional instrumentation is transmitted to the applicant.

3. Cjntrol Room Operator Notification

Tne seismic instrumentation is checked to verify that the seismic. switch
located at the foundation of the containment structure or in the free
field is connected to event indicators that are located in the control
room, so that a signal is given when the preset threshold level is exceeded.
If there is no provision for both audio and visual signals in the appli-
cant's seismic instrumentation plan, the applicant is so informed with a
request for compliance.

4. Ccmparison of Measured and Predicted Responses
'

The criteria and procedures that will be used to compare measured responses
of Category I structures and selected components in the event of an earth-
quake with the results of the seistjic system and subsystem analyses are
checked to verify that sufficient information as specified in subsection

O II.4 of this SRP section is included. Any deficiency in the required
(' information is identified and the applicant is requested to provide

further information.

5. Inservice Surveillance
,

The inservice inspection program described by the applicant is reviewed
to assure that the acceptance criteria of subsection II.5 of this SRP
section are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The staff concludes that the seismic instrumentation system provided for
the plant is acceptable and meets the requirements of General Design Crite-
rion 2, 10 CFR Part 100, Appendix A and 10 CFR Part 50, 6 50.55a. This
conclusion is based on the following:

The applicant has met the requirements of 10 CFR Part 100, Appendix A by
providing the instrumentation that is capable of measuring the effects of
an earthquake which meets the requirements of GDC 2. The applicant has
met the requirements of 10 CFR Part 50, S 50.55a by providing the inservice
inspection program that will verify operability by performing channel

( ,
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checks, calibrations, and functional tests at acceptable intervals. In addi-|tion, the installation of the specified seismic instrumentation in the reac-
tor containment structure and at other Category I structures, systems, and
components constitutes an acceptable program to record data on seismic
ground motion as well as data on the frequency and amplitude relationship
of the seismic response of major structures and systems. A prompt readout
of pertinent data at the control room can be expected to yield sufficient
information to guide the operator on a timely basis for the purpose of
evaluating the seismic response in the event of an earthquake. Data
obtained from such installed seismic instrumentation will be sufficient
to determine that the seismic analysis assumptions and the analytical
model used for the design of the plant are adequate and that allowable
stresses are not exceeded under conditions where continuity of operation
is intended. Prcvision of such seismic instrumentation complies with
Regulatory Guide 1.12.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regard-ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, S 50.55a " Codes and Standards."

2. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power
Plants." .

3. 10 CFR Part 100, Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power P,ints."

4. Regulatory Guide 1.12, " Instrumentation for Earthquakes."

O
3.7.4-6 Rev. 1 - July 1981

._ _ -___ _



. _ . . _ _ . ._ - _ - . . .-_ _ ~ . - _ - _,

t
'

O O O
TABLE 3.7.4-1 SEISMIC INSTRUMENTATION REQUIREMENTS

Instrumentation Triaxial Triaxial Response Triaxial Peak Seismic
Time-History Spectrum Recorder Accelerograph Switch
Accelerograph

Location SSE 0.3 g over 0.3 g over 0.3 g over 0.3 g over
or less 0.3 g or less 0.3 g or less 0.3 g or less 0.3 g

I. Free Field 1*# 1*#

II. Inside Containment
Basement 1* 1* 1* 1* 1* 1* !

fAt Elevation 1 1

Reactor Equip. Sup. }1 }1 }1* |
!Reactor Piping Sup. -

F Reactor Equipment 1 1 ;
N i~

9 Deactor Piping 1 1 )
m >

'

III. Outside Containment

Cat. I Structure 1 1 1

Cat. I Equip. Sup. 1

Cat. I Piping Sup. }1 1

Cat. I Equipment 1 ;

Cat. I Piping }1 1:=
<a

i
'

* Control room readout. (*
' #May be omitted if soil-structure interaction is negligible. {
g } Denotes either of the two locations.

'

w
$

|
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TABLE 3.7.4-2

SEISMIC MONITORING INSTRUMENTATION SURVEILLANCE REQUIREMENTS

CHANNEL

CHANNEL CHANNEL FUNCTIONAL
INSTRUMENT CHECK CALIBRATION TEST

1. Triaxial Time-History Accelerographs M R SA

2. Triaxial Peak Accelerographs NA R NA

3. Triaxial Seismic Switches M R SA

4. Triaxial Response-Spectrum Recorders M R SA

Legend:

M = Monthly
R = Refueling
SA = Once per 33 months
NA = Not Applicable

\
r

L .
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NU REG-0800
(Formtrly NUREG-75/087)

/ponc U.S. NUCLEAR REGULATORY COMMISSION

(N ."..e$. s% jSTANDARD REV EW PLANO3
..f OFFICE OF NUCLEAR REACTOR REGULATION

3.8.1 CONCRETE CONTAINMENT

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas relating to concrete containments or to concrete portions of
steel / concrete containments, as applicable, are reviewed.

1. Description of the Containment

The descriptive information, including plans and sections of the structure, is
reviewed to establish that sufficient information is provided to define the primary
structural aspects and elements relied upon to perform the containment function.
In particular, the type of concrete containment is identified and its structural
and functional characteristics are examined. Among the various types of concrete

O) containments reviewed are:
\v

a. Reinforced and prestressed concrete BWR containments utilizing the
pressure-suppression concept, including the Mark I (modified lightbulb/
torus), the Mark II (over/under), and the Mark III (with horizontal
venting between a centrally located cylindrical drywell and a surrounding
suppression pool).

b. Reinforced concrete PWR containments utilizing the pressure-suppression
concept with ice-condenser elements.

c. Reinforced concrete PWR containments designed to function under sub-
atmospheric conditions.

d. Reinforced and prestressed concrete PWR dry containments designed to
function at atmospheric conditions.

Rev. 1 - July 1981
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Reinforced and prestressed concrete PWR or BWR containments utilizinge.
special features or modifications of the above-listed types.

Various geometries have been utilized for these containments. The geometry
most commonly encountered is an upright cylinder topped with a dome and sup-
ported on a flat concrete base mat. Although applicable to any geometry, the
specific provisions of this SRP section are best suited to the cylindrical
type containment topped by a dome. If containments with other types of
geometry are reviewed, the necessary modifications to this SRP section are
made on a case-by case basis.

The geometry of the containment is reviewed, including sketches showing plan
views at various elevations and sections in at least two orthogonal directions.
The arrangement of the containment and the relationship and interaction of the
shell with its surrounding structures and with its interior compartment walls
and floors are reviewed to determine the effect which these structures could
have upon the design boundary conditions and expected structural behavior of
the containment when subjected to design loads.

General information related to the containment shell is reviewed including the
following:

a. The base foundation slab, including the main reinforcement; the
floor linee plate and its anchorage and stiff'ening system; the
methods by which the interior structures are ar. chored through the
liner plate and into the si m , if applicable.

b. The cylindrical wall, including the main reinforcement and prestressing
tendons, if any; the wal1 1iner plate and its anchorage and stiffening
system; the major penetrations and tne reinforcement surrounding
them including the personnel and equipment hatches and major pipe
penetrations; major structural attachments to the wall which penetrate
the liner plate such as beam seats, pipe restraints and crane brackets;
and external supports, if any, attached to the wall to support
external structures such as enclosure buildings.

c. The dome and the ring girder, if any, including the mai:. reinforcement
and prestressing tendons; the liner plate and its anchorage and
stilfening systems; and any major attachments to the liner plate
made from the inside.

d. Steel components of concrete containments that resist pressure and
are not backed by structural concrete are covered by Standard Review
Plan Section 3.8.2.

2. Applicable Codes, Standards, and Specifications

Information pertaining to design codes, standards, specifications, regulations,
and regulatory guides, and other industry standards that are applied in the
design fabrication, construction, testing, and inservice surveillance of the
containment, is reviewed. The specific editions, dates, or addenda identified
for each document are reviewed.

O
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3. Loads and Loading Combinations

O) Information pertaining to the applicable design loads and various combinations(V thereof is reviewed with emphasis on the extent of compliance with Article
CC-3000 of the ASME Section III, Division 2, " Code for Concrete Reactor Vessels
and Containments" (Ref. 1) (hereafter "the Code"). The loads normally appli-
cable to concrete containments include the following:

a. Those loads encountered during preoperational testing.

b. Those loads encountered during normal plant startup, operation, and
shutdown, including dead loads, live loads, thermal loads due to
operating temperature, and hydrostatic loads and hydrodynamic loads
resulting from safety relief valve (SRV) actuation such as those
present in pressure-suppression containments utilizing water.

c. Those loads to be sustained during severe environmental conditions,
including those induced by the design wind and the operating basis
earthquake specified for the plant site.

d. Those loads to be sustained during extreme environmental conditions,
including those induced by the design basis tornado and the safe
shutdown earthquake specified for the plant site.

e. Those loads to be sustained during abnormal plant conditions, which
include loss-of-coolant accidents (LOCA). The main abnormal plant
condition for containment design is the design basis LOCA.* Also

(" considered are other accidents involving various high-energy pipe( ]j ruptures. Loads induced on the containment by such accidents include
b elevated temperatures and pressures and possible localized loads

such as jet impingement and associated missile impact. For BWR
containments the LOCA-related or LOCA/SRV-related hydrodynamic loads
in suppression pools manifested as jet loads and/or pressure loads
should be considered.

f. Those loads to be sustained, if applicable, after abnormal plant
conditions including flooding of the containment subsequent to a
LOCA for fuel recovery.

The various combinations of the above loads that are normally postulated and
reviewed include the following:

Testing loads; normal operating loads; normal operating loads with severe
environmental loads; normal operating loads with extreme environmental loads;
normal operating loads with abnormal loads; normal operating loads with severe
environmental and abnormal loads; normal operating loads with extreme environmental
and abnormal loads; and post-LOCA flooding loads with severe environmental
loads, if applicable.

The loads and load combinations described above are generally applicable to
all containments. However, other site-related design loads might be applicable
also. Such loads, which are not normally combined with abnormal loads, are
reviewed on a case-by-case basis. They include those loads induced by floods,
potential aircraft crashes, explosive hazards in proximity of the site and

! projectiles and missiles generated from activities of nearby military installations.
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4. Design and Analysis Procedures

The design and analysis procedures utilized for the containment are reviewed
with emphasis on the extent of compliance with Article CC-5000 of the Code,
particularly with respect to the following:

a. Assumptions on boundary conditions.

b. Treatment of axisymmetric and nonaxisymmetric loads.

c. Treatment of transient and localized loads.

d. Treatment of the effects of creep, shrinkage, and cracking of the
concrete.

A description of the computer programs utilized in the design ande.
analyses.

f. The treatment of the effects of seismically induced tangential
(membrane) shears.

g. The evaluation of the effects of variations in specified physical
properties of materials on analytical results.

h. The treatment of the large, thickened penetration regions.

i. The treatment of the steel liner plate and its anchors. Steel
penetration closures are covered by Standard Review Plan Section
3.8.2.

j. Ultimate capacity of the concrete containment.

k. Structural audit.

1. Design report submitted for review.

5. Structural Acceptance Criteria

The design limits imposed on the various parameters that serve to quantify the
structural behavior of the containment are reviewed, with emphasis on the
extent of compliance with Article CC-3000 of the Code, specifically with
respect to allowable stresses, strains, gross deformations and other parameters
that identify quantitatively the margins of safety. For each load combination
specified, the proposed allowable limits are compared with the acceptable
limits delineated in Subsection II.5 of this SRP section. Included in these
allowable limits are the following major parameters:

a. Compressive stresses in concrete, including membrane, membrane plus
bending and localized stresses.

b. Shear stresses in concrete, particularly those tangential (membrane)
stresses induced by lateral loads.

c. Tensile stresses in reinforcement.
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d. Tensile stresses in prestressing tendons.

e. Tensile or compressive strain limits in the liner plate, including
membrane and membrane plus bending.

f. Force / displacement limits in the liner plate anchors, including those
induced by strains in the adjacent concrete.

6. Materials, Quality Control, and Special Construction Techniques

Information provided on materials that are used in construction of the contain-
ment is reviewed with emphasis on the extent of compliance with Article CC-2000
of the Code. Among the major materials of construction that are reviewed are
the following:

a. The concrete ingredients.

b. The reinforcing bars and splices.

c. The prestressing system.

d. The liner plate.

' e. The liner plate anchors and associated hardware.

f. The structural steel used for embedments such as beam seats and
crane brackets,

g. The corrosion-retarding compounds used for the prestressing tendons.
'v'

The quality control program that is proposed for the fabrication and construc-
tion of the containment is reviewed with emphasis on the extent of compliance
with Articles CC-4000 and CC-5000 of the Code, including the following:

Examination of the materials including tests to determine the physical
properties of concrete, reinforcing steel, mechanical splices, the liner
plate and its anchors, and the prestressing system, if any; placement of
concrete; and erection tolerances of the liner plate, reinforcement and
prestressing system.

Special, new or unique construction techniques, if proposed, such as slip
'

forming are reviewed on a case-by-case basis to determine their effects on the
.

structural integrity of the completed containment.

7. Testing and Inservice Surveillance Requirements'

The preoperational structural testing program for the completed containment
and for individual components, such as personnel and equipment locks and
hatches, is reviewed including the objectives of the test program and acceptance
criteria, with emphasis on the extent of compliance with Article CC-3000 of
the Code. Inservice surveillance programs such as the periodic surveillance
and inspection of the prestressing tendons, if any, are also reviewed, including
the applicable Technical Specifications, at the operating license stage.

3 Special testing and inservice surveillance requirements proposed for new or

(%)
) previously untried design approaches are also reviewed on a case-by-case

basis.
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SEB coordinates otne- branches evaluations that interface with structural
engineering aspects of the review as follows: Determination of structures
which are subject to quality assurance program in accordance with the require-
ments of Appendix B to 10 CFR Part 50 is performed by the Mechanical Engineering
Branch (MEB) as part of its primary review responsibility for SRP Sections
3.2.1 and 3.2.2. SEB will perform its review of safety-related structures on
that basis. Determination of pressure loads from high energy lines located in
safety-related structures other than containment is performed by the Auxiliary
Systems Branch ( ASB) as part of its primary review responsibility as described
for SRP Section 3.1.6.1. SEB accepts the loads thus generated as approved by
the ASB, to be included in the load combination equations of this SRD section.
Determination of loads generated due to pressure under accident conditions is
performed by the Containment Systems Branch (CSD) as part of its primary
review responsibility for SRP Section 6.2.1. SEB accepts the loads thus
generated, as approved by the (CSB), to be included in the load combinations
in this SRP section. The review for Quality Assurance is coordinated and
performed by the Quality Assurance Branch as part of its primary review
responsibility for SRP Section 17.0.

For those areas of review identified above as being reviewed as part cf the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

SEB acceptance criteria for the design of the concrete containment is based on
meeting the relevant requirements of the following regulations:

1. 10 CFR Part 50.55a and General Design Criter.on 1 as they relate to
concrete containment being designed, fabricated, erected, and tested to
quality standards commensurate with the importance of the safety function
to be performed.

2. General Design Criterion 2 as it relates to the design of the concrete
containment being capable to withstand the most severe ,iatural phenomena
such as winds, tornadoes, floods, and earthquakes and the appropriate
combination of all loads.

3. General Design Criterion 4 as it relates to the concrete containment
being capable of withstanding the dynamic effects of equipment failures
including missiles and blowdown loads associated with the loss-of-coolant
accident.

4. General Design Criterion 16 as it rclates to the capability of the concrete
containment to act as a leaktight membrane to prevent the uncontrolled
release of radioactive effluents to the environment.

5. General Design Criterion 50 as it relates to containment internal structures
being designed with sufficient margin of safety to acccmmodate appropriate
design loads.

The Regulatory Guides and industry standards identified in item 2 of this sub-
section provides information, recommendations and guidance and, in general,
decides a basis acceptable to the staff that may be used to implement the
requirements of 10 CFR Part 50, 50.55a, and GDC 1, 2, 4, 16, and 50. Also,
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specific acceptance criteria necessary to meet these relevant requirements of |
these regulations for the areas of review, described in subsection I of this

'} SRP section are as follows:

'- 1. Description of the Containment

The descriptive information in the safety analysis report (SAR) is considered
acceptable if it meets the minimum requirements set forth in Section 3.8.1.1
of the " Standard Format and Content of Safety Analysis Reports for Nuclear
Power Plants" (Ref. 2). If the concrete containment has new or unique features
that are not specifically covered in the " Standard Format...", the reviewer
determines that the information necessary to accomplish a meaningful review of
the structural aspects of these new or unique features is presented, as
appropriate.

2. Applicable Codes, Standards, and Specifications

The design, materials, fabrication, erection, inspection, testing, and inservice
surveillance of concrete containments are covered by codes, standards, specifica-
tions, and guides that are either applicable in their entirety or in part.
The following codes and guides are acceptable.

Code Title

ASME Section III Division 2 Code for Concrete Reactor Vessels and
Containments

Regulatory Guides Title,,

( 1.10 Mechanical (Cadweld) Splices for Reinforcilg Bars of'~'
Category I Concrete Structures

1.15 Testing of Reinforcing Bars for Category I Concrcte
Structures

1.18 Structural Acceptance Testing for Concrete Primary
Reactor Containments

1.19 Nondestructive Examination of Pr mary Containmenti

Liner Welds

1.35 Inservice Surveillance of Ungrouted ' tendons in Pre-
stressed Concrete Containment Structures

1.55 Concrete Placement in Category I Structures
i1.90 Inservice Surveillance in Prestressed Concrete

Containments with Grouted Tendons,

1.94 Quality Assurance Requirements for Installation,
Inspection and Testing of Structural Concrete
and Structural Steel during the Construction
Phase of Nuclear Power Plants

I

\.J
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1.103 ''ost-Tensioned Prestressing System for Concretc
.2 actor Vessels and Containments

1.107 Qualification for Cement Grouting for Prestressing
Tendons in Containment Structures

1.136 Material for Concrete Containments

3. Loads and Loading Combinations

The specified loads and load combinations are acceptable if found to be in
accordance with Article CC-3000 of the Code with the exceptions listed below
taken to the requirements speci fied in Table CC-3230-1.

a. In the third combination under " abnormal / severe environmental condition
"0.5" under Ess should be replaced by the wnrd "or."

a a a r j and Y, should be appliedb. The maximum values of P , T , R , Y ' I

simultaneously, where appropriate, unless a time-history analysis is
performed to justify doing otherwise.

c. Hydrodynamic loads resulting from LOCA and/or SRV actuation should
be combined as indicated in the appendix to this SRP Section.

d. Where post-LOCA flooding is a design consider'ation, the following
combination should also be considered in the factored load category:

1.0 0 + 1.0 L + 1.0 F + 1.0 Fego, where D, L, Fego are as defined in
the Code and F is the load generated by the post-LOCA flooding of
the containment.

4. Design and Analysis Procedures

The procedures of design and analysis utilized for the concrete containment,
including the steel liner, are acceptable if foisnd in accordance with those
stipulated in Article CC-3300 of the Code. In particular, for the areas of
review outlined in Subsection I.4 of this SRP section, the following procedures

are, in general, acceptable:

a. Assumptions on boundary conditions

The boundary conditions depend on the methods of analysis to be used
and the portions of the containment shell to be separately analyzed.
If the analysis is to be accomplished through the use of the finite
element technique, and is to include the foundation media, the
boundary would be the demarcation lines separating the foundation
mass taken into consideration in the analysis from the surrounding
media. The boundaries of the foundation mass considered have to be
so selected that any further extension of the boundaries will not
affect the results by more than 15 percent.

If only the containment shell and its foundation mat are taken into
consideration in the analysis, then the bottom of the foundation
slab is the boundary of the analytical model. she foundation media
should be represented by appropriate soil springs.
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If separate analyses of the containment shell and the base mat are
to be used, it is considered acceptable if strain comparibility of

[] the bottom portion of the shell with the base mat is maintained.
\ /
V b. Axisymmetric and nonaxisymmetric loads

<

Even with the large penetrations and buttresses that may be utilized
in the shell, the overall behavior of the shell has been shown to be
axisymmetric undct pressure. Therefore, it is acceptable if such an
assumption is made with respect to the containment geometry. However,
for loads such as those induced by wind, tornados, earthquakes, and
pipe rupture, the nonaxisymmetric effect of these loads should be
considered.

c. Transient and localized loads

During normal operation, a linear temperature gradient across the
containment wall thickness may develop. After the loss-of-coolant
accident (LOCA), however, the sudden increase in temperature in the
steel liner and the adjacent concrete may produce a nonlinear transient
temperature gradient ac.oss the containment wall thickness. Effects
of such transient loads should be considered.

In a PWR ice-condenser containment, nonaxisymmetric and ' ansient
pressure loads resulting from compartmentation inside the containment
will develop after a LOCA. In a BWR pressure suppression containment
nonaxisymmetric and transient pressure loads resulting from earthquakes,
LOCA and/or SRV actuation including fluid-structure interaction
should be considered.

For the effects of such localized and transient loads, the overall
behavior of the containment structure should first be determined. A

portion of the containment shell, within which the localized or
transient load is located, should then be analyzed, using the results
obtained from the analysis of the overall vessel behavior as boundary
conditions.

d. Creep, shrinkage, and cracking of concrete

Creep and shrinkage values for concrete should be established by
tests performed on the concrete which is to be used in the containment
structure, or from data obtained on completed containments constructed
of the same kind of concrete. In establishing these values, considera-
tion should be given to the differences in the environment between
the test samples and the actual concrete in the structure. Cracking
of the concrete may be considered in either of the following two
ways: (i) the moments, forces, and shears under load may be obtained
on the basis of an uncracked section for all loading combinations.
In sizing the reinforcing steel required, however, the concrete
shall not be relied upon for resisting tension. Thermal moments may
be modified to take creep and cracking into consideration. (ii) For
axisymmetrical loadings, cracking of the concrete may be considered
through the use of computer programs which are capable of treating
such cracking by an iterative process. However, for nonaxisymmetric

()/[ loadings, most of the computer programs available do not have the
capability of considering cracking, since the structure itself
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becomes nonaxisymmetric when concrete cracking is to be considered
iteratively. Accordingly, if the concrete is cracked under any load
combination involving axisymmetric and nonaxisymmetric loadings, a
method should be described for considering cracking. Such methods
are reviewed on a case-by-case basis.

e. Computer programs

The computer programs used in the design and analysis should be
described and validated by any of the following procedures or criteria:

(i) The computer program is a recognized program in the public
domain and has had sufficient h' story of use to justify its
applicability and validity without further demonstration.

(ii) The computer program solution to a series of test problems has
been demonstrated to be substantially identical to those obtained
by a similar and independently written and recognized program
in the public domain. The test problems should be demonstrated
to be similar to or within the range of applicability of the
problems analyzed by the public domain computer program.

(iii) The computer program solution to a wries of test problems has
been demonstrated to be substantially identical to those obtained
from classical solutions or from accepted experimental tests,
or to analytical results published in technical literature.
The test problems should be demonstrated to be similar to or
within the range of applicability of the classical problems
analyzed to justify acceptance of the program.

A summary comparison should be provided for the results obtained in
the validation of each computer program.

f. Tangential shear

Design and analysis procedures for tangential shear are acceptable
if in accordance with those contained in Article CC-3000 of the
Code. The exceptions taken by the Regulatory staff to the provisions
of this article, as contained in subsection II.5 of this SRP section,
are to be noted.

g. Variation in physical material properties

For considering the effects of possible variations in the physical
properties of materials on the analytical results, the upper and
lower bounds of these properties should be used in the analysis,
wherever critical. Among the physical properties that may be critical
include the soil modulus, and modulus of elasticity and Poisson's
ratio of concrete.

h. Thickened penetrations

The effect of the large, thickened penetration regions on the overall
behavior of the containment may be treated in the same manner as for
localized loads discussed in item (c).
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i. S, teel liner plate and anchors

('N For the design and analysis of the liner plate and its anchorage
I, system, the procedures furnished are found adequate and acceptable

lf in accordance with the provisions of Subarticle CC-3600 of the
Code. In general, the liner plate analysis should consider deviations
in geometry due to fabrication and erection tolerances, and variations
of the assumed physical properties of the liner and ancnor material.
Si.'ce the liner plate is usually anchored at relatively closely
spaced intervals, the analysis procedures are acceptable if based on
either the classical plate or beam theory. Since the concrete shell
is much stiffer than the liner plate, the strains in the liner will
essentially follow those in the concrete. The strains in the concrete
under the various load combinations as obtainsble from the analysis
of the shell are thus imposed on the liner plate and the resulting
strains and stresses in the liner and its anchors should be lower
than the allowable limits defined in Tables CC-3720-1 and CC-3730-1
of the Code.

J. Ultimate capacity of concrete containment

An analysis should be performed to determine the ultimate capacity
of the containment.

The pressure-retaining capacity of localized areas as well as of the
overall containment structure should be determined.

The analysis should be made on the basis of the allowable material
/''N strength specified 4" the Code. However, if the actual material
k_,) properties such as concrete cylinder compressive strength, mill test

results of reinforcing steel and 1*,ner plate, strength variations
indicated by mill test certificates and other uncertainties are
available, the lower and upper bounds of the containment capacity
may be established statistically.

The details of the analysis and the results should be submitted in a
report form with the following identifiable information.

(1) The original design pressure, P,, as defined in the Code,

(2) Calculate <1 static pressure capacity,

(3) Equivalent static pressure response calculated from dynamic
pressuru,

(4) The associated failure mode,

(5) The stress-strain relation of the liner steel and reinforcing
and/or prestressing steel and the behavior of the liner under
the postulated loading conditions in relation to that of the
reinforcing and/or prestressing steel,

(6) The criteria governing the original design and the criteria
used to establish failure;

,_ss

.
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(7) Analysis details and general results, and

(8) Appropriate engineering drawings adequate to allow verification
of modeling and evaluation of analyses employed for the containment
structure.

k. Structural Audit

Structural audit is conducted as described in Appendix B to SRP
Section 3.8.4.

1. Design Report

Design report is considered acceptable when it satisfies the guidelines
of Appendix C to SRP Section 3.8.4.

5. Structural Acceptance Criteria

s. For the structural portions of the containment, the specified allowable
limits for stresses and strains are acceptable if they are in accordance
with Subsection CC-3400 of the Code but with the follosing exceptions:

CC-3421.5

Under no conditions shall the tangential shear stress carried by the
concrete, v , exceed 40 psi and 60 psi for the load combinations of

Table CC-3230-1, representing abnormal / severe environmental and
abnormal / extreme environmental conditions, respectively.

For p estressed concrete, the principal tensile stress shall not

exceed 4}f*c.

C-3431.1

The 33-1/3% increase in allowable stresses is permitted only for
temperature loads and not for OBE or wind loads.

b. For the liner plate and its anchorage system, the specified limits
for stresses and strains are acceptable if in accordance with Tables
CC-3720-1 and CC-3730-1 of the Code, respectively.

6. Materials, Quality Control, and Special Construction Techniques

a. The specified materials of construction are acceptable if in accordance
with Article CC-2000 of the Code augmented by Regulatory Guides 1.103,
1.107, and 1.136.

b. Quality control programs are acceptable if in accordance with appli-
cable portions of Articles CC-4000 and CC-5000 of the Code as augmented
by Regulatory Guides 1.10 for Cadweld reinforcement splicing (Ref.
3), 1.15 for testing of reinforcing bars (Ref 4), 1.19 for the
nondestructive examination of the liner plate welds (Ref. 5), 1.55
for concrete placement (Ref. 6), and 1.94 for Quality Assurance
requirements (Ref. 10).

3.8.1-12 Rev. 1 - July 1981



_ - _ _ - _ . - . _ _ . _ _ ._ -_

j c. Special construction techniques, if any, are reviewed on a case-by-
case basis.

7. Testing and Inservice Surveillance Requirements

a. Procedures for the postconstruction preoperational structural proof4

test proposed for the containment are acceptable if found in accord-;
'

ance with those delineated in Article CC-6000 of the Code as augmented
by the provisions de.lt.eated in Regulatory Guide 1.18 (Ref. 7),

b. For prestressed concrete containments, inservice surveillance require-
ments for the tendons, as presented in the Technical Specifications
of the Operating License, are acceptable if in accordance with
Regulatory Guides 1.35 for ungrouted tendons (Ref. 8) and 1.90 for
grouted tendons (Ref. 9), respectively.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from the review procedures
described below as may be appropriat' for a particular case. ,

1. Description of the Containment

After the type of containment and its functional characteristics are identified,
information on similar and previously licensed applications is obtained for
reference. Such information, which is available in safety analysis reports
and amendments of previous license applications, enables identification of

s differences for the case under review. These differences require additional,

scrutiny and evaluation. New and unique features that have not been used in
the past are of particular interest and are examined in greater detail. The
information furnished in the SAR is reviewed for completeness in accordance
with the " Standard Format. . . " (Ref. 2). A decision is then made with regard to
the sufficiency of the descriptive information provided in the SAR. Any
additional required information not provided is requested from the applicant
at an e rly stage of the review process.

2. Applicable Codes, Standards, and Specifications.

The list of codes, standards, guides, and specifications are checked against
the list in subsection II.2 of this SRP section. The reviewer assures that
the applicable edition and stated effective addenda are utilized.

3. Loads and Loading Combinations

The reviewer verifies that the loads and load combinations, as described by
the applicant, are as conservative as those referenced in subsection II.3 of
this SRP section. Loading conditions that are unique to the site, such as
potential aircraft crashes, and that are not specifically covered in sub-
section II.3 are treated on a case-by-case basis. Any deviations from the
acceptance criteria for loads and load combinations that have not been
adequately justified are identified as unacceptable and this information is
transmitted to the applicant for further consideration.

O

(a)
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4. Design and Analysis Procedures

The reviewer assures himself that the applicant has committed to utilize
d; sign and analysis procedures delineated in Article CC-3000 of the Code. Any
cxceptions to these procedures are reviewed and evaluated on a case-by-case
b; sis. In particular, the areas of review contained in subsection II.4 of
this SRP section are ev .d for conformance with the acceptance criteria.

5. Structural Accept iteria

The limits on allowable . ses and strains in the concrete, reinforcement,
liner plate and its anchors, and in components of the prestressing system, if
cny, are reviewed and compared with the acceptable limits referenced in sub-
s:ction II.5 of this SRP section. Where the applicant proposes to exceed some
of these limits for some of the load combinations and at some localized points

on the structure, the justification, provided to show that the structural
integrity of the containment will not be affected, is reviewed. If such

justification is unacceptable, the applicant is required to submit additional
justification or otherwise comply with the acceptance criteria delineated in
subsection 1I.5 of this SRP section.

6. Materials, Quality Control, and Special Construction Techniques

The information provided on materials, quality control programs, and special
construction techniques, if any, is reviewed and compared with that referenced
in subsection II.6 of this SRP section. If a material not used in previously

licensed applications is utilized, the applicant is requested to provide
sufficient test and user data to establish the acceptability of the material.

Similarly, any new quality control programs or construction techniques are
reviewed and evaluated to assure that there will be no degradation of struc-
tural quality that might affect the structural integrity of the containment,
the liner plate, and its anchorage system.

7. Testing and Inservice Surveillance Requirements

The initial structural overpressure test program is reviewed and compared with
that indicated as acceptable in subsection II.7 of this SRP section. Proposed
d:viations are considered on a case-by-case basis. Inservice surveillence
programs, , irticularly for the prestressing tendons, if any, as presented in
the Technical Specifications of the Operating License, are similarly reviewed.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy

the requirements of this SRP section, and concludes that his evaluation is
sufficiently complete and adequate to support the following type of conclusive
statement to be included in the staff's Safety Evaluation Report:

The staff concludes that the design of the concrete containment is
acceptable and meets the relevant requirements of 10 CFR Part 50,
S50.55a, and General Design Criteria 1, 2, 4, 16, and 50. This
conclusion is based on the following:

1. The applicant has me the requirements of Section 50.55a and
GDC 1 with respect to assuring that the concrete containment is
designed, fabricated, erected, contracted, tested and inspected
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i

, to quality standards commensurate with its safety function to
I p be performed by meeting the guidelines of regulatory guides and
j industry standards indicated below.

2. - The applicant has met the requirements of GDC 2 by designing
the concrete containment to withstand the most severe earthquake

i that has been established for the site with sufficient margin
and the combinations of the effects of normal and accident

; condition with the effects of environmental loadings such as
j earthquakes and other natural phenomena.

3. The applicant has met the requirements of GDC 4 by assuring
that the design of the concrete containment is capable of
withstanding the dynamic effects associated with missiles, pipe
whipping, and discharging fluids.

4. The applicant has met the requirements of GDC 16 by designing
the concrete containment so that it is an essentially leaktight
barrier to prevent the uncontrolled release of radioactive
effluents to the environment.

5. The applicant has met the requirements of GDC 50 by designing
the concrete containment to accommodate, with sufficient margin,
the design leakage rate, calculated pressure and temperature
conditions resulting from accident conditions, and by assuring
that the design conditions are not exceeded during the full

! course of the accident condition. In meeting these design
| ( requirements, the applicant has used the recommendations of

( Regulatory Guides and industry standards indicated below. The
applicat has also performed appropriate analysis which demon-
strates that the ultimate capacity of the containment will not
be exceeded and establishes the minimum margin of safety for
the design.

The criteria used in the analysis, design, and construction of the concrete
containment structure to account for anticipated loadings and postulated

, conditions that may be imposed upon the structure during its service
i lifetime are in conformance with established criteria, and with codes,
i standards, guides, and specifications acceptable to the Regulatory staff.

These include meeting the positions of Regulatory Guides 1.10, 1.15,
1.18, 1.19, 1.35, 1.55, 1.90, 1.94, 1.103, 1.107, 1.136 and industry
standard ASME Boiler and Pressure Vessel Code, Section III, Division 2.

The use of these criteria as defined by applicable codes, standards,
guides, and specifications; the loads and loading combinations; the
design and analysis procedures; the structural acceptance criteria; the
materials, quality control programs, and special construction techniques;
and the testing and inservice surveillance requirements, provide reasonable
assurance that, in the event of winds, tornadoes, earthquakes and various
postulated accidents occurring within and outside the containment, the

4 structure will withstand the specified design conditions without impairment
of structural integrity or safety function of limiting the release of
radioactive material.

O
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section. -

Except in those cases in which the applicant proposes an acceptable alternative
method far c ;nplying with specified portions of the Commssion's regulations,
the method described herein will be used by the staff in its evaluation of
cenformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
nerein are contained in the referenced regulatory guides.

VI. REFERENCES

1. ASME Boiler and Pressure Vessel Code, Section III, Division 2, " Code for
Concrete Reactor Vessels and Containments."

2. Regulatory f ide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

3. Regulatory Guide 1.10, " Mechanical (Cadweld) Splices in Reinferring Bars
of Category I Cc9 crete Structures."

4. Regulatory Guide 1.'.5, " Testing of Reinforcing Ba"s for Category I Concrete
Structures."

5. Regulatory Guide 1.19, " Nondestructive Examination of Primary Containment
Liner Welds."

6. Regulatory Guide 1.55, " Concrete Placement in Category I Structures."

7. Regulatory Guide 1.18, " Structural Acceptance Test for Concrete Primary
Reactor Containments."

8. Regulatory Guide 1.35, " Inservice Surveillance of Ungrouted Tendons in
Prestressed Concrete Containments."

9. Regulatory Guide 1.90, " Inservice Surveillance in Prestressed Concrete
Containments with Grouted Tendons."

10. Regulatory Guide 1.94, " Quality Assurance Requirements for Installation,
Inspection, and Testing of Structural Concrete and Structural Steel
During the Construction Phase of Nuclear Power Plants."

11. Regulatory Guide 1.103, " Post-Tensional Prestressing Systems for Concrete
Reactor Vessels and Containments."

12. Regulatory Guide 1.107, " Qualifications for Cement Grouting for Prestressing
Tendons in Containment Structures."

13. Regulatory Guide 1.136, " Materials, Construction, and Testing of Concrete
Containments."

14. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standard
and Records."
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Appendix to SRP Section 3.8.1

STRUCTURAL ENGINEERING BRANCH POSITION
U.S. NUCLEAR REGULATORY COMMISSION

BWR ftARK III CONTAINMENT P0OL DYNAMICS

1. P0OL SWELL

a. Bubble pressure, bulk swell and froth swell loads, drag pressure and
other pool swell loads should be treated as abnormal pressure loads,
P. Appropriate load combinations and load factors should be applied

a

accordinoly

b. The pool swel'. loads and accident pressure may be combined in accordance
with their actual time-dependent mutual occurrence.

2. SAFETY RELIEF VALVE (SRV) DISCHARGE

a. The SRV loads should be treated as live loads in all load combinations
with the exception of the combination that contains 1.5 P wherr a

a
load factor of 1.25 should be applied to the appropriate SRV loads.

b. A single active failure causing one SRV discharge must be considered
in combiration with the design basis accident (DBA).

c. Appropriate multiple SRV discharge should be considered in combination
with the small-break accident (SBA) and intermediate break accident
(IBA).

d. Thermal loads due to SRV discharge should be treated as T for
o

norrial Operation and T f r accident conditions.
a

.

O
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OFFICE OF NUCLEAR REACTOR REGULATION

3.8.2 STEEL CONTAINMENT

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas relating to steel containments or to other Class MC steel por-
tions of steel / concrete containments, as applicable, are reviewed.

1. Description of the Containment

a. The descriptive information, including plans and sections of the structure,
is reviewed to establish that sufficient information is provided to define
the primary structural aspects and elements relied upon to perform the
containment function. In particular, the type of steel containment is
identified and its structural and functional characteristics are examined.n
Among the various types of steel containments reviewed are:

(1) Steel BWR containments utilizing the pressure-suppression concept,
including the Mark I (lightbulb/ torus), the Mark II (over/under), and
the Mark III (with horizontal venting between a centrally located
cylindrical drywell and a surrounding suppression pool).

(ii) Steel PWR containments utilizing the pressure-suppression concept
with ice-condenser elements.

(iii) Steel PWR dry containments.

Various geometries have been utilized for these containments. The geom-
etry most commonly encountered, however, is an upright cylinder topped
with a dome and supported on either a flat concrete base mat covered
with a liner plate, or on a concrete foundation built around the bottom
portion of the steel shell, which is an inverted dome. Although appli-
cable to any geometry, the specific provisions of this SRP section are

Rev. 1 - July 1981
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best suited to the cylindrical-type steel containment surrounded by
a Category I concrete shield building. If containments with other
types of geometry are reviewed, the necessary modifications to this
SRP section are made on a case-by-case basis.

The geometry of the containment is reviewed, including sketches
showing plan views at various elevations and sections in at least
two orthogonal directions. The arrangement of the containment and
the relationship and interaction of the shell with its surrounding
shield building and with its interior compartments, walls and floors,
are reviewed to determine the effect which these structures could
have upon the design boundary conditions and the exper*.ed behavior
of the shell when subjected to the design loads,

b. General information related to the containment shell is reviewed
including the following:

(i) The foundation of the steel containment including the following;

(a) If the bottom of the steel containment is continuous
through an inverted dome, the method by which the inverted
dome and its supports are anchored to the concrete founda-
tion, which is covered by Standard Review Plan Section 3.8.5,
is reviewed.

(b) If the bottom of the steel containment is not continuous,
and where a concrete base slab topped with a liner plate
is used for a foundation, the extent of descriptive informa-
tion reviewed for the foundation is contained and is
reviewed as stated in subsection I.1 of Standard Review
Plan Section 3.8.1. Further, the method of anchorage of
the steel cylindrical shell walls in the concrete base
slab is reviewed, particularly the connection between the
floor liner plate and the steel shell.

(ii) The cylindrical portion of the shell is reviewed including
major structural attachments such as beam seats, pipe restraints,
crane brackets, and shell stiffeners, if any, in the hoop and
vertical directions.

(iii) The dome of the steel containment including any reinforcement
at the dome / cylinder junction, penetrations or attachments made
on :ne inside such as supports for containment spray piping,
and any stiffening of the dome.

(iv) Major penetrations or portions thereof, of steel or concrete
containments, to the limits defined by Subsection NE of the
ASME Boiler and Pressure Vessel Code (hereaf ter "the Code"),
Section III, Division 1 (Ref. 1), and portions of the penetra-
tions that are intended to resist pressure but are not backed
by structural concrete, including those of sleeved and unsleeved
piping penetrations, mechanical systems penetrations such as
fuel transfer tubes, electrical penetrations, and access openings
such as the equipment hatch and personnel locks.
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(v) The ice-condenser containments are reviewed with special emphasis
on those areas which are unique to this type of design such as_s

% the connection between the ice-condenser and the containment.
'

(vi) The containment of floating nuclear power plants are reviewed
with special emphasis on the connection between the platform
and the containment, between the containment and the ice-condenser
and associated penetration piping.

(vii) The BWR pressure suppression systems are reviewed with special
attention on those piping which channel steam and air, and are
necessary for the containment function. Such items include,
but are not limited to, the torus, the vent header, the equalizing
ring header and the downcomers. Also, the drywell/ vent header
junction, the vent header /downcomers junctions and the penetra-
tions are reviewed to determine the expected behavior of the<

structure when subjected to the design loads.

2. Applicable Codes, Standards, and Specifications

The information pertaining to design codes, standards, specifications,
and regulatory guides, and other industry standards that are used in the
design, fabrication, construction, testing, and inservice surveillance of
the steel containment, is reviewed. The specific editions, dates, or
addenda identified for each document are also reviewed.

3. Loads and Loading Combinations

m

) Information pertaining to the applicable design loads and various load
combinations is reviewed with emphasis on the extent of compliance with
Subsection NE of the Code, Section III, Division 1, and with Regulatory

Guide 1.57 (Ref. 2). The loads normally applicable to steel containments
include the following:

a. These loads encountered during preoperational testing.

b. Those loads encountered during normal plant startup, operation, and
shutdown, including dead loads, live loads, thermal loads due to
operating temperatures, and hydrostatic loads such as those present
in pressure-suppression containments utilizing water,

c. Those loads to be sustained during severe environmental conditions,
including those induced by design wind (if not protected by a shield
building) and the operating basis earthquake.

d. Those loads to be sustained during extreme environmental conditions,
including those induced by the design basis tornado.(if no' protected
by a shield building) and the safe shutdown earthquake specified for
the plant site.

|

e. Those loads to be sustained during abnormal plant conditions, which :

include loss-of-coolant accidents (LOCA). The main abnormal plant !
condition for containment design is the design basis LOCA. Also to

p- be considered are other accidents involving various high energy pipe ,

'

( ruptures. Loads induced on the containment by such accidents include
\ elevated temperatures and pressures and possibly localized loads I

!
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such as jet impingement and associated missile impact. Also incitded
are external pressure loads generated by events inside or outside
the containment.

f. Those loads to be sustained, if app'icable, after abnormal plant
cond.tions, including flooding of the containment subsequent to a
LOCA for fuel recovery.

g. Those hydrodynamic loads which are associated with BWR suppression
pool swell phenomena and are produced as a result of the purging of
air and steam in the drywell and vent system into the subversion
pool during a postulated LOCA and/or the actuation of safety relief
valve (SRV) discharge. Such loads include bubble pressure, bulk
swell, and f oth swell loads, drag pressure, pool boundary chugging
loads, and other pool well loads associated with these phenomena.
Also, those loads which are resulting from fluid-structure interaction
due to seismic and/or pool swell should be considered,

h. Those loads which are generated as a result of platform deformation
and flexibility, towing of the platform and wave action in case of
floating plants. Other loads associated with the nonsymmetric
dynamic loads generated from LOCA and SRV actuation loads should
also be considered.

i. Those loads which are generated as a result of the LOCA in the
ice-condenser. i~hese loads are categorized as nonsymmetric dynamic
transient pressure loads which in the first few seconds might produce
compressive stresses in the containment due to the differential
pressure across the containment.

The various combinations of the above loads that are normally postulated
and reviewed include the following: Testing loads; normal operating
loads; normal operating loads with severe environmental loads; normal
operating loads with severe environmental loads and abnormal loads;
t.ormal operating loads with extreme environmental loads and abnormal
loads; and post-LOCA flooding loads with severe environmental loads, if
applicable. Specific and more detailed information on these con 5fnations
are delineated in subsection II.3 of this SRP section.

Unless the steel containment is protected by a shield building, other
site-related design loads might also be applicable, including those
described in subsection 1.3 of Standard Review Plan Section 3.8.1.

4. Design and Analysis Procedures

The design and analysis procedures utilized for the steel containment are
reviewed with emphasis on the extent of compliance with Subsection NE of
the Code, Section III, Division 1. Particular emphasis is placed on the

following subjects:

a. Treatment of nonaxisymmetric and localized loads.
b. Treatment of local buckling effects.

c. The computer programs utilized in t design and analysis.
d. Ultimate capacity of steel containm- t.
e. Structural audit.
f. Design report.
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5. Structural Acceptance Criteria

The design limits imposed on the various parameters that serve to quantify
\ the structural behavior of the containment are reviewed, specifically

with respect to allowable stresses, strains, and gross deformations, with
emphasis on the extent of compliance with subsection NE of the Code,
Section III, Division 1, and with Regulatory Guide 1.57. For each specified
load combination, the proposed allowable limits are compared with the
acceptable limits delineated in subsection II,b of this SRP section.
Included in these allowable limits are the following major parameters:

Primary stresses, including general membrane (P,), local membranea.

(P ), and bending (P ) plus 1 cal membrane stresses.
b

b. Primary and secondary stresses (Q).
c. Peak stresses (F).
d. Buckling criteria.

.

6. Materials, Quality Control, and Special Construction Techniques

a. Information provided on the materials that are to be used in the
construction of the steel containment is reviewed with emphasis on
the extent of compliance with Article NE-2000 of Subsection NE of
the Code, Section III, Division 1. Among the major materials reviewed

i are the following:

! (i) Steel plates used as shell components.
'

{ (ii) Structural steel shapes used for stiffeners, beam seats, and
i crane brackets. Corrosion and corrosion protection procedures

'- are reviewed by the Chemical Engineering Branch,

b. The quality control program proposed for the fabrication and
constructior of the containment is reviewed with emphasis on the
extent of compliance with Art!cle NE-5000 of Subsection NE of the
Code, Section III, Division 1, including the following:

(i) Nondestructive examination of the materials, including tests to
determine their physical properties.

(ii) Welding procedures.

(iii) Erection tolerances.

Special contruction techniques, if proposed, are reviewed on a case-by-case
basis to determine their effects on the structural integrity of the
completed containment.

7. Testing and Inservice Surveillance Program

The preoperational structural test programs for the completed containment
and for individual class MC components reviewed, including the objectives
of the test, and the acceptance criteria with emphasis on the extent of
compliance with Article NE-6000 of Subsection NE of the Code, Section III,
Division 1. Structural tests for components such as personnel and equipment
locks are also revitwed.

Inservice surveillance programs, if any, of components relied upon for
containment structural integrity, are reviewed. Any inservice surveillance

1
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required in special areas subject to corrosion is reviewed by the Chemical
Engineering Branch.

Special testing and inservice surveillance requirements proposed for new
or previously untried design approaches are reviewed.

SEB coordinates other branches evaluations that interface with structural
engineering aspects of the review as follows: Determiny. ion of structures

which are subject to quality assurance program in accordance with the
requirements of Appendix B to 10 CFR Part 50 is performed by the Mechanical
Engineering Branch (MEB) as part of its primary review responsibility for
SHP Sections 3.2.1 and 3.2.2. SEB will perform its review of safety-related
structures on that basis. Determination of pressure loads from high energy
lines located in safety-related structures other than containment is per-
formed by the Auxiliary Systems Branch (ASB) as part of its primary
described review responsiblity for SRP Section 3.6.1. SEB accepts the
loads thus generated as approved by the ASB, to be included in the load
combination equations of this SRP section. Determination of loads
generated due to pressure under accident conditions is performed by the
Containment Systems Branch CSB as part of its primary review responsi-
bility for SRP Section 6.2.1. SEB accepts the loads thus generated, as
approved by the CSB, to be included in the load combinations in this
SRP section. This review for Quality Assurance is coordinated and per-
formed by the Quality Assurance Branch as part of its primary review
responsibility for SRP Section 17.0.

,

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance
criteria necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary
branch.

II. ACCEPTANCE CRITERIA

SEB acceptance criteria for the design of steel containments are based on
m:eting the relevant raquirements of the following regulations:

1. 10 CFR Part 50, 650.55a and General Design Criterion 1 as they relate
to steel containments being designed, fabricated, erected, and tested to
quality standards commensurate with the imnortance of the s-*ety function
to be performed.

2. General Design Criterion 2 as it relates to the design of the steel con-
tainments being capable of withstanding the most severe natural phenomena
such as winds, tornadoes, floods, and earthquakes and the appropriate
combination of all loads.

3. General Design Criterion 4 as it relates to steel containments being
capable of withstanding the dynamic effects of equipment failures includ-
ing missiles pipe whip and blowdown loads associated with the loss-of-
coolant accident.

4. General Design Criterion 16 as it relates to the capability of the steel
containment to act as a leaktight membrane to prevent the uncontrolled
release of radioactive effluents to the environment.
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5. General Design Criterion 50 as it relates to steel containment being
designed with sufficient margin of safety to accommodate appropriate

T design loads.

The regulatory guides and industry standards identified in item 2 of this
subsection provides information, recommendations, and guidance and in generai
describes a basis acceptable to the staff that may be used to implement the
requirement of 10 CFR Part 50, 950.55a, and GDC 1, 2, 4, 16, and 50. Also,

specific acceptance criteria necessary to meet these relevant requirements of
these regulations for the areas of review described in subsection I of this
SRP section are as follows:

1. Description of the Containment

The descriptive information in the safety analysis report (SAR) is
considered acceptable if it meets the minimum requirements set forth in
Section 3.8.2.1 of the " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants" (Ref. 3).

If the steel containment has new or unique features that are not
specifically covered in the " Standard Format...", the reviewer determines
that the information necessary to accomplish a meaningful review of the
structural aspects of these new or unique features is presented.

2. Applicable Codes, Standards, and Specifications

The design, materials, fabrication, erection, inspection, testing, and
inservice surveillance of steel containments are covered by codes,

(,-_,' standards, an'* specifications which are either applicable in their entirety
- or in part. The following codes and guides are acceptable.

Code Title

ASME Boiler and Pressure Vessel Code,
Section III, Division 1, Subsection NE,
" Class MC Components"

Regulatory Guide
1.57 Design Limits and Loading Combinations

for Metal Primary Reactor Containment
' System Components

3. Loads and Loading Combinations

Subsection NE of the Code, Section III, Division 1 and Regulatory Guide
1.57 are not explicit with respect to the loads and load combinations
which should be considered in the design of steel containments. The
specified loads and load combinations are acceptable if found to be in
accordance with the following:

.

a. Loads

D --- Dead loads. -

L --- Live loads including all loads resulting from platform-~s

(J) flexibility and deformation, and crane loading if applicable.

P --- Test pressure.
t
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_ _ _ _

T --- Test temperature.
t

T --- Thermal effects and loads decing startup, normal operating or
shutdown conditions, based on the most critical transient or
steady-state condition.

R --- Pipe reactions during startup, normal operating or shutdowng
conditions, based on the most critical transient or steady-
state condition.

P --- External pressure loads resulting from pressure variation
either inside or outside containment.

E --- Loads generated by the operating basis earthquake including
sloshing effects, if applicable.

E' --- Loads generated by the safe shutdown earthquake including
sloshing effects, if applicable.

P --- Pressure load generated by the postulated pipe break accident
a including P , pool swell and subsequent hydrodynamic loads.g

T --- Thermal loads under thermal conditions generated by the
a postulated pipe break accident including T , pool swell, and

subsequent hydrodynamic reaction loads.

R --- Pipe reactions under thermal conditions generated by the
postulated pipe break accident including R , pool swell,
and subsequent hydrodynamic reaction loads

P --- All pressure loads which are caused by the actuation of safety
s relief valve discharge including pool swell and subsequent

hydrodynamic loads.

T --- All thermal loads which are generated by the actuation of
s safety relief valve discharge including pool swell and

subsariuent hydrodynamic thermal loais.

R --- All pipe reaction loads which are generated by the actuation
s of safety relief valve discharge including pool swell and

subsequent hydrodynamic reaction loads.

Y --- Equivalent static load on the structure generated by the
r reaction on the broken pipe during the design basis accident.

Y. --- Jet impingement equivalent static load on the structure
3 generated by the broken pipe during the design basis accident.

Y --- Missile impact equivalent static load on the structure generated
# by or during the design basis accident, such as pipe whipping.

F --- Loads generated by the post-LOCA flooding of the containment,
L

if any.

O
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.

b. Loading Combinations

[ ) These include all loading combinations for which the containment

\d might be designed for or subjected to, during the expected life of
the plant. The loading combinations include the following:

(1) Testing condition

This includes the testing conditicr. of the containment to
verify its leak integrity. The loading combination in this
case includes:

D+L+T +P
t

(ii) Design conditions

These include all design loadings for which the containment
vessel or portions thereof might be designed for, during the
expected life of the plant. Such loads include design pressure,
design temperature, and the design mechanical loads generated by
the design basis accident. The loading combination in this
case includes:

,

D + L + P, + T, + R,

(iii) Service conditions

The load combinations in these cases correspond to and include'

Level A service limits, Level B service limits, Level C service
limits, Level D service limits and the post-flooding condition.
The loads may be combined by their actual time history of
occurrence taking into consideration their dynamic effect upon
the structure.

(a) Level A Service Limits

These service limits are applicable to the service
loadings to which the containment is sub.iected including
the plant or system design basis accident conditions for
which the containment function is required excepting only
those categorized as Level B, Level C, Level D, or Testing

.

i Loadings. The loading combinations corresponding to these
j limits include the following:

i
(1) Normal operating plant condition

D + L + T, + R, + P,

(2) Operating plant condition in conjunction with multiple
safety relief valves actuation

D + L + T, + R + P,s

N (3) Loss-of-coolant accident (LOCA)
)

' '' D + L + T, + R, + P,

3.8.2-9 Rev. 1 - July 1981
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(4) Multiple SRV actuations i- combination with small-

break accident or intermediate-break accident

D+L+T +R +P +T +R +P
a a a s s s

(b) Level B Service Limits

These service limits include the loads subject to Level A
service limits plus the additional loads resulting from
natural phenomena during which the plant must remain
operational. The loading combinations corr'anonding to
these limits include the following:

(1) LOCA in combination with operating basis earthquake

D + L + T, + R, + P +E

(2) Operating plant condition in combination with operating
basis eathquake

D + L + T, + R + P, + E9

(3) Operating plant condition in combination With operating
basis earthquake and multiple SRV actuations

D + L + T, + R, + P +E
3

(4) LOCA in combination with a single active component
failure causing one SRV discharge

D + L + T, + P, + R + T, + R, + P,

(c) Level C Service Limits

These service limits include the loads subject to Level A
service limits plus the additional loads resulting from
natural phenomena for which safe shutdown of the plant is
required. The loading combinations corresponding to these
limits include the following:

(1) LOCA in combination with safe shutdown earthquake

D+L+T +R +P + E'
a a a

(2) Operating plant condition in combination with safe
shutdown earthquake

D+L+T +R + P, + E'g

(3) Multiple SRV actuations in combination with small-
break accident or intermediate-break accident and
safe shutdown earthquake

D+L+T +R +P +T +R +P + E'
a a a s s s
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(d) Level D Service Limits

These service limits include other applicable service
- limits and loadings of a local dynamic nature for which

the containment function is required. The load combinations
corresponding to these limits irclude the following:

(1) LOCA in combination with safe shutdown earthquake and
local dynamic loadings

D + L + T, + R, + P, + Y + Y) + Y,+ E'
r

(2) Multiple SRV actuations in combination with small-
break or intermediate-break accident, safe shutdown
earthquake, and local dynamic loadings

D + L + T, + R, + P, + Y + Y) + Y ,+ P, + T, + R, + E'r

(e) Post-Flooding Condition

This includes the post-LOCA flooding of the containment in
combination with operating basis earthquake

D+L+F +E

4. Design and Analysis Procedures

Design and analysis procedures for steel containments are covered in

) Article NE-3000 of Subsection NE of the Code, Section III, Division 1.
The procedures given in the Code, as augmented by the applicable provisions
of Regulatory Guide 1.57, constitute an acceptabb basis for design and
analysis. Moreover, for the specific areas of review described in
subsection I.4 of this SRP section, the following criteria are acceptable:

a. Treatment of nonaxisymmetric and localized loads

For most containments, the nonaxisymmetric loads which apply are
the horizontal seismic and associated sloshing loads, pool swell and
its related hydrodynamic loads caused either by LOCA or by SRV actuation.
Other possible nonaxisymmetric and localized loads are those induced
by pipe rupture such as reactions, jet impingement forces, and
missiles. For the PWR ice-condenser containment, the design basis
accident may result in a nonaxisymmetric pressure load due to
compartmentation of the containment interior. For such localized
loads, the analyses ',hould include a determination of the local
effects of the loada. These effects should then be superimposed on
the overall effects. For the overall effects of nonaxisymmetric
loads on shells of revolution, an acceptable general procedure is to
expand the load by a Fourier series. Other methods are reviewed on
a case-by-case basis for applicability to a large thin shell,

b. Treatment of buckling effects

Earthquake and localized pressure loads, such as those encountered
in PWR ice-condenser containments, require consideration of buckling

,

(
l I
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of the shell. An acceptable approach to the problem is to perform a
nonlinear dynamic analysis. If a static analysis is performed, an
appropriate dynamic load factor should be used to obtain the effective
static load.

c. Computer programs

The computer programs used in the design and analysis should be
described and validated by any of the procedures or criteria
described in subsection II.4.e of Standard Review Plan Section 3.8.1.

d. Ultimate capacity of steel containment

An analysis should be performed to determine the ultimate capacity
of the containment.

The pressure-retaining capacity of localized areas as well as of the
overall containment structure should be determined.

The analysis should be made on the basis of the allowable material
strength specified in the Code. However, if the actual material
properties such as the tested material strength, strength variations
indicated by mill test certificates and other material uncertainties,
are available, the lower and upper bounds of the containment capacity
may be established statistically.

The details of the analysis and the results should be submitted
in a report form with the following identifiable information.

(1) The original design pressure, P, as defined in the Code,
Subsubarticle NE-3220.

(2) Calculated static pressure capacity,

(3) Equivalent static pressure response calculated from dynamic
pressure,

(4) The associated failure mode,

(5) The criteria governing the original design and the criteria
used to establish failure;

(6) Analysis details and general results, and

(7) Appropriate engineering drawings adequate to allow verifi-
cation of modeling and evaluation of analyses employed for
the containment structure.

e. Structural Audit

Structural Audit is conducted as described in Appendix B to SRP

Sect'on 3.8.4.

f. Design Report

Design report is considered acceptable when it satisfies the guidelines
of Appendix C to SRP Section 3.8.4.

3.8.2-12 Rev. 1 - July 1981
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5. Structural Acceptance criteria

e
O' Stresses at various locations of the shell of the containment for various

design loads are determined by analysis. Total stresses for the combination
of loads delineated in subsection II.3 of this SRP section are acceptable
if found to be within limits defined by various sections of the Code,
Section III, Subsection NE, as augmented by Regulatory Guide 1.57. An
acceptable interpretation of these limits is contained in Table 3.8.2-1
where the notation is in accordance with the Code.

6. Materials, Quality Control, and Special Construction Techniques

a. The materials of construction are acceptable if in accordance with
Article NE-2000 of Subsection NE of the Code, Section III, Division 1.
Corrosion protection are re + wed by the Chemical Engineering Branch.

b. Quality control programs are acceptable if in accordance with Articles
NE-4000 and NE-5000 of Subsection NE of the Code, Section III,
Division 1.

c. Special construction techniques, if any, are reviewed on a case-by-case
basis.

7. Testing and Inservice Surveillance Requirements
e

a. Procedures for the preoperational structural proof test are acceptable
if found in accordance with Article NE-6000 of Subsection NE of the
Code, Section III, Division 1.

,

b. Inservice surveillance requirements for steel containments are
currently under development. Acceptance criteria for inservice
surveillance programs in areas subject to corrosion are established
by the Chemical Engineering Branch, as required.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from the review procedures described
below as may be appropriate for a partitular case.

1. D_gscription of the Containment

After the type of containment and its functional characteristics are
identified, information on similar and previously licensed applications
is obtained for reference. Such information, which is available in
safety analysis reports and amendments of previous license applications,
enables identification of differences for the case under review which
requires additional scrutiny and evaluation. New and unique features '
that have not been used in the past are of particular interest and are
thus examined in greater detail. The information furnished in the SAR is
reviewed for completeness in accordance with the " Standard Format..."
(Ref. 3). A decision is then made with regard to the sufficiency of the
descriptive information provided. Any additional required information
not provided is requested from the applicant at an early stage of the

A review process.

U
1

1
1
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2. Appl 4 cable Codes, Standards, and Specifications
W

The list of codes, standards, guides, and specifications is checked
against the list in subsection II.2 of this SRP section. The reviewer
assures himself that the applicable edition and effective addenda are
utilized.

3. Loads and Loading Combinations

The reviewer verifies that the loads and load combinations are as conserva-
tive as those specified in subsection II.3 of this SRP section. Loading
conditions that are unique and not specifically covered in subsection 11.3,
are treated on a case-by-case basis. Any deviations from the acceptance
criteria for loads and load combinations that have not been adequately
justified are identified as unacceptable and transmitted to the applicant
for further consideration.

4. Design and Analysis Procedures

The reviewer assures himself that the applicant is committed to the
design and analysis procedures delineated in Article NE-3000 of Subsection
NE of the Code, Section III, Division 1. Any exceptions to these procedures
are reviewed and evaluated on a case-by-case basis. In particular, the

areas of review contained in subsection I.4 of this SRP section are
evaluated for conformance with the acceptance criteria, and the reviewer
assures that the provisions of subsection II.4 of this SRP section are
met.

5. Structural Acceptance Criteria

The limits on allowable stresses in the steel shell and its components
are reviewed and compared with the acceotable limits specified in
subsection II.5 of this SRP section. Where the applicant proposes to

exceed some of these limits for some of the load combinations and at some
localized points of the structure, the justification, provided to show
that the structural integrity of th3 containment will not be affected, is
reviewed and evaluated. If such justification is unacceptable, the
applicant is required to comply with Ihe acceptance criteria delineated
in subsection 11.5 of this SRP section.

6. Materials, Quality Control, and Special Construction Techniques

The information provided on materials, quality control programs, and
special construction techniques, if any, is compared with that referenced
in subsection II.6 of this SRP section. If a material not covered by the

Code is utilized, the applicant is requested to provide sufficient test
and user data to establish the acceptability of the material. Similarly,

any new quality control programs or construction techniques are reviewed
and evaluated to assure that there will be no degradation of structural

quality that might affect the structural integrity of the containment and
its various components.

7. Testing and Inservice Surveillance Requirements

The initial stractural overpressure test program is reviewed and compared
with that indicated as acceptable in subsection II.7 of this SRP section.
Any proposed Ceviations are considered on a case-by-case basis. Inservice
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surveillance programs, if any, as presented in the Technical Specifications
of the Operating License, are similarly reviewed.,,

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in accord-
ance with the requirements of this SRP section, and concludes that his evaluation
is sufficiently complete to support the following type of conclusive statement
to be included in the staff's Safety Evaluation Report:

The staff concludes that the design of the steel containment is
acceptable and meets the relevant requirements of 10 CFR Part 50,
950.55a, and Genercl Design Criteria 1, 2, 4, 16, and 50. This
conclusion is based on the following:

1. The applicant has met the requirements of Section 50.55a and
GDC 1 with respect to assuring that the steel containment is
designed, fabricated, erected, constructed, tested and inspected
to quality standards commensurate with its safety function to
be performed by meeting the guidelines of regulatory guides and
industry standards indicated below.

2. The applicant has met the requirements of GDC 2 by designing
the steel containment to withstand the most severe earthquake
that has been established for the site with sufficient margin
and the combinations of the effects of normal and accident
conditions with the effects of environmental loadings such as
earthquakes and other natural phenomena.,. s

s_ ,/ 3. The applicant has met the requirements of GDC 4 by assuring
that the design of steel containment is capable of withstanding
the dynamic effects associated with missiles, pipe whipping,
and discharging fluids.

4. The applicant has met the requirements of GDC 16 by designing
the steel containment so that it is an essentially leaktight
barrier to prevent the uncontrolled release of radioactive
effluents to the environment.

5. The applicant has met the requirements of GDC 50 by designing
the steel containment to accommodate, with sufficient margin,
the design leakage rate, calculated pressure and temperature
conditions resulting from accident conditions, and by assuring
that the design conditions are not exceeded during the full
course of the accident condition. In meeting these design
requirements, the applicant has used the recommendations of
regulatory guidos and industry standards indicated below. The
applicant has also performed appropriate analysis which demon-

Istrates that the ultimate capacity of the containment will not
be exceeded and establishes the minimum margin of safety for
the design.

The criteria used in the analysis, design, and construction of

| f- s the steel containment structure to account for anticipated
\

( loadings and postulated conditions that may be imposed upon the
j s- structure during its service lifetime are in conformance withs

! established criteria, codes, standards, and guides acceptable |
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to tha R:guistory staf f. Th:se includy mesting th] position of
Regulatory Guide 1.57 and industry standard ASME Boiler and
Pressure Vessel Code, Section III, Division 1, Subsection NE.

The use of these criteria as defined by applicable codes,
s+sndards, and guides; the loads and loading combinations; the
design and analysis procedures; the structural acceptance
criteria; the materials, quality control programs, and special
construction techniques; and the testing and inservice surveil-
lance requirements, provide reasonable assurance that, in the
event of earthquakes and various postulated accidents occurring
within and outside the containment, the structure will with-
stand the specified conditions without impairment of structural
integrity or safety function. A Category I concrete shield
building protects the steel containment from the effects of
wind and tornadoes and various postulated accidents occurring
outside the shield building.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. ASME Boiler and Pressure Vessel Code, Section III, Division 1, Subsection
NE, " Class MC Components," American Society of Mechanical Engineers.

2. Regulatory Guide J.o7, " Design Limits and Loading Combinations for Metal
Primary Reactor r,ontainment System Components."

3. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

4. 10 CrR Part 50, Appendix A, General Design Criterion 1, " Quality Standard
and Records."

5. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Pheromena."

6. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

7. 10 CFR Part 50, Appendix A, General Design Criterion 16, " Containment
Design."

8. 10 CFR Part 50, Appendix A, General Design Criterion 50, " Containment
Design Basis."

9. 10 CFR Part 50, 650.55a, " Codes and Standards."
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Table 3.8.2-1

,5f ress Intensity limits For Stael Containments

Primary Stresses Primary & Peak Stresses
Secondary Stresses

SECTION II.3.6 Gen. Men. Local Mem. Bending & P +P +Q P +P +Q+F Bucklingg g bLoad Categories P P Local Mem."
P +P (6)

Consider for (5)
Testing Condition Pneumatic D.755 1.155 1.155 N/A( } fatigue evaluation See Note (9)y y y

Design Condition 1.05 2.55 1.55 N/A N/A See Note (9)

Level A Service Cnnsider for
III 1.55 1.55 3.05,g fatigue evaluation See Note (9)Limit 1.0$mc

:.a

'rs Level B Service Consider for
~ Limit 1.05 1.55 1.55 3.0S fatigue evaluation See hote (9)7 g
G

Not Integral and

"C "C "C "ILevel C Service Limit
Integral and 1.25 or * 1.85 or * 1.85 or * N/A N/A See Note (9)

I I'III 1. 5S" 1. 5S"Continuous 1.0Sy y y |

Not Integral and 1.25, or * 1 85 or * 1.85 or * N/A N/A See Note (9)
n inu us 1.0Sy y yLevel D Service Limit

I3)Integ. Elas. Analysis 5, 1.55, 1.55,
& N/A N/AI}Con. Inelas. Analysis S, S, $ See Note (9)7

1Post-Flooding 1.25 or * 1.85 or * 1.85 or * 35,9 373(2) See Note (9)
Condition (*} 1.5S 1. M1.0Sy y y i

i

I
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NOTES:
'.1 ) The allowable stress intensity S shall be the 5, listed in Tables 1-1.0 and the allowable stress intensity 5 shall be 'he 5, listed ing

Tables I-10.0 of Appendim I of the ASME Code.

(2) N/A - No evaluation required.

(3) S is 85% of the general peimary membrane allowable permitted in Appendix F. In the application of the rules of Appendix F . Sg . if applicable, shallg

be as specified in Tables 1-1.0.

(4) These limits identified by (*) sign indicate a choice of the larger of two limits.

(5) The number of test sequences shall not exceed 10 unless a fatigue evaluation is considered.

(G) Values shown are for a solid rectangular section. Sec. NE-3220 for other than a solid rectangular section.

(7) These stress intensity limits apply also to the partial penetration welds.

(8) Values shown are applicable when P 1 0.675 . When > 0.675 . use the larCer M the two limits.
Y #

U.5 - LS (PL/5,)] 1.25 or [2.5 - 1.5 (P /5 )] 5
w (9) The applicant is required to demonstrate that any axisymmetric techniques proposed are applicable to a vessel having large asymmetric openings.
'co and that the overall margin of safety used tw prevert haarkling is adequate.

Y
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SECTION 3.8.3 CONCRETE AND STEEL INTERNAL STRUCTURES OF STEEL OR
CONCRETE CONTAINMENTS

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The foilowing areas relating to the containment internal structures are reviewed:

1. Description of the Internal Structures

The descriptive information including plans and sections of the various
internal structures is reviewed to establish that sufficient info ^mation is
provided to define the primary structural aspects and elements relied upon
to perform the safety-related functions of these structures. In order to

,

T perform the safety-related functions, these structures must be capable of
s'") resisting loads and load combinations to which they may be subjected and

should not become the initiator of a loss of coolant accident (LOCA). If

such an accident does occur however, they should be able to mitigate its
consequences by protecting the containment and other engineered safety
features from the effects induced by the accident such as jet forces and
whipping pipes.

The major containment internal structures that are reviewed, together with
the primary structural function of each structure, and the extent of descrip-
tive information required for each structure, are indicated below. For
equipment supports that are not covered by this SRf' section, reference is
made to Standard Review Plen Sectio, 3.9.3.

Rev. 1 - July 1981

USNRC STANDARD REVIEW PLAN .

Staridard review plans are prepared for the guidarse of the Office of Nuclear Reactor Regulatior, staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuctor indu* try and the general public of regulatory procedures and policies. Standard reviewgs

/ \ plans are not substitutes for regulatory 9Jides er the Commission's regulations and compliance with them is not required. The
{ J standard review plan sections are keyed to the standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
Nj Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
|

Office of Nuclear Reactor Regulation. Washington, D.C. 20555.
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a. For PWR Dry Containment Internal Structures
I

i. Ccncrete Supports for Reactor

The PWR vessel should be supported and restrained to resist
normal cperating loads, seismic loads, and loads induced by
postulated pipe rupture including the loss of coolant accident.
The support and restraint system should limit the movement of
the vessel to within allowable limits under the applicable
combinations of loadings.

The support system should nevertheless minimize resistance to
the thermal movements expected during operation.

With these functional requirements in mind, the general
arrangement and principal features of the reactor vessel sup-
ports are reviewed with emphasis on methods of transferring
loads fram the vessel to the support and eventually to the
structure and its foundations.

ii. Concrete Supports for Steam Generator |

Steam generators sho.'d be supported and restrained to resist
normal operating loads, seismic loads, and loads induced by
pipe rupture. Tne support system should prevent the rupture of
the primary coolant pipes due to a postulated rupture in steam
or feed water pipes and vice versa. The system should
nevertheless minimize resistance to the thermal movements
expected during operation.

With these functional requirements in mind, the general
arrangement and principal features of the steam generator
supports are reviewed with emphasis on methods of transferring
loads from the vessel to the support and eventually to the
structure and its foundations.

iii. Primary Shield Wall and Reactor Cavity

The primary shield wall forms the reactor cavity and usually
supports and restrains the reactor vessel. It is usually a
thick wall that surrounds the reactor vessel and may be anchored
through the liner plate to the containment base slab.

The general arrangement and principal features of the wall and
cavity are reviewed including the main reinforcement and
anchorage system.

iv. Secondary Shield Walls

The secondary shield walls surround the primary loops, forming
the steam generator compartments, and protecting the contain-

* ment from the effects of pipe rupture accidents inside the
compartment. They may also support intermediate floors and the
operating floor. The general arrangement and principal fea-
tures of these walls are reviewed with emphasis on the method
of structural framing and expected behavior under compartment
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I

pressure loads and jet forces, particularl, those associated
with the LOCA.

( I
y/ v. Other Interior Structures

The other major interior structures of PWR dry containments that
are reviewed in a similar manner are the concrete refueling
pool walls, the operating floor, other in:,ermediate floors,
and the polar crane supporting elements.

b. For PWR Ice-condenser Containment Internal Structures

For PWR plants where the ice-condenser containment system is
utilized, in addition to the applicable structures reviewed in dry
PWR containments, the following elements are also reviewed:

i. The Divider Barrier

In the PWR ice-condenser containment system, which utilizes the
pressure-suppression concept, the divider barrier surrounds the
reactor coolant system. Th? upper portion of the divider

j barrier is nearly surrounded by the ice-condenser which is
bounded by the containment shell on the outside and by the
divider barrier wall on the inside. Several venting doors
connect the space inside the divider barrier to the ice-condenser.

In the event of a LOCA, the divider barrier will contain the
steam released from the reactor coolant system and, temporarily

V) acting as a pressure-retaining envelope, will channel the steam
through the venting doors and into the ice-condenser. The ice
will condense the steam and the energy released to the
containment will thus be minimized.

Following such a LOCA and before blowdown is completed, the
divider barrier will be subjected to differential pressure and
possibly jet forced, and any structural failure in its boundary
may result in steam bypassing the ice-condenser and flowing
directly into the containment, possibly generating a contain-
ment pressure higher than that for which it has been designed.

With this functional requirement in mind, the general
arrangement and principal features of the divider barrier are
reviewed with emphasis on structural framing and expected
behavior when subjected to the design loads.

ii. Ice-Condenser

A major feature of the ice-condenser containment whica contains
the baskets of ice forming the heat sink essential for pressure
suppression. The structurally significant components of the
ice-condenser reviewed are the vent doors, ice baskets, brackets,
couplings and lattice framings, lower and upper supports, and
insulating and cooling panels.

O) The general arrangement and paincipal features of these major!
V components are reviewed with euphasis on the structural framing,

supports, and expected behavior when subjected to design loads.
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c. For BWR Containment Inte nal Structures

Since it is expected that future BWR applications will utilize the
Mark III containment concept, this SRP 5ection is oriented towards
and based on this type of containment. For other types of BWR
containments, the review will be made on a case-by-case basis.

Among the major Mark III containment internal structures that are
reviewed, together with the primary structural function of each
structure, and the extent of descriptive information required for
each structure, are the following:

i. Drywell

In the BWR Mark III containment system, which utilizes the
pressure-suppression concept, the drywell surrounds the reactor
coolant system. The lower portion of the drywell is surrounded
by the suppression pool which is bounded by the containment
shell on the outside and by a weir wall located just inside the
drywell wall. A series of vent holes connect the drywell to
the suppression pool. In the event of a loss-of-coolant acci-
dent, the drywell will contain the steam released from the
reactor coolant system and, temporarily acting as a pressure-
retaining envelope, will channel the steam through the vent
holes and into the suppression pool. The pool water will
condense the steam and the energy released to the containment
will thus be minimized.

Following such a LOCA and before blowdown is completed, the
drywell will be subjected to a differential pressure and pos-
sibly jet forces, and any structural failure in its boundary
would result in steam bypassing the suppression pool and flow-
ing directly into the containment, possibly generating a
containment pressure higher than that for which it has been
designed.

With this functional requirement in mind, the general arrangement
and principal features of the drywell are reviewed with empha-
sis on structural framing and expected behavior under loads.
Since the drywell geometrically resembles, to a certain degree,
a containment, the descriptive information reviewed is similar
to that reviewed for containments as delineated in subsection I.1-

of SRP Section 3.8.1. The major components of the drywell that
are so reviewed, other than the main body of the drywell,
include the bottom vent region, the roof and drywell head, and
major penetrations.

ii. Weir Wall

The weir wall forms the inner boundary of the suppression pool
and is located inside the drywell. It completely surrounds the
lower portion of the reactor coolant system. The general
arrangement and principal features of the weir wall are reviewed
with emphasis on structural framing and behavior under loads.
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iii. Refueling Pool and Operating Floor

O The refueling pool walls are located on top of the drywell.
The outer walls form a rectangular pool that is usually sub-
divided by two interior crosswalls. The base slab of the pool
is common to the drywell roof slab. The pool may be filled
continuously with water for shielding purposes during operation.

The general arrangement and principal features of the refueling
pool are reviewed with emphasis on structural framing and'

behavior under loads.

The operating floor is intended to provide laydown space for
refueling operations and is usually a combination of reinforced
concrete and structural steel framining. The containment walls
and the refueling pool walls may support the floor.

The general arrangement and principal features of the operating
floor are reviewed.

iv. Concrete Supports for Reactor and Recirculation Pump |

The support systems of the BWR vessel and recirculation pumps
have the same functions as the support systems for PWR vessels
and pumps are similarly reviewed.

v. Reactor Pedestal

. [n} The reactor pedestal is usually a cylindrical structure located
' (/ below and supporting the reactor vessel, which is anchored to

the top of the pedestal.

The general arrangement and principal features of the reactor
pedestal are reviewed with emphasis on structural framining,
main reinforcement and the manner in which the pedestal is
anchored to the containment base slab.

vi. Reactor Shield Wall

This is usually a cylindrical wall surrounding the reactor
vessel for radiation shielding purposes. It is supported on
the reactor pedestal. The wall may be lined on both surfaces
with steel plates which also may act as the main structural
components of the wall. The wall may also be utilized as an
anchor for pipe restraints.

The general arrangement and principal features of the wall are
reviewed with particular emphasis on structure framing and
behavior under loads.

vii. Other Interior Structures

The other major interior structures constructed of reinforced
concrete or structural steel or combinations thereof that are

(a) also reviewed in a similar manner are the floors located inside
'V the drywell and in the annulus between the drywell and the
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containment, and the polar crane supporting elements. The
general arrangement and principal features of these structures
are reviewed.

2. Applicable Codes, Standards, and Specifications

The information pertaining to design codes, standards, specifications,
and regulatory guides, and other industry standards that are applied in
the design, fabrication, construction, testing, and surveillance of the
containment structures, is reviewed. The specific edition, date, or
addenda identified for each document are also reviewed.

3. Loads and Loading Combinations

a. Information pertaining to the applicable design loads and various
load combinations thereof is reviewed. The loads normally applic-
able to contaiment internal structures include the following:

i. Those loads encountered during normal plant startup, operation,
and shutdown, including dead loads, live loads, thermal loads
due to operating ttoperature, and hydrostatic loads such as in
refueling and pressure suppression pools in addition to hydro-
dynamic loads resulting from actuation of safety relief valves
(SRV) and manifested as drag load, jet impingement and/or
pressure loads should be considered.

ii. Those loads to be sustained during severe environmental
conditions, includind those induced by the operating basis
earthquake (0BE) specified for the plant site.

iii. Those loads to be sustained during extreme environmental
conditions, including thosa induced by the safe shutdown
earthquake (SSE) specified for the plant site.

iv. Those loads to be sustained during abnormal plant conditions.
The most critical abnormal plant condition during which most of
the containment internal structures have to perform their
primary function is the design basis LOCA. Ruptures of other
high-energy pipes should also be considered. Time-dependent
and dynamic loads induced by such accidents include elevated
temperatures and differential pressures across compartments,
jet impingement, impact forces associated with the postulated
ruptures of piping, and loads applicable to some structures
such as drag forces in the PWR ice-condenser containment. In
addition for structures or structural components located in or
above the suppression pools of BWR Mark III containments the
applicable LOCA-related or LOCA/SRV-related hydrodynamic loads
manifested as jet loads and/or pressure loads should be
considered.

The various combinations of the above loads that are normally
postulated and reviewed include the following: normal operating
loads; normal operating loads with severe environmental loads;
normal operating loads with extreme environmental loads; normal
operating loads with abnormal loads; normal operating loads with
severe environmental and abnormal loads; and normal operating with
extreme environmental and abnormal loads.
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b. In addition, the following information is reviewed:

O i. The extent to which the applicant's criteria comply with the
V Code Requirements for Nuclear Safety-Related Concrete Structures,"

ACI 349-76* (Ref. 2) for concrete, and with the AISC "Specifi-
cation for Design," Fabrication and Erection of Structural
Steel for Buildings" (Ref. 3) for steel, as applicable.

ii. For concrete portions of the divider barrier of the PWR
ice-condenser containment and for concrete portions of the
drywell of the Mark III BWR containment, the extent to which
the applicant's loading crfteria comply with Article'CC-3000 of
the ASME Section III, Division 2 Code for " Concrete Reactor
Vessels and Containments," (Ref. 4). For steel pressure-resist-
ing portior.3 of these two structures, the extent to which the
ap)11 cant's loading criteria comply with Article NE-3000 of
Su)section NE of the ASME Code, Section III, Div. 1, (Ref. 5)
as augmented by Regulatory Guide 1.57 (Ref. 9).

4. Design and Analysis Procedures

The design and analysis procedures utilized for the containment internal
structures are reviewed with emphasis on the extent of compliance with the
applicable codes as indicated in subsection I.3 of this SRP section,
including those applicable to the following areas:

a. For PWR Dry Containment Internal Structures

i. Concrete Supports for Reactor Coolant System

The support system for the reactor vessel and steam generators,
as described in Section I of this SRP Section, should be designed
to resist various combinations of loadings, including normal
operating loads, seismic loads, and loss of coolant and other
pipe rupture accident loads.

Analytical procedures for determining seismic loads are as
described in Standard Review Plan Section 3.7.3.

After the procedures for determining individual loads and
combinations thereof are so reviewed, the design and analysis
methods utilized for the supports are reviewed including the
type of analysis, the methods of load transfer, and the
assumptions of boundary conditions.

ii. Primary Shield Wall and Reactor Cavity

The primary shield wall should withstand all the applicable
loads including those transmitted through the reactor supports.
ItissubjectedtomostoftheloadsdescribedinSubsectionI.3
of this SRP section and should be designed and analyzed for all
the applicable load combinations. During normal plant operation,

( "Whenever reference is made to ACI 349, it implies that the code is augmented
'V by Regulatory Guide 1.142.

.
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a thermal gradient across the wall is generated by the attenuation
heat of gamma and neutron radiation originating from the reactor
core. Insulation and cooling systems may be provided to reduce
the severity of this gradient by limiting the rise in temperature
to an acceptable level.

Procedures for determining seismic loads on the primary shield
wall are reviewed in accordance with Standard Review Plan
Section 3.7.2.

Loss of coolant accident loads that are applicable to the
primary shield wall include a different pressure created
across the reactor cavity by a pipe break in the vicinity of
the reactor nozzles. Such a transient pressure may act on the
entire cavity or on portions thereof. Procedures for determining
such pressures are reviewed by the Containment Systems Branch
(CSB).

Other loss of coolant accident loads that apply are those
transmitted to the wall through the reactor supports including
pipe rupture reaction forces which may induce simultaneous
shear forces, torsional moments, and bending moments at the
base of the wall. Further, the elevated temperature within
and around tt: primary shield created by the accident may
produce transient thermal gradients across the thick wall.
Design and analysis procedures for such accident effects are
accordingly reviewed.

iii. Secondary Shield Walls

The secondary shield walls surrounding the primary loops and
supporting the operating floor should be designed for loads
similar to those applicable to the primary shield will includ-
ing loads of fluid jets from a postulated break of a primary
pipe which can impinge on these walls. The analytical tech-
niques utilized for these walls are reviewed including their
structural framing and behavior under loads. Where elasto-
plastic behavior is assumed and the ductility of the walls is
relied upon to absorb the energy associated with jet loads, the
procedures and assumptions are reviewed with particular emphs.-
sis on such areas as modeling techniques, boundary conditions,
force-time functions, and assumed ductility. For the time-
dependent differential pressure, however, elastic behavior is
required and the methods of determining an equivalent static
load are accordingly reviewed.

iv. Other Interior Structures

Most of the other interior structures that are also reviewed
are combinations of slabs, walls, beam and columns, classified
as Category I structures and subject to most of the loads and
combinations described in subsection I.3 of this SRP section.
Analytical techniques for these structures are reviewed on the
same basis as for the structures described above.

.
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b. For PWR Ice-Condenser Containment Internal Structures

i. Divider Barrier
v

Since the divider barrier has to maintain a certain degree of
leak-tightness during a LOCA and is thus a critical structure
with respect to the proper functioning of the containment, it
is treated on the same basis as the containment.

: The loads that usually govern the design of the divider barrier
are those induced by the LOCA, including the time-dependent,

differential pressure across the barrier and any concurrent
concentrated jet impingement loads. As the divider barrier is3

typically a combination of walls and slabs framed together, the-

design and analysis procedures are of the conventional type.
They are accordingly reviewed with emphasis on the assumed
boundary conditions and behavior under loads. Since the dif-
ferential pressure and jet impingement loadings are dynamic
impulsive loads that vary with time, the techniques utilized to
determine their equivalent static loads are reviewed.

ii. Ice-Condenser

The design of the ice-condenser and its various components may
be based on a combination of analysis and testing. The ana-
lytical and testing procedures that are reviewed include those
for the ice baskets and brackets (counlings); the lattice

j frames and columns including attachments; the supporting struc-
( tures comprising the lower supports; the wall panels and

'

cooling duct and supports of various auxiliary components.s

The ice-condenser and its components should be analyzed or
tested for various loads and combinations thereof including
dead and live loads, thermal loads induced by differential
thermal expansion within the various elements, seismic loads
and loads induced by the loss-of-coolant accident. Accident
loads include pressure differential drag loads and loads
induced by the change of momentum of the flowing steam.

Elastic analysis is usually utilized for the ice-condenser and
its components. However, plastic analysis may also be used as
an alternate. Accordingly, the load factors that are applied
to each of tne applicable loads and the basis and justification
of these load factors are reviewed.

; Where experimental verification of the design- using simulated
I load conditions is used, the procedures used to account for
I similtude relationships which exist between the actual com-

ponent and the test model are reviewed te assure that the4

results obtained from the test are a conservative representation
of the load carrying capability of the actual component under
the postulated loading.

t
V,
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c. For BWR Containment Internal Structures

i. Drywell

The drywell, which has te maintain a certain degree of
leak-tightness during a LOCA, is critical with respect to the
proper functioning of the containment. Accordingly, and since
it geometrically resembles a containment, the design and ana-
lysis procedures utilized for the drywell are reviewed on a
basis similar to those of containments as described in
Subsection I.4 of Standard Review Plan Sections 3.8.1 and 3.8.2
for concrete and steel portions, respectively.

ii. Weir Wall

One of the major loads to which the weir wall may be subjected
is a jet impingement load induced by a pipe rupture in a nearby
recirculation loop. Under such a concentrated load, the weir
wall should not deform to an extent that might impair or degrade
the pressure-suppression performance. Accordingly, the proced-
ures utilized to analyze the wall for such dynamic time-dependent
loads are reviewed with particular emphasis on modeling
techniques, assumptions on boundary conditions, and behavior
under loads.

iii. Refueling Pool and Operating Floor

In the BWR Mark III containments reviewed recently, the refueling
pool is continuously filled with water to provide biological
shielding above the reactor. The operating floor, which may be
supported on the walls of the refueling pool on one side an on
the containment shell on the other side, is a combination of
reinforced concrete and structural steel. The design and
analysis procedures for the refueling pool and the operating
floor are of the conventional type and are accordingly reviewed,
with particular emphasis on the structural framing and behavior
under loads. In cases where the floor beams are supported
vertically on the containment shell, they should be laterally
isolated to minimize interaction between the containment and
its interior.

iv. Concrete Supports for Reactor and Recirculation Pump

The design and analysis procedures utilized for the reactor and
recirculation pump supports a ' reviewed in a manner similar to
that for PWR reactor and pump supports, as already described in
this SRP sect. ion.

v. Reactor Pedestal

The reactor pedestal supports the reactor and has to withstand
the loads transmitted through the reactor supports. It is thus
subjected to most of the loac's described in subsection I.3 of
this SRP section and is designed and analyzed for all the
applicable load combinations.
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Because of the similarity in geometry and function of the BWR
reactor pedestal to the PWR primary shield wall, the design and

} p analysis procedures are similar and are reviewed accordingly as
has already been discussed in this SRP section.

vi. Reactor Shield Wall
s

This cylindrical wall, which surrounds the reactor and provides
biological shielding, is also subjected to most of the loads
described in subsection I.3 of this SRP section. In most
cases, the wall is utilized to anchor pipe restraints in the
vicinity of the reactor nozzles mav gressurize the space within
the wall. The wall is usually lined on Mth faces with steel
plates which may constitute the major structural elements
relied upon to resist the design loads.

The analytical and design techniques utilized to determine the
effect of the design loads on the wall are reviewed with par-
ticular emphasis on the assumed boundary conditions and the
behavior of the wall under loads.

vii. Other Interior Structures

There are several platforms within the BWR Mark III containment
some of which are inside the drywell and the others outside the

- annulus between the drywell and the containment. Platforms
inside the drywell are usually of structural steel and their
main structural function is to provide foundations for the pipeO

/ restraints inside the drywell. Platforms outside the drywell
(~) are usually combinations of steel and concrete and have to be

designed to resist the various applicable loads particularly
the effects of pool swell during a loss-of-coolant accident
and/or safety relief valve actuation. The analytical proced-
ures for determining pool swell loads are reviewed by the
Contair .aent Systems Branch (CSB). Design and analysis proced-
ures for these plantforms are reviewed with particular emphasis
on the framing and structural behavior under-loads.

d. Design Reports
,

A design report described in Appendix C to subsection 3.8.4 of this
,

SRP section is reviewed.4

'

e. Structural Audit
.

A structural audit is conducted.

5. Structural Acceptance Criteria
,

The design limits imposed on the various parameters that serve to quantify
the structural behavior of the various interior structures of the contain-
ment are reviewed, specifically with respect to stresses, strains,
deformations, and factors of safety against structural failure, with

.
emphasis on the extent of compliance with the applicable codes as

V) indicated in subsection I.3 of this SRP section.g
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6. Materials, Quality Control, and Special Construction Techniques

Information provided on the materials that are used in the construction
of the containment internal structures is reviewed. Among the major
materials of construction that are reviewed are the concrete ingredients,
reinforcing bars and splicers, and structural steel and var;ous supports
and anchors.

The quality control program that is proposed for the fabrication and
construction of the containment interior structures is reviewed includi.g
nondestructive examination of the materials to determine physical
properties, placement of concrete, ,nd erection tolerances.

Special, new, or unique construction techniques, if proposed, are
reviewed on a case-by-case basis to determine their effects on the
structural integrity of the completed interior structure.

In addition, the following information should be proiided.

(a) The extent to which the materials a6n quality ctntrol programs
comply with the " Code Requirements for Nuclear Safety-Related
Concrete Structures" ACI 349 (Ref. 2), for concrete, and with the
AISC " Specifications for Design, Fabrication and Erection of
Structural Steel for Buildings," (Ref. 3), for steel, as applicable.

(b) For quality control in general.. the extent to which the applicant
complies with ANSI N45.2.5 (Ref. 7).

(c) If welding of reinforcing bars is proposed, the extent to which the
applicant complies with the applicable sections of the ASME
Section III, Divisica 2 Code should be described and any exceptions
taken should be justified.

7. Testing and Inservice Surveillance Programs

If applicable, any post-construction testing and in-service surveillance
programs are reviewed on a case-by-case basis.

The structural test for the drywell of the BWR Mark III containment is
reviewed in a similar manner to that of the containment.

SEB coordinates other branches evaluations that interface with structural
engineering aspects of the review as follows: determination of structures
which are subject to quality assurance programs in accordance with the
requirements of Appendix B to 10 CFR Part 50 is performed by the Mechanical
Engineering Branch (MEB) as part of its primary review responsibility for
3RP Sections 3.2.1 and 3.2.2. SEB will perform its review of safety-
related structures on that basis. Determination of pressure loads from
high energy lines located in safety related structures other than con-
tainment is performed by the Auxiliary Systems Branch (ASB) as described
as part of its primary review responsibility for SRP Section 3.6.1. SEB

accepts the loads thus generated as approved by the ASB to be included in
the load combination equations of this SRP section. Determination of
loads genarated due to pressure under accident conditions is performed by
the Conta.nment Systems Branch (CSB) as part of its primary review respon-
sibility for SRP Section 6.2.1. SEB accepts the loads thus generated, as
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approved by the CSB to be included in the load combinations in this SRP
section. The review for Quality Assurance is coordinated and performed |

by the Quality Assurance Branch as part of its primary review responsibility
j for SRP Section 17.0.

For those areas of review identified above as being reviewed as part of
the primary rev:2w responsibility of other branches, the acceptance
criteria necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary
branch.

; II. ACCEPTANCE CRITERIA
P

SEB acceptance criteria for the design of the .oatainment anc containment
internal structures are based on meeting the relevant requirements of the
following regulations:

A. 10 CFR Part 50.55a and General Design Criterion 1 as they relate to the
containment and structures being designed, fabricated, executed, and
tested to quality standards commensurate with the importance of the
safety function to be performed.

B. General Design Criterion 2 as it relates to the design of the containment
and containment internal structures being capable to witnstand the most

.

severe natural phenomena such as wind, tornadoes, floods, and earthquakes
and the appropriate com'oination of all loads.

C. General Design Criterion 4 as it relates to the containment and containment

(O
internal structure being capable of withstanding the dynamic effects of|

/ equipment failures including missile pipe whips and blowdown loads
associated with the loss of coolant accidents.

D. General Design Criterion 5 as it relates to sharing of structures
important to safety unless it can be shown that such sharing will not
significantly impair their validity to perform their safety functions.

E. General Design Criterion 50 as it relates to the containment and
containment internal structures being designed with sufficient margin of
safety to accommodate appropriate design loads.

The Regulatory Guides and industry standards identified in item 2 of this
subsection provides information, recommendations and guidance and in general
describes a basis acceptable to the staff that may be used to implement the
requirements of 10 CFR Part 50, S 50.55a and GDC 1, 2, 4, 5 and 50. Also,
specific acceptance criteria necessary to meet the relevant requirements of
these regulations for the areas of review, described in subsection I of this
SRP section are as follows:

1. Descript'c of the Internal Structures

The descriptive #nformation in the SAR is considered acceptable if it
meets the minime.n requirements set forth in Section 3.8.3.1 of the
" Standard Formac and Content of Safety Analysis Reports for Nuclear Power
Plants," (Ref. 8).

t /V
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Deficient areas of descriptive information are identified by the reviewer
and a request for additional information is initiated at the application
acceptance review. New or unique design features that are not specific-
ally covered in the " Standard Format" may require a more detailed review.
The reviewer determines if additional information is required to accom-
plish a meaningful review of the structural aspects of such new or unique
features.

2. Applicabla Codes, Standards, and Specifications

The design, materials, fabrication, erection, inspection, testing, and
in-service surveillance, if any, of interior structures of containme..ts
are covered by the following codes, standards, and guides that are either
applicatle in their entirety or in portions thereof.

Code, Standard, or
Specification Title

ACI 349 Code Requirements for Nuclear Safety-Related
Concrete Structures

ASME Code for Concrete Vessels and Containments,
ASME Boiler and Pressure Vessel Code,
Section III, Division 2

ASME Boiler and Pressure Vessel Code, Section III,
Subsections NE and NF

AISC Specification for the Design, Fabrication and
Erection of Structural Steel for Buildings

ANSI N45.2.5 Supplementary Quality Assurance Requirements for
Installation, Inspection and Testing of Structural
Concrete ard Structural Steel During the
Constructirn Phase of Nuclear Power Plants

Regulatory Guides

1.10 Mechanical (Caldwell) Splices in Reinforcing
Bars of Category I Concrete Structures

1.15 Testing of Reinforcing Bars for Category I
Concrete Structures

1.55 Cor. crete Placement in Category I Structures

1.57 Design Limits and Loading Co.tibinations for Metal
Primary Reactor Containment

1.94 Quality Assurance Requirements for Installation,
Inspection, and Testing of Structural Concrete
and Structural Steel During the Construction
phase of Nuclear Power Plants.

O
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1.142 Safety-Related Concete Structures for Nuclear
Power Plants..

\ 3. Loads and Load Combinations

With the exception of the divider-barrier and ice-condenser elements of
the ice-condenser PWR containment and the drywell of the BWR Mark III
containment, the loads and load combinations for all other containment
interior structures described in subsection I.1 of this SRP section, are
acceptable if found in accordance with the following:

a. Loads, 'Jefinitions, and Nomenclature

All the major loads to be encountered or to be postulated are listed
below. All the loads listed, however, are not necessarily applic-
able to all the interior structures. Loads and the applicable load
combinations 6.r which each structure has to be designed will depend
on the conditions to which that particular structure could be
subjected.

Normal loads, which are those loads to be encountered during normal
plant operation and shutdown, include:

D - Dead loads or their related internal moments and farces,
inluding any permanent equipment loads and hydrost

'

loads. For equipment supports, it also includes stoth,
and dynamic head and fluid flow effects.

m

( ) L - Live loads or their related internal moments and forces,'V including any movable equipment leads and other loads
which vary with intensity and occurrence. For equipment
supports, it also includes loads due to vibration and any
support movement effects.

T - Thermal effects and loads during normal operating or
shutdown conditions, based on the most critical transient
or steady state condition.

R - Pipe reactions during normal operating or shutdown
conditions, based on the most critical transient or steady
state condition.

Severe environmental loads include:

E - Loads generated by the operating basis earthquake.

Extreme environmental loads include:

E' Loads generated by the safe shutdown earthquake.-

I Abnormal loads, which are those loads generated by a postulated
high-energy pipe break accident, include:

p P - Pressure equivalent static load within or across a
aQ compartment generated by the postulated break, and

including an appropriate dynamic load factor to account
for the dynamic nature of the load.
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Thermal loads under thermal conditions generated by theT -

a postulated break and including T .
o

Pipe reactions under thermal conditions generated by theR -

a postulated break and including R .g

Equivalent static load on the structure generated by theY -

r reaction on the broken high-energy pipe during the postu-
lated break, and including an appropriate dynamic load
factor to account for the dynamic nature of the load.

Jet impingement equivalent static load on a structureY -

I generated by the postulated break, and including an
appropriate dynamic load factor to account for the dynamic
nature of the load.

Y*
- Missile im)act ecuivalent static load on a structure

generated )y o' curing the postulated break, as from pipe
whipping, and including an appropriate dynamic load factor
to account for the dynamic nature of the load.

In determining an aapropriate equivalent static load for Y Y , and
Y,elastoplasticaehaviormaybeassumedwithappropriatE,dudt-
iTityratios,providedexcessivedeflectionswillnotresultinloss
of function of any safety-related system.

Forstructuresorstructuralcomponentssubjectedtohydrodynamic
loads resulting from LOCA and/or SRV actuation, the consideration of
such loads should be as indicated in the A)pendix to SRP Section 3.8.1
fluid structure interaction associated wit 1 these hydrodynamic loads
and those from earthquakes should be taken into account.

b. Load Combinations for Concrete Structures

For concrete interior structures, the load combinations are
acceptable if found in accordance with the following:

(i) For service load conditions, either the workire stress design
(W50) method as outlined in ACI 318 code or the strength design
method may be used.

(a) If the WSD method is used, the following load combinations
should be considered:

(1) D+L
(2) D+L+E

If thermal stresses due to T and R are present, the
followingcombinationsshou18bea190 considered:

(3) D+L+T +R
o g

(4) D+L+T +R +E
o g
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Both cases of L having its full value or being completely
absent should be checked.

A
V (b) If the strength design method is used, the following load

combinations should be considered:

(1) 1.4D + 1.7L

(2) 1. 40 + 1. 7 L + 1. 9E

If thermal stresses due to T and R are present, the
followingcombinationsshoul8also8econsidered:

(3) (0.75) (1.4D + 1.7L + 1.7T + 1.7R )o g
4

(4) (0.75) (1.40 + 1.7L + 1.9E + 1.7T + 1.7R )g g

(ii) For factored load conditions, which represent extreme
environmental, abnormal, abnormal / severe environmental, and
abnormal / extreme environmental conditions, the strength design
method should be used and the following load combinations
should be considered:

(1) D+L+T +R + E'
o g

(2) D + L + T, + R + 1.5 P,a

. (3) D+L+T +R + 1.25 P, + 1.0 (Y + Y) + Y,) + 1.25Ea a r

+ Y + Y,) + 1.0 E'\ (4) D+L+T + R, + 1.0 P + 1.0 (Y ja a r
'

In combinations (2), (3), and (4), the maximum values of P ,
T R Y and Y includinganappropriatedynamic18ad
f$ctof,Y,s$ou18,beuse8,unlessatime-historyanalysisisper-
formedtojustifyotherwise. Combinations (3) and (4) and the
corresponding structural acceptance criteria of subsection II.5
of this SRP section should first be satisfied without Y , Y ,

Whenconsideringtheseloads,localsectionstfengdhand Y .
capacTtiesmaybeexceededundertheseconcentratedloads,
provided there will be no loss of function of any safety-
related system.

Both cases of L having its full value or being completely
absent should be checked.

,

|
' c. Luad Combinations for Steel Structures

For steel interior structures, the load combinations are acceptable
if found in accordance with the following:

i (i) For service load conditions, eitF- % elastic working stress
design methods for Part 1 of AISC, v. .;;e plastic design
methods of Part 2 of AISC, may be used.

(a) If the elastic working stress design methods are used:
,

v|
i

|
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(1) D+L

(2) D+L+E

If thermal stresses due to T and R are present, the
followingcombinationsshou18bea190 considered:

(3) D+L+T +R
o g

(4) D+L+T +R +Eg g

(b) If the plastic design methods are used:

(1) 1.7D + 1.7L

(2) 1.7D + 1.7L + 1.7E

If thermal stresses due to T cnd R are present, the
followingcombinationsshou18also8econsidered:

(3) 1.3 (D + L + T +R)o g

(4) 1.3 (D + L + E + T +R)o g

(ii) For factored load conditions the fo 10 wing load combinations1

should be considered:

(a) If the elastic working stress design methods are used:

(1) D+L+T +R + E'g g

(2) D+L+T +R +P
a a a

j + Y,) + E(3) D+L+T +R +P + 1.0 (Y +Y
a a a r

(4) D+L+T +R +P + 1.0 (Y +Yj + Y,) + E'a a a r

(b) If the plastic design methods are used:

(1) D+L+T +R + E'g g

(2) D+L+T +R + 1.5 Pg g g

(3) D+L+T +R + 1.25 P + 1.0 (Y +Yj + Y,) + 1.25 Eg a a r

(4) D+L+T +R + 1.0 P + 1.0 (Y + Y) + Y,) + 1.0 E'a a a r

In the above combinations, thermal loads can be neglected when
it can be shown that they are secondary and self-limiting in
nature.

In combinations (2), (3), and (4), the maximum values of P ,
T R Y and Y includinganappropriatedynamic18ad
f$ctof,Y,sdoul8,beuse8,unlessatime-historyanalysisisper-
formedtojustifyotherwise. Combinations (3) and (4) and the
corresponding structural acceptance criteria of subsection II.5
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of this SRP section should first be. satisfied without Y , Y ,
and Y . Whenconsideringtheseloads,localsectionstfengdh
capacTtiesmaybeexceededundertheseconcentratedloads,em

( provided there will be no loss of function of any
% safety-related system.

For the divider barrier, ice-condenser elt.: cents and the Mark III
containment drywell, the loading criteria are acceptable if found in
accordance with the following:

d. Divider barrier

As the structural integrity of the divider barrier and, to a certain
extent, its leak-tight integrity as well, are important to the
proper functioning of the ice-condenser containment system, it is
treated for design purposes similar to the containment itself.

Accordingly, for concrete pressure-resisting portions of the divider
barrier, the loads and load combinations of Article CC-3000 of ASME
Section III Division 2 Code (Ref. 4) will apply, with_the following
exceptions.

For Table CC-3230-1

(i) In the third combination 0.5 under E should be replaced by
SSthe word "or."

(ii) It should be indicated that the maximum values of P , T , R ,
O R including an appropriate dynamic load factor, s80u18 bea

ahp, lied simultaneously, unless a time-history is performed to
justify otherwise.

Steel portions of the divider barrier which resist the design
differential pressure and are not backed by concrete, such as pene-
trations, hatches, locks and guard pipes, should be designed in
accordance with the appropriate sections of Subsection NE of the<

ASME Code, Section III, Division 1, (Ref. 5), together with the,

j applicable loads, load combinations, and acceptance criteria of
Regulatory Guide 1.57 (Ref. 9).4

.

e. Ice-Condenser Elements
!

In the ice-condenser containment system the structural integrity of
the ice baskets, ice bed framing, and their supports, is important
to the functional integrity of the containment system. The major

! loads that are applicable to the ice-condenser elements are: D, L,
E, E', and P . For this structure, P is the LOCA pressure load
induced by dfag and change in momentu$ of the flowing air and steam.
Load combinations for the ice-condenser elements cre acceptable if
found in accordance with the following:

'
(i) For service load conditions, if elastic working stress design

methods are used:
i

i (1) D+L
)

d
;
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(2) dol +E

(ii) For service load conditions, if plastic design methods are
used:

(1) 1.7 0 + 1.7 L

(2) 1.7 D + 1.7 L + 1.7 E

(iii) For service load conditions, if an experimental test
verification of the design is used:

(1) 1.9 D + 1.9 L

(2) 1.9 0 + 1.9 L + 1.9 E

If thermal stresses are significant and have to be considered, an
acceptable procedure for accounting for such thermal loads is
contained in item (a) of Subarticle NF-3231.1 of Subsection F of the
ASME Code, Section III, Division 1 (Ref. 1).

(iv) For factored load conditions, if elastic working stress design
methods are used:

(3) D + L + E'

(4) D+L+P
a

(5) D+L+P + E'

(v) For factored 1 ad coditions, if plastic design methods are
used:

(3) 1.3 D + 1.3 L + 1.3 E'

(4) 1.3 D + 1.3 L + 1.3 P,

(5) 1.2 D + 1.2 L + 1.2 P, + 1.2 E'

(vi) For factored load conditions, if an experimental test
verification of the design is used:

(3) 1.4 D + 1.4 L + 1.4 E'

(4) 1.4 D + 1.4 L + 1.4 P
a

(5) 1.3 D + 1.3 L + 1.3 P, + 1.3 E'

f. BWR Mark III Containment Drywell

As the structural integrity of the drywell and, to a certain extent,
its leak-tight integrity as well, are critically important to the
proper functioning of the Mark III pressure-suppression system, the
drywell is treated, for design and testing purposes only, similar to
the containment itself.

O
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Accordingly, for concrete pressure-resisting portions of the drywell,
the loads and loading combinations of Article CC-3000 of ASME Code

fh Section III, Division 2 (Ref. 4) will apply, with the exceptions
V listed for concrete portions of the PWR ice-condenser divider barrier.

For steel components of the drywell that resist pressure and are not
backed by concrete, such as the drywell head, the appropriate sect-
ions of Subsection NE of the ASME Code, Section III, Division 1,
(Ref. 5) should be used together with the applicable loads, load
combinations, and acceptance criteria of Regulatory Guide 1.57
(Ref. 11). Specifically, the load combinations of subsection II.3
of Standard Review Plan Section 3.8.2 apply.

For the lower vent portion of the drywell:

(i) If the main reinforcement of the drywell is carried down
between the vent holes and the reinforced concrete section is
relied upon for structural purposes, the criteria that apply to
concrete portions of the drywell as described above will apply.

(ii) If the main reinforcement of the drywell is terminated above
the vent holes and two steel plates lining both faces of the
drywell are a line utilized for structural purposes, the cri-
teria that apply to steel portions of the drywell as described
above will apply.

(iii) If other structural systems are used in the vent region, the
loads and load combinations are reviewed and judged on a

3
) case-by-case basis.

4. Design and Analysis Procedures

The design and analysis procedures utilized for the interior structures
of the containment are acceptable if found in accordance with the
following:

a. For PWR Dry Containment Internal Structures

(i) Primary Shield Wall and Reactor Cavity
.

The design and analysis procedures utilized for the shield wall
are acceptable if in accordance with the ACI 349 Code (Ref. 2).
This code is based on the strength design method. However, the
use of ACI 318 Code working stress design method where actual
elastic / linear stresses in the concrete and reinforcement are
determined and compared with their corresponding allowables, is
considered acceptable.

Analyses for loss-of-coolant accident loads applicable to the
primary shield wall, such as for the cavity differential pres-
sure combined with pipe rupture reaction forces, are acceptable
if these loads are treated as dynamic time-dependent loads
whereby either a detailed time-history analysis is performed,
or a static analysis utilizing the peak of the forcing function

[mV)
amplified by an appropriate chosen dynamic factor is utilized.
Elastic behavior of the wall should be maintained under the
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differential pressure. However, for the concentrated accident
loads such as Y,,or Y,, elasto plastic behavior may be assumed
as long as the deflections are limited to maintain functional
requirements. Simplified methods for determining effective
dynamic load factors for elastic behavior are acceptable if in
accordance with recognized dynamic analysis methods.

(ii) Secondary Shield Walls

Design and analysis procedures utilized for the secondary
shield walls are acceptable if in accordance with conventional
beam / slab design and analysis procedures described in the

,

ACI 349 Code (Ref. 2).

Similar to the primary shield wall, the secondary shield walls
are also subject to dynamic loss of-coolant accident loads and
the same methods described in item (i) above are, therefore,
applicable and acceptable.

(iii) Other Interior Structures

Most of the other interior structures that are reviewed are
combinations of reinforced concrete slabs, walls, beams, and
columns, and steel beams and columns, which are classified as
Category I structures subject to the loads and load combina-
tions described in subsection II.3 of this SRP section.
Analytical techniques for these structures are acceptable if
found in accordance with those described in the ACI 349 Code for
concrete and with those in the AISC specifications for steel.

b. For PWR Ice-condenser Containment Internal Structures

(i) Divider Barrier
The most important loads that usually govern the design of the
divider barrier are those induced by the loss-of-coolant acci-
dent, including the differential pressure across the barriei
andanyconcentratedjetimpingementloads. As +he divider
barrier is a combinatton of walls and slabs frau d together,
the design and analysis procedures are acceptabic if .in accor-
dance with the ACI 318 Code for the concrete portions of the
divider barrier. These methods are based on the elastic /
linear working stress design method where actual stresses are
determined.

For steel portions of the divider barrier that resist pressure
but are not backed by structural concrete, the design and
analysis procedures are acceptable if found in accordance with
the applicable provisions of Subsection NE of the ASME Code,
Section III, Division 1.

(ii) Ice-condenser Elements

The design and analysis procedures for the ice-condenser and
its various components are acceptable if in accordance with
either the elastic / linear design method of Part 1 of the AISC

3.8.3-22 Rev. 1 - July 1981
s



_. -._ .. _ _ _ . . . _ _ . _ . . ___

I
/

.;

Specifications or with the plastic design method of Part 2 of
l the same Specifications. For components where experimental
; N testing is utilized to verify the design, the testing proced-

) ures are acceptable if in accordance with recognized protoype;

d or model testing procedures where the effect of scaling and
i.
' similitude are taken into consideration,

c. For SWR Containment Internal Structures
r

(i) Drywell
!

Tha design and analysis procedures utilized for concrete
portions of the drywell are acceptable if in accordance with
subsection 11.4 of Standard Review Plan Section 3.8.1.- For
steel portions of the drywell that resist pressure but are not
backed by structural concrete, the design and analysis proced-
-ures are acceptable if found in accordance with the applicable
provisions of Subsection NE of the ASME Code, Section III,
Division 1.

(ii) Weir Wall
One of the major loads to which the weir wall may be subjected
is a jet impingement load induced by a pipe rupture in a nearby-

recirculation loop. The deflection of +he wall under such a.

load must be limited so as not to impair the pressure-suppression
; performance. The procedures utilized to analyze the wall for

such a dynamic time-dependent load are acceptable if a detailed
time-history dynamic analysis is performed or-if an equivalent

( static analysis is performed utilizing the peak of the jet load
amplified by an appropriately chosen dynamic load factor.

(iii) Refueling Pool and Operating Floor

The refueling pool and the operating floor, wich may be supported
4 on the walls of the refueling pool on one. side and on the

containment shell on the other side, are a combination of
reinforced concrete and structural steel. The design and4

analysis procedures are acceptable if found in accordance with1

conventional methods described in the ACI 349 Code for concrete |and in the AISC Specifications for structural steel.

(iv) Concrete Supports for Reactor
,

The linear support system fer ths reactor vessel, described in
subsection I of this SRP section. should be designed to resist
various combinations of loadinr, as indicated in subsection II.3

of this SRP section. Among thE major loads that should bei

| considered are normal operating loads, seismic loads, and
loss-of-coolant accident loads.

(v) Reactor Pedestal

The reactor pedestal, which supports the reactor and has to
withstand the loads transmitted through the reactor supports,+

k should be subjected to most of the loads described in
1
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subsection II.3 of this SRP section and should be designed for
all applicable load combinations.

The design and analysis procedures are acceptable if found to be
similar to those referenced for the primary shield wall of PWR
containments in paragraph (i) under PWR dry containments.

(vi) Reactor Shield Wall

This cylindrical wall, which surrounds the reactor and provides
biological shielding, should be subjected to most of the loads
described in subsection II.3 of this SRP section. In most
cases, the wall is utilized to anchor most of the pipe
restraints placed around the reactor coolant system piping. A
pipe rupture in the vicinity of the reactor nozzles may pres-
surize the space within the wall. The wall may be lined on
both faces with steel plates which may cunstitute the major
structural elements relied upon to resist the design loads.

Similar to the reactor pedestal, the biological shield all is
also subjected to dynamic loss-of-coolant accident loads and
the same methods are, therefore, applicable and acceptable.

(vii) Miscellaneous Platforms

Platforms inside the drywell are usually of structural steel
and their main structural function is to provide foundations
for the pipe restraints inside the drywell. Platforms outside
the drywell are usually combinations of steel and concrete.
The analytical and design procedures for these platforms are
acceptable if in accordance with the ACI 349 Code for rein- |
forced concrete, and with the AISC Specifications for
structural steel. Of particular interest are the dynamic loads
induced on these floors by pool swell during a LOCA.

Computer programs used in the design and analysis of containment
interior structure should be described and validated by any of the
procedures described in subsection II.4.e of Standard Review Plan
Section 3.8.1.

d. Structural audit is conducted as described in Appendix B to SRP
Section 3.8.4.

e. Design report is considered acceptable if it satisfies the
guidelines of Appendix C to SRP Section 3.8.4.

5. Structural Acceptance Criteria

With the exception of the divider barrier and ice-condenser elements of
the ice condenser PWR containment, and the drywell of the BWR Mark III
containment, the structural acceptance criteria for all other interior
structures of the containment described in subsection I.1 of "his SRP
section are acceptable if found in accordance with the following:

O
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For each of the loading combinations delineated in the beginning of
subsection II.3 of this SRP section, the following defines the allowable
limits which constitute the structural acceptance criteria:

In Combinations for Concrete Internal Structures Limit

b(i)(a) (1), (2). . . . . . . . . . . . . . . . S(1)

b(i)(a) (3), (4). . . . . . . . . . . . . . . . 1.3 5

b(i)(b) (1), (2). . . . . . . . . . . . . . . . U(2)

b(i)(b) (3), (4). . . . . . . . . . . . . . . . U

(b)(ii) (1), (2), (3), (4). . . . . . . . . . . U

In Combinations for Steel Internal Structures Limit

S 2)Cc(i)(a) (1), (2). . . . . . . . . . . . . . . .

c(i)(a) (3), (4). . . . . . . . . . . . . . . . 1.5 5

c(i)(b) (1), (2). . . . . . . . . . . . . . . . Y(3)

c(i)(b) (3), (4). . . . . . . . . . . . . . . . Y

c(ii)(a) (1),(2),(3)(4) 1.6 S. . . .........

c(ii)(a) (4)(4) 1. 7 S.................

c(fi)(b) (1), (2), (3), (4). . . . . . . . . . . 0.9 Y

Notes

(1) S - For concrete structures, S is the required section strength
based on the working stress design method and the allowable
stresses of ACI 318 Code.

! For structural steel, S is the required section strength'

based on the elastic design methods and the allowable
stresses defined in Part 1 of the AISC " Specification for
the Design, Fabrication and Erection of Structural Steel
for Buildings."

The 33-1/3% increase in allowable stresses for steel due to
seismic loadings is not permitted. *

i

| (2) U - For concrete strcutres, U is the section strength required
| to resist design loads based on the strength design methods
I described in ACI 349 Code with the exception of divider

barrier.

(3) Y - For structural steel, Y is the section strength required to
resist design loads and based on plastic design methods
described in Part 2 of the AISC " Specification for the

i Design, Fabrication and Erection of Structural Steel for ,

Buildings."

For these two combinations, in computing the required(4), A) section strength, S, the plastic section modulus of
-

(
U steel shapes may be used.
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For the divider barrier, ice-condense: elements, and the drywell, the
structural acceptance criteria are ac eptable if found in accordance with
the following:

a. Divider Barrier

(i) For concrete portions of the divider barrier, the specified
limits for stresses and strains are acceptable if found in
accordance with Subsection CC3430 of ASME Code Section III,
Division 2. The 33-1/3% increase in allowable stresses is
permitted only for temperature loads and not for OBE seismic
or wind loads.

(ii) For steel portions of the divider barrier which resist the
design differential pressure and are not backed by concrete,
the design should be similar to that of steel containments.
Accordingly, the load combinations and stress limits of
subsection II.3 of Standard Review Plan Section 3.8.2 apply.

b. Ice-Condenser Elements

For load combination delineated in subsection II.3 of this SRP
section for the ice-condenser elements, the stress limits are
acceptable if found in accordance with the following:

For Combinations Limit

S(1)e(i) (1), (2). . . . . . .

Y(2)e(ii) (1), (2). . . . . ... . . . .

C(3)e(iii) (1) . . . . . . . .

e(iv) (3), (4). 1.35
%

e(iv) (5) . . . .. . . 1. 6S

e(v) (3), (4), (5) . .. ... . . . Y

e(vi) (3), (4), (5) C. . . . . .

Notes

(1) S - As defined in " Notes" under first tables in Subsection II.5
above.

(2) Y - As defined in " Notes" under first tables in Subsection II.5
above.

(3) C - Where experimental testing is used for verification of the
design, C shall be the ultimate load carrying capacity of
the member. Size effects and any similitude relationship
which may exist between the actual component and the test
model shall be accounted for in the evaluation of C.

O
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c. BWR Mark III Containment Drywell

(i) For concrete portions of the drywell, the acceptance criteria
j of item II.3.d.(a)(i) as described for the divider barrier

apply.
!

(ii) For steel portions of the drywell that resist pressure and are
not backed by structural concrete, the acceptance criteria of
item II.3.d(al(ii) as described for the divider barrier apply.

(iii) For the lower vent portion of the drywell:

- If the main reinforcement of the drywell is carried down
between the vent holes and the reinforced concr'te section
is relied upon for structural purposes, the structural
acceptance criteria is the same as for item (i) above.

- If the main reinforcement of the drywell is terminated
above the vent holes and two steel plates lining both
faces of the wall are utilized for structural purpoes, the
acceptance criteria for item (ii) above will apply.

- If other structural systems are used in the vent region,
the acceptance criteria are reviewed on a case-by-case
basis.

6. Materials, Quality Control, and Special Construction Techniques

The specified materials of construction and quality control programs are
V acceptable if in accordance with the public code or standard as indicated'

in subsection I.6 of this SRP section.

Special construction techniques, if any, are treated on a case-by-case
basis.

i

7. Testing and In-Service Surveillance Requirements

! Each BWR Mark 11 containment drywell should be subjected to a structural
proof test. Such a test is acceptable i' - accordance with the
following:

a. The drywell should be subjected to an acceptance test that increases
the drywell internal pressure in three or more approximately equal

: pressure increments from atmospheric pressure to at least the' design
pressure. The drywell should be depressurized in the same number of'

increments. Measurements should be recorded at atmospheric pressure
| and at each pressure level of the pressurization and depressurization
! cycles. At each level, the pressure should be held constant for at

least one hour before the deflecticns and strains are recorded.
<

| b. So that the overall deflection pattern can be determined in prototype
| drywells, radial deflections should be measured at least three

points along each of at least three meridians equally spac7d around
the drywell, including locations with varying stiffness character-") istics. Radial deflections should be measured at the lower ventg

| region, at about mid-height and at near the top of the cylindrical
1
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wall. The measurement points may be relocated depending on the
distribution of stresses and deformations anticipated ir, each
particular design.

c. In prototype drywells only, strain measurements sufficient to permit
an evaluation of strain distribution should be recorded at least at
two opposing meridians at the following locations on the wall:

(1) at the bottom of the wall, and

(2) at mid-height of the wall.

These strain measurements should be made at least at three positions
within the wall section; one at the center and one each near the
inner and outer surfaces.

d. In nonprototype drywells, deflection and strain measurements need
not be made if strain levels have been correlated with deflection
measurements during the acceptance test of a prototype drywell if
measured strains and deflections are within the predefined tolerance
of their predicted responses.

Any reliable system of displacement meters, optical devices, straine.
gauges, or other suitable apparatus may be used for the measuremens.

f. If the test pressure drops due to unexpected conditions to or below
the next lower pressure level, the entire test sequence sbald be
repeated. Significant deviations from the previous test should be
recorded and evaluated.

g. If any significant modifications or repairs are made to the drywell
following and because of the initial test, the test should be repeated.

h. A description of the proposed acceptance test and instrumentation
requirements should be included in the preliminary safety analysis
report.

i. The following information should be submitted prior to the
performance of the test:

(i) The numerical values of the predicted responses of the
structure which will be measured.

(ii) The tolerances to be permitted on the predicted responses.

(iii) The bases on which the predicted responses and the tolerances
thereon were established.

j. The following information should be included in the final test
report:

(i) A description of the actual test and instrumentation.

(ii) A comparison of the test measurements with the allowable limits
(predicted response plus tolerance) for deflections and strains.
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(iii) An evaluation of the accuracy of the measurements.

m (iv) An evaluation of any deviations (i.e. , test results that exceed

V) the allowable limits), the disposition of the deviations, and
the need for corrective measures.

(v) A discussion of the calculated safety margin provided by the
structure as deduced from the test results.

For steel linear supports of the reactor coolant system, testing and
in-service surveillance requirements are acceptable if in accordance with
Subsection NF of the ASME Section III Code, Division 1.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from the review procedures
described below, as may be appropriate for a particular case.

1. Description of the Internal Structures

After each structure and its functional characteristics are identified,
information or similar structures of previously licensed applications is
cbtained for reference. Such information, which is available in safety
analysis reports and amendments of licensed plants enables identification
of differences for the case under review which require additional scru-
tiny. New or unique features that have not been used in the past are of
particular interest. The information furnished in the SAR is reviewed
for sufficiency in accordance with the " Standard Format. . ." A decision |

O is then made with regard to the sufficiency of the descriptive infor-
) mation provided in the SAR. Any additional required information is

V requested from the applicant at an early stage of the review process.

2. Applicable Codes, Standards, and Specifications

The list of codes, standards, guides, and specifications is checked
against the list in subsection II.2 of this SRP section. The reviewer
assures himself that the applicable edition and stated effective addenda
are utilized.

3. Loads and Loading Combinations

The reviewer verifies that the loads and load combinations are as
conservative as those specified in subsection II.3 of this SRP section.
Any deviations from the acceptance criteria for loads and load combin-
ations that have not been adequately justified are identified as
unacceptable and transmitted to the applicant for further consideration.

4. Design and Analysis Procedures

The reviewer familiarizes himself with the design and analysis procedures
that are generally utilized for the type of structures being reviewed.
Since the assumptions made on the expected behavior of the structure and
its various e'ements under loads may be significant, the reviewer
determines that they are conservative. The behavior of the structure
under various loads and the manner in which these loads are treated in

v conjunction with other coexistent loads, are reviewed to establish
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compliance with procedures delineated in subsecuca 11.4 of this SRP
section.

5. Structural Acceptance Criteria

Tae limits on allowable stresses and strains in the concrete,
reinforcement, structural steel, etc., are compared with those specified
in subsection II.5 of this SRP section. Where the applicant proposes to
exceed some of these limits for some of the load combinations and at some
localized points on the structure, the justification provided to show
that the functional integrity of the structure will not be affected is
evaluated. If such justification is not acceptable, a request for the
required additional justification and bases are made.

6. Materials, Quality Control, and Special Construction Techniques

The information provided on materials, quality control programs, and
special construction techniques, if any, is reviewed and compared with
that specified in subsection II.6 of this SRP section. If a new material
not used in prior license applications is utilized, the applicant is
requested to provide sufficient test and user data to establish the
acceptability of such a material. Similarly, any new quality control
programs or construction techniques are reviewed and evaluated to assure
that there will be no degradation of structural quality that might affect
the structural integrity of the structure.

7. Testing, and In-service Surveillance Requirements

Procedures for the structural test of the BWR Mark III containment
drywell are reviewed and compared with the procedures described in
subsection II.7 of this SRP section. Any other proposed testing and
in-service surveillance programs are reviewed on a case-by-case basis.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in
accordance with the requirements of this review plan, and concludes that his
evaluation is sufficiently complete and adequate to support the following type
of conclusive statement to be included in the staff's safety evaluation
report:

:

| The staff concludes that the design of the containment internal structures are
acceptable and meets the relevant requirements of 10 CFR Part 50, 950.55a, and
General Design Criteria 1, 2, 4, 5, and 50. This conclusion is based on the
following:

t

1. The applicant has met the requirements of Section 50.55a and GDC 1 with
respect to assuring that the containment internal structures are designed,
fabricated, erected, constructed, tested and inspected to quality
standards cornensurate with its safety function to be performed by
meeting the guidelines of Regulatory Guides and industry standards
indicated below.

'

2. The applicant has met the equirements of GDC 2 by designing the
containment internal structure to withstand the most severe earthquake|

j that has been established for the site with sufficient margin and the
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combinations of the effects of normal and accident conditions with the
effects of environmental loadings such as earthquakes and other natural,
phenomena.

3. The applicant has met the requirements of GDC 4 by assuring that the
design of the internal structures are capable of withstanding the dynamic
effects associated with missiles, pipe whipping and discharging fluids.

4. The applicant has met the requirem s of GDC 5 by demonstrating that
structure systems and components are not shared between units or that if
shared they have demonstrated that sharing will not impair their ability
to perform the htynded safety function.

5. The applicant has met the requirements of GDC 50 by designing the
containment internal structures to accommodate, with sufficient margin,
the design leakage rate, calculated pressure and temperature conditions
resulting from accident conditions and by assuring that the design
conditions are not exceeded during the full course of the accident
condition. In meeting these design requirements, the applicant has used
the recommendations of Regulatory Guides and industry standards indicated
below. The applicant has also performed appropriate analysis which
oemonstrate the ultimate capacity of the structures will not be exceeded
and establishes the minimum margin of safety for the design.

The cr; 3ria used in the design, analysis, and construction of the
containment internal structures to account for anticipated loadings and
postulated conditions that may be imposed during the structures during
their service lifetime are in conformance with established criteria, and

) with codes, standards, and specifications acceptable to the Regulatory
/ staff. These include meeting the positions of Regulatory Guides 1.10,

1.15, 1.55, 1.57, 1.94 and 1.142 and industry standards ACI-349, ASME,
"ASME Boiler and Pressure Vessel Code, Section III, Division 2, Code for
Concrete Reactor Vessels and Containments," ASME, " Boiler Pressure Vessel
Code, Section III, Subsections NE and NF," AISC, " Specifications for the
Design, Fabrication, and Erection of Structural Steel for Buildings and
ANSI N45.2.5.

The use of these criteria as defined by applicable codes, standards, and
snecifications, the loads and loading combinations; the design and :

analysis procedures; the structural acceptance criteria; tha materials, 6

quality control programs, and special construction techniques; and the :
testing and in-service surveillance requirements provide reasonable

'assurance that, in the event of earthquakes and various postulated
accidents occurring withi.. the containment, the interior structures will I
withstand the specified design conditions without impairment of !
structural integrity or the performance of required safety functions. i

V. IMPLEMENTATION !

!
The following is intended to provide guidance to applicants and licensees I

regarding the NRC staff's plans for using this SRP section. !

Excapt in those cases in which the applicant proposes an acceptable
Q alternative method for complying with specified portions of the Commission's ;

regulations, the method described herein will be used by the staff in its
;

evaluation of conformance with Commission regulations. i
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Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. ASME Boiler and Pressure Vessel Code, Section III, Division 1,
Subsection NF, " Requirements for Component Supports," American Society
of Mechanical Engineers.

2. ACI 349, " Requirements for Nuclear Safety-Related Structures," American
Concrete Institute.

3. AISC, " Specification for Design, Fabrication and Erection of Structural |
Steel for Buildings," American Institute of Steel Construction.

4. ASME Boiler and Pressure Vessel Code, Section III, Division 2 (ACI-359),
" Code for Concrete Reactor Vessels and Containments," American Society of
Mechanical Engineers.

5. ASME Boiler and Pressure Vessel Code, Section III, Division 1,
Subsection NE, " Class MC Components," American Society of Mechanical
Engineers.

6. Regulatory Guide 1.10, " Mechanical (Cool Weld) Splices in Reinforcing of
Category I Concrete Structures."

7. Regulatory Guide 1.15, " Testing of Reinforcing Basis f or Category I
Concrete Structures."

A. Regulatory Guide 1.55, " Concrete Placement in Category I Structures."

9. ANSI N45.2.5, " Supplementary Quality Assurance Requirements for Installation,
Inspection and Testing of Structural Concrete and Structural Steel During
the Construction Phase of Nuclear Power Plants," American National Standards
Institute.

10. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis |
Reports for Nuclear Power Plants."

11. Regulatory Guide 1.57, " Design Limit.s and Loading Combinations for Metal
Primary Reactor Containment System Components."

12. Regulatory Guide 1.94, " Quality Assurance Requirements for Installation
Inspection and Testing of Structural Concrete and Structural Steel
During the Construction Phase of Nuclear Power Plants."

13. Regulatory Guide 1.142, " Safety-Related Concrete Structures for Nuclear
Power Plants."

14 10 CFR Part 50, 550.55a, Codes and Standards.

15. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

16. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."
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SECTION 3.8.4 OTHER SEISMIC CATEGORY I STRUCTURES

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas relating to all seismic Category I structures and other
safety-related structures that may not be classified as seismic Category I, other
than the containment and its interior structures, are reviewed:

1. Description of the Structures

The descriptive information including plans and sections of each structure,
is reviewed to establish that sufficient information is provided to define
the primary structural aspects and elements relied upon for the structure to

7s
T perform the safety-related function. Also reviewed is the relationship

[Q between adjacent structures including the separation provided or structural
ties, if any. Among the major plant structures that are reviewed, together
with the descriptive information reviewed for each, are the following:

a. Containment Enclosure Building

The containment enclosure building, which may surround all or part of
the primary concrete or steel containment structure, is primarily
intended to reduce leakage during and after a loss-of-coolant (LOCA)
from within the containment. Concrete enclosure buildings also protect
the primary containment, which may be of steel or concrete, from
outside hazards.

The enclosure building is usually either a concrete structure or a
structural steel and metal siding building.

Where it is a concrete structure, it usually has the geometry of the
containment and, as applicable, the descriptive information reviewed is
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simil r to that of a concrete containment as contained in
subsection I.1 of Standard Review Plan Section 3.8.1.

Where it is a structural steel and metal siding building, the
following items are reviewed: general arrangement of the building
including its foundations, wall, and roof; any bracing and lateral
ties provided for the stability of the building; the roof supports
which may bear on the dome of the containment; and major corner and
siding joint connections.

b. Auxiliary Building

The auxiliary building, which is usually adjacent to the containment
and which may be shared by the two containments in two-unit plants,
is usually of reinforced concrete and structural steel construction.
The general arrangement of the structural walls, columns, floors,
roof, and any removable sections, is reviewed.

c. Fuel Storage Building

The fuel storage building, which may be independent or part of the
auxiliary building, is also of reinforced concrete and structural
steel. It houses the new fuel storage area and the spent fuel pool.
In addition to the information reviewed for the auxiliary building,
the general arrangement of the spent fuel pool is reviewed including
its foundations and walls.

d. Control Building

The control room is located in most plants within the auxiliary
building. However, where it is located in a separate building,
usually called the control building, the building is reviewed as a
separate structure. To provide missile protection and shielding,
this building is usually of reinforced concrete and the descriptive
information reviewed is similar to that reviewed for the auxiliary
building.

e. Diesel Generator Building
1

) The emergency diesel generators are, in some plants, located within
the auxiliary building. However, they may also be located in a
separate building called the diesel generator building. Again, this
is usually a reinforced concrete structure and the descriptive
information reviewed is similar to that reviewed for the auxiliary
building.

f. Other Structures

In most plants, there are several miscellaneous sei vic Category I
| structures and other structures that may be safety-reicted but,

because of other design provision, may not be classified as seismic
Category I. These structures are usually either of reinforced
concrete or structural steel, or a combination thereof. The descrip-
tive information reviewed for such structures is similar to that
reviewed for the auxiliary building. Among such structures are:
pipe and electrical conduit tunnels, waste storage facilities,
stacks, intake structures, pumping stations, and cooling towers.
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i Further, the reviewer may encounter special safety-related
f structures such as emergency cooling water tunnels, embankments,
( concrete dams, and water wells. Such structures are reviewed on a

case-by-case basis. The descriptive information provided is
reviewed to understand the structural behavior of these structures,
specifically during seismic events and plant process conditions
during which such structures are required to remain functional.

g. Masonry Walls

These are walls, partitions or radiation shields which are
components of the structures listed above. They are constructed of
concrete masonry units (CMU) bonded with mortar in single or multi-
ple wythes and may be reinforced horizontally as well as vertically.
The arrangement and configuration of these walls is reviewed.

2. Applicable Codes, Standards, and Specifications

The information pertaining to design codes, standards, specifications,
regulatory guides, and other industry standards that are applied in the
design, fabrication, construction, testing, and turveillance of seismic
Category I structures, is reviewed.

3. Loads and Loading Combinations

Information pertaining to the applicable design loads and various load
combinations thereof is reviewed. The loads normally applicable to

3 seismic Category I structures include the following:
,

*
i

a. Those loads encountered during normal plant, startup, operation, and;

shutdown, including dead loads, live loads, thermal loads due to
operating temperature, and hydrostatic loads such as in those spent
in fuel pools,

b. Those loads to be sustained during severe environmental conditions,
including those induced by the operating basis earthquake (0BE) and
the design wind specified for the plant.

c. lhose loads to be sustained during extreme environmental conditions,
including those induced by the safe shutdown +arthquake (SSE) and
the design tornado specified for the plant.

d. Those loads to be sustained during abnormal plant conditions. Such
abnormal plant conditions include the postulated rupture of high-
energy piping. Loads induced by such an accident may include
elevated temperatures and pressures within or across compartments,
and possibly jet impingement and impact forces associated with such
ruptures.

The various combinations of the above loads that are normally postulated
and reviewed include normal operating loads; normal operating loads with
severe environmental loads; normal operating loads with atreme rwiron-
mental loads; normal operating loads with abnormal loads; normal

{ operating loads with severe environmental and abnormal loads; and normal
operating with extreme environmental and abnormal loads.
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The loads and load combinations described above are generally 'licable
to all types of structures. However, other site-related loads might also
be applicable. Such ': ? . which are not normally combined with abne' mal
loads, include those induced by floods, potential aircraft crashes,
explosive hazards in proximity to the site, and projectiles and mi siles
generated from activities of nearby military installatione

4. Design and Analysis Procedures

The design and analysis procedures used for Category I structures are
reviewed with emphasis on the extent of compliance with the ACI 349 Code
(Ref. 1)* for corcrete structures and with the AISC Specifications I
(Ref. 3) for steel structures, including the following areas:

a. General assumptions on boundary conditions.

b. The expected behavior under loads and the methods by which vertical
and lateral loads and forces are transmitted from the various
elements to their supports and eventually to the foundation of the
structure.

c. The computer programs chat are utilized.

d. A design report on Category I structures is reviewed (Appendix C),

e. 6 structural audit is performed (Appendix 8).

f. The design of the spent fuel pool and racks is reviewed (Appendix D).

5. Structural Acceptance Criteria

The design limits imposed on the various parameters that serve to quantify
the structural behavior of each structure and its components are reviewed,
specifically with respect to stresses, strains, gross deformations, and
factors of safci.y against structural failure. For each load combination
specified, the specified allowable limits are compared with the acceptable
limits delineated in Section II.5 of this plan.

6. Materials, Quality Control, Special Construction Techniques, and Quality
Assurance

Information on the materials that are used in the construction of
Category I structures is reviewed. Among the major materials of con-
struction that are reviewed are the concrete ingredients, the reinforcing
bars and splices, and the structural steel and anchors.

The quality control parameters that are proposed for the fabrication and
construction of Category I structures are reviewed including nondestructive
examination of the materials to determine physical properties, placement
of concrete, and erection tolerances.

^Uhenever reference is made to ACI 349, it implies that the code is augmented
by Regulatory Gu:de 1.142 (Ref. 2).
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i Special construction techniques, if proposed, are reviewed on a
case-by-case basis to determine their effects on the structural integrity

O of the completed structure,
b In addition, the inf'.rmation contained in items a, b, and c of,

subsection I.6 of Standard Review Plan Section 3.8.3 is also reviewed.

7. Testing and Inservice Surveillance Programs

If applicable, any post-construction testing and inservice surveillance
programs are reviewed on a case-by-case basis.

8. Masonry Walls

Areas of review pertaining to masonry walls should include, as a minimum,
those items identified in Appendix A to this SRP section.

SEB coordinates other branches evaluations that interface with structural
engineering aspects of the review as follows: determination of structures
which are subject to quality assurance programs in accordance with the
requirements of Appendix B to 10 CFR Part 50 is performed by the Mechanical
Engineering Branch (MEB) as part of its primary review responsibility for
SRP Sections 3.2.1 and 3.2.2. SEB will perform its review of safety-
related structures on tht; basis. Determination of pressure loads from
high energy lines located in safety related structures other than con-
tainment is performed by the Auxiliary Systems Branch (ASB) as described
as part of its primary review responsibility for SRP Section 3.6.1. SEB
accepts the loads thus generated as approved by the ASB to be included inw

\ the load combination equations of this SRP section. Determination of
loads generated due to pressure under accident conditions is performed bys

the Containment Systems Branch (CSB) as part of its primary review respon-
sibility for SRP Section 6.2.1. SEB accepts the loads thus generated, as
approved by the CSB to be included in the load combinations in this SRP
section. The review for quality assurance is coordinated and performed
by the Quality Assurance Branch as part of its primary review
responsibility for SRP Section 17.0.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance
criteria necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary
branch.

II. ACCEPTANCE CRITERIA

SEB acceptance criteria for the design of structures other than containment are
based on meeting the relevant requirements of the following regulations:

A. 10 CFR Part 50, 650.55a and General Design Criterion 1 as they relate to
safety related structures being designed, fabricated, erected, and tested
to quality standards commensurate with the importance of the safety
function to be performed.

n G. General Design Criterion 2 as it relates to the design of the safety-related

D) structures being capable to withstand the most severe natural phenomena/
such as wind, tornadoes, floods, and earthquakes and the appropriate
combination of all loads.
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C. General Design Criterion 4 as it relates to safety-related structure
being capable of withstanding the dynamic effects of equipment failures
including missiles and blowdown loads associated with the loss of coolant
accidents.

D. General Design Criterion 5 as it relates to sharing of structures important
to safety unless it can be shown tnat such sharing will not significantly
impair their validity to perform their safety functions.

E. Appendix B to 10 CFR Part 50 as it relates to the quality assurance
criteria for nuclear power plants.

The Regulatory Guides and industry standards identified in item 2 of this
subsection provides information, recommendations and guidance and in general
describes a basis acceptable to the staff that may be used to implement the
requirements of 10 CFR Part 50, 950.55a and GDC 1, 2, 4, 5 and Appendix B to
10 CFR Part 50. Also, specific acceptance criteria necessary to meet the
relevant requirements of these regulations for the areas of review, described
in subsection I of this SRP section are as follows:

1. Description of the Structures

The descriptive information in the SAR is considered acceptable if it
meets the minimum requirements set forth in Section 3.8.4.1 of the " Standard
Format and Content of Safety Analysis Reports for Nuclear Power Plants"
(Ref. 4).

Deficient areas of descriptive information are identified by the reviewer
and a request for additional information is initiated at the application
acceptance review. New or unique design features that are not specifi-
: ally covered in the " Standard Format..." may require a more detailed
review. The reviewer determines the additional information that may be
required to accomplish a meaningful review of the structural aspects of
such new or unique features.

2. Applicable Codes, Standards, and Specifications

| The design, materials, fabrication, erection, inspection, testing, and
j surveillance, if any, of Category I structures are covered by codes,

standards, and guides tnat are either applicable in their entirety or ini

portions thereof. A list of such documents is as follows:

Specification Title

ACI 349 " Code Requirements for Nuclear Safety-Related
Concrete Structures"

AISC " Specification for the Design, Fabrication, and
Erection of Structural Steel for Buildings"

Regulatory Guides

1.10 Mechanical (Caldweld) Splices in Reinforcing
i

Bars of Category I Concrete Structures
|

|
|

|
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1.15 Testing of Reinforcing Bars for Category I
Concrete Structures

1.55 Concrete Placement in Category I Structures

1.69 Concrete Radiation Shields for Nuclear Power
Plants

1.91 Evaluations of Explosions Postulated to 0: cur on
Transportation Routes Near Nuclear Power flants

1.94 Quality Assurance Requirements for Installation,
Inspection, and Testing of Structural Concrete

1.115 Protection Against Low Trajectory Turbine
Missiles

1.142 Ssiety-Related Concete Structures for !!uclear
Power Plants (Other Tnan Reactor Vessels and
Containments)

1.143 Design Guidance for Radioactive Waste Management
Systems, Structures, and Components Installed in
LWR Plants

3. Loads and load Combinations

The specified loads and load combinations are acceptable if found.to ben
( in accordance with the following:V)

; a. Loads, Definitions, and Nomenclature

All the major loads to be encountered or to be postulated are listed
below. All the loads listed, however, are not necessarily applic-
able to all the structues and their elements. Loads and the applicable
load combinations for which each structure has to be design % will
depend on the conditions to which that particular structure may be
subjected.

Normal loads, which are those loads to be encountered during normal
plant operation and shutdown, include:

.

Dead loads or their related internal moments and forces,D -

inluding any permanent equipment loads.

L - Live loads or their related internal moments and forces,

including any movable equipment loads and other loads
which vary with intensity and occurrence, such as soil
pressure.

Thermal effects and loads during normal operating orT -

g shutdown conditions, based on the most critical transient
or steady state condition.

<

J
3.8.4-7 Rev. 1 - July 1981

, ._ _ ____ . _ _ _ . _ _ _ _ . . _ . _ . . - _ . _ . _._._._ _ _ _ _



R - Pipe reactions during normal operating or shutdown
U conditions, based on the most critical transient or steady

state condition.

Severe environmental loads include:

E - Loads generated by the operating basis earthquake.

W - Loads generated by the design wind specified for the
plant.

Extreme environmental loads include:

E' Loads generated by the safe shutdown earthquake.-

W L ads generated by the design tornado specified for the-

t niant. Tornado loads include loads due to the tornado
wind pressure, the tornado-created differential pressure,
and to tornado generated missiles.

Abnormal loads, which are those loads generated by a postulated
high-energy pipe break accident, include:

P - Pressure equivalent static load within or across a
a compartment generated by the postulated break, and

including an appropriate dynamic load factor to account
for the dynamic nature of the load.

T - Thermal loads under thermt1 conditions generated by the
a postulated break and including T .g

R - Pipe reactions under thermal conditions generated by the
a postulated break and including R .g

Y Equivalent static load on the structure generated by the-

r reaction on the broken high-energy pipe during the postu-
lated break, and including an appropriate dynamic load
factor to account for the dynamic nature of the load.

Y. - Jet impingement equivalent static load on a structure
J generated by the postulated break, and including an

appropriate dynamic load factor to account ft the dynamic
nature of the load.

Y*
- Missile impact equivalent static load on a structure

generated by or during the postulated break, as from pipe
whipping, and including an appropriate dynamic load factor
to account for the dynamic nature of the load.

In determining an appropriate equivalent static load for Y , Y , andp j
Y,, elasto plastic behavior may be assumed with appropriate duct-
ility ratios, provided excessive deflections will not result in loss
of function of any safety related system.

O
3.8.4-8 Rev.1 - July 1981

_ _ _ _ _ - _ _ _



- . _ . _ _ . _ . __ _ .. _ _ _ _ ___ __ . _ _ _ _ _ __ __ _ _ _ _ - . _ _

1

b. Load Combinations for Concrete Structurcs

O For concrete structures, the load combinations are acceptable if, Q found in accordance with the following:.

(i) For service load conditions, either the working stress design
(WSD) method as outlined in ACI 318 Code or the strength design
method may be used.

(a) If the WSD method is used, the following load combinations
shculd be considered:

(1) D+L

(2) D+L4 E-

: (3) D+L+W

If thermal stresses due to T and R are present, the
followingcombinationsshou18bealsoconsidered:

(4) D+L+T +R
o g

(5) D+L+T +R +E
o g

(6) D+L+T +R +Wg o

Both cases of L having its full value or being completelyO absent should be checked.
*

(b) If the strength design method is used, the following load
1 combinations should be considered:

(1) 1.4 D + 1.7 L

(2) 1.4 D + 1.7 L + 1.9 E
,

(3) 1.4 0 + 1.7 L + 1.7 W
j If thermal stresses due to T and R are present, theg g

following combinations should also be considered: '

(4) (0.75) (1.4D + 1.7L + 1.7T + 1.7R,)g

(5) (0.75) (1.4D + 1.7L + 1.9E + 1.7T + 1.7R )g g

(6) (0.75) (1.4D + 1.7L + 1.7W + 1.7T, + 1.7R )g

In addition, the following combinations should be considered:

(7) 1.2 D + 1.9 E

(8) 1.2 0 + 1.7 W

(ii) For factored load conditions which represent extreme
i environmental, abnormal, abnormal / severe environmental, ands

:
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abnormal / extreme environmental conditions, the strength design
method should be used and the followinq load combinations

'

should be considered:

(a) D+L+T +R + E'g g

(b) D+L+T +R +W
o g t

(c) D+L+T +R + 1.5 P
a a a

(d) D+L+T +R + 1.25 P + 1.0 (Y +Yj + Y,) + 1.25 E'a a a r

(e) D+L+T +R + 1.0 P + 1.0 (Y + Y) + Y,) + 1.0 E'a a a r

In combinations (c), (d), and (e), the maximum values of P ,
3

T , R , Y), Y , and Y,, including an appropriate dynamic loada 3 r

factor, should be used unless a time-history analysis is per-
formed to justify otherwise. Combinations (b) and (d) and
(e) and the corresponding structural acceptance criteria of sub-
section II.5 of this SRP section should be satisfied first
without the tornado missile load in (b) and without Y , Y ,

r j
and Y*section strength capacities may be exceeded provided there

in (d) and (e). When considering these concentrated loads,
local
will be no loss of function of any safety-related system.

Where any load reduces the effects of other loads, the corresponding
coefficient for that load should be taken as 0.9 if it can be
demonstrated that the load is always present or occurs simultaneously
with other loads. Otherwise the coefficient for that load should be
taken as zero.

Where the structural effects of differential settlement, creep, or
shrinke"e may be significant, they should be included with the dead
load, D, as applicable.

c. Load Combinations for Steel Structures

For steel interior structures, the load combinations are acceptable
if found in accordance with the following:

(i) For service load conditions, either the elastic working stress
design methods of Part 1 of the AISC specifications, or the
plastic design methods of Part 2 of the AISC specifications,
may be used.

(a) If the elastic working stress design methods are used, the
following load combinations should be considered:

(1) D+L

(2) D+L+E

(3) D+L+W
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I If thermal stresses due to T and R are present, the
following combinations shoul8 be alEo considered:;

2

(4) D+L+T +R
o g

(5) D+L+T +R +Eg g

(6) D+L+T +R + W.g g

(b) If plastic design methods are used, the following load
,

combinations should be considered:
,

(1) 1.7 D + 1.7 L,

'

(2) 1.7 D + 1.7 L + 1.7 E
I (3) 1.7 D + 1.7 L + 1.7 W

If thermal stresses due to T and R are present, the
followingcombinationsshou18al,so8econsidered:

(4) 1.3 (D + L + T +R)o g

(5) 1. 3 (D + L + E + T +R)j o g

(6) 1.3 (D + L + W + T +R) |g g

(ii) For factored load conditions the following load combinations

O should be considered:

(a) If elastic working stress design methods are used:

(1) D+L+T +R + E'g g

(2) D+L+T +R +W; g g t

(3) D + L + T, + R + P,a

(4 ', D+L+T + R, + P + 1.0 (Y +Yj + Y,) + E; a a r

s5) D + L + T, + R, + P, + 1.0 (Y + Y) + Y,) + E'r

(b) If plastic design methods are used:

(1) D+L+T +R + E'g g

(2) D+L+T +R +Wg g t

(3) D + L + T, + R,+ 1.5 P,

(4) D + L + T, + R, + 1.25 P, + 1.0 (Y + Y) + Y,) + 1.25 E4

r

j + Y,) + E'(5) D+L+T, 3:, + 1.0 P, + 1.0 (Y +Y
r

j
'
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In the above factored load combinations, thermal loads can be
neglected when it can be shown that they are secondary and
self-limiting in nature and where the material is ductile.

In combinations (3), (4), and (5), the maximum values of P '
a

T,, R , Y , Y , and Y ,, including an appropriate dynamic loada j p

factor, should be used unless a time-history analysis is per-
formed to justify otherwise. Combinations (2), (4) and (5) and
the corresponding structural acceptance criteria of subsec-
tion II.5 of this SRP section should first be satisfied without
the tornado missile load in (2) and without Y , Y), and Y, in (4)r

and (5). When considering these concentrated loads, local
section strength may be exceeded provided there will be no loss
of function of any safety-related system.

Where any load reduces the effects of other loads, the
corresponding coefficient for that load should be taken as 0.9,
if it can be demonstrated that the load is always present or
occurs simultaneoissly with other loads. Otherwise, the
coefficient for that load should be taken as zero.

Where the structural effect of differential settlement may be
significant it should be included with the dead load, D.

4. Design and Analysis Procedures

The design and analysis procedures utilized for Category I structures,
including assumptions on boundary conditions and expected behavior under
loads, are acceptable if found in accordance with the following:

a. For concrete structures, the procedures are in accordance with ACI-349,
" Code Requirements for Nuclear Safety Related Structures" (Ref. 1).

b. For steel structures, the procedures are in accordance with the AISC
" Specification..." (Ref. 3).

c. Computer programs are acceptable if the validation provided is f Jund
in accordance with procedures delineated in subsection II.4.e of
SRP Section 3.8.1.

i d. Design report is considered acceptable if it contains the infc mation
specified in Appendix C to this SRP section.!

e. Structural audit is conducted in accordance with the provisions of
Appendix B to this SRP section.

|
'

f. Design of spent fuel pool and rods is considered acceptable when the
requirements of Appendix D to this SRP section are met.

5. Structural Acceptance Criteria

For each of the loading combinations delineated in subsection II.3 of this
SRP section, the following defines the allowable limits which constitute
the structural acceptance criteria:
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a. In Combinations for Concrete Limit

Paragraphs 3.b.(i)(a)(1), (2), and (3) . . . . . . . S(1)
,

L Paragraphs 3.b.(i)(a)(4), (5), and (6) . . . . . . . 1.3 S

Paragraphs 3.b.(i)(b)(1), (2), and (3) . . . . . . . U(2)

Paragraphs 3.b.(i)(b)(4), (5), and (6) . . . . . . . U

Paragraphs 3.b.(i)(6), (7), and (8). . . . . . . . . U

Paragraphs 3.b.(ii)(a), (b), (c), (d), and (e) . . . U

b. In Combinations for Steel Limit

Paragraphs 3.c.(i)(a)(1), (2), and (3) . . . . . . . S

Paragraphs 3.c.(i)(a)(4), (5), and (6) . . . . . . . 1.55
IY 3)Paragraphs 3.c.(i)(b)(1), (2), and (3) . . . . . . .

Paragraphs 3.c.(i)(b)(4), (5), and (6) . . . . . . . Y

Paragraphs 3.c.(ii)(a)(1),(2),(3)O,and(4)U)1.6 S...

)Paragraphs 2.(c)(ii)(aM4), and (5) 1. 7 S.......

Paragraphs 3.c.(ii)(b)(1), (2), (3), (4), and (S). . Y

Notes

For concrete structures, S is the required section strength] (1) S -

based on the working stress design method and the allowable
) stresses defined in ACI 318 Code.sv

For structural steel, S is the required section strength
based on elastic design methods and the allowable stresses
defined in Part 1 of the AISC " Specification for the
Design, Fabrication, and Erection of Structural Steel for
Buildings" (Ref. 3)

The one-third increase in allowable stresses for concrete
and steel due to seismic or wind loadings is not permitted.

For concrete structures, U is the section strength required(2) U -

to resist design loads based on the strength design methods
described in ACI 349 Code (Ref. 1).

(3) Y - For structural steel, Y is the section strength required
,

to resist design loads and based on plastic design methods|.
described in Part 2 of the AISC " Specification for the
Design, Fabrication, and Erection of Structural Steel for
Buildings" (Ref. 3).

For these two combinations, in computing the required(4) -

i section strength, S, the plastic section modulus of steel
shapes, except for those which do not meet the AISC criteria

,
' for compact sections, may be used.

O)
'

\
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6. Materials, quality Control, and Special Construe. tion Techniques

For Category I structures outside the containment, the acceptance criteria
for materials, quality control, and any special construction techniques
are in accordance with the codes and standards indicated in suosection I.6
of SRP Section 3.8.3, as applicable.

7. Testing and Inservice Surveillance Requirements

At present there are no special testing or inservice surveillance require-
ments for Category I structures outside the containment. However, where
some requirements become necessary for special structures, such requirements
are reviewed on a case-by-case basis.

8. Masonry Walls

Acceptance criteria for masonry walls are contained in Appendix A to this
SRP section.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from the review procedures described
below, as may be appropriate for a particular case.

1. Description of the Structures

After the type of structure and its functional characteristics are identi-
fied, information on similar and previously lics. sed plants is obtained
for reference. Such information, which is evailable in safety analysis
reports and amendments of previous license applications, enables identi-
fication of differences for the case under review. These differences
require additional scrutiny and evaluation. New and unique features that
have not been used in the past are of particular interest and are thns
examined in greater detail. The information furnished in the SAR is
reviewed for completer.ess in accordance with the " Standard Format..."
(Ref. 4). A decision is then made with regard to the sufficiency of the
descriptive information provided. Any additional required information
not provided is requested from the applicant at an early stage of the
review process.

2. Applicable Codes, Standards, and Specifications

The list of codes, standards, guides, and specifications is compared with
the list in subsection II.2 of this SRP section. The reviewer assures
himself that the appropriate code or guide is utilized and that the
applicable edition and stated effective addenda are acceptable.

3. Loads and Loading Combinations

The reviewer verifies that the loads and load combinations are as conserva-
tive as those specified in subsection II.3 of this SRP section. Any
deviations from the acceptance criteria for loads and load combinations
that have not been adequately justified are identified as unacceptable
and transmitted to the applicant.
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4. Design and Analysis Procedures

The reviewer assures himself that for the design and analysis procedures,
the applicant is utilizing the ACI-349 Code (Ref. 1) and the ASIC
Spec:fications for concrete and steel structures (Ref. 3), respectively.

Any computer programs that are utilized in the design and analysis of the
structure are reviewed to verify their validity in accordance with the
acceptance criteria delineated in subsection II.4.e of SRP Section 3.P.1.

The reviewer assures that the provisions specified in subsection 11.4 of
this SRP section regarding design report, structural audits and design of
spent fuel pool and racks are met.

S. Structural Acceptance Criteria

The limits on allowable stresses and strains in the concrete,
reinforcement, structural steel, etc., are compared with the
corresponding allowable stresses specified in Section II.5 of this SRP
section. If the applicant proposes to exceed some of these limits for
some of the load combinations and at some localized points on the
structure, the justification provided to show that the structural
integrity of the structure will not be affected is evaluated. If such
justification is determined to be inadequate, the proposed deviations are
identified and transmitted to the applicant with a request for the
required additional justification and bases.

6. Materials, Quality Control, and Special Construction Techniquesm

V) The matesfals, quality control procedures, and any special construction
technique; are compared with those referenced in subsection II.6 of this
SRP section. If a new material not used in prior licensed cases is
utilizec', the applicant is requested to provide sufficient test and user
data t., establish the acceptability of such a material. Similarly, any
new quality control procedures or construction techniques are reviewed
and evaluated to assure that there will be no degradation of structural
quality that might affect the structural integrity of the structure.

7. Testing and Inservice Surveillance Requirements

Any testing and inservice surveillance programs are reviewed on a
case-by-case basis.

8. Masonry Valls
i

The reviewer should assure that the requirements identified in Appendix A
to this SRP section are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP section, and concludes that his evaluation is
sufficiently complete and adequate to support the following type of conclusive
statement to be included in the staff's safety evaluation report:
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The staff concludes that the design cf safety-related structures other than
containment or containment interior structures are acceptable and meets the
relevant requirements of 10 CFR Part 50, 650.55a, and General Design
Criteria 1, 2, 4, and 5. This conclusion is based on the following:

1. The applicant has met the requirements of 50.55a and GDC 1 with respect
to assuring that the safety related structures other than containment are
designed, fabricated, erected, constructed, tested, and inspected to
quality standards commensurate with its safety function to be performed
by meeting the guidelines of Regulatory Guides and industry standards
indicated below.

2. The applicant has met the requirements of GDC 2 by designing the safety-
related structures other than containment to withstand the most severe
earthquake that has been established for the site with sufficient margin
and the combinations of the effects of normal and accident conditions
with the effects of environmental loadings such as earthquakes and other
natural phenomena.

3. The applicant has met the requirements of GDC 4 by assuring that the
design of the safety-related structures are capable of withstanding the
dynamic effects associated with missiles, pipe whipping and discharging
fluids.

4. The applicant has met the requirements of GDC 5 by demonstrating that
structures, systems, and components are not shared between units or that if
shared they have demonstrated that sharing will not impare their ability
to perform their intended safety function.

t

5. The applicant has met the requirements of Appendix 8 because their c,uality
assurance program provides sdequate measures for implementing guidelines
relating to structural design audits.

The criteria used in the analysis, design, and construction of all the
nlant Category I strucutres to account for anticipated loadings and
postulated conditions that may be imposed upon each structure during its
service lifetime are in conformance with established criteria, codes,
standards, and specifications acceptable to the regulatory staff. These
include meeting the positions of Regulatory Guides 1.10, 1.15, 1.55,
1. 69,1. 91,1. 94,1.115,1.142, and 1.143 and industry standards ACI-349
and AISC, " Specifications for the Design, Fabrication, and Erection of
Structural Steel for Buildings."

The use of these criteria as defined by applicable codes, standards, and
specifications, the loads and loading combinations; the design and analy-
sis procedures; the structural acceptance criteria; the materials, quality
control, and special construction techniques; and the testing and inservice
surveillance requirements provide reasonable assurance that, in the event
of winds, tornadoes, earthquakes, and various postulated accidents occur-
ring within the structures, the structures will withstand the specified
design conditions without impairment of structural integrity or the
performance of required safety functions.

O
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V. IMPLEMENTATION

OThefollowingisintendedtoprovideguidancetoapplicantsandlicenseesregarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. ACI 349, " Code Requirements for Nuclear Safety-Related Structures,"
American Concrete Institute.

2. Regulatory Guide 1.142, " Safety-Related Concrete Structures for Nuclear
Power Plants."

3. AISC, " Specification for Design, Fabrication, and Erection cf Structural
Steel for Buildings," American Institute of Steel Construction.

4. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

5. 10 CFR Part 50, 650.55a, " Codes and Standards."

6. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality
Standards and Records."

7. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

8. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

9. 10 CFR Part 50, General Design Criterion 5, Appendix A, " Sharing of
Structures, Systems, and Components."

10. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants."

11. Regulatory Guide 1.10, " Mechanical (Caldwell) Splices in Reinforcing Bars
of Category I Concrete Structures."

12. Regulatory Guide 1.15, " Testing or Reinforcing Bars for Category I
. Concrete Structures."

13. Regulatory Guide 1.55, " Concrete Placement in Category I Structures."

14. Regulatory Guide 1.69, " Concrete Radiation Shields for Nuclear Power
p Plants."

i

~
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15. Regulatory Guide 1.91, " Evaluations of Explosions Postulated to Occur on
Transportation Routes Near Nuclear Power Plants."

16. Regulatory Guide 1.94, " Quality Assurance Requirements for Installation,
Inspection, and Testing of Structural Concrete."

Regulator Guide 1.115, " Protection Against Low Trajectory Turbine17.
Missiles.y'

18. Regulatory Guide 1.143, " Design Guidance for Radioactive Waste Management
Systems, Structures, and Components Installed in LWR Plants."

O

I

.
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; APPENDIX A TO SRP SECTION 3.8.4
1

N INTERIM CRITERIA FOR

v) SAFETY-RELATED MASONRY WALL EVALUATION

The purpose of this appendix is to provide minimum design considerations and
criteria for the review of safety-related masonry walls which will meet the
design standards specified in subsection II of this SRP section.

1. General Requirements

The materials, testing, analysis, design, construction, and inspection
related to the design and construction of safety-related concrete masonry
walls should conform to the applicable requirements contained in Uniform
Building Code - 1979, unless specified otherwise, by the provisions to
this criteria.

The use of other industrial codes, such as ACI-531, ATC-3, or NCMA, is also
acceptable. However, when the provisions of these codes are less conser-
vative than the corresponding provisions of these interim criteria, their
use should be justified on a case-by-case basis.

In new construction, no unreinforced masonry walls will be permitted.
For operating plants, existing unreinforced walls will be evaluated by
the provisions of these criteria. Plants applying for operating licenses
which have already built unreinforced masonry walls will be evaluated on<

a case-by-case basis.

2. Loads and Load Combinations
s

The loads and load combinations shall include consideration of normal loads,
severe environmental loads, extreme environmental load, and abnormal loads.
Specifically, for operating plants, the load combinations provided in the
plant's FSAR shall govern. For operating license applications, the following
lo^ d combinations shall apply (for definition of load terms, see SRP
Section 3.8.4, subsection II.3).

(a) Service Load Conditions

(1) D+L

(2) D+L+E

(3) D+L+W

If thermal stresses due to T and R are present, they should beg g

included in the above containment, as follows:

(la) D + L + T +Rg g

(Ib) D + L + T, + R +Eg

rh
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(Ic) D + L + T +R +Wg g

Check load combination for controlling condition for maximum 'L' and
for no 'L'.

(b) Extreme Environmental, Abnormal, Abnormal / Severe Environmental, and
Abnormal / Extreme Enviromental Conditions

(4) D+L+T +R + E'g n

(5) D+L+T +R +Wg g t

(6) D+L+T +R + 1.5 P
a a a

(7) D+L+T +R + 1.25 P + 1.0 (Y +Yj + Y,) + 1.25 Ea a a r

(8) D+L+T +R + 1.0 P, + 1.0 (Y + Y) + Y ) + 1.0 E'a 3 r m

In combinations (6), (7), and (8), the maximum values of P , T , R '
a a a

Y,Y, nd Y , including an appropriate dynamic load factor, shouldj r m

be used unless a time-nistory analysis is performed to justify other-
wise. Combinatior.,(5), (7), and (8) and the corresponding structural
acceptance critecia of should be satisfied first without the tornado

missile load in (5) and without Y , Y , and Y,in (7) and (8). Whenp j
considering these loads, local section strength capacities may be
exceeded under thtse concentrated loads, provided there will be no
loss of function of any safety-related system.

Both cases of L having its full value or being completely absent should
be checked.

3. Allowable Stresses

Allowable stresses provided in ACI-531-79, as supplemented by the following
modifications / exceptions, shall apply.

(a) When wind or seismic loads (0BE) are considered in the loading combin-
ations, no increase in the allowable stresses is permitted.

| (b) Use of allowable stresses corresponding to special inspection category
shall be substantiated by demonstration of compliance with the inspec-
tion requirements of the NRC criteria.

(c) When tension perpendicular to bed joints is used in qualifying the
unreinforced masonry walls, the allowable value will be justified by
test program or other means pertinent to the plant and loading condi-
tions. For reinforced masonry walls, all the tensile stresses will
be resisted by reinforcement.

(d) For load conditions which represent extreme environmental, abnornal,
abnormal / severe environmental, and abnormal / extreme environmental
conditions, the allowable working stress may be multiplied by the
factors shown in the following table:
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Type of Stress Factor

1 2.5Axial or Flexural Compression
Bearing 2.5
Reinforcement stress except shear 2.0 but not to exceed 0.9 fy
Shear reinforcement and/or bolts 1.5

Masonry tension parallel to bed joint 1. 5

Shear carried by masonry 1. 3
Masonry tension perpendicular to bed

joint
for reinforced masonry 0
for unreinforced masonry 2 1,3

Notes

(1) When anchor bolts are used, design should prevent facial
spalling of masonry unit.

(2) See 3(c).

4. Design and Analysis Considerations

(a) The analysis should follow established principles of engineering
mechanics and take into account sound engineering practices.

(b) Assumptions and modeling techniques used shall give proper
considerations to boundary conditions, cracking of sections, if any,
and the dynamic behavior of masonry walls.

(c) Damping values to be used for dynamic analysis shall be those for
reinforced concrete given in Regulatory Guide 1.61.

(d) In general, for operating plants, the seismic analysis and
Category I structural requirements of FSAR shall apply. For other
plants, corresponding SRP requirements shall apply. The seismic
analysis shall account for the variations and uncertainties in mass,
materials, and other pertinent parameters used.

(e) The analysis should consider both in plane and out-of plane loads.

(f) Interstory drift effects should be considered.

(g) In new construction, no unreinforced masonry wall is permitted; also,
all grout in concrete masonry walls shall be compared by vibration.

,

(h) For masonry shear walls, the minimum reinforcement requirements of,
'

ACI-531 shall apply.

(i) Special construction (e.g., multiwythe, composite) or other items
not covered by the code shall be reviewed on a case-by-case basis
for their acceptance.

(j) Licensees or applicants shall submit QA/QC infr mation, if available,
for staff review.

.
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In the event QA/QC information is not available, a field survey and
a test program reviewed and approved by the staff shall be implemented
to ascertain the conformance of masonry construction to design drawings
and specificiations (e.g., rebar and grouting).

(k) For masonry walls requiring protection from spalling and scabbing
due to accident pipe reaction (Y ), jet impingement (Y)), and missiler

impact (Y ), the requirements of SRP Section 3.5.3 shall apply. Any
deviation *from SRP Section 3.5.3 shall be reviewed and approved on a
case-by-case basis.

5. Revision of Criteria

The criteria will be revised, as appropriate, based on:

(a) Design review meetings with the selected licensees and their A/Es.

(b) Experience gained during review.

(c) Additional information developed through testing and researches.

6. References

(a) Uniform Building Code - 1979 Edition.

(b) Building Code Requirements for Concrete Masonry Structures ACI-531-79
and Commentary ACI-531R-79.

(c) Tentative Provisions for the Development of Seismic Regulations for
Buildings-Apolied Techhology Council ATC 3-06.

(d) Specification for the Design and Construction of Load-Bearing Concrete
Masonry - NCMA August, 1979.

(e) Trojan Nuclear Plant Concrete Masonry Design Criteria Safety Evaluation
Report Supplement - November, 1980.

(f) Regulatory Guide 1.61, " Damping Values for Seismic Design of Nuclear
Power Plants."

O
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APPENDIX B TO SRP SECTION 3.8.4

STRUCTURAL DESIGN AUDITS

I

1. Introduction

Appendix B, " Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants," to 10 CFR Part 50, " Licensing of Production and Util-
ization Facilities," requires, in part, that the design control measures
shall provide for verifying or checking the adequacy of simplified calcu-
lational methods, or by the performance of a suitable testing program.
This appendix provides requirements and guidelines for impiementation of
structural design audits.

2. Objectives

The audit is conducted in order that the following objectives are accom-
plished:

(a) To investigate the manner in which the applicant has implemented the
structural design criteria that he committed to use for the facility.

(b) To verify that the key structural design calculations have been con-
ducted in an acceptable way,

p (c) To identify and assess the safety significance of these areas where
the plant structures were designed and analyzed using methods other
than those recommended by the SRP section.

3. Preliminary Arrangements

Arrangements for the audit are to be made by the Licensing Project Manager
(LPM). The audit agenda, including specific areas of interest are pre-
pared by the reviewer and forwarded to the applicant at least thirty (30)
days prior to the date of the audit. The LPM should notify the appropriate
I&E regional office personnel as well as any intervening parties, if appli-
cable, about the forthcoming audit.

4. Conduct of the Audit

; (a) An Overview of the Plant Design:

The applicant should present an overview of each of the key structures
including a brief description, assumptions, modeling techniques, and
technique features of design as well as any deviations from those
committed to in the SARs.

(b) Audit of Design Calculations:

The auditing personnel review the design calculations for the structures
which have been . identified during the review of the applicant's Design

/7 Report. Any goestions such as those regarding the structural modeling,

Q) analysis, proportioning of the members, and computer runs should be
discussed among the participants in the audit and resolved. If such
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a resolution required additional engineering data and further analysis
on the part of the applicant, the specific followup action items should
t dentified and noted in the meeting minutes for subsequent resolu-

5. Exit Meeting

An exit meeting is held at the conclusion of the audit to discuss and
summarize the audit findings, generic issues pertaining to the design,
specific action items, and the schedules for resolution of the action items.

6. Minutes of the Audit

The LPM is responsible for preparation of the audit minutes.

7. Af ter-Audit Meetings

Review of the applicant's response to the action items may necessitate
additional meeting (s) between the staff and the applicant to explain certain
parts of the responses.

8. Input to the SER

The audit should be considered as an integral part.of the review process.
Resolution of the action items, together with appropriate consideration
of other safety aspects should constitute the major basis for the staff's
preparation of the SER.

O

i
I

.

O
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APPENDIX C TO SRP SECTION 3.8.4

DESIGN REPORT

Category I Structures
Design Report'

Table of Contents

Structure

I. OBJECTIVE

'

The primary objective of the Design Report is to provide the reviewer with
design and construction information more specific than that contained in
the SAR, which can assist him to plan and conduct a structural audit. For
this review, the information must be in quantitative form representing
the scope of the actual design corrputations and the final design results.

II. STRUCTURAL DESCRIPTION AND GEOMETRY

1. Structural Geometry and Dimensions

2. Key Structural Elements and Description

3. Floor Layout and Elevations

4. Conditions of Vicinity and Supports

5. Special Structural Features

III. STRUCTURAL MATERIAL REQUIREMENTS
.

1. Concrete

a) Compressive Strength
b) Modulus of Elasticity
c) Shear Modulus
d) Poisson's Ratio

2. Reinforcement

a) Yield Stress
b) Tensile Strength
c) Elongation4

3. Structural Steel

a) Grade
b) Ultimate Tensile Strength
c) Yield Stress

4. Prestressing Stage (if .pU ; W e)

a) Type of the-Ne.9 .oufacturer)
( b) Description c| fei.e.w ,

c) Description of Surcharge ,
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d) Tendons and Sheeting Layout
e) Dome Prestressing

5. Foundation Media

a) General Description
b) Unit Weight
c) Shear Modulus
d) Angle of Internal Friction

e) Cohesion
f) Bearing Capacity

6. Special Considerations

TV. STRUCTURAL LOADS

1. Live and Dead Load Floor Plans

2. Determination of Transient and Dynamic Loads

3. Manufacturer's Date of Equipment Loads

4. Environmental Loads

5. Torsional Effects

V. STRUCTURAL ANALYSIS AND DESIGN

1. Design Computations of Critical Elements

2. Stability Calculations

3. Engineering Drawings Including Details of Connections and Joints

4. Discussion of Unique Features and Problem Resolution

VI. SUMMARY OF RESULTS
.

1. The Required Sections

| 2. The Provided Sections

3. Breakdown of Individual Load Contributions

| 4. Tabulation of Capacities of the Section Versus Capacities
| Required for Different Failure Modes (Bending, Shear, Axial
| Load)
|

| 5. Margins of Safety Provided
|

| VII. CONCLUSIONS

O
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APPENDIX D TO SRP SECTION 3.8.4

TECHNICAL POSITION ON SPENT FUEL POOL RACKS

Introduction

The purpose of this appendix is to provide minimum requirements and criteria
for review of spent fuel pool racks and the associated structures which would
meet the design standards specified in subsection II of this SRP section.i

(1) Description of the Spent Fuel Pool and Racks

| Descriptive information including plants and sections showing the spent
fuel pool in relation to other plant structures shall be provided in order
to define the primary structural aspects and elements relied upon to perform
the safety-related functions of the pool, the spent pool liner fuel, and
the racks. The main safety function of the spent fuel pool, including
the liner, and the racks is to maintain the spent fuel assemblies in a
safe configuration through all environmental and abnormal loadings such
as earthquake, and impact due to spent fuel cask drop, drop of a spent
fuel assembly, or drop of any other heavy object during routine spent fuel
handling.

,

The major structural elements reviewed and the extent of the descriptive
information required are indicated below.

(a) Support of the Spent Fuel Racks: The general arrangements and principal
features of the horizontal and the vertical supports to the spent(p; fuel racks should be provideo indicating the methods'of transferring

# the loads on the racks to the fuel pool wall and the foundation slab.
All gaps (clearance or expansion allowance) and sliding contacts should
be indicated. The extent of interfacing between the new rack system
and the old fuel pool walls and base slab should be discussed, i.e.,

interface loads, response spectra, etc.

If connections of the racks are made to the base and to the side walls
of the pool such that the pool liner may be perforated, the provisions
for avoiding leakage of radioactive water of the 2001 should be indi-
cated.

(b) Fuel Handling: Postulation of a drop accident, and quantification
of the drop parameters are reviewed by the Accident Evaluation Branch
(AEB); Structural Engineering Branch accepts the findings of the AEB

! review for the purpose of review of the integrity of the racks and
the fuel pool including the fuel pool lines due to a postulated fuel
handling accident. Sketches and su?ficient details of the fuel handling
system should be provided to facilitate this review.

(2) Applicable Codes, Standards, and Specifications

Construction materials should conform to Section III, Subsection NF of
Ref. 3.1. All materials should be selected to be compatible with the fuel
pool environment to minimize corrosion and galvanic effects.

O
V
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Design, fabrication, and installation of spent fuel racks of stainless
steel material may be performed based upon Subsection NF requirements of
Ref. 3.1 for Class 3 component supports.

(3) Seismic and Impact Loads

For plants where dynamic input data such as floor responses spectra or
ground response spectra are not available, necessary dynamic analyses may
be performed using the criteria described in SRP Section 3.7. The ground
response spectra and damping values should correspond to Regulatory
Guides 1.60 and 1.61, respectively. For plants where dynamic data are
available, e.g., ground response spectra for a fuel pool supported by the
ground, floor response spectra for fuel pools supported on soil where

1-structure interaction was considered in the pool design or a floor<

-ponse spectra for a fuel pool supported by the reactor building, the
cesign and analysis of the new rack system may be performed by using
either the existing input parameters including the old damping values or
new parameters in accordance with Regulatory Guides 1.60 and 1.61. The
use of existing input with new damping values in Regulatory Guide 1.61 is
not acceptable.

Seismic excitation along three orthogonal directions should be imposed
simultaneously for the design of the new rack system.

The peak response from each direction should be combined by square root
of the sum of the squares in accordance with Regulatory Guide 1.92. If
response spectra are available for a vertical and horizontal directions
only, the same horizontal response spectra may be applied along the other
horizontal direction.

Submergence in water may be taken into account. The effects of submergence
are considered on case-by-case basis.

Due to gaps between fuel assemblies and the walls of the guide tubes,
additional loads will be generated by the impact of fuel assemblies during
a postulated seismic excitation. Additional loads due to this impact
effect may be determined by estimating the kinetic energy of the fuel
assembly. The maximum velocity of the fuel assembly may be estimated to
be the spectral velocity associated with the natural frequency of the
submerged fuel assembly. Loads thus generated should be considered for
local as well as overall effects on the walls of the rack and the support-
ing framework. It should be demonstrated that the consequent loads on
the fuel assembly do not lead to a damage of the fuel.

Loads generated from other postulated impact events may be acceptable, if
the following parameters are described: the total mass of the impacting
missile, the maximum velocity at the time of impact, and the ductility
ratio of the target material utilized to absorb the kinetic energy.

(4) Loads and Load Combinations:

Any change in the temperature distribution due to the proposed modification
should be identified. Information pertaining to the applicable design
loads and various combinations thereof should be provided indicating
the thermal load due to the effect of the maximum temperature distribution
through the pool walls and base slab. Temperature gradient across the
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rack structure due to differential heating effect between a full and an
n empty cell should be indicated and incorporated in the design of the rack
I i structure. Maximum uplift forces available from the crane should beU indicated including the consideration of these forces in the design of

the racks and the analysis of the existing pool floor, if applicable.

The fuel pool racks, the fuel pool structure including the pool slab and
fuel pool liner, should be evaluated for accident load combinations which
include the impact of the spent fuel cask, the heaviest postulated load
drop, and/or accidental drop of fuel assembly from maximim height.

The acceptable limits (strain or stress limits) in this case will be
reviewed on a case-by-case basis but in general the applicant is required
to demonstrate that the functional capa'oility and/or the structural
integrity of each component is maintained.

The specific loads and load combinations are acceptable if they are in
conformity with the applicable portions of SRP Section 3.8.4,
subsection II.3, and Table 1.

(5) Design and Analysis Procedures

Details of the mathematical model including a description of how the
important parameters are obtained should be provided including the follow-
ing: The methods used to incorporate any gaps between the support
systems and gaps between the fuel bundles and the guide tubes; the
methods used to lump the masses of the fuel bundles and the guide tubes;
the methods used to account for the effect of sloshing water on the pool

tO walls; and, the effect of submergence on the mass, the mass distribution
and the effective damping of the fuel bundle and the fuel racks.

The design and analysis procedures in accordance with SRP Section 3.8.4,
subsection II.4 are acceptable. The effect on gaps, sloshing water, and
increase of effective mass and damping due to submergence in water should
be quantified.

When pool walls are utilized to provice lateral restraint at higher
elevations, a determination of the flexibility of the pool walls and the
capability of the walls to sustain such loads should be provided. If the
pool walls are flexible (having a fundamental frequency less than 33 Hertz),
the floor response spectra corresponding to the lateral restraint point
at the higher elevation are likely to be greater than those at the base
of the pool. In such a case using the response spectrum approach, two
separate analyses should be performed as indicated below:

(a) A spectrum analysis of the rack system using response spectra
corresponding to the highest support elevation provided that there
is not significant peak frequency shift between the response spectra
at the lower and higher elevations; and

(b) A static analysis of the rack system by subjecting it to the maximum
relative support displacement.

The resulting stresses from the two analyses above should be combined
O)t by the absolute sum method.
V

3.8.4-29 Rev. 0 - July 1981

- -. . . . - - -_ - - - - . ._- . - - ., .-- - -- .



In order to determine the flexibility of the pool wall it is acceptable
for the applicant to use equivalent mass and stiffness properties obtained
from calculations similar to those described in Ref. 4.1. Should the funda-
mental frequency of the pool wall model be higher than or equal to 33 Hertz,
it may be assumed that the response of the pool wall and the corresponding
lateral support to the new rack system are identical to those of the base
slab, for which appropriate floor response spectra or ground response spect.ra
may already exist.

(6) Structural Acceptance Criteria

The structural acceptance criteria are those given in the Table 1. When
buckling loads are considered in the design, the structural acceptance
criteria shall be limited by the requirements of Appendix XVII to
Reference 3.1.

For impact loading, the ductility ratios utilized to absorb kinetic energy
in the tensile, flexural, compressive, and shearing modes should be quanti-
fied. When considering the effects of seismic loads, factors of safety
against gross sliding and overturning of racks and rack modulus under all
probable service conditions shall be in accordance with SRP Section 3.8.5,
subsection 11.5. This position on factors of safety against sliding and
tilting need not be met provided any one of the following conditions is
met:

(a) it can be shown by detailed nonlinear dynamic analyses that the ampli-
tudes of sliding motion are minimal, and impact between adjacent rack
modules or between a rack module and the pool walls is prevented
provided that the factors of safety against tilting are within the
values permitted by SRP Section 3.8.5, subsection 11.5.

(b) it can be shown that any sliding and tilting motion will be contained
within suitable geometric constraints such as thermal clearances,
and that any impact due to the clearances is incorporated.

The fuel pool structure should be designed for the increased loads due to
the new and/or expanded high density racks. The fuel pool liner leak tight
integrity should be maintained or the functional capability of the fuel
pool should be demonstrated.

(7) Materials, Quality Control, and Special Construction Techniques

The materials, quality control procedures, and any special construction
i

| techniques should be described. The sequence of installation of the new
fuel racks, and a description of the precautions to be taken to prevent
damage to the stored fuel during the construction phase should be provided.i

1

If connections between the rack and the pool liner are made by welding,
the welder as well as the welding procedure for the welding assembly shall
be qualified in accordance with the applicable code.

O
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TABLE 1

LOAD COMBINATION ACCEPTANCE LIMIT
a

D+L
Level.A service limitsi

D+L+Tj o

! D+L+T +E
o

D + L + T, + E Level B service limits

D+L+T +P
o 7

D+L+T + E' Level G service limits
a

D+L+F The functional capability
d of the fuel racks should be

demonstrated

Limit Analysis:

1.7 (D + L) XVII 4000 of ASME
ASME Code Section III

1.3 (D + L + T )g

1.7 (D + L + E)

1.3 (D + L + E 4 T)>

V 0

1.3 (D + L + E + T,)

1.3 (D + L + T +P)g f

1.1 (D + L + T + E')a

Notes:

1. The abbreviations in the table above are those used in subsection II.3.a
of this SRP section where each term is defined except for T which is

adefined here as the highest temperature associated with the postulated
abnormal design conditions.

2. Deformation limits specified by the Design Specification limits shall be
satisfied, and such deformation limits should preclude damage to the fuel
assemblies.

3. The provisions of NF 3231.1 of Reference 3.1 shall be amended by the
requirements of paragraphs c.2.3 and 4 of Regulatory Guide 1.li~ titled

" Design Limits and Load Combinations for Class 1 Linear-Type Component
Supports."

4. F is the force caused by the accidental drop of the heaviest load from
d

the maximum possible height and P is upward force on the racks caused byO postulated struck fuel assembly. f
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VI. REFERENCES

1. Regulatory Guides

1.29 - Seismic Design Classification

1.60 - Design Response Spectra for Seismic Design of Nuclear Power
Plants

1.61 - Damping Values for Seismic Design of Nuclear Power Plants

Design Basis Tornado for Nuclear Pover Plants1.76 -

Combining Modal Responses and Spatial Components in Seismic1.92 -

Response Analysis

1.124 - Design Limits and Loading Combinations for Class 1 l",near-Type
Components Supports

2. Standard Review Plan Section

3. 7 - Seismic Design

3.8.4 - Other Category I Structures

3. Industry Codes and Standards

1. American Society of Mechanical Engineers, Boiler and Pressure
Vessel Code, Section III, Division 1

2. American National Standards Institute, N210-76

3. American Society of Civil Engineers, Suggested Specification for
Structures of Aluminum Alloys 6061-T6 and 6067-T6

4. The Aluminium Associatic,n, Specification for Aluminum Structures
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Rook Co., New York, 1964.
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\..v ,o# OFFICE OF NUCLEAR REACTOR REGULATION

.e.

3.8.5 FOUNDATIONS

REVIEW RESPONSIBILITIES

Primary - Structural Engineering Branch (SEB)

Secondary - None

I. AREAS OF REVIEW

The following areas related to the foundations of all seismic Category I
structures are reviewed.

1. Description of the Fountiations

The descriptive information, including plans and sections of each foundation,
is reviewed to establish that sufficient information is provided to define
the primary structural aspects and elements relied upon to perform the
foundation function. Also reviewed is the relationship betweer adjacent

[ i foundations, including the methods of separation provided where such
() separation is used to minimize seismic interaction between the buildings.

In particular, the type of foundation is identified and its structural
characteristics are examined. Among the various types of foundations
reviewed are mat-foundations and footings, including individual column
footings, combined footings supporting more than one column, and wall

* footings supporting bearing walls.
*

Other types of foundations that may also be used are pile foundations,
drilled caissons, caissons for water front structures, such as a pumphouse,
and rock anchor systems. These types of foundation are reviewed on a
case-by-case basis.

The major plant Category I foundations that are reviewed, together with the
descriptive information, are listed below:

|
,

i
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a. Containment Structure Foundation

The most commonly used type of foundation for both concrete and steel
containments is a mat foundation, which is a flat thick slab supporting
the containment, its interior structures, and a shield building sur-
rounding the containment, if any. For some PWR containments the base
mat has a central depressian forming the reactor cavity. The general
arrangement of the containment base slab is reviewed as described in
subsection I.1 of Standard Review Plan (SRP) Section 3.8.1, with
particular emphasis on methods of transferring horizontal shears,
such as those caused by earthquakes, to the foundation media. Where
shear keys are used for such purposes, the general arrangement of
the keys is reviewed. Where waterproofing membranes are used, their
effect on the shear resistance of the foundation is reviewed. In
prestressed concrete containments, where a tendon inspection gallery
is used, arrangement of the gallery and means of either isolating it
from the remainder of the base slab or of relying upon it for some
function such as resisting shears, are reviewed.

b. Containment Enclosure Building Foundation

Where the containment enclosure building is constructed of reinforced
concrete, it is usually supported on the same mat foundation which
supports the containment.

Where the containment enclosure building is constructed of structural
steel and metal siding, it may surround only the exposed portion of
the containment. In such a situation, the enclosure building columns
are founded on individual or combined footings at grade level, on
the roof of the buildings adjacent to or surrounding the containment,
on the dome of the containment, or possibly on brackets anchored to
the exterior face of the cylindrical wall of the containment. General
arrangement of such foundations is reviewed with particular emphasis
on methods of isolating the enclosure building from other buildings
in a lateral direction, where this is preferable to minimize seismic

o interaction.

c. Auxiliary Building Foundation

The auxiliary building foundation is typically of a mat type,
particularly where the supporting medium is soil.

The general arrangement of the foundation is reviewed, with particular
emphasis on methods of transferring loads from the structure to the
foundation media.

d. Oth. Category I Foundations

The foundations for other seismic Category I structures, which may
be one or a combination of several foundation types, are reviewed to
an extent similar to that of the containment foundation. Among seismic
Category I structures the foundations of which are so reviewed, are:
fuel storage buildn..gs, control buildings, diesel generator buildings,
intake structures, and cooling towers. Also reviewed are foundations
of safety-related structures which, because of other design provisions,
are not classified as seismic Category I.
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i

2. Applicable Codes, Standards, and Specifications

Information pertaining to design codes, standards, specifications,
v regulatory guides, and other industry standards that are applied in the

design, fabrication, coc..truction, testing, and surveillance of seismic
Category I foundations is reviewed.

'

3. Loads and L .J Combinations

Information partaining to the applicable design loads and their various
combinations is reviewed. The loads normally applicable to seismic
Category I foundations are the same as those applicable tc the structures
which the foundations support. These loads are described in subsection 1.3
of SRP Section 3.8,4.

4. Design and Analysis Procedures

The design procedures used for seismic Category I foundations are reviewed
with emphasis on the extent of compliance with the ACI 349 Code * (Ref.1)
for concrete structures, and with the AISC Specifications (Ref. 2) for
steel structures. The analysis procedures used for seismic Category I
foundations are reviewed with respect to the applicability of the theories
on which these procedures are based.

Among the areas reviewed are the following:

a. The assumptions made on boundary conditions and the expected behavior
("T of each foundation when subjected to the various design loads.

k- b. The methods by which lateral loads and forces and overturning coments
thereof are transmitted from the structure to the foundation media.
Such forces are mainly generated by the environmental and abnormal-
plant conditions such as wind, tornadoes, earthquakes, and pipe
ruptures. Methods of determining overturning moments due to the three
components of the earthquake are also reviewed.

c. The computer programs that are used in the design and analysis of
seismic Category I foundations.

d. A Category I structures design report is reviewed (Appendix C,
SRP Section 3.8.4).

e. A structural audit is conducted (Appendix B, SRP Section 3.8.4).

5. Structural Acceptance Criteria3

The foundation, as a connecting line between the structure and soil media,
is reviewed for its capability of receiving and transmitting loads with
appropriate safety margins.

The design limits imposed on the various parameters that serve to quantify
the structural behavior of each foundatica are reviewed with emphasis on
the extent of compliance with the ACI-349 Code for concrete structures,

s-~ ,

/ \
\") *As augmented by Regulatory Guide 1.142 (Ref. 6)
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specifically with respect to stresses, strains, and deformations. Factors
of safety against overturning and sliding are reviewed for their appropriata
safety margins.

6. Materials, Quality Control, and Special Construction Techniques

Information on the materials used in the construction of seismic Category I
foundations is reviewed. Among the major materials of construction reviewed
are the following:

a. The concrete ingredients.
b. The reinforcing bars and mechanical splices.
c. The structural steel.
d. Rock anchors, including any prestressing system.

The quality control program proposed for the fabrication and construction
of seismic Category I foundations is reviewed, including the following:
nondestructive examination of the materials to determine physical
properties, placement of concrete, and erection tolerances.

Special construction techniques, if proposed, are reviewed on a case-by-
case basis.

,

In addition, the information contained in items a, c and d of subsection I.6
of SRP Section 3.8.3, is also reviewed.

7. Testing and Inservice Surveillance Programs

If applicable, any post-construction testing and inservice surveillance
programs for foundations, such as monitoring potential settlements and
displacements, are reviewed on a case-by-case basis.

SEB coordinates other branches evaluations that interface with structural
engineering cspects of the review as follows: Determination of structures
which are :4 ;ect to a quality assurance progcam in accordance with the
requirements of Appendix B to 10 CFR Part 50 is perfor..e1 by the Mechanical
Engineering Branch (MEB) as part of its primary reviu 19sponsibility for
SRP Sections 3.2.1 and 3.2.2. SEB will perform its reriew of safety-related
structures on that basis. Determination of pressure loads from high energy
lines located in safety-related structures other than containrr.ent is per-
formed by the Auxiliary Systems Branch (ASB) as part of its primary review
responsiolity for SRP Section 3.6.1. SEB accepts the loads thus generated

| as approved by the ASB, to be included in the load combination equations
of this SRP section. Determination of loads generated due to pressure

! under accident conditions is performd by the Containment Systems Branch
(CSB) as part of its primary review responsibility for SRP Section 6.2.1
SEB accepts the loads thus generated, as approved by the (CSB), to be
included in the load corrhinations in this SRP section. The review of geo-
logical and seismological information to establish the free field ground
motion is pert med by the Geosciences Branch as described in Section 2.5.1
and 2.5.2. Hydrologic and Geotechnical Engineering Branch reviews the
geotechnical parameters and methods employed ir the analysis of free field
soil media and soil properties as described in Section 2.5.4 and 2.5.5.
SEB accepts the results of the reviews performed by these branches
including the maximum seismic ground accelerations for the Operating Basis

i
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Earthquake (0BE) and the Safe Shutdown Earthquake (SSE), site dependent
free field ground motion recorde, nii properties, etc., as an integrali

part of the seissic analysis review of Category I structures. The review'

for Quality Assurance is coordinated and performed by the Quality Assurance<

Branch as part of its prin.ary review responsiblity for SRP Section 17.0.

For those areas of review idcntified above as being reviewed as part of
the pria-ary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained
in the referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

SEB acceptance criteria for the design of seismic Category I foundations are
based on meeting the relevant requirements of the following regulations:

A. 10 CFR Part 50, K50.55a and General Design Criterion 1 ar. it.cy relate to
safety related structures being designed, fabricated, ereted, and testert
to quality standards commensurate with the importance of the safety function
to be performed.

B. General Design criterion v f. 3) as it relates to appropriate
considerations being given .a the most severe of the natural phenomena
that have been historically reported for the site and surrounding area,
with sufficient margin for the limited accuracy, quantity, and period of
time in which the historical data have been accumulated, and to the
combinations of the effects of normal and accident conditions with the
effects of the natural phenomena.

(^) C. General Design Criterion 4 (Ref. 4) as it relates to structu es, systems,
and components important to safety being appropriately protected against
dynamic effects, including the effects of missiles, pipe whipping, and
discharging fluids, that may result from equipment failures and from events
and conditions outside the nuclear power unit.

D. General Design Criterion 5 (Ref. 5) as it relates to structures, systems,
and components important to safety not being shared among nuclear power
units unless it can be shown that such sharing will not significantly impair
their ability to perform their safety functions.

The Regulatory Guides and industry standards identified in item 2 of this
subsection provides information, recommendations and guidance and in generale

describes a basis acceptable to the staff that may be used to implement the
requirement of 10 CFR Part 50, K50.55a, and GDC 1, 2, 4, and 5. Also, specific
acceptance criteria necessary to meet these relevant requirements of these
regulations for the areas of review, described in subsection I of this SRP
Section are as follows:

1. Description of the FounJation

The descriptive information in the SAR is considerer ceptable if it meets
the minimum requirements set forth in Section 3.8.5.! 7 Regulatory
Guide 1.70, " Standard Format and Content of Safety An.sysis Reports for
Nuclear Power Plants."

w,
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Deficient areas of descriptive information are identified by the reviewer
and a request for additional information is initiated. New or uniqtie desigt
features that are not specifically covered in the " Standard Format...",
require a more detailed review. The reviewer determines the additional
information required for a meaningful review of such new or unique design
features.

2. Applicable Codes, Standards, and Specifications

The design, materials, fabrication, erection, inspection, testing, and
surveillance, if any, of seismic Category I foundations are covered by
codes, standards, and guides that are either applicable in their entirety
or in portions thereof. A list of such documents is contained in subsec-
tion I.2 of the SRP Section 3.8.3. In addition the documents listed in
subsection II.2 of ShP 5ection 3.8.1 are acceptable for the containment
foundation.

3. Loads and Load Combinatio,ns

The spacified loads and load combinations used in the design of seismic
Category I foundations are acceptable if found to be in accordance with
those combinations referenced in subsection II.3 of SRP Section 3.8.1
for the containrr-+ foundation, and with those combinations listed
in subsection 11.3 of SRP Section 3.8.4 for all other seismic Category I
foundations.

In addition to the load combinations referenced above, he combinations
used to check against sliding and overturning due to er. .;ituakes, winds,
and tornados, and against floatation due to floods, are found acceptable
if in accordance with the following:

a. D+H+E
b. D+H+W
c. D + H + E'
d. D+H+W

te. D + F'

where D, E, W, E', W,'are as defined in SRP Section 3.8.4, H is tha lateralearth pressure, and F is the bouyant force of the design basis ficod.
Justification should be provided for including live loads or portions

| thereof in these combinations.

4. Design and Analysis Procedures
|
| The design and analysis procedures used for seismic Category 1 foundations
j are acceptable if found in accordance with the following:

| a. The design should consider the soil-structure interaction, hydrodynamic
effact, and dynamic soil pressure.'

b. For seismic Category I corc.ete foundations other than the containment
! foundations, the procedures are in accordance with the ACI-349 Code,
I as augmented by Regulatory Guide 1.142.

c. For Category I steel foundations, the procedures are in accordance
with the AISC "Specificatior.s.. "

!
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d. For the containment foundation, the design and analysis procedures
referenced in subsection II.4 of SRP Section 3.8.1 are acceptable.

O, e. The design report is found acceptable if it satisfies the guidelines
contained in Appendix C to SRP Section 3.8.4.

f. The structural audit is conducted as described in Appendix B to SRP
Section 3.8.4.

For determining the overturning moment due to an earthquake, the three
components of the earthquake should be combined in accordance with
methodt described in SRP Section 3.7'2. Computer programs are acceptable.

if thr. validation provided is found in accordance with procedures deline-
ated in subsecticn II.4.e of SRP Section 3.8.1.

5. Structural Acceptance Criterit

For each of the loading combi 7ations referenced in subsection II.3 of this
SRP Section, the allowable limits which constitute the acceptance criter".
are referenced in subsection II.5 of SRP Section 3.8.1 for the containment
foundation, and are listed in subsection II.5 of SRP. Section 3.8.4 for
all other foundations. In addition, for the five additional load combina-
* ions delineated in subsection II.3 of this SRP section, the factors of.

>afety against overturning, sliding and floatation are acceptable if found
in accordance with the following:

Minimum Factors of Safety
'~'% For Combination Overturning Sliding Floatation{d a. ------------------------ 1.5 1.5 --

b. ------------------------ 1.5 1.5 --

c. ----------- ----------- 1.1 1.1 --

d. ------------------------ 1.1 1.1 --

e. ------------------------ -- -- 1.1

6. Materials, Quality Control, and Special Construction Techniques

For the containment foundation, the acceptance criteria for materials,
quality control, and any special construction techniques-are referenced
in subsection II.6 of SRP Section 3.8.1. For all other seismic Category
I foundations, the acceptance criteria are similar to those referenced in
subsection II.6 of SRP Section 3.8.4.

7. Testing and Inservice Surveillance Requirements

At present there are no special testing or in-service surveillance require-
ments for seismic Category I foundations other than those required for
the containment foundation, which are covered in subsection II.7 of SRP
Section 3.8.1. However, should some requirements become necessary for
special foundations, they will be reviewed on a case-by-case basis.

|

| III. REVIEW PROCEDURES

n , The reviewer selects and emphasizes material from the review procedures
described below, as may be appropriate for a particular case.s

I s-
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1. Description of the Foundations

After the type of foundation and its structural characteristics are
identified, information on similar and previously licensed plants is
obtained for reference. Such information, which is available in safety
analysis reports and amendments of license applications enables identifi-
cation of differences for the case under review. These differences require
additional scrutiny and evaluation. New and unique features that have
not been used in the past are examined in greater detail. The information
furnished in the SAR is reviewed for sufficiency in accordance with the
" Standard Format...". A decision is then made with regard to the suffi-
ciency of the descriptive information provided. Any additional required
information is requested from the applicant at an early stage of the review
process.

2. Applicable Codes, Standards, and Specifications

The list of codes. standards, guides, and specifications is compared with
the list referen d in subsection II.2 of this SRP section. The reviewer
assures himself that the appropriate code or guide is used and that the
applicable edition and stated effective addenda are acceptable.

3. Loads and Load Combinations

The reviewer verifies that the loads and load combinations are as
conservative as those referenced and specified in subsection II.3 of this
SRP section. Any deviations from the acceptance criteria for loads and
load combinations that have not been adequately justified are identified
as unacceptable and transmitted to the applicant.

4. Design and Analysis Procedures

The reviewer assures himself that for the design and analysis procedures,
the applicant has used the procedures in the applicable code as delineated
in subsection II.4 of this SRP section.

Any computer piograms that are used in the design and analysis of the
foundation are reviewed to verify their validity in accordance with the
acceptance criteria delineated in subsection II.4.e of 3RP Section 3.8.1.

The reviewer assures himself that the provisions of subsection II.4 of
this SRP section are met.

5. Structural Acceptance Criteria

The limits on allowable stresser and strains in the concrete, reinforcement,
and structural steel, and on factors of safety for overturning, sliding,
and floatation are compared with the corresponding allowable values specified
in subsection II.5 of this SRP section. If the applicant proposes to deviate
from these limits, justification should be submitted and evaluated. If

such justification is determined to be inadequate, a request for additional
justification is made.

O
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6. Materials, Quality Control, and Special Construction Techniques
O \ The materials, quality control procedures, and any special construction
(d techniques are compared with those referenced in subsection II.6 of this

Sf.P section. If a new material not used in prior licensed casea is used,
the applicant is requested to provide sufficient test and user data to
establish the acceptability of such a material. Similarly, any new quality
control procedures or construction techniques are evaluated in detail to
assure that there will be no degradation of quality that might affect the
structural integrity of the foundation.

7. Testing and Inservice Surveillance Programs

For the containment foundation, testing and in-service surveillance programs
are reviewed in accordance with subsection II.7 of SRP Section 3.8.1 for
concrete containments. Any testing and in-service surveillance programs
for other seismic Category I foundations are reviewed on a case-by-case
basis.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP section, and concludes that his evaluation is
sufficiently complete and adequate to support the following type of conclusive
statement to be included in the staff's Safety Evaluation Report:

The staff concludes that the design of the seimic Category I foundations are
acceptable and meets the relevant requirements of 10 CFR Part 50, 950.55a, and

g General Design Criteria 1, 2, 4, and 5. This conclusion is based on the
U following:

1. The applicant has met the requirements of Section 50.55a and Q C 1 with
respect to assuming that the seismic Category I foundations are designed,
fabricated, erected, constructed, tested and inspected to quality standards
commensurate with its safety function to be pm formed by meeting the
guidelines of Regulatory Guides and industry standards indicated below.

2. The applicant has met the requirements of GCD 2 by designing the seismic
Category I foundation to withstand the most severe earthquake that has
been established for the site with sufficient margin and the combinations
of the effects of normal and accident conditions with the effects of
environmental loadings such as earthquakes and other natural phenomena.

3. The applicant has met the requirements of GDC 4 by assuring that the design
of seismic Category I foundations are capable of withstanding the dynamic
effects associated with missiles, pipe whipping and discharging fluids.

4. The applicant has met the requirements of GDC 5 by demonstrating that
structure systems and components either are not shared between units or
that if shared they have demonstrated that sharing will not impair their
ability to perform their intended safety function.

The Criteria used in the analysis, design, and construction of all
the plant seismic Category I foundations to account for anticipatedp) loadings and postulated conditions that may be imposed upon each(V foundation during its service lifetime are in conformance with
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established criteria, codes, standards, and specifications acceptable
to the Regulatory staff. These include meeting the positions of
Regulatory Guide 1.142 and industry standards ACI-349 and AISC,
" Specification for Design, Fabrication and Erection of Structural
Steel for Duilding.

The use of these criteria as defined by applicable codes, standards,
and specifications; the loads and loading combinations; the design
and analysis procedures; the structural acceptance criteria; the
materials, quality control, and special construction techniques;
and the testing and in-service surveillance requirements provide
reasonable assurance that, in the event of winds, tornadoes, earth-
quakes, and various postulated events, seismic Category I foundations
will withstand the specified design conditions without im?airment
of structural integrity and stability or the performance of required
safety functions.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFF V.NCES

1. ".;I-349, " Code Requirements for Nuclear Safety-Related Concrete Structures,"
American Concrete Institute.

2. AISC, " Specification for Design, Fabrication and Erection of Structural
Steel for Building," American Instituta of Steel Construction.

3. 10 CFR Part 50, g50.55(a), " Codes and Standards."

4. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

|w5. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Basee
Protection Against Natural Phenomena."

6. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

7. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures."

8. Regulatory Guide 1.142, " Safety-Related Concrete Structures for Nuclear
Power Plants."

O
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3.9.1 SPECIAL TOPICS FOR MECHANICAL COMPONENTS

REVIEW RESPONSIBILITIC.S

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

The MEB reviews information in the SAR concerning methods of analysis for seismic
Category I components and supports, including both those designated as Code *
Class 1, 2, 3, or CS and those not covered by the Code. Certain aspects of dynamic
system analysis methods are discussed in Standard Review Plan Section 3.9.2 as well
as this SRP section. Information is also reviewed concerning design transients for
Code Class 1 and CS components and supports. The following specific subjects are
reviewed under this SRP section:

1. Transients which are used in the design and fatigue analyses of all Code

O) Class 1 and CS components, and supports and reactor internals. The Reactor
( Systems Branch confirms on request the acceptability of the listed transients
'' and the number cf cycles and events expected over the service lifetime of the

plant. The Structural Engineering Branch confirms the seismic cyclic ground
input loading as described in SRP Section 3.7.3. The method used to determine
the seismic cyclic loading used for fatigue analysis of appropriate components
and supports will be reviewed.

2. Description and verification of all computer programs which will be used in
analyses of seismic Category I Code and non-Code items listed in this SRP
section.

3. Description of any cxperimental stress analysis programs which will be used
in lieu of theoret kal stress analyses.

*American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,
Section III (hereafter "the Code").

Rev. 2 - July 1981
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4. Description of the analysis methods which will be used if the applicant
elects to use elastic plastic stress analysis methods in the design of
any of the above noted components.

II. . ACCEPTANCE CRITERIA

MEB acceptance criteria is based on meeting the relevant requirements of the
following regulations:

1. General Design Criterion 1 as it relates to components important to safety
being designed, fabricated, erected, constructed, tested and inspected in
accordance with the requirements of applicable codes and standards commen-
surate with the importa,ca of the safety-function to be performed.

2. Genera! Design Criterior 2 as it relates to safety-related mechanical com-
ponents of systems being designed to withstand seismic events without loss
of capability to perform their safety function.

3. General Design Criterion 14 as it relates to the reactor coolant pressure
boundary being designed so as to have an extremely low probability of
abnormal leakage, of rapidly propagating failure, and of gross rupture.

4. General Design Criterion 15 as it relates to the mechanical components of
the reactor coolant system being designed with sufficient margin to assure
that the design condit. ions of the reactor coolant pressure boundary are
not exceeded during any condition of normal operation, including anticipated
operational occurrences.

5. 10 CFR Part 50, Appendix B as it relates to design quality control.

6. 10 CFR Part 100, Appendix A as it relates to the suitability of the plant
design bases for mechanical components establisned in consideration of
site seismic characteristics.

Specific criteria necessary to meet the relevant requ.rements of the regulations
listed above are as follows:

1. To meet the requirements of GOC 1, 2, 14, 15, and 10 CFR Part 100, Appendix A,
the applicant shall nrovide a complete list of transients to be used in
the design and fatigue analysis of all Code Class 1 and CS components,
supports and reactor internals within the reactor coolant pressure boundary.
The number of events for each transient and the number of load and stress
cycles per event and for events in comb.~ nation shall be included. All
transients such as startup and shutdown operations, power level changes,
emergency and recovery conditions, switching operations (i.e., startup or
shutdown of one or more coolant loops), control system or other system
malfunctions, component malfunctions, transients resulting from single
operator errors, inservice hydrostatic tests, seismic events as determined
from the criteria specified in Appendix A of 10 CFR Part 100, and design
basis events, that are contained in the Code-required " Design Specifications"
for the tamponents of the reactor coolant pressure boundary shall be
specified, including reactor internals and core support structures

The section of the applicant's SAR which pertains to transients will be
acceptable if the transient conditions selected for equipment fatigue
evaluation are based upon a conservative estimate of the magnitude and
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frequency of the telperature and pressure conditions resulting from those
transients. To a large extent the selection of these specific transient

T conditions is based upon engineering judgment and experience. Some
guidance on the selection of these transients and combinations can be
found in References 8 and 9. Transients and resulting loads and load
combinations with appropriate specified design and service limits must
provide a complete basis for design of the reactor coolant pressure
boundary for all conditions.and events expected over the service lifetime
of the plant. |

2. To meet the requirements of 10 CFR Part 50, Appendix B and GDC 1, a list
|of computer programs that will be used (preferably programs which are
|recognized and widely known) in dynamic and static analyses to determine ,

the structural and functional integrity of seismic Category I rodo ad '

non-Code items, and the analyses to determine stresses shall bc provided.
For each program the following information shall be provided to demonstrate
its applicability and validity:

a. The author, source, dated version and facility. .

b. A description, and the extent and limitation of its application.

c. The computer program solutions to a series of test problems which
;shall be demonstrated to be substantially similar to solutions

obtained from any one of sources 1 through 4, and source 5:

(1) hand calculations
(2) analytical results published in the literature ;

(3) acceptable experimental tests |\ (4) by an MEB acceptable similar program ;

(5) the benchmark problems prescribed in Reference 10. I

!
A summary comparison of the solution obtained by using sources 1 '

through 4 shall be provided, in either graphical or numerical form.
For source 5, the complete computer printout of the input and the ;

solution shall be submitted for every benchmark problem. These |solutions may be referenced, and need not be resubmitted, in subse-
!

*

quent license application provided the information submitted under.

a. and b. remains unchanged.

3. To meet the requirements of GOC 1, 14, and 15, if experimental stress |
analysis methods are used in lieu of analytical methods, for any seismic
Category I Code or non-Code items, the section of the SAR discussing the
experimental stress analysis methods will be acceptable if the information
provided meets the provisions of Appendix II of Reference 7, and as in |
the case of analytical methods, if the information provided is sufficiently
detailed to show the validity of the design to meet the provisions of the
Code-required " Design Specifications."

4. To meet the requirements of GDC 1,14, and 15 when Service level D limits |are specified by the applicant for Code Class 1 and CS components, and
for supports, reactor internals, and other non-Code items, the methods of
analysis used to calculate the stresses and deformations shall conform to
the methode satlined in Appendix F of Reference 7, subject to the condi- |

4
'

tions discussed in subsection III.4 below.v}<

;
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III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

1. The list of transients, the number of events estimated for each transient
presented in the applicant's SAR, and the method used to determine this
number are compared to the same information on similar and previously
licensed applications and to the acceptance criteria outlined in
subsection II above. Any deviations from previous accepted practice are
noted and the applicant is required to justify these deviations. For
Code Class 1 and CS components and supports the MEB verifies that for
each transient loading condition or combination an acceptable Code service
limit has been specified, i.e., Design, Level A, Level B, Level C, or
Level D as specified in Reference 7.

Any deviations that have not been justified to the satisfaction of the
staff are identified and the finding is transmitted to the applicant with
a request that, unless conformance with the MEB acceptance criteria is
agreed upon, additional technical justification be submitted.

2. The information pertaining to computer programs which is presented in the
applicant's SAR is reviewed as follows:

a. The list of programs is evaluated to determine that the applicant
has adequately described each program with respect to the type of
analysis that is performed and the specific components to which the
program is applied.

b. The submitted computer solutions to the test problems required in
subsection II.2 of this SRP section are reviewed and compared to the

test solutions. Satisfactory. agreement of computer and test solutions,
usually within a +5% error band, provides verification of the quality
and adequacy of the computer programs to perform the functions for
which they were designej.

Any deviations that have not been justified to the satisfaction of the
staff are identified and the finding is transmitted to the applicant with
a request that, unless conformance with the MEB acceptance criteria is
agreed upon, additional technical justification be submitted.

3. If the applicant elects to use experimental stress analysis techniques in
lino of theoretical stress analyses, sufficient information must be
presented in the SAR to demonstrate that the requirements of Appendix II
to Reference 7 as they apply to the conditions set forth in the " Design
Specifications" have been met.

4. If the applicant employs'an elastic or an elastic plastic method of analysis
to evaluate the design of safety-related Code or non-Code items for which
Service Level D limits have been specified (NB-3225 and Appendix F of
Reference 7), the review covers the following points:

The applicant must demonstrate that the stress-strain relationshipa.
for component materials that will be used in the analysis is valid.
The ultimate strength values at service temperature must be justified.

3.9.1-4 Rev. 2 - July 1981
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b. The analytical procedures to be used in the analysis are reviewed to
determine the validity of the analysis. If a computer program is
used, the applicable requirements of subsection 11.2 above shall beO)i met.

v
If elastic system analysis is used, its application may require detailedc.
review and justification if applied to the analysis of systems which
contain active components with close tolerances, or systems in which
the sequence of load application could significantly affect the actual
stress distribution.

d. If elastic, elastic plastic or limit analysis meihods are used for
components in conjunction with elastic or elastic plastic system
analyses, the basis upon which these procedures are used are reviewed.
The applicant shall provide assurance that the calculated item or
item support deformations and displacements do not violate the corres-
ponding limits and assumptions on which the methods used for the system
analysis are based.

Any deviations that have not been justified to the satisfaction of the
staff are identified and the finding is transmitted to the applicant with
a request that, unless conformance with the MEB acceptance criteria is
agreed upon, additional technical justification be submitted.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in accord-
ance with this SRP section, and that his evaluation supports conclusions of
the following type, to be included in the staff's safety evaluation report:

V The staff concludes that the design transiants and resulting loads and load
combinations with appropriate specified design and service' limits for mechanical
components is acceptable and meets the relevant requirements of General Design
Criteria 1, 2, 14, 15, 10 CFR Part 50, Appendix B, and 10 CFR Part 100, Appendix A.
This conclusion is based on the following:

1. The applicant has met the relevant requirements of General Design Criteria
14 and 15 by demonstratir,g that the design transients and resulting loads
and load combinations with appropriate specified design and service limits
which the applicant has used for designing Code Class 1 and CS components
and supports, and reactor internals provide a complete basis for design
of the reactor coolant pressure boundary for all conditions and events
expected over the service lifetime of the plant.

2. The applicant has met the relevant requirements of General Design Criteria 2
and 10 CFR Part 100, Appendix A by including seismic events in design tran-
sients which serve as design basis to withstand the effects of natural
phenomena.

3. The applicant has met the relevant requirements of 10 CFR Part 50, Appendix B,
and General Design Criteria 1 by having submitted information that demon-
strates the applicability and validity of the design methods and computer
programs used for the design and analysis of seismic Category I Code Class 1,
2, 3, and CS structures, and non-Code structures within the present state-

(n) of-the-art limits and by having design control measures which are acceptable
'V to assure the quality of the computer programs.
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V. IMPLEMENTP. TION

The following is intended to provide guidance to applicants regarding the NRC
staff's plan for using this SRP section.

Except in those cases in which the applicant proposes acceptable alternative
methods for complying with specified portions of the Commission's regulations,
the methods described here will be used by the staff in its evaluation of
comformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, Criterion 1, " Quality Standards and Reports."

2. 10 CFR Part 50, Appendix A, Criterion 2, " Design Bases for Protection Against
National Phenomena."

3. 10 CFR Part 50, Appendix A, Criterion 14, " Reactor Coolant Pressure Boundary." !,

4. 10 CFR Part 50, Appendix A, Criterion 15, " Reactor Coolant System Design."

5. 10 CFR Part 50, Appendix B, " Quality Assurance Requirements for Nuclear |Power Plants and Fuel Reprocessing Plants."

6. 10 CFR Part 100, Appendix A, " Reactor Site Criterion."
,

7. ASME Boiler and Pressure Vessel Code, Section III, Divison I, " Nuclear !

Power Plant Components," American Society of Mechanical Engineers. j

i

8. Regulatory Guide 1.68, " Initial Test Programs for Water-Cooled Reactor !

Power Plants." i

i

9. Standard Review Plan Section 3.9.3, "ASME Code Class 1, 2, 3 Components, |

Component Supports, and Core Support Structures." !
|

10. Report NUREG/CR-1677, " Piping Benchmark Problems." |

O
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3.9.2 DYNAMIC TESTING AND ANALYSIS OF SYSTEMS, COMPONENTS, AND EQUIPMENT

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

MEB reviews the criteria, testing procedures, and dynamic analyses employed to
assure the structural and functional integrity of piping systems, mechanical equip-
ment, reactor internals, and their supports under vibratory loadings, including
those due to fluid flow and postulated seismic events to assure conformance with
General Design Criteria 1, 2, 4, 14 and 15. The staff review covers the following
specific areas:

1. Piping vibration, thermal expansion, and dynamic effect testing should be
conducted during startup testing. The systems to be monitored should include
(a) all ASME Code Class 1, 2, and 3 systems, (b) other high-energy piping
systems inside Seismic Category I Structures, (c) high-energy portions of( f
systems whose failure could reduce the functioning of any Seismic Category I'''

plant feature to an unacceptable safety level, and (d) Seismic Category I
portions of moderate-energy piping systems located outside containment. The

supports and restraints necessary for operation during the life of the plant
are considered to be parts of the piping system. The purpose of these tests
is to confirm that these piping systems, restraints, components, and supports
have been adequately designed to withstand flow-induced dynamic loadings under
the steady-state and operational transient conditions anticipated during
service and to confirm that normal thermal motion is not restrained. The test
program description should include a list of different flow modes, a list of
selected locations for visual inspections and other measurements, the accep-

i tance criteria, and possible corrective actions if excessive vibration or
indications of normal thermal motion restraint occurs.

2. The following areas related to the seismic system analysis described in the
applicant's safety analysis report (SAR) are reviewed.

Rev. 2 - July 1981
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Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission.
( office of Nuclear Reactor Regulation. Washington, D.C. 20555.
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a. Seismic Analysis Method

For all Category I systems, components, equipment and their supports
(including supports for conduit and cable trays, and ventilation
ducts), the applicable seismic analysis methods (response spectra,
time history, equivalent static load) are reviewed. The manner in
which the dynamic system analysis method is performed is reviewed.
The method chosen for selection of significant modes and an adequate
number of masses or degrees or freedom is reviewed. The manner in
which consideration is given in the seismic dynamic analysis to
maximum relative displacements between supports is reviewed. In
addition, other significant effects that are accounted for in the
dynamic seismic analysis such as hydrodynamic effects and nonlinear
response are reviewed.

b. Determination of Number of Earthquake Cycles

Criteria or procedures used to establish the number of earthquake
cycles during one seismic event and the maximum number of cycles for
which applicable Category I systems and components are designed are
specified by Structural Engineering Branch (SEB) in SRP Section
3.7.3, subsection I.2.

c. Basis for Selection of Frequencies

As applicable, criteria or procedures used to separate fundamental
frequencies of components and equipment from the forcing frequencies
of the support structure are reviewed.

d. Three Components of Earthquake Motion

The procedures by which the three components of earthquake motion
are considered in determining the seismic response of systems, and
components are reviewed.

e. Combination of Modal Responses

When a response spectrum approach is used for calculating the
seismic response of systems, or components, the phase relationship
between various modes is lost. Only the maximum responses for each
mode can be determined. The maximum responses for modes do not in
general occur at the same time and these responses have to be
combined according to some procedure selected to approximate or
bound the response of the system. When a response spectra method is
used, the description of the procedure for combining modal responses
(shears, moments, stresses, deflections, and accelerations) is
reviewed, including that for modes with closely spaced frequencies.

| f. Analytical Procedures for Piping Systems

The analytical procedures applicable to seismic analysis of piping
systems, including methods used to consider differential piping
support movements at different support points located within a
structure and between structures, are reviewed.
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g. Multiply-Supported Equipment and Components with Distinct Inputs

p The criteria and procedures for seimic analysis of equipment and
components supported at different elevations within a building and
between buildings with distinct inputs are reviewed.

h. Use of Constant Vertical Static Factors

Where applicable, justification for the use of constant static
factors as vertical response loads for designing Category I systems,
components, equipment and their supports in lieu of the use of a
vertical seismic system dynamic analysis is reviewed.

i. Torsional Effects of Eccentric Masses

The criteria and procedures that are used to consider the torsional
effects of eccentric masses (e.g., valve operators) in seismic
system analyses are reviewed.

j. Category I Buried Piping Systems

For Category I buried piping, the seismic criteria and methods which
consider the effect of fill settlement including pipe profile and
pipe stresses, the movements at support points, penetrations, and
anchors are reviewed.

k. Interact. ion of Other Piping With Category I Piping

'O The seismic analysis procedures to account for the seismic motion of
s / non-Category I piping systems in the seismic design of Category I

,

piping are reviewed.

1. Criteria Used for Damping

The criteria to account for damping in systems, components,
equipment and their supports is reviewed.

3. Dynamic responses of structural components within the reactor vessel
caused by steady-state and operational flow transient conditions should
be analyzed for prototype (first of a design) reactors. Generally, this
analysis is not required for nonprototypes except that segments of an
analysis may be necessary if there are substantial deviations from the
prototype internals design. The purpose of this analysis is to predict
the vibration behavior of the components, so that the input forcing
functions and the level of response can be estimated. Before conducting
the analyses, the specific locations for calculated responses, the con-
siderations in defining the matnematical models, the interpretation of
analytical results, the acceptance criteria, and the methods of verifying
predictions by means of tests should be determined. If the reactor
internal structures are a nonprototype design, reference should be made

;

to the results of tests and analyses for the prototype reactor and a
brief summary of the results should be given.

4. Flow-induced vibration testing of reactor internals should be conducted
O during the preoperational and startup test program. The purpose of this
C/ test is to demonstrate that flow-induced vibrations similar to those

expected during operation will not cause unanticipated flow-induced
*
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vibrations of significant magnitude or structural damage. The test
program description should include a list of flow modes, a list of sensor
types and locations, a description of test procedures and methods to be
used to process and interpret the measured data, a description of the
visual inspections to be made, and a comparison of the test results with
the analytical predictions. If the reactor internal structures are a
nonprototype design, reference should be made to the results of tests and
analyses for the prototype reactor and a brief summary of the results
should be given.

5. Dynamic system analyses should be performed to confirm the structural
design adequacy and ability, with no loss of function, of the reactor
internals and unbroken loops of the reactor coolant piping to withstand
the loads from a loss-of-coolant accident (LOCA) in combination with the
SSE. The staff review covers the methods of analysis, the considerations
in defining the mathematical models, the descriptions of the forcing
functions, the calculational scheme, the acceptance criteria, and the
interpretation of analytical results.

6. A discussion should be provided which describes the methods to be used to
correlate results from the reactor internals vibration test with the
analytical results from dynamic analyses of the reactor internals under
steady-state and operational flow transient conditions.

In addition, test results from previous plants of similar characteristics
may be used to verify the mathematical models used for the loading con-
dition of LOCA in combination with the SSE by comparing such dynamic
characteristics as the natural frequencies. The staff review covers the
methods to be used for comparison of test and analytical results and for
verification of the analytical models.

Computer programs used in the analyses discussed in this SRP section are reviewed
in accordance with SRP Section 3.9.1.

The Reactor Systems Branch (RSB) verifies on request that (1) the various flow
mcdes to be used to conduct the vibration test of the reactor internals are
representative of the steady-state and operational transient conditions

,

| anticipated for the reactor during its service, and (2) that an acceptable
hydraulic analysis has been used to determine the loads acting on the reactor
coolant system piping and the reactor internals.

II. ACCEPTANCE CRITERIA

| MEB acceptance criteria are based on meeting the relevant requirements set
forth in General Design Criteria 1, 2, 4, 14 and 15. The relevant require-
ments are as follows:

A. General Design Criterion 1, as it relates to the testing and analysis of
systems, components, and equipment with appropriate safety functions
being performed to appropriate quality standards.

B. General Design Criterion 2, as it relates to systems, components, and
equipment important to safety being designed to withstand appropriate
combinations of the effects of normal and accident conditions with the
effects of natural phenomena (SSE).

.
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1

(
! C. General Design Criterion 4, as it relates to systems and components

important to safety being appropriately protected against the dynamic2

effects of discharging fluids.

-! D. General Design Criterion 14, as it relates to systems and components of
the reactor coolant pressure boundary M*,5 designed so as to have an'

,

extremely low probability of rapidly propaguting failure or of gross
' rupture.

E. General Design Criteric" 15, as it relates to the reactor coolant system
i being designed with sufricient margin to assure that the reactor coolant .

; pressure boundary will not be breeched during normal operating conditions
1 including anticipated operational occurrences.

Specific criteria necessary to meet the relevant requirements of the
1 Commission regulatior,s identified above are as follows:
i

} 1. Relevant requirements of GDC 14 and 15 are met if vibration, thermal |
expansion, and dynamic effects testing are conducted during startup func-
tional testing for specified high-and moderate-energy piping, and their ,

supports and restraints. The purpose of these tests is to confirm that<

i the piping, components, restraints, and supports have been designed to
withstand the dynamic loadings and operational transient conditions that
will be encountered during service as required by the Code and to confirm
that no unacceptable restraint of normal thermal motion occurs.

i

An acceptable test program to confirm the adequacy of the designs should;

consist of the following:

| a. A list of systems that will be monitored.
<

b. A listing of the different flow modes of operation and transients
such as pump trips, valve closures, etc. to which the components'

will be subjected during the test. (For additional guidance see
Reference 8.) For example, the transients associated with the

;

: reactor coolant system heatup tests should include, but not neces-
! sarily be limited to:
,

I (1) Reactor coolant pump start.
i

(2) Reactor coolant pump trip.

(3) Operation of pressure-relieving valves.;
,

' (4) Closure of a turbine stop valve.

c. A list of selected locations in the piping system at which visual
inspections and measurements (as needed) will be performed during
the tests. For each of these selected locations, the deflection

! (peak-to peak) or other appropriate criteria, to be used to show
that the stress and fatigue limits are within the design levels,

: should be provided.

d. A list of snubbers on systems which experience sufficient theraiol
( movement to measure snubber travel from cold to hot position.

,

'
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A description of the thermal motion monitoring program, i.ee.
verification of snubber movement, adequate clearances and gat ,
including acceptance criteria and how motion will be measured.

f. If vibration is noted beyond the acceptance levels set by the
criteria of c. , above, corrective restraints should be designed,
incorporated in the piping system analysis, and installed. If,

during the test, piping system restraints are determined to be
inadeouate or are damaged, corrective restraints should be installed
and a W - test should be performed to determine that the vibra-
tions have been reduced to an acceptable level. If no snubber
piston travel is measured at those stations indicated in d., above,
a description should be provided of the corrective action to be
taken to assure that the snubber is operable.

2. To meet the relevant requirements of GDC 2, the acceptance criteria for
the areas of review described in subsection I.2 of this SRP section are
given below. Other approaches which can be justified to be equivalent to
or morc onservative than the stated acceptance criteria may be used to
confirm the ability of all seismic Category I systems, components,
equipment, and their supports to function as needed during and after an
earthquake.

a. Seismic Analysis Methods

The seismic analysis of all Category I systems, components, equip-
ment, and their supports (including supports for conduit and cable
travs and ventilation ducts) should utilize either a suitable
dys:Mc analysis method or an equivalent static load method, if
justified.

(1) Dynamic Analysis Method

A dynamic analysis (e.g., response spectrum method, time
history method, etc.) should be used when the use of the
equivalent static load method cannot be justified. To te
acceptable such analyses should consider the fc110 wing items:

(a) Use of either the time history method or the response
spectrum method.

(b) Use of an adequate number of masses or degrees of freedom
in dynamic modeling to determine the response of all
Category I and applicable non-Category I systems and plant
equipment. The number is considered adequate when addi-
tional degrees of freedom do not result in more than a 10%
ircrease in responses. Alternately, the number of degrees
of freedom may be taken equal to twice the number of modes
with frequencies less than 33 hz.

(c) Investigation of a sufficient number of modes to assure
participation of all significant modes. The criterion for
sufficiency is that the inclusion of additional modes does
not result in more than a 10% increase in responses.

O
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j

! (d) Consideration of maximum relative displacements among
n supports of Category I systems, and components.

(e) Inclusion of significant effects such as piping inter-
actions, externally applied structural restraints,
hydrodynamic (both mass and stiffness effects) loads, and

"nonlinear responses.

; (2) Equilvalent Static Load Method -

An equilvalent static load method is acceptable if:

(a) Justification is provided that the system can be realis-
tically represented by a simple msdel and the method

| produces conservative results in terms of responses.
Typical examples or published results for similar systems
may be submitted in support of the use of the simplified
method.

(b) The design and associated simplified analysis account for
;

|
the relative motion between all points of support.

(c) To obtain an equivalent static load of equipment or
component which can be represented Ly a simple model, a
factor of 1.5 is applied to the peak acceleration of the
applicable floor response spectrum. A factor of less than
1.5 cay be used if adequate justification is provided.

,

In addition, for equipment which can be modeled adequately as a
one-degree of-freedom system, the use of a static load equiva-
lent to the peak of the floor response spectra is acceptable.'

For piping supported at only two points, the use of a static
load equivalent to the peak of t:1e floor response spectra is
also acceptable.

|

b. Determination of Number of Earthquake Cycles

During the plant life at least one safe shutdown earthquake
(SSE) and five operating basis earthquakes (0BE) should be
assumed. The number of cycles per earthquake should be
obtained from the synthetic time history (with a minimum
duration of 10 seconds) used for the system analysis, or a
minimum of 10 maximum stress cycles per earthquake may be

| assumed (extract from SRP Section 3.7.3, subsection II.2).

c. Basis for Selection of Frequencies

To avoid resonance, the fundamental frequencies of components
and equipment should preferably be selected to be less than 1/2
or more than twiu the dcminant frequencies of the support
structure. Use of equipment frequencies within this range is
acceptable if the equipment is adequately designed for the
applicable loads,

,

i
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d. Three Components of Earthquake Motion

Depending upon what basic methods are used in the seismic
analysis, i.e., response spectra or time history method, the
following two approaches are considered acceptable for the
combination of three-dimensional earthquake effects. (Ref. 11,
12, and 13)

(1) Response Spectra Method

When the response spectra methoa is adopted for seismic
analysis, the maximum structural responses due to each of
the three components of earthquake motion should be com-
bined by taking the square root of the sum of the squares
of the maximum codirectional responses caused by each of
the three components of earthquake motion at a particular
point of the structure or of the mathematical model.

(2) Time History Analysis Method

When the time history analysis method is employed for
seismic analysis, two types of analysis are generally
performed depending on the complexity of the problem. (a)
to obtain maximum responses due to each of the three com-
ponents of the earthquake motion: in this case the method
for combining the three-dimensional effects is identical
to that described in (a) except that the maximum responses
are calculated using the time history method instead of
the spectrum method. (b) To obtain time history responses
from each of the three components of the earthquake motion
and combine them at each time step algebraically: the
maximum response in this case can be obtained from the
combined tim? solution. When this method is used, to be
acceptable, the earthquake motions specified in the three
different directions should be statistically independent.

e. Combination of Modal Responses

When the response spectrum method of analysis is used to deter-
mine the dynamic rerponse of damped linear systems, the most
probable response is obtained as the square root of the sum of
the squares of the responses from individual modes. Thus, the
most probable system response, R, is given by

2 2 (1)R =( R)
k=1

th
where R is the response for the k mode and N is the number

k
of significant modes considered in the modal response
combination.

When modes with closely spaced modal frequencies exist, an
acceptable method for obtaining the system response is to take
the absolute sum of the responses of the closely spaced modes
and combine this sum with other remaining modal responses using
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the square root of the sum of the squares rule. Two modes
having frequencies within 10% of each other are considered
as modes with closely spaced frequencies.

This approach is simple and straightforward in all those
' cases where the group of modes with closely spaced fre-
'

quencies is tightly bundled, i.e., the lowest and the
highest modes of the group are within 10% of each other.
However, when the group of closely spaced modes is spaced

, widely over the frequency range of interest (while the' frequencies of the adjacent modes are closely spaced), the
: absolute sun method of combining responses tends to yield

over-conservative results. To obviate this problem, a*

general approach applicable to all modes is considered
appropriate. The following equation is merely a math-
ematical representation of this approach.

The most probable system respense, R, is given by

N

R =(I R2+2I | R R, (2)g c

kk=1

Where the second summation is to be done on all 2 and m modes
whose frequencies are closely spaced to each other.

Other aproaches which give an equivalent degree of conserva-
, s j tism to the above methods, and which are adequately justified

v are also acceptable. Regulatory Guide 1.92 (Refererce 10)
; " Combining Modal Responses and Spatial Components in Seismic

Response Analysis" presents detailed guidance on this topic.

f. Analytical Procedures for Piping Systems

The seismic analysis of Category I piping may use either a
dynamic analysis or an equivalent static load method. The
acceptance criteria for the dynamic analysis or equivalent
static load methods are as given in subsection II.2.a of this
SRP section.;

g. Multiply-Supported Equipment and Components With Distinct Inputs

Equipment and components in some cases are supported at several
points by either a single structure or two separate structures.
The motions of the primary structure or structures at each of
the support points may be quite different.

A conservative and acceptable approach for equipment items sup-
ported at two or more locations is to use an upper bound envelope
of all the individual response spectra for these locations to
calculate maximum inertial responses of multiply-supported items.
In addition, the relative displacements at the support points

O should be considered. Conventional static analysis procedures
are acceptable for this purpose. The maximum relative support
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displacements can be obtained from the structural response cal-
culations or, as a conservative approximation, by using the
floor response spectra. For the latter option, the maximum dis-
place..ent of each support is predicted by Sd * S g/w , where Sa a
is the spectral acceleration in "g's" at the high frequency end
of the spectrum curve (which, in turn, is equal to the maximum
floor acceleration), g is the gravity constant, and w is the
fundamental frequency of the primary support structure in radians
per second. The support displacements can then be imposed on
the supported item in the most unfavorable combination. The
responses due to the inertia effect and relative displacements
should be combined by the absolute sum method.

In the case of multiple supports located in a single etructure,
an alternate acceptable method using the floor response spectra
involves determination of dynamic responses due to the worst
single ficor response spectrum selected from a set of floor
response spectra obtained at various floors and applied iden-
tically to all the floors, provided there is no significant
shift in frequencies of the spectra peaks. In addition, the
support displacements culd be imposed on the supported item
in the most unfavorable combination using static analysis pro-
cedures.

In lieu of the response spectrum approach, time histories of
support motions may be used as excitations to the systems (Ref.
16). Because of the increased analytical ef fort compared to
the response spectrum techniques, usually only a major equipment
system would warrant a time history approach. The time history
approach does, however, provide more realistic results in some
cases as compared to the response spectrum envelope method for
multiply-supported systems.

h. Use of Constant Vertical Static Factors

The use of constant vertical load factors as vertical response
loads for the seismic design of all Category I systems, com-
ponents, equipment, and their supports in lieu of the use of a
vertical seismic system dynamic analysis is acceptable only if
it can be justified that the structure is rigid in the vertical
direction. The criterion for rigidity is that the lowest fre-
quency in the vertical direction is more than 33 bz.

i. Torsional Effects of Eccentric Masses

For seismic Category I systems, if the torsional ef fect of an
eccentric mass such as a valve operator in a piping system is
judged to be significant, the eccentric mass and its eccen-
tricity should be included in the mathematical mode. The
criteria for significance will have to be determined on a case-
by-case basis.

j. Category I Buried Piping Systems

For Category I buried piping systems, the following items
should be considered in the analysis:
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(1) The inertial effects due to an earthquake upon buried pip-
ing systems should be adequately accounted for in the

O analysis. Use of the procedures described in References -

,

11 and 14 is acceptable.

(2) The effects of static resistance of the surrounding soil
on piping deformations or displacements, differential
movements of piping anchors, bent geometry and curvature
changes, etc., should be adequately considered. Use of

_

the procedures described in Reference 15 is acceptable. J

(3) When applicable, the effects due to local soil settle-
ments, soil arching, etc., should also be considered in
the analysis.

k. Interaction of Other Piping with Category I Piping

To be acceptable, each non-Category I piping system should be
designed to be isolated from any Category I piping system by
either a constraint or barrier, or should be remotely located
with regard to the seismic Category I piping system. If it is
not feasible or practical to isolate the Category I piping sys-
tem, adjacent non-Category I piping should be analyzed according
to the same seismic criteria as applicable to the Category I
piping system. For non-Category I piping systems attached to
Category I piping systems, the dynamic effects of the non-
Category I piping should be simulated in the modeling of the

p Category I piping. The attached non-Category I piping, up to
th first anchor beyond the interface, should also be designed
in such a manner that during an earthquake of SSE intensity it
will not cause a failure of the Category I piping.

1. Criteria Used for Damping j

Regulatory Guide 1.61 (Reference 9) " Damping Values for Seismic
Design of Nuclear Power Plants," provides acceptable values
which may be used. The use of alternate damping values requires
justification.

3. Relevant requirements of GDC 1 and 4 are met as given below. The follow-
ing guidelines, in addition to Regulatory Guide 1.20 (Reference 7), apply
to the analytical solutions to predict vibrations of reactor internals
for prototype plants. Generally, this analysis is required only for pro-
totype designs.

a. The results of vibration calculations for a prototype reactor should
consist of the following:

(1) Dynamic responses to operating transients at critical locations
of the internal structures should be determined and, in particu-
lar, at the locations where vibration sensors will be mounted
on the reactor internals. For each location, the maximum
response, the modal contribution to the total response, and the

/O response causing the maximum stress amplitude should be

Q calculated.
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(2) The dynamic properties of internal structures, including the
natural frequencies, the dominant mode shapes, and the damping
factors should be characterized. If analyses are performed on
a component structural element basis, the existence of dynamic
coupling among component structure elements should be investi-
gated.

(3) The response characteristics, such as the dependence on hydro-
dynamic excitation forces, the flow path configuration, coolant
recirculation pump frequencies, and the natural frequencies of
the internal structures, should be identified.

(4) Acceptance criteria for allowable responses should be estab-
lished, as should criteria for the location of vibration
sensors. Such criteria should be related to the Code allowable
stresses, strains, and limits of deflection that are estab-
lished to preclude loss of function with respect to the reactor
core structures and fuel assemblies.

b. The forcing functions should accnunt for the effects of transient
flow conditions and the frequency content. Acceptable methods for
formulating forcing functions for vibration prediction include the
foilowing:

(1) Analytical method: based on standard hydrodynamic theory, the
governing differential equations for vibratory motions should
be developed and solutions obtained with appropriate boundary
conditions and parameters. This method is acceptable where the
geometry along the fluid flow paths is mathematically tractable.

(2) Test-analysis combination method: based on data obtained from
plant tests or scaled model tests (e.g., velocity or pressure
distribution data), forcing functions should be formulated which
will include the effects of complex flow path configurations
and wide variations of pressure distributions.

(3) Response-deduction method: based on a derivation of response
characteristics from plant or scaled model test data, forcing
functions should be formulated. However, since such functions
may not be unique, the computational procedures and the basis
for the selection of the representative forcing functions
should be described.

c. Acceptable methods of obtaining dynamic responses for vibration pre-
dictions are as follows:

(1) Force-response computations are acceptable if the characteris-
tics of the forcing functions are predetermined on a conservative
basis and the mathematical model of the reactor internals is
appropriately representative of the design.

(2) If the forcing functions are not predetermined, either a special
analysis of the response signals measured from reactor internals
of similar design may be performed to predict amplitude and
modal contributions, or parameter studies useful for extrapolat-
ing the results from tests of internals or components of similar
designs based on composite statistics may be used.
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d. Vibration predictions should be verified by test results. If the
N test results differ substantially from the predicted response

behavior, the vibration analysis should be appropriately modified to
improve the agreement with test results and to validate the analy-
tical method as appropriate for predicting responses of the prototype
unit, as well as of other units where confirmatory tests are to be
conducted.

4. Relevant requirements of GDC 1 and 4 are met as given below. The pre-
operational vibration test program for the internals of a prototype
(first of a design) reactor should conform to the requirements for a
prototype test, as specified in Regulatory Guide 1.20, including vibra-
tion prediction, vibration monitoring, data reduction, and surface |
inspection. The test program to demonstrate design adequacy of the |
reactor internals should include, but not necessarily be limited to the
following:

a. The vibration testing should be conducted with the fuel elements in
the core or with dummy elements which provide equivalent dynamic
effects and flow characteristics. Testing without fuel elements in
the core may be acceptable if it can be demonstrated that testing in
this mode is conservativr;

b. A brief description of the vibration monitoring instrumentation
should be provided, including instrument types and diagrams of
locations, which should include the locations having the most severe
vibratory motions or having the most effect on safety functions.

1 i
c. The planned duration of the test for the normal operation modes to

assure that all critical components are subjected to at least 106
cycles of vibration should be provided. For instance, if the lowesti

response frequency of the core internal structures is 10 Hz, a total
test duration of 1.2 days or more will be acceptable.'

d. Testing should include all of the different flow modes of normal
| operation and upset transients. The proposed set of flow modes are
; acceptable if they provide a conservative basis for determining the
| dynamic response of the reactor internals and are reviewed by RSB on
' request.

e. The methods and procedures to be used to process the test data to
obtain a meaningful interpretation of the core structure vibration
behavior should be provided. Vibration interpretation should
include the amplitude, frequency content, stress state, and the
possible effects on safety functions.

.

f. Vibration predictions, test acceptance criteria and bases, and permis-'

sible deviations from the criteria should be provided before the test.

g. Visual and nondestructive surface inspections should be performed
after the completion of the vibration tests. The inspection program
description should include the areas subject to inspection, the methods>

of inspection, the design access prcvisions to the teactor internals,
and the equipment to be used for performing such inspections. These

V inspections should be conducted preferably following the removal of
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the internals from the reactor vessel. Where removal is not feas-
ible, the inspections should be performed by means of equipment
appropriate for in situ inspection. The areas inspected should
include all load-bearing interfaces, core restraint devices, high
stress locations, and locations critical to safety functions.

For internals of subsequent reactors that have the same design, size, con-
figuration, and operating conditions as the prototype reactor internals,
the vibration test program should conform to the requirements of the appro-
priate nonprototype program as specified in Regulatory Guide 1.20.

5. Relevant requirements of GDC 2 and 4 are met as given below. Dynamic
systelt analyses should be performed to confirm the structural design ade-
quacy of the reactor internals and the reactor coolant piping (unbroken
loops) to withstand the dynamic loadings of the most severe LOCA in com-
bination with the SSE. Where a substantial separation between the forcing
frequencies of the LOCA (or SSE) loading and the natural frequencies of
the internal structures can be demonstrated, the analysis may treat the
loadings statically.

The most severe dynamic effects from LOCA loadings are generally found to
result from a postulated doub?e-ended rupture of a primary coolant loop
near a reactor vessel inlet cr outlet nozzle with the reactor in the most
critical normal operating mode. However, all other postulated break loca-
tions should be evaluated and the location producing the controlling effects
should be identified.

Mathematical models used for dynamic system analysis for LOCA in combination
with the SSE effects should include the following:

Modeling should include reactor internals and dynamically relateda.
piping, pipe supports, components, and fluid-structure interaction
effects when applicable. Typical diagrams and the basis of modeling
should be developed and described.

b. Mathematical models should be representative of system structural
characteristics, such as the flexibility, mass inertia effect,
geometric configuration, and damping (including possible coexistence
of viscous and Coulomb damping).

Any system structural partitioning and directional decouplingc.
employed in the dynamic system modeling should be justified.

d. The effects of flow upon the mass and flexibility properties of the
system should be discussed.

Typical diagrams and the basis for postulating the LOCA-induced forcing
function should be provided, including a description of the governing
hydrodynamic equations and the assumptions used for mathematically
tractable flow path geometries, tests for determining flow coefficients,
and any semiempirical formulations and scaled model flow testing for
determining pressure differentials or velocity distributions. The accept-
abilty of the hydraulic analysis, as reviewed by RSB on request, is based
on established engineering practice and generic topical reviews performed
by the staff.
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The methods and procedures used for dynamic system analyses should be des-
cribed, including the governing equations of motion and the computational%

) scheme used to derive results. Time domain forced-response computation'

Q is acceptable for both LOCA and SSE analyses. The response spectrum modal
analysis method may be used for SSE analysis.

The stability of elements in compression, such as the core barrel and the
control rod guide tubes under outlet pipe rupture loadings should be inves-
tigated.;

Either response spectra or time histories may be used for specifying seis-
mic input motions of the SSE at the reactor core supports.

I The criteria for acceptance of the analytical results are as provided in
SRP Sections 3.9.3 and 3.9.5.

6. Relevant requirements of GDC 1 are met as given below. Regardingthecorre-|
lation to be made of tests and analyses of reactor internals, a discus-
sion covering the following items to assure the adequacy and sufficiency
of the test and analysis results should be provided:

Comparison of the measured response frequencies with the analyticallya.
.

obtained natural frequencies of the reactor internals for possible
verification of the mathematical model used in the analysis.'

b. Comparison of the analytically obtained mode shapes with the shape
of measured motion for possible identification of the modal combina-
tion or verification of a specific mode.

Comparison of the response amplitude time variation and the fre-c.
quency content obtained from test and analysis for possible
verification of the postulated forcing function.

d. Comparison of the maximum responses obtained from test and analysis
for possible verification of stress levels.

Comparison of the mathematical model used for dynamic system analy-e.
sis under operational flow transients and under the combined LOCA
and SSE loadings, to note similarities.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

General Design Criteria 1, 2, 4, 14, and 15 state that all structures, system
and components important to safety should be designed and tested to assure
that safety functions can be performed in the event of operational transients,
earthquakes, and LOCA loadings.

Under these guidelines, the staff reviews the treatment of dynamic responses
of safety related piping systems and reactor internal structures by the follow-
ing procedures: .

ha
f
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1. During the CP stage, the PSAR is reviewed to assure that the applicant
has provided a commitment to conduct a piping steady-state vibration,
thermal expansion and operational transient test program. The applicants
program description should be sufficiently comprehensive to contain all
the elements of an acceptable program as described in subsection II.1 of
this SRP Section.

During the OL stage, the FSAR is reviewed to assure that the applicant's
PSAR commitment is fulfilled and the program is developed in sufficient
detail. The reviewer should be assured that the applicants program as
described in Sections 3.9.2 and 14.0 of the FSAR is sufficiently devel-
oped to:

a. Establish the rationale and bases for the acceptance criteria and
selection of locations to monitor pipe motions.

b. Provide the displacement or other appropriate limits at locations to
be monitored.

Describe the techniques and instruments (as needed) for monitoringc.
or measurinr; pipe motions.

d. Assure that the NRC will be provided documentation of any corrective
action resulting from the test and conformation by additional testing
that substantiates effectiveness of the corrective action.

2. For seismic system analysis review, the following review procedures are
implemented.

a. Seismic Analysis Methods

For all Category I systems, components, equipment and their supports
(including supports for conduit and cable trays, and ventilation ducts),
the applicable methods of seismic analysis (response spectra, time
history, equivalent static load) are reviewed to ascertain that the
techniques employed are in accordance with the acceptance criteria
as given in subsection II.2.a of this SRP section.

b. Determination of Number of Earthouake Cycles

Criteria or procedures esed to establish the number of earthquake
cycles are reviewed to determine that they are in accordance with
the acceptance criteria as given in subsection II.2.b of this SRP
section. Justification for deviating from the acceptance criteria
is requested from the applicant, as necessary.

c. Basis for Selection of Frequencies

As applicable, criteria or procedures used to separate fundamental
frequencies of components and equipment from the forcing frequencies
of the support structure are reviewed to determine compliance with
the acceptance criteria of subsection II.2.c of this SRP section.

d. Three Components of Earthquake Motion

The procedures by which the three components of earthquake motion
are considered in determining the seismic response of systems are
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reviewed to determine compliance with the acceptance criteria of
subsect0;t II,2.d of this SRP section.

e. Combination of Modal Responses

The procedures for combining modal responses are reviewed to deter-
mine compliance with the acceptance criteria of subsection II.2.e of

; this SRP section, when a response spectrum modal analysis method is
used.

.

f. Analytical Procedures for Piping Systems

For all Category I piping and applicable non-Category I piping, the
methods of seismic analysis (response spectra, time history, equiva-
lent static load) are reviewed to determine that the techniques
employed are in accordance with the acceptance criteria of subsec-
tion II.2.f of this SRP section. Typical mathematical models are
reviewed to judge whether all significant degrees of freedom have
been included.

g. Multiply-Supported Equipment and Components With Distinct Inputs

The criteria for the seismic analysis of multiply-supported com-
ponents and equipment with distinct inputs are reviewed N determine
that the criteria are in accordance with the-acceptance. n iteria. of.

subsection II.2.g of this SRP section.

h. Use of Constant Vertical Static Factors
!

|
A Use of constant static factors as response loads in the vertical

direction for the seismic design of any Category I systems in lieu :

of a detailed dynamic method is reviewed to determine that constant
static factors are used only if the structure is rigid in the ver-
tical direction based on the definition for rigidity given in
subsection II.2.h of this SRP section.

} i. Torsional Effects of Eccentric Masses

The procedures for seismic analysis of Category I piping systems are
i reviewed to determine compliance with the acceptance criteria of

subsection II.2.i of this SRP section.
;

| j. Category I Buried Piping Systems

The analysis procedures for Category I buried piping are reviewed to
determine that they ue in accordance with the acceptance criteria

i of subsection II.2.j of this SRP section. This includes review of
the procedures used to consider the effect of fill settlement includ-
ing pipe profile and pipe stresses, and the differential movements'

at support points, penetrations, and anchors. Any procedures that,

i are not adequately justified are so identified and the applicant is
! requested to provide additional justification.
!
l

|
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k. Inta, action of Other Piping with Category I Piping

The criteriu used to design the interfaces between Category I and
non-Category I piping are reviewed to determine compliance with the
acceptance criteria of subsection II.2.k of this SRP section.

1. Criteria used for Damping

The criteria used to account for damping in systems, components, equip-
ment and their supports is reviewed to determine that it is in
accordance with the regulatory position in Reference s

3. At the CP stage, tne applicant should commit to performing an analysis of
the vibration of the reactor internal structures if thev are designated
as a prototype design. A brief description of the methods and procedures
to be used for the analysis should be provided.

At the OL stage, a detailed dynamic analysis should be provided for a proto-
type design, to be used for vibration prediction prior to the performance
of preoperational vibration tests. Acceptance of the analysis is based *

on the technical soundness of the analytical method and procedures used
and the dcgree of conformance to the acceptance criteria listed above.
In addition, the analysis is verified by correlation with the test results
when these are available.

For both CP and OL stages, if the reactor internal structures are a non-
prototype design, then reference should be made to the reactor which is
prototypical of the reactor being reviewed. A brief summary of test and
analysis results for the prototype should be given. Alternatively, the
information may be contained in another applicable document, such as a
topical report, to which reference should be made.

4. At the CP stage, the staff review of the program for preoperational
vibration testing of reactor internals for flow-induced vibrations
includes the following matters:

a. The applicant should clarify his intention to perform either a pro-
totype test or a non prototype test.

b. If the plant is designated as a prototype, a brief description of
the preoperational vibration test program should be provided. The
staff review will be based on the conformance of this program to the
requirements as listed in subsection 11.4, above.

c. If the plant is a non prototype, the applicant should identify the
existing plant of similar design that is the prototype plant. The
staff reviews the validity of the designated prototype, including
any design difference of reactor internal structures from the proto-
type plant to verify that any design modifications do not substantially
alter the behavior of the flow transients and the response of the
reactor internals. Additional detailed analysis, scaled model tests,
or installation of some instrumentation during the confirmatory test
may be required in order to complete the review. In addition, the
applicant should commit to performing the prototype test if adequate
test results are not obtained on a timely basis for the designated
prototype.
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l

I
i At the OL stage, the staff review includes the' following procedures:

; (1) A detailed preoperational vibration test program and the tentative '

schedule to perform the test are eviewed. If elements of the pro-i

gram differ substantially from the guidelines specified in Regulatory
Guide 1.20, discussion of the need and justification for the dif-
ferences should be given. On request, RSB verifies that the flow

; modes to be used are acceptable.

! (2) For a prototype plant, the review covers the acceptability of vibra-
tien prediction, the visual surface inspection procedures, the detailst

of instrumentation for vibration monitoring, the methods and pro-
cedures to process the test results, and possiola supplementary tests,
such as component vibration tests, flow tests, and scaled model tests.

; (3) For a nonprototype plant, the staff verifies the applicability of
| the designated prototype, including the design similarity of the

reactor internal structures to the prototype. Additional detailed-

analysis, scaled model tests, or vibration monitoring in the confir-
; matory tests may be needed in order to complete the review.

| 5. In the CP stage review of the dynamic analysis of the reactor internals
and unbroken loops of the reactor coolant piping under faulted condition
loadings, the applicant commits to perform this analysis or identifies
the applicable document, get, qlly in the form of a topical report, contain-
ing the required information. A brief description of the scope and methods
of analysis should be provided.

4 In the OL review, the staff reviews the detailed information to confirm
'

that an adequate analysis has been made of the capability of reactor
internal structures and unbroken loops to withstand dynamic loads from

,
- the most severe LOCA in combination with the safe shutdown earthquake.

The staff review covers the analytical methods and procedures, the basis
of the forcing functions, the mathematical models to represent the dyna-
mic system, and the stability investigations for the core barrel and
essential compressive elements. Acceptance of the analysis is based on
(1) the technical soundness of the analytical methods used, (2) the degree
of conformance to the acceptance criteria listed above, and (3) verifica-
tion that stresses under the combined loads are within allowable limits
of the applicable code and deformations are within the limits set to
assure the ability of reactor internal structures and piping to perform;

! needed safety functions. On request, RSB verifies that an acceptable
j hydraulic analysis has been used.
'

6. MEB reviews the program which the applicant has committed to implenent as.

part of the preeperational test procedure, principally to correlate the
test measurements with the analytically predicted flow-induced dynamic

~3
response of the reactor internals. MEB reviews the applicant's state-

,

ments in this area to assure that there is a commitment to submit a
,

report on a timely basis. The report should summarize the analyses and
test results so that MEB can review the compatibility of the results from

i tests and analyses, the consistency between mathematical models used for
i different loadings, and the validity of the interpretation of the test
| and analysis results.

:
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the review supports conclusions of the following type, to be included in tne
staff's safety evaluation report:

The staff concludes that the dynamic testing and analysis of systems, com-
ponents, and equipment is acceptable and meets the relevant requirements of
General Design Criteria 1, 2, 4, 14 and 15. This conclusion is based on the
following:

.

1. The applicant has met the relevant requirements of General Design
Criteria 14 and 15 with respect to the design and testing of the
reactor coolant pressure boundary tc assure that there is a low prob-
ability of rapidly propagating failure and of gross rupture and to
assure that design conditions are nt.t exceeded during normal operation
including anticipated operational occurrences by having an acceptable
vibration, thermal expansion, and dynamic effects test program which
will be conducted during startup and initial operation on specified
high- and moderate energy piping, and all associated systems,
restraints and supports. The tests provide adequate assurar.ce that
the piping and piping restraints of the sys'em have been designed to
withstand vibrational dynamic effects due to valve closures, pump
trips, and other operating modes associated with the design basis
flow conditions. In addition, the tests provide assurance that
adequate clearances and free movement of snubbers exist for unre-
strained thermal movement of piping and supports during normal
system heatup and cooldown operations. The planned tests will
develop loads similar to those experienced during reactor operation.

2. The applicant has met the relevant requirements of General Design
Criteria 2 with respect to demonstrating design adequacy of all Cate-
gory I systems, components, equipment and their supports to withstand
earthquakes by meeting the regulatory positions of Regulatory Guides
1.61 and 1.92 and by providing an acceptable seismic systems analysis
procedure and criteria. The scope of review of the seismic system
analysis included the seismic analysis methods of all Category I sys-
tems, ccmponents, equipment and their supports. It included review
of procedures for modeling, inclusion of torsional effects, seismic
analysis of Category I piping systems, seismic analysis of multiply-
supported equipment and components with distinct inputs, justification
for the use of constant vertical static factors and datermination of
composite damping. The review has included design criteria and pro-
ceJures for evaluation of the interaction cf non-Category I piping
with Category I piping. The review has also included criteria and
seismic analysis procedures for reactor internals and Category I
buried piping outside containment.

The system enalyses are performed by the applicant on an elastic
ba s'i s . Modal response spectrum multidegree of freedom and time
history methods form the bases for the analyses of all major Cate-
gory I systems, components, eauipment and their supports. When the
modal response spectrum methou is used, governing response parameters
ar combinea by the square root of the sum of the squares rule. How-
ever, th absolute sum of the modal responses are used for modes with
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closely spaced frequencies. The square root of the sum of the squares
of the maximum codirectional responses is used in accounting for three

O components of the earthquake motion for both the time history and
Q response spectrum methods. Floor spectra inputs to be used for design

and test verifications of systems, components, equipment and their
supports are generated from the time history method, taking into account
variation of parameters by peak widening. A vertical seismic system
dynamic analysis will be employed for all systems, and components,
equipment and their supports where analyses show significant struc-
tural amplification in the vertical direction.

,

3. The applicant has met the relevant requirements of General Design
Criteria 1 and 4 with respect to the reactor internals being designed
and tested to quality standard commensurate with the importance of
the safety functions being performed and being appropriately pro-
tected against dynamic effects by meeting the regulatory positions
of P.egulatory Guide 1.20 for the conduct of preoperational vibration4

tests and by having a preoperational vibratian program planned for i
tne ieactor internals which provides an acceptable basis for veri-
fying the design adequacy of these internals under test loading
conditions comparable to those that will be experienced during
operation. The combination of tests, predictive analysis, and post-
test inspection provide adequate assurance that the reactor internals
will, during their service lifetime, withstand the flow-induced vibra-
tions of reactor operation without loss of structural integrity.
The integrity of the reactor internals in service is essential to
assure the proper positioning of reactor fuel assemblies and unimpaired
operation of the control rod assemblies to permit safe reactor opera-s

- s tion and shutdown.
'

4. The applicant has met the relevant requirements of General Design
Criteria 2 and 4 with respect to the design of systems and com-=

: ponents important to safety to withstand the effects of earthquakes
and the appropriate combinations of the effects of normal and postu-
lated accident conditions with the effects of the safe shutdown
earthquake (SSE) by having a dynamic system analysis to be performed
which provides an acceptable basis for confirming the structural design
adequacy of the reactor internals and unbroken piping loops to with-
stand the combined dynamic loads of postulated loss of coolant acci-
dents (LOCA) and the SSE and the combined loads of a postulated main
steam line rupture and SSE (for a BWR). The analysis prcvides ade-
quate assurance that the combined stresses and strains in the components

; of the reactor coolant system and reactor internals will not exceed
the allowable design stress and strain limits for the materials of

f construction, and that the resulting deflections or displacements at
ar.y structural elements of the reactor internals will not distort
the reactor internals geometry to the extent that core cooling may
be impaired. The methods used Ior component analysis have been
found to be compatible with these used for the systems analysis.
The preposed combinations of component and system analyses are, there-
fore, acceptable. The assurance of structural integrity of the reactor
internals under LOCA conditions for the most adverse postulated loading
event provides added confidence that the design will withstand a spec-
trum of lesser pipe breaks and, seismic loading events.
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5. The applicant has met the relevant requirements of General Design
Criterion 1 with respect to systems and components being designed
and tested to quality standards commensurate with the importance of
the safety functions to be performed by the proposed program to corre-
late the test measurements with the 'nalysis results. The program
constitute an acceptable basis for demonstrating the compatibility
of the results from tests and analyses, the consistency between
mathematical models used for different loadings, and the validity of
the interpretation of the test and analysis results.

For the FSAR, the review should provide justification for a finding
similar to that stated above with the phrase "will be implemented"
modified to read "has been implemented."

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section. Except in those
cases in which the applicant proposes an acceptable alternative method for
complying with specified portions of the Commission's regulations, the method
described herein will be used by the staff in its evaluation of conformance
with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced Regulatory Guides.

O
.

O
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3.9.3 ASME CODE CLASS 1, 2, AND 3 COMPONENTS, COMPONENT SUPPORTS, AND CORE
SUPPORT STRUCTURES

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

The MEB reviews the information presented in the applicant's safety analysis
report (SAR) concerning the structural integrity of pressure-retaining components,
their supports, and core support structures which are designed in accordance with
the rules of the American Society of Mechanical Engineers (ASME) Boiler and Pres-
sure Vessel Code, Section III, Division 1 (hereinaf ter "the Code") (Reference 3)
and General Design Criteria 1, 2, 4, 14, and 15 (Reference 2).

The staff reviews covers the following specific areas:

1. Loading Combinations, System Operating Transients, and Stress Limits
fsi
V The design and service loading combinations (e.g., design and service loads,

including system operating transients, in combination with loads calculated
to result from postulated seismic and other events) specified for Code
constructed items designated as Code Class 1, 2, 3 (including Class 1, 2
and 3 component support structures) and CS core support structures are
reviewed to determine that appropriate design and service limits have been
designated for all loading combinations. This review ascertains that the
design and service stress limits and deformation criteria comply with the
applicable limits specified in tha Code and Appendix A to this SRP section.
Service stress limits which allow inelastic deformation of Code Class 1, 2,
and 3 components, component supports, and Class CS core support structures
are evaluated a3 are the justifications for the proposed design procedures.
Piping which is " field run" should be included. Internal parts of components,
such as valve discs and seats and pump shafting, subjected to dynamic loading
during operation of the component should be included.
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2. Design and Installation of Pressure Relief Devices

The design and installation criteria applicable to the mounting of pressure
relief devices (safety valves and relief valves) for the overpressure protec-
tion of Code Class 1, 2, and 3 components are reviewed. The review includes
evaluation of the applicable loading combinations and stress criteria.
The design review extends to consideration of the means provided to accommo-
date the rapidly applied reaction force when a safety valve or relief valve
opens, and the transient fluid-induced loads applied to the piping downstream
of a safety or relief valve in a closed discharge piping system. The dynamic
structural response due to BWR safety relief valve discharge into the suppres-
sion pool is also considered.

The design of safety and relief valve systems is reviewed with respect to
the load combinations imposed on the safety or relief valves, upstream
piping or header, downstream or vent piping, system supports, and BWR
suppression pool discharge devices such as ramsheads and quenchers.

The load combinations should identify the most severe combination of the
applicable loads due to internal fluid weight, momentum and pressure, dead
weight of valves and piping, thermal load under heatup, steady state and
transient valve operation, reaction forces when valves are discharging
(thrust, bending, and torsion), seismic forces, and dynamic forces due to
BWR safety relief valve discharge into the suppression pool as applicable.
The reaction loads due to discharge of loop seal water slugs and subcooled
or saturated liquid under transient or accident conditions shall also be
included as valve discharge loads.

The structural response of the piping and support system is reviewed with
particular attention to the dynamic or time-history analyses employed in
evaluating the appropriate support and restraint stiffness effects under
dynamic loadings when valves are discharging.

Where the use of hydraulic snubbers is proposed, the snubber performance
characteristics are reviewed to assure that their effects have been
considered in the analyses under steady state valve operation and repeti-
tive load applications caused by cyclic valve opening and closing during
the course of a pressure transient.

3. Component Supports

The review of information submitted by the applicant includes an evaluation
of Code Class 1, 2, and 3 components supports. The review includes an
assessment of design and structural integrity of the supports. The review
addresses three types of supports: plate and shell, linear, and component
standard types. All the component supports of these three types are
covered in this SRP section. Although classified as component standard
supports, snubbers require special consideration due to their unique
function. Snubbers provide no load path or force transmission during
normal plant operations but function as rigid supports when subjected to
dynamic transient loads. Component supports are those metal supports
which are designed to transmit loads from the pressure-retaining boundary
of the component to the building structure. The methods of analysis for
calculating the responses of the reactor coolant pressure boundary supports
resulting from the combination of LOCA and SSE events are reviewed in SRP
Sections 3.6.2 and 3.9.2.
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In addition, the MEB will coordinate other branches evaluations that Interface
with the overall review of this SRP section as follows: The Equipment Qualifica-

i tion Branch (EQB) evaluates the operability of pumps and valves and judges the
/ design criteria for pressure-relieving devices which may have an active function

during and after a faulted plant condition against the requirements of the
component operability assurance program as part of its primary review respon-
sibility for SRP Section 3.10. The Auxiliary Systems Branch (ASB) verifies
that the number and size of valves specified for the steam and feedwater systems
have adequate pressure-relieving capacity as part of its primary review responsi-
bility for SRP Section 10.3. The Reactor Systems Branch (RSB) verifies that
the number and size of valves specified for the reactor coolant pressure boundary
have adequate pressure relieving capacity as part of its primary review responsi-
bility for SRP Section 5.2.2. The Containment Systems Branch (CSB) reviews
the applicant's analyses of subcompartment differential pressures resulting
from postulated pipe breaks as part of its primary review responsibility for
SRP Section 6.2.1.2.

For those areas of review identified above as being reviewed as part of the
primary review responsioility of other branches, the acceptance criteria

' necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

MEB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

A. 10 CFR Part 50, 950.55a and General Design Criterion 1 as it relates to
j structures and components being designed, fabricated, erected, constructed,

/ tested, and inspected to quality standards commensurate with the importance
of the sa'ety function to f)e performed.

B. General Design Criterion 2 as it relates to structures and components
important to safety being designed to withstand the effects of earthquakes
combined with the effects of normal or accident conditions.

C. General Design Criterion 4 as it relates to structures and components
important to safety being designed to accommodate the effects of and to
be compatible with the environmental conditions of normal and accident
conditions.

D. General Design Criterion 14 as it relates to the reactor coolant pressure
boundary being designed, 4bricated, erected, and tested to have an extremely
low probability of abt.ornal leakage, of rapidly propagating failure, and
of gross rupture.

E. General Design Criterion 15 as it relates to the reactor coolant system
being designed with sufficient margin to assure that the design conditions
are not exceeded.

Specific criteria necessary to meet the relevant requirements of 650.55a and
General Design Criteria 1, 2, 4, 14, and 15 by which the areas of review defined
in subsection I of this SRP section judged to be acceptable are as follows:

\
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1. Loading Combinations, System Operating Transients, and Stress Limits

The design and service loading combinations, including system operating
transients, and the associated design and service stress limits considered
for each component and its supports should be sufficiently defined to
provide the basis for design of Code Class 1, 2, and 3 components, component
supports and Class CS core support structures for all conditions.

The acceptability of the combination of design and st vice loadings (includ-
ing system operating transients), applicable to the decign of Class 1, 2,
and 3 components, component supports, and Class CS core support structures,
and of the designation of the appropriate design or service stress limit
for each loading com''ination, is judged by comparison with positions stated
in Appendix A, and with appropriate standards acceptable to the staff
developed by professional societies and standards organifhtions.

The design criteria for internal parts of components such as valve discs,
seats, and pump shafting should comply with applicable ASME Code or Code
Case criteria. In those instances where no ASME criteria exist, the design
criteria are acceptable if they assure the structural integrity of the
part such that no safety related functions are impaired.

2. Design and Installation of Pressure Relief Devices

The applicant should use design criteria for pressure relief stations
specified in Appendix 0, ASME Code, Section III, Division 1, " Rules for
the Design of Safety Valve installations" (Reference 6). Additionally,
the following criteria are applicable:

(1) Where more than one valve is installed on the same run pipe, the
sequence of valve openings to be assumed in analyzing for the stress
at any piping location should be that sequer,a which is estimated to
induce the maximum instantaneous value of stress at that location.

(2) Stresses should be evaluated, and applicable stress limits should be
satisfied for all components of the run pipe and connecting systems
and the pressure relief valve station including supports and all
connecting welds between these components.

(3) In meeting the stress limit requirements, the contribution from the
reaction force and the moments resulting from that force should include
the effects of the Dynamic Load Factor or should use the maximum
instantaneous values of forces and moments for that location as deter-
mined by the dynamic hydraulic / structural system analysis. This
requirement should be satisfied in demonstrating satisfaction of all
design limits at all locations of the run pipe and the pressure relief
valve for Class 1, 2, and 3 piping. A Dynamic Load Factor (DLF) of
2.0 may be used in lieu of a dynamic analysis to determine the DLF.

The SAR must also include a description of the calculational procedures,
computer programs, and other methods to be used in the analysis. The
analysis must include the time history or equivalent effects of changes
of momentum due to fluid flow changes of direction. The fluid states
considered must include postulated water slugs where water seals are used
and subcooled or saturated liquid if such fluid can be discharged under
postulated transient or accident conditions. Plants utilizing suppression
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pools shall also consider the applicable pool dynamic loads on the safety
relief valve system. Stress computations and stress limits must be in; .m

! ) accord with applicable rules of the Code.

| 3. Component Supports

fa. The component support designs should provide adequate margins of
safety under all combinations of loadings. The combination of load- -

ings (including system operating transients) considered for each
component support within a system, including the designation of the
appropriate service stress limit for each loading combination should
meet the criteria in Appendix A and Regulatory Guides 1.124 and 1.130
(References 7 and 8).

. Component supports of active pumps and valves should be considered
in context with the other features of the operability assurance pro-
gram as presented in SRP Section 3.10. If the compon a t support
affects the operability requirements of the supported component, then
deformation limits should also be specified. Such deformation limits
should be compatible with the operability requirements of the components
supported and incorporated into the operability assurance program.
In establishing allowable deformations, the possible movements of
the support base structures must be taken into account.

b. Where snubbers are utilized as supports for safety-related systems
and components, acceptable criteria for snubber operability assurance'

should contain the following elements:

; (1) Structural Analysis and Systems Evaluation.

Systems and components which utilize snubbers as shock and vibra-
tion arrestors must be analyzed to ascertain the interaction of
such devices with the systems and components to which they are ,

attached. Snubbers may be used as shock and vibration arrestors
and in some instances as dual purpose snubbers. When used as a
vibration arrestor or dual purpose snubbers, fatigue strength
must be considered. Important factors in the fatigue evaluation
include: (i) unsupported system component movement or amplitude,
(ii) force imparted to snubber and corresponding reaction on-

system or component due to restricting motion (damped amplitude),
(iii) vibration frequency or number of load cycles, and (iv)
verification of system or coniponent and snubber fatigue strength.

Snubbers used as shock arrestors do not require fatigue evaluation
if it can be demonstrated that (i) the number of load cycles

j which the snubber will experience during normal plant operating
conditions is small (<2500) or (ii) motion during normal plant
operating conditions does not exceed snubber dead band.

Snubbers utilized in systems or components which may experience
high thermal growth rates either during normal operating condi-
tions or as a result of anticipated transients should be checked
to assure that such thermal growth rates do not exceed the snubber

p lock-up velocity.

'
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(2) Characterization of Mechanical Properties.

A most important aspect of the structural analysis is realistic
characterization of snubber mechanical properties (i.e. spring
rates) in the analytical model. Since the "ef fective" stif f ness
of a snubber is generally greater than that for the snubber
support assembly (i.e., the snubber plus clamp, transition tube
extension, back-up support structure, etc. ) the snubber response
characteristics may be " washed out" by the added flexibility in
the support structure. The combined effective stiffness of the
snubber and support assembly must therefore be considered in
evaluating the structural response of the system or component.

Snubber spring rate should be determined independent of clearance /
lost motion, activation level, or release rate. The stiffness
should be based on structural and hydraulic compliance only, '
and should consider the effects of temperature.

The snubber end fitting clearance and lost motion must be mini-
mized and should be considered when calculating snubber reaction
loads and stress which are based on a linear analysis of the
system or component. This is especially important in multiple
snubber applications where mismatch of end fitting clearance
has a greater effect on the load sharing of these snubbers than
does the mismatch of activation level or release rate. Equal
load sharing of multiple snubber supports should not be assumed
if mismatch in end fitting clearance exists.

(3) Design Specifications

The required structural and mechanical performance of snubbers
is determined from the user's system analysis described in (1)
and (2). The snubber Design Specification is the instrument
provided by the purchaser to the supplier to assure that the
requirements are met. The Design Specification should contain i

(i) the general functional requirements, (ii) operating environ-
ment, (iii) applicable codes and standards, (iv) materials of
construction and standards for hydraulic fluids and lubricants,
(v) environmental, structural, and performance design verification
tests, (vi) production unit functional verification tests and
certification, (vii) packaging, shipping, handling, and storage
requirements, and (viii) description of provisions for attachments
and installation.

In addition, the snubber manufacturer should be requested to
submit his quality a'ssuratice and assembly quality control
procedures for review and acceptance by the purchaser.

(4) Installation and Operability Verification

Assurance that all snubbers and properly installed prior to
preoperational piping vibration and plant start-up tests should
be provided. Visual observation of piping systems and mea:,ure-
ment of thermal movements during plant start-up tests could
verify that snubbers are operable (not locked up). Provisions
for such examinations and measurements should be discussed in
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the piping preoperational vibration and plant start-up test
programs as described in SRP Section 3.9.2.

(m)
-

\v' (5) Use of Additional Snubbers

Snubbers could in some instances be installed during or after
plant construction which may not have been included in the design
analysis. This could occur as a result of unanticipated piping
vibration as discussed in SRP Section 3.9.2 or interference
problems during construction. The effects of such installation
should be fully evaluated and documented to demonstrate that
normal plant operations and safety are not diminished.

(6) Inspection and Testing

Inservice inspection and testing are critical elements of oper-
ability assurance programs for mechanical components. The appli-
cant should provide a discussion of accessibility provisions
for maintenance, inservice inspection and testing, and possible
repair or replacement of snubbers consistent with the requirements
of the NRC Standard Technical Specifications.

(7) Classification and Identification

All safety related components which utilize snubbers in their
support systems should be identified and tabulated in the FSAR.
The tabulation should include the following information: (i)

n identification of the systems and components in those systems
( which utilize snubbers, (ii) the number of snubbers utilized in
L each system and on components in that system, (iii) the type (s)

of snubber (hydraulic or mechanical) and the corresponding
supplier identified, (iv) specify whether the snubber was
constructed to the rules of ASME Code Section III, Subsection
NF, (v) state whether the snubber is used as a shock, vibration,
or dual purpose snubber, and (vi) for snubbers identified as
either dual purpose or vibration arrestor type, indicate if both
snubber and component were evaluated for fatigue strength.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

For each area of review, the following review procedures apply:

1. Loading Combinations, System Operating Transient, and Stress Limits

The objectives in reviewing the loading combinations and stress limits
employed by the applicant in the design of Code Class 1, 2, and 3 compo-
nents, component supports, and Class CS core support structures are to
confirm that the appropriate postulated events have been included, that
the loading combinations (including system operating transients) and the
designation of design and service stress limits are appropriate. The

f] review conducted during the CP stage determines that the objectives have
( / been addressed and are being implemented in the design by obtaining a
U commitment from the applicant that specific design criteria will be utilized.
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By checking selected Code required Design Documents such as Design Repoits,
Load Capacity Data Sheets, and related material, the OL stage review verifies
that the design criteria have been utilized and that components have been
designed to meet the objectives. To assure that these objectives are met,

,

the review is performed as follows:

a. The applicant's proposed design and service loadings, and combina-
tions thereof, are reviewed for completeness and for appropriate
designation of corresponding desiga and service stress limits,

b. The combination of design and service loadings, including procedures
for combination, proposed by the applicant for each Code-constructed
item are reviewed to determine if they are adequate. This aspect of
the review is made by comparison with the loading combinations and
procedures for combination set forth in Appendix A. Deviations from
the position are evaluated on a cat,e-by-case basis by questions
addressed to the applicant to determine the rationale and justifica-
tion for exceptions. Final determination is based on engineering
judgment and past experience with prior applications.

c. The design and service stress limits selected by the applicant for
each set of design and service loading combinations as established
in (a) are reviewed to determine if they meet those specified in
Appendix A. The provisions for piping component functional capability
are reviewed to determine their adequacy in meeting the objectives
set forth in Appendix A. Deviations from the position may be permitted
provided justification is presented by the applicant. The acceptability
determination is based on considerations of adequate margins of safety.

2. Design and Installation of Pressure Relief Devices

The objective of the review of the design and installation of pressure
relief devices is to assure the adequacy of the design and installation
so that there is assurance of the integrity of the pressure relieving
devices and associateo piping during the functioning of one or more of
the relief devices. In the CP review, it is determined whether there is
reasonable assurance that the final design will meet these objectives.
At the OL stage, the final design is reviewed to determine that the objec-
tives have been met.

The review is performed as follows:

a. The design of the pressure retaining boundary of the device is
reviewed by comparison with the Code. Since explicit rules are not
yet available within the Code for the design of safety and pressure
relief valves, the design is reviewed on the basis of reference to
sections of the Code on vessels, piping, and line valves, and ASME
Code Case N-100 (Reference 6).

Allowable stress limits are compared with those in the Code for the
appropriate class of construction. Deviations are identified and
the applicant is requested to provide jostification. Stress limits
and loading combinations are covered under the areas entitled " Loading
Combinations, System Operating Transients, and Stress Limits" in this
SRP section.
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b. The design of the installation is reviewed for structural ad:quacy
to withstand the dynamic effects of relief valve operation. The
applicant should include and discuss: reaction force, valve opening

] sequence, valve opening time, method of analysis, and ragnitude of a
/ dynamic load factor (if used). In reaching an acceptance determination,

the reviewer compares the submission with the requirements in subsec-
tion II.2 of this SRP section.

Where deviations occur, they are identified and the justification is
evaluated. Valve opening sequence effects must consider the worst
combination possible and forcing functions must be justified with
valve opening time data. The review is based in part on comparisons
with prior acceptable designs tested in operating plants.

3. Component Supports

The objective in the review of component supports is to determine that
adequate attention has been given the various aspects of design and analysis,
so that there is assurance as to structural integrity of supports and as
to operability of active components that interact with component supports.

The reviewer should be assured that the applicant's PSAR contains discussions
and commitments to develop and utilize a snubber operability assurance
program containing the elements specified in paragraphs (1) through (6)
of subsection II.3.b of this SRP section. A commitment to provide in the
FSAR the information specified in paragraph (7) of subsection II.3.b of
this SRP section is sufficient for the CP review stage. During the OL
review the FSAR should contain summaries in sufficient detall to verify
the PSAR commitments.s

The structural integrity of the three types of component supports described
in subsection I.3 of this SRP section are reviewed against the criteria
and guidelines of subsection II.3 of this SRP section.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in accordance
with the requirements of this SRP section, and that his evaluation supports
conclusions of the following type, to be included in the staff's safety evaluation
report:

The staff concludes that the specified design and service combinations of load-
ings as applied to ASME Code Class 1, 2, and 3 pressure retaining components
are acceptable and meet the requirements of 10 CFR Part 50, 950.55a and General
Design Criteria 1, 2, 4, 14, and 15. This conclusion is based on the following:

1. The applicant met the requirements of 10 CFR Part 50, 650.55a and General
Design Criteria 1, 2, and 4 with respect to the design and service load
combinations and associated stress and deformation limits specified for'

ASME Code Class 1, 2, and 3 components by insuring that systems and-

components important to safety are designed to quality standards commen-
surate with their importance to safety and that these systems can accom-
modate the effects of normal operation as well as postulated events such
as loss-of-coolant accidents and the dynamic effects resulting from earth-

! n quakes. The specified design and service combinations of loadings as
f i applied to ASME Code Class 1, 2, and 3 pressure retaining components in
V
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systems designed to meet seismic Category I standards are such as to
provide 6ssurance that in the event of an earthquake affecting the site
or other service loadings due to postulated events or system operating
transients, the resulting combined stresses imposed on system components
will not exceed allowable stress and strain limits for the t2terials of
construction. Limiting the stresses under such loading combinations
provides a conservative basis for the design of system components to
withstand the most adverse combination of loading events without loss of
structural integrity.

2. The applicant has met the requirements of 10 CFR Part 50, 650.55a and
General Design Criteria 1, 2, and 4 with respect to the criteria used for
design and installation of ASME Code Class 1, 2, and 3 overpressure
relief devices by insuring that safety and relief valves and their
installations are designed to standards which are commensurate with their
safety functions, and that they can accommodate the effects of discharge
due to normal operation as well as postulated events such as loss-of-
coolant i.ccidents and the dynamic effects resulting from the safe
shutdown earthquake. The relevant requirements of General Design
Criteria 14 and 15 are also met with respect to assuring that the reactor
coolant pressure boundary design limits for normal operation including
anticipated operatioral occurrences are not exceeded. The criteria used
by the applicant in the design and installation of ASME Class 1, 2, anj 3
safet; and relief valves provide adequate assurance that, under dischargina
conditions, the resulting stresses will not exceed allowable stress and
strain limits for the materials of construction. Limitirg the stresses
under the loading combinations associated with the actuation of these
pressure relief devices provides a conservative basis for the design and
installation of the devices to withstand these loads without loss of
structural integrity or impairment of the overpressure protection
functiori.

3. The applicant has met the requirements of 10 CFR Part 50, 650.55a and
General Design Criteria 1, 2, .nd 4 with respect to the design and
service load combinations and associated stress and deformation limits
specified for ASME Code Class 1, 2, and 3 component supports by insuring
that component supports important to safety are designed to quality
standards commensurate with their importance to safety, and that these
supports can accommodate the effects of normal operation as well as
postulated events such as loss-of-coolant accidents and the dynamic
effects resulting from the safe shutdown earthquake. The combination of
loadings (including system operating transients) considered for each
component support within a system, including the designation of the
appropriate service stress limit for each loading combination, has met
the positions and criteria of Regulatory Guides 1.124 and 1.130 and are
in accordance with NUREG-0484 and NUREG-0609. The specified design and
service loading combinations used for the design of ASME Code Class 1, 2,
and 3 component supports in systems classified as seismic Category I
provide assurance that in the event of an earthquake or other service
loadings due to postulated events or systen operating transients, the
resulting combined stresses imposed on system components will not exceed
allowable stress and strain limits for the materials of construction.
Limiting the stresses under such loading combinations provides a
conservative basis for the design of support components to withstand the
most adverse combination of loading events without loss of structural
integrity.
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Class CS component evaluation findings are covered in SRP Section 3.9.5 in !
connecticn with reactor internals.

V V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations. .

Implementation schedules for conformance to parts of the method discussed
'herein are contained in the referenced regulatory guides and NUREGs.

VI. REFEREWCES

1. 10 CFR Part 50, .,0.55a. " Codes ar.d Standards."

2. 10 CFR Part 50, Appendix A. " General ' esign Criteria.for Nuclear PowerJ
Plants," (a) General Design Criterion 1, " Quality Standards and Records,"
(b) General Design Crit.crion 2, " Design Bases for Protection Against
Natural Phenomena," (c) General Design Criterion 4, " Environmental and
Missile Design Bases," (d) General Design Criterion 14, " Reactor Coolant
Pressure Boundary," and (e) General Design Criterion 15 " Reactor Coolant
System Design."

3. ASME Boiler and Pressure Vessel Code, Section III, Division 1, " Nuclear
V Power Plant Components," American Society of Mechanical Engineers.

4. Standard Review Plan Section 3.10, "Seisnic and Dynamic Qualification of
Mechanical and Electrical Equipment Important to Safety."

5. Appendix A to SRP Section 3.9.3, " Stress Lim for ASME Class 1, 2, and
3 Components and Component Supports of Safety-Related Systems and Class
CS Core Support Structures Under Specified Service Loading Combinations."

6. ASME Code Case N-100, " Pressure Relief Valve Design Rules, Sectica III,
Division 1, Class 1;. 2 and 3."

7. Regulatory Guide 1.124 " Design Limits and Loading Combinations for
Class 1 Linear-Type Component Supports."

8. Regulatory Guide 1.130, " Design Limits and Loading Con.binations for
Class 1 Plate- and Shell-Type Component Supports."

9. NUREG-0484, " Methodology for Combining Dynamic Loads."

10. NUREG-0609, " Asymmetric Blowdown Loads on PWR Primary Systems."

.

O
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APPENDIX A

STANDARD REVIEW PLAN SECTION 3.9.3
STRESS LIMITS FOR ASME CLASS 1, 2, AND 3 COMPONENTS AND COMPONENT

SUPPORTS OF SAFETY-RELATED SYSTEMS AND CLASS CS CORE SUPPORT STRUCTURES
UNDER SPECIFIED SERVICE LOADING COMBINATIONS

A. INTRODUCTION

Nuclear power plant components and supports are subjected to combinations of
loadings derived from plant and system operating conditions, natural phenomena,-

postulated plant events, and site related hazards. Section III, Divis. ion 1 of

the ASME Code (hereafter referred to as the Code) provides specific sets of
design and service stress limits that apply to the pressure retaining or
structural integrity of components and supports when suojected to these
loadings. The desigt and service stress limits specified by the Code do not
assure, in themselves, the operability of components, including their supports,
to perform the mechanical motion required to fulfill -he component's safety
function. Certain of the service strest, limits specified by the Code (i.e.,
level C and D) may not assure the functiona? croability of components, including
their supports, to deliver rated flow and retain dimensional stability. Since
the combination of loadings, the selection of the applicable design and service
stress limits appropriate to each load combination and the proper consideration
of operability is beyond the scope of the Code; and the treatment of functional
capability, including collapse and deflection limits, is not adequately treated
by the Code for all si;. cations, such factors must be evaluated by designers
and appropriate information developed for inclusion in the Design Specification
or other referenced documents.

Applicants require guidance with regard to the selection of acceptable design
and service stress limits associated with various loadings and combinations
thereof, resulting from plant and system operating conditions and design basis
events, natural pnenomena, and site-related hazards. The relationship and
application of the terms " design conditions," " plant operating conditions,"
" system operating conditions," and the formerly used term " component operating
conditions," now characterized by four levels of service stress limits, have
not been clearly understood by applicants and their subcontractors.

For example, under the " faulted plant or system condition" (e.g., due to LOCA
within the reactor coolant pressure boundary), the emergency core cooling system
(ECCS) should be designed to operate and deliver rated flow for an extended
period of time to assure the safe shutdown of the plant. Although the " plant
condition" is termed " faulted,' components in the functional ECCS must perform
the safety function under a specified set of service loadings which includes
those resulting from the sp'ecified plant postulated events. The selection of
level "D" (related to the faulted" condition) service stress limits for this
system, based solely on the supposition that all components may use this limit
for a postulated event resulting in the faulted plant condition cannot be
justified, unless system operability is also demonstrated.

This appendix is necessary to improve consistency and understanding of the
basic approach in the selection of load combinations applicable to safety-
related systems and to establish acceptable relationships between plant
postulated events, plant and system operating conditions, component and
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component support design, and service stress limits, functional capability,
and operability.

B. DISCUSSION

Current reviews of both standardized plants and custom plants have indicated
the need for additional guidance to reach acceptable design conclusions in the
following areas:

(1) Relationship between certain plant postulated events, plant and system
operating conditions, resulting loads and combinations thereof, and
appropriate design and service stress limits for ASME Class 1, 2 and 3
components and component supports and Class CS core support structures.

(2) Relationship of component operability assurance, functional capability,
and allostable design and service stress limits for ASME Class 1, 2, and 3
components and component supports.

The Code provides five categories of limits applicable to design and service
loadings (design, level A, level B, level C, and level D). The Code rules
provide for structural integrity of the pressure retaining boundary of a
component and its supports, but specifically exclude the subject of component
operability and do not directly address functional capability. The types of
loadings to be taken into account in designing a component are specified in
the Code, but rules specifying how the loadings, which result from postulated
events and plant and system operating conditions, are to be combined and what
stress level is appropriate for use with loading combinations are not specified

p in the Code. It is the responsibility of the designer to include all this
information in the Code required Design Specification of each component andQ support.4

,

C. POSITION

Effective with the-1977 Edition, the Code provides design stress limits and
four sets of service stress limits for all classes of components, component
supports, and core support structures. The availability of such design and
service stress limits within the Code requires that the MEB review and deter-
mine maximum acceptable design and service stress limits which niay be used
with specified loads, or combinations thereof, for components and component
supports of safety-related systems (refer to definition in Table III) ad core
support structures.

This appendix provides guidance for dealing with the components and component
supports of safety related systems and core support structures in the following
areas:

(1) Consideration of design loadings and limits.,

(2) Consideration of service loading combinations resulting from postulated
events and the designation of a_cceptable service limits.;

(3) Consideration of piping functional capability and oparability of active
pumps and valves under service loading combinations resulting from

fG postulated events.

U
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(4) Applicability of the appendix to components, component support structures,
and core support structures and procedures for compliance.

1.0 ASME CLASS 1, 2, AND 3 COMPONENTS AND COMPONENT SUPPORTS OF SAFETY-RELATED
SYSTEMS AND CLAS5 CS CORE SUPPORT STRUCTURES

1.1 Design Considerations and Design Loadings

ASME Code Class 1, 2, and 3 components, component supports, and class CS
core support structures shall be designed to satisfy the appropriate sub-
sections of the Code in all respects, including limitations on pressure,
and the requirements of this appendix. Component supports that are
intended to restrain either force and displacement or anchor movement
shall be designed to maintain deformations within appropriate limits as
specified in the component support Design Specifications.

Design loadings shall be established in the Design Specification. The
design limits of the appropriate subsection of the Code shall not be
exceeded for the design loadings specified.

1.2 Service Loading Combinations

The identification of individual loads and the appropriate combination of
these loads (i.e., sustained loads, loads due to system operating transients
50T, OBE, SSE, LOCA, DBPB, MS/FWPB and their dynamic effects) shall be in
accordance with Section 1.3. The appropriate method of combination of
these loads shall be in accordance with NUREG-0484, " Methodology for
Combining Dynamic Loads" (Reference 9).

1.3 Service Conditions

1.3.1 Service Limit Ai

Class 1, 2, and 3 components, component supports, and Class CS core support
structures shall meet a service limit not greater than Level A when sub-
jected to sustained loads resulting from normal plant / system operation.

1.3.2 Service Limit B

Class 1, 2, and 3 components, component supports, and Class CS _ ore support
structures shall meet a service limit not greater than Level B when sub-
jected to the appropriate combination of loadings resulting from (1) sus-
tained loads, (2) specified plant / system operating transients (50T), and
(3) the OBE.

1.3.3 Service Limit C

(a) Class 1, 2, and 3 components, component supports, and Class CS core
support structures shall meet a service limit not greater than Level
C when subjected to the appropriate combination of loadings resulting
from (1) sustained loads, and (2) the D8PB.

(b) The DBP8 includes loads from the postulated pipe break, itself, and
also any associated system transients or dynamic effects resulting
from the postulated pipe break.
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1.3.4 Service Limit D

( (a) Class 1, 2, and 3 components, component supports, and Class CS core
( support structures shall meet a service stress limit not greater

than Level D when subjected to the appropriate combination of
loadings resulting from (1) sustained loads, (2) either the DBPB,
MS/FWPB, or LOCA, and (3) and SSE.

(b) The DBPB, MS/FWPB, and LOCA include loads from the postulated pipe
breaks, themselves, and also any associated system transients or
dynamic effects resulting from the postulated pipe breaks. Asymme-
tric blowdown loads on PWR primary systens shall be incorporated per
NUREG-0609 (Reference 10). -

2.0 OPERABILITY AND FUNCTIONAL CAPABILITY

2.1 Active Pumps and Valves*

SRP Section 3.10 (Reference 4) shall demonstrate that the pump or valve,
as supported, can adequately sustain the designated combined service
loadings at a stress level at least equal to the specified service limit,
and can perform its safety function without impairment. Loads produced
by the restraint of free end displacement and anchor point motions shall
be included.

2. 2 Snubbers

The operability requirements specified for mechanical and hydraulic
f snubbers installed on safety-related systems is subject to review by the

staff. When snubbers are used, their need shall be clearly established'

and their design criteria presented.

2.3 Functional Capability

| The design of Class 1, 2, and 3 piping components shall include a
functional capability assurance program. This program shall demonstrate

i that the piping components, as supported, can retain sufficient dimen-
: sional stability at service conditions so as not to impair the system's
| functional capability. The program may be based on tests, analysis, or a

combination of tests and analysis.
'

3.0 TABLES

! 3.1 Table I summarizes the requirements of this appendix for use with ASME
' Class 1, 2, and 3 components, compor, ant supports, and Class CS core
: support structures. The table illustrates plant events, system operating

conditions, service loading combinations, and service stress limits and !

should always be used in conjunction with the text of this appendix. -

3.2 Table II defines all the terms used in this appendix.

v
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4.0 PROCEDURES FOR COMPLIANCE

4.1 Design Specification and Safety Analysis Report

(a) The design options provided by the Code and related design criteria
specified in the Code required Design Specification for ASME Class 1, G

2, and 3 components, component supports, and Class CS core support
structures should be summarized in sufficient detail in the Safety
Analysis Report of the application to permit comparison with this
Appendix.

(b) The presentation in the PSAR should specify and account for all
design and service loadings, method of combination, the designation
of the appropriate design and service stress limits (including
primary and secondary stresses, fatigue consideration, and special
limits on pressure when appropriate) for each loading combination
presented, and the provisions for functional capability.

(c) The presentation in the FSAR should indicate how the criteria in
Sections 1 and 2 of this appendix have been implemented.

(d) The staff may request the submission of the Code required Design
Documents such as Design Specifications, Design Reports, Load
Capacity Data Sheets, or other related material or portions thereof
to establish that the design criteria, the analytical methods, and
functional capability satisfy the guidance provided by this appendix.
This may include information provided to, and received from,
component and support manufacturers. As an alternative to the
applicant submitting these documents, the staff may require them to
be made available for review at the applicant's or vendor's office.

4.2 Use with Regulatory Guides

The information and requirements contained in this appendix supersede
those in the October 1973 version of Regulatory Guide 1.67 and the
hay 1973 version of Regulatory Guide 1.48. Regulatory Guides 1.124 and
1.130 on Class 1 linear and Class 1 plate and shell component support
structures are to be supplemented by this appendix.

,

6

9
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TABLE I

) Allowable Service Stress Limits for Specified Service Loading Combinations for
! ASME Class 1 Components and Class CS Support Structures
;

System Service Service Stress'

t Limit
| P h lt Event 2 Operating Conditions Loading Combination

i

1. Normal Operation Normal Sustained Loads A
:
.

2. Plant / System Operating
Transients (50T) + OBE Upset Sustained Loads + SOT + OBE B3

i

| 3. DBPB Emergency Sustained Loads + DBPB Ca

;

I 4. MS/FWPB Faulted Sustained Loads + MS/FWPB Da

f w

! N 5. DBPB or MS/FWPB + SSE Faulted Sustained Loads + DBPB or D3

MS/FWPB + SSE! y
i O

6. LOCA Faulted Sustained Loads + LOCA D3
;i

1 7. LOCA + SSE Faulted Sustained Loads + LOCA + SSE D3

1

NOTE: 1The appropriate method of combination is subject to review and evaluation. Refer to Section 1.2.
3

2 Refer to Table II for definition of terms.'

.

I 3In addition to meeting the specified service stress limits for given load combinations, operability
j and functional capability must also be demonstrated as discussed in subsection 2.0 cf this appendix
; g' and in SRP Section 3.10.

T-
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TABLE II

DEFINITION OF TERMS

Activo Pumps and Valves - A pump or valve which must perform a mechanical motion
in order to shut down the plant or mitigate the consequences of a postulated
event. Safety and relief valves are specifically included.

Component and Support Functional Capability - Ability of a component, including
its supports, to deliver rated flow and retain dimensional stability when the
design and service loads, and their resulting stresses md strains, are at
prescribed levels.

Component and Support Operability - Ability of an active component, including
its support, to perform the mechanical motion required to fulfill its designated
safety function when the design and service loads, and their resulting stresses
and strains, are at prescribed levels.

D8PB - Design Basis Pipe Breaks - Those postulated pipe breaks other than a
LOCA or MS/FWPB. This includes postulated pipe breaks in Class 1 branch lines
that result in the loss of reactor coolant at a rate less than or equal to the
capability of the reactor coolant makeup system.

This condition includes loads from the postulated pipe breaks, itself, and also
any associated system transients or dynamic cifects resulting from the postulated
pipe break.

Design Limits - The limits for the design loadings provided in the appropriate 8
subsection of Section III, Division 1, of the ASME Code. ~4F

Design Loads - Those pressures, temperatures, and mechanical loads selected as
the basis T6r the design of a component.

Functional System - That configuration of components which, irrespective of
ASME Code Class designation or combination of ASME Code Class designations,
performs a particular function (i.e., each emergency core cooling system performs
a single particular function and yet each may be comprised of some components
which are ASME Class 1 and other components which are ASME Code Class 2).

LOCA - Lcss-of-Coolant Accidents - Defined in Appendix A of 10 CFR Part 50 as
"those postulated accidents that result from the loss of reactor coolant, at a
rate in excess of the capability of the reactor coolant makeup system, from
breaks in the reactor coolant pressure boundary, up to and including a break
equivalent in size to the double-ended rupture of the largest pipe of the reactor
coolant cystem."

This condition includes the loads from the postulated pira break, itself, and
also any associated system transients or dynamic effects usulting from the
postulated pipe break.

MS/FWPB - Main Steam and Feedwater Pipe Breaks - Postulated breaks :n the main
steam and feedwater lincs. For a BWR plant this may be considered as a LOCA
event depending on the break location.

3.9.3-18 Rev. 0 - July 1981
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This condition includes the loads from the postulated pipe break, itself, and
also any associated system transients or dynamic effects resulting from the

(n) postulated pipe break.
V

OBE - 0)erating Basis Earthquake - Defined in Section III (d) of Appendix A of
10 CFR Jart 10C as "that earthquake which, considering the regional and local
geology and seismology and specific characteristics of local subsurface material,
could reasonably be expected to affect the plant site during the operating life
of the plant. It is that earthquake which prod'uces the vibratory ground motion
for which those features of the nuclear power plant, necessary for continued
operation without undue risk to the health and safety of the public, are designed
to remain functional."

This condition includes the loads from the postulated seismic event, itself,
and also any associated system transients or dynamic effects resulting from
the postulated seismic event.

Piping Components - These items of a piping system such as tees, elbows, bends, '

pipe and tubing, and branch connections constructed in accordance with the rules
of Section III of the ASME Code.

Postulated Events - Those postulated natural phenomena (i.e., OBE, SSE), postu-
lated site hazards (i.e., nearby explosion), or postulated plant events (i.e.,
DBPB, LOCA, MS/FWPB) for which the plant is designed to survive without undue
risk to the health and safety of the public. Such postulated events may also
be referred to as design basis events.

SSE - Safe Shutdown Earthquake - Defined in Section III(c) of Appendix A of
) 10 CFR Part 100 as "that earthquake which is based upon an evaluation of the

maximum earthquake potential considering the regional and local geology andv
seismology and specific characteristics of local subsurface material. It is

the earthquake which produces the maximum vibratory ground motion for which
certain structures, systems, and components are designed to remain functional.
These structures, systems, and components are those necessary to assure:

(1) The integrity of the reactor coolant pressure boundary.

(2) The capability to shut down the reactor and maintain it in a safe shutdown'

condition, or

(3) The capability to pravent or mitigate the consequences of accidents which
could result in pot"ntial offsite exposures comparable to the guideline."

This condition includes the loads from the postulated seismic event, itself,
and also any associated system transients or dynamic effects resulting from
the postulated seismic event.

Service Limits - The four limits for the service loading as provided in the
appropriate subsection of Section III, Division 1, of the ASME Code.

' o

(ai
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Service Loads - Those pressure, temperature, and mechanical loads provided
in the Design Specification.

SOT - System Operating Transients - The transients and their resulting
mechanical responses due to dynamic occurrences caused by plant or system
operation.

O

O
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NU REG-0800
(Formuly NUREG-75/087)

O
@!.,\$jSTANDARD REVIEW PLAN

U.S. NUCLEAR REGULATORY COMMISSION
U

gv f OFFICE OF NUCLEAR REACTOR REGULATION
e..ee

SECTION 3.9.4 CONTROL R0D DRIVE SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

The control rod drive system (CRDS) consists of the control rods and the related
mechanical components which provide the means for mechanical movement. General
Design Criteria 26 and 27 require that the CRDS provide one of the independent
reactivity control systems. The rods and the drive mechanism shall be capable of
reliably controlling reactivity changes either under conditions of anticipated
normal plant operational occurrences, or under postulated accident conditions. A

positive means for inserting the rads shall always be maintained to ensure appro-
priate margin for malfunction, such as stuck rods. Since the CRDS is a system
important to safety and portions of the CRDS are a part of the reactor coolant

(o) pressure boundary (RCPB), General Design Criteria 1, 2, 14, and 29 and 10 CFR
v' Part 50, S50.55a, require that the system shall be designed, fabricated, and

tested to quality standards commensurate with the safety functions to be performed,
so as to assure an extremely high probability of accomplishing the safety functions
either in the event of anticipated operatienal occurrences or in withstanding the
effects of postulated accidents and natural phenomena such as earthquakes. t

Information in the areas noted below is arovided in the applicant's safety analysis
report and is reviewed by the MEB in accordance with this SRP section. This infor-
mation pertains to the CRDS, which is considered to extend to the coupling inter-
face with the reactivity control elements in the reactor pressure vessel. For
electromagnetic systems, the review under this SRP section is limited to just the
control rod drive mechanism (CRDM) portion of the CRDS. For hydraulic systems, the
review covers the CRDM and also the hydraulic control unit, the condensate supply
system, and the scram discharge volume. For both types of systems, the CRDM housing
should be treated as part of the RCPB; the relevant mechanical engineering informa-
tion may be presented in this SRP section or by reference to the sections on the
RCPB. 2

[
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USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
applica' ions to construct and operate nuclear power plants. These documents are made available to the pub 8ic as part of the

D Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policie.. Standard review
I plans are not substitutes for regulatory guides or the Cornmission's regulations arid compliance with them is not required. Theg

N / standard review plan sectior s are keyed to the Standard Fcemat and Content of Safety Analysis Reports for Nuclear Power Plants.
C Not all sections of the Standard Format have a e.orresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and exper ence. .

Comments and suggestions for improvement will N considered and a hould be sent to the U.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation, Washington, D.C. 20555.
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If other types of CROS are proposed or if new features that are not specifically
mentioned here are incorporated in CRDS of current types, information should
be supplied for the new systems or new features similar to that described below.

1. The descriptive information, including design criteria, testing programs,
drawings, and a summary of the method of operation of the control rod
drives, is reviewed to permit an evaluation of the adequacy of the system
to perform its mechanical function properly.

2. A review is performed of information pertaining to design codes, standards,
specifications, and standard practices, as well as to General Design Criteria,
regulatory guides, and branch positions that are applied in the design,
fabrication, construction, and operation of the CRDS.

The various criteria, described in general terms above, should be supplied
along with the names of the apparatus to which they apply. Pressurized
portions of the system which are a part of RCPB arr. reviewed to determine
the extent to which the applicant complies with the Class 1 requirements
of Section III of the American Society of Mechanical Engineers (ASME)
Boiler and Pressure Vessel Code (hereafter "the Code"). Those portions
which are not part of the RCPB ara reviewed with other specified parts of
Section III, or other sectians of the Code. The MEB reviews the non-
pressurized portions of the control rod drive system to determine the
acceptability of design margins for allowable values of stress, deforma-
tion, and fatigue used in the analyses. If an experimental test 1ng program
is used in lieu of analysis, the program is reviewed to determine whether
it adequately covers the areas of concern in stress, deformation, and
fatigue.

3. Information is reviewed which pertains to the applicable design loads and
their appropriate combinations, to the corresponding design stress limits,
and to the corresponding allowable deformations. The deformations are of
interest in the present context only in those instances where a failure
of movement could be postulated due to excessive deformation and such
movement would be necessary for a safety-related function.

If the applicant selects an experimental testing option in lieu of estab-
lishing a set of stress and deformation allowables, a detailed description
of the testing program must be provided for review.

In the preliminary safety analysis report (PSAR), the load combinations,
design stress limits and a~ Mwable deformations criteria shculd be provided
for review.

In the final safety analysis report (FSAR), the actual design should be
compared with the design criteria and limits to demonstrate that the
criteria and limits have not been exceeded.

Loadings imposed during normal plant operation and startup and shutdown
transients include but are not limited to pressure, deadweight, temperature
effects, and anticipatea operaticnal occurrences. Loadings associated
with specific seismic and other dynamic events are then combined vith the
above plant-type loads. The response to each set of combined loaos nas a
selected stress or deformation limit. The selection of a specific limit
is influenced by the probability of the postulated event occurring and
the need to assure operation during and after the event.

.
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4. The portion of the SAR is reviewed that describes plans for the conduct
of an cperability assurance program or that references previous test pro-
grams or standard industry procedures for simila- apparatus. For example,

/ the life cycle test program for the CRDS is reviewed. The operability
assurance program is reviewed to ascertain coverage of the follwing:

a. Life cycle test program.

b. Proper service environment imposed during test, including appropriate
anticipated normal operational occurrences, seismic, and postulated
accident conditions.

c. Mechanism functional tests.

d. Program results.

In addition, the MEB will coordinate other branches' evaluations that
interface with the overall review of the CRDS as follows:

The Core Performance Branch (CPB) will verify fuel system d nign, including
effects of the CRDS on fuel behavior in meeting the requirements of the reactor
core design under various normal and accident operating conditions in SRP
Section 4.2. The Materials Engineering Branch (MTEB) will review the material
aspects cf CRDS in SRP Section 4.5.1.

For those areas of revicw identified above as part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRPgm
section of the corresponding primary branch.(' ;

_

II. ACCEPTANCE CRITERIA

MEB acceptance criteria are based on meeting the requirements of the following
regulations:

1. GDC 1 and and 10 CFR fart 50, S50.553, as its relates to CRDS, requires
that the CRDS be ' signed to quality standard commensurate with the
importance of the .,afety functions to be performed.

2. GDC 2, as it relates to CRDS, requires that the CRDS be designed to
withstand the effects of an earthquake without loss of capability to
perform its safety functions.

3. GDC 14, as it relates to CRDS, requires that the RCPB portion of the CRDS
be designed, constructed, and tested for the extremely low probability of
leakage or gross rupture.

4. GDC 26, as it relates to CRDS, requires that the CRDS be one of the
independent teactivity cm. trol systems which is designed wica appropriate
margin to assure its reactivity control function under anticipated normal
operation condition.

5. GDC 27, as it relates to CRDS, requires that the CRDS be designed with
appropriate margin, and in conjunction with the emergency core cooling

f ^ ,| system, be capable of controlling reactivity and cooling the core under;

postulated accident conditions.
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6. GDC 29, as its relates to CRDS, requires that the CRDS, in conjunction
with reactor protection systems, be designed to assure an extremely high
probability of accomplishing its safety functions in the event of
- cipated onerational occurrences.

_

Specific criteria necessary to meet the r91evant requirements of the regulations
identified above are as follows:

1. Tha descriptive information is determined to be sufficient provided the
minimum requirements for such information meet Section 3.9.4 of Reference 11.

2. Construction (as defined in NCA-1110 of Sectior III of the ASME Code,
Reference 7) should meet the following codes ar.d standards utilized by
the nuclear industry which have been reviewed and found acceptable:

a. Pressurized Portions of Equipment Classified as Quality Group A, B, C
(Regulatory Guide 1.26)

Section III of the ASME Code, Class 1, 2, cr 3 as appropriate (Ref. 7L

b. Pressurized Portions of Equipment Classified as Quality Group D
(Regulatory Guide 1.26)

(1) Section VIII, Division 1 of the ASME Code for vessels and pump
casings (Ref. 7).

(2) Applicable to Piping Systems (American National Standards
1Institute, ANSI):

816.5 Steel Pipe Flanges and Flanged Fittings (Ref. 13).
816.9 Steel Butt Welding Fittings (Ref. 14).
B16.11 Steel Socket Welding Fittings (Ref. 15).
B16.25 Butt Welding Ends (Ref. 16).
B31.1 Piping (Ref. 17).
SP-25 Standards (Ref. 18).
B16.34 Valves (Ref. 19).

c. Nonpressurized Equipment (Non-ASME Code)

Design margins presented for allowable stress, deformation, and fatigue
should be equal to or greater than those for other plants of similar
design having a period of successful operation. Justification of
any decreases should be provided.

3. For the various design and service conditions defined in NB-3113 of Section
III of the ASME Code (Ref. 7), load combination sets are as given in Standard
Review Plan Section 3.9.3 (Ref. 12). The stress limits applicable to pres-
surized and nonpressurized portions of the control rod drive systems should
be as given in Reference 12 far the response to each loading set.

4. The operability assurance program will be acceptable provided the observed
performance as to wear, functioning times, latching, and overcoming a stuck
rod meet system design requirements.

T This list can be extended by a staff review and acceptance of other ANSI anJ
MSS standards in the piping system area.

3.9.4-4 Rev. 1 - July 1981
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III. REVIEW PROCEDURES

h The reviewer will select and emphasize material. from the procedures described
h below as may be appropriate for a particular case.

1. The objectives of the review are to determine that design, fabrication,
and construction of the control rod drive mechanisms provide structural
adequacy and that suitable life cycle testing programs have been utilized
to prove operability under service conditions.

In the construction permit (CP) review, it should be determined that the
design criteria utilize proper load combinations, stress and deformation
limits, and that operability assurance is provided by reference to a
previously accepted testing program or that a commitment is made to perform
a testing program which includes the essential elements listed below. In
the operating license (0L) review, the results of any testing program not
previously reviewed should be evaluated.

} 2. The design criteria presented should be evaluated for both the internal
pressure-containing portions and other portions of the CRDS. These include
the CRDM housing, hydraulic control unit, condensate supply system and
scram discharge volume, and portions such as the cylinder, tube, piston,
and collect assembly.

Of particular concern are any new and unique features which have not been
used in the past. Pressure-containing components are checked to ensure
that they meet the design requirements of the codes and criteria which

I have been accepted by the Mechanical Engineering Branch, and are identified
'

in Standard Review Plan Section 3.2.2. The review of the functional design
of reactivity control systems, including control rod drive systems, is
the responsibility' of the Reactor Systems Branch (RSB) (see SRP Section 4.6).
The loading combinations for the various plant opprating conditions are
checked for consistency with Reference 12; giver t.hese loading combina-
tions, the stress limits of the appropriate code should not be exceeded,
or the limits in Reference 12 should not be exceeded if not specified in
the listed design code. Exceptions taken by the applicant to any of the
accepted codes, standards, or NRC criteria must be identified and the
basis clearly justified so that evaluation is possible. Engineering

i judgment, experience, comparisons with earlier cases and design margins,
and consultation with supervisors permit the reviewer to reach a decision'

; on the acceptability of any exceptions posed by the applicant.
'

The choice of structural materials of construction for tha CRDS is reviewed
by the MTEB in SPP Section 4.5.1.

.

| 3. Loading combinations art defined as those loadings associated with plant
operations which are expected to occur one or more times during the life-
time of the plant and include but are not limited to loss of power to all
recirculation pumps, tripping of the turbine generator set, isolation of
the main condenser, and loss of all offsite power, combined with loadings
caused by natural or accident events. The load combinations which are
postulated to occur are specified for each of the design and service
conditions as defined in Paragraph NB-3113 of the ASME Code (Ref. 7).
These load combinations are defined in Reference 12 and are compared by

) the reviewer with those provided by the applicant.
,

!

J

;
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The design stress limits, including fatigue limits, and deformation limits
as appropriate to the components of the control rod drive mechanism are
compared by the reviewer with those of specified codes, previously designed
and successfully operating systems, or with the results of scale model
and prototype testing programs.

4. The control rod drive mechanisms of a new design or configuration should
be subjected to a life cycle test program to determine the ability of the
drives to function during and after normal operating occurrence, seismic,
and postulated accident condition over the full range of temperatures,
pressures, loadiras, and misalignment expected in service. The tests
should include functional tests to determine times of rod insertion and
withdrawal, latching operation, scram operation and time, system valve
operation and scram accumulator leakage for hydraulic CRDS, ability to
overcome a stuck rod condition, and wear. Rod travel and number of trips
expected during the mechanism operational life should be duplicated in
the tests.

The reviewer checks the elements of the test program to be sure all required
parameters have been included and finally reviews the test results tr, deter-
mine acceptability. Excest;ve wear, malfunction of components, operat s,

times beyond determined liru,ts, scram accumulator leakage, etc. , all would
be cause for retesting.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP section and that his evaluation is sufficiently
complete and adequate to support conclusions of the following type, to be
included in the staff's safety evaluation report:

The staff concludes that the design of the control rod drive system is
acceptable and meets the requirements of General Design Criteria 1,
2, 14, 26, 27, and 29, and 10 CFR Part 50, 950.5;a. This conclusion is
based on the following:

1. The applicant has met the requirement of GDC 1 and 10 CFR Part 50,
650.55a, with respect to designing components important to safety to
quality standards commensurate with the importance of the safety
functions to be performed. The design procedures and criteria used
for the control rod drive system are in conformance with the
requirements of appropriate ANSI and ASME Codes.

2. The applicant has met the requirements of GDC 2, 14, and 26 with
respect to designing the control rod drive system to withstand
effects of earthquakes and anticipated normal operation occurrences
with adequate margins to assure its reactivity control function and
with extremely low probability of leakage or gross rupture of reactor
coolant pressure boundary. The specified design transients, design
and service loadings, combination of loads, and limiting the rtresses
and deformations under such loading combini ins are in conformance
with the requirements of appropriate ANSI and ASME Codes and
acceptable regulatory positions specified in SRP Section 3.9.3.

O
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3. The applicant has met the requirements of GDC 27 and 29 with
respect to designing the control rod drive system to assure its

k]/ capability of controlling reactivity and cooling the reactor>

core with appropriate margin, in conjunction with either the"
" ergency core cooling system or the reactor protection system..

The operability assurance program is acceptable with respect to
meeting system design requirements in observed performance as
to wear, functioning times, latching, and overcoming a stuck rod.

V. IMPLEMENTATION

The following is intended to provide' guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

E.xcept in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,'

the method described herein sill be used by the staff in its evaluation of
conformance with Commission regulations. -

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

3. 10 CFR Part 50, Appendix A, General Design Criterion 14, " Reactor Coolant
Pressure Boundary."

v
4. 10 CFR Part 50, Appendix A, General Design Criterion 26, " Reactivity Control

System Redundancy and Capability."
i

5. 10 CFR Part 50, Appendix A, General Design Criterion 27, " Combined Reactivity
Control Systems Capability."

6. 10 CFR Part 50, Appendix A, General Design Criterion 29, " Protection Against
Anticipated Operational Occurrences."

7. ASME Boiler and Pressure Vessel Code, Sections III and VIII, American St iety
of Mechanical Engineers.

8. Regulatory Guide 1.26, " Quality Group Classifications and Standards."

9. Regulatory Guide 1.29, " Seismic Design Classification."

10. Regulatory Guide 1.48, " Design Limits and Loading Combinations for Seismic
Category I Fluid System Components."

11. Regulatory Guide 1.70, " Standard Format and Content of. Safety Analysis
Reports for Nuclear Power Plants."

12. Standard Review Plan Section 3.9.3, "ASME Code Class 1, 2, and 3 Components,
p Component Supports, and Core Support Structures."'
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13. ANSI B 16.5, " Steel Pipe Flanges and Flanged Fittings," American National
Standard Institute.

14. ANSI B 16.9, " Wrought Steel Butt Welding Fittings," American National
Standard Institute.

15. ANSI B 16.11, " Steel Fittings Steel Welding and Threaded," American
National Standard Institute.

16. ANSI B 16.25, " Butt Welding Ends - Pipe, Valves, Flanges, and Fittings,"
American National Standard Institute.

17. ANSI B 31.1, " Power Piping," American National Standard Institute.

18. MSS-SP-25, " Marking for Valves, Fittings, Flanges, and Unions,"
Manufacturers Standardization Society.

19. ANSI B 16.34, " Steel Valves with Flanged and Butt Welding Ends," American
Society of Mechanical Engineers.

O
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3.9.5 REACTOR PRESSURE VESSEL INTERNALS

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None
|

I. AREAS OF REVIEW

Reactor pressure vessel internals consist of all the structural and mechanical
elements inside the reactor vessel. General Design Criteria 1, 2, 4 and 10 and
10 CFR Part 50, 950.55a require that structures and components important to safety
shall be constructed and tested to quality standard commensurate with the import-
ance of the safety functions to be performed, and designed with appropriate margins
to withstand effects of anticipated normal plant operational occurrences; natural
phenomena such as earthquakes; postulated accidents including loss-of-coolant
accidents (LOCA), and from events and conditions outside the nuclear power unit.

O )For the purpose of this standard review plan section, the term " reactor internals"
( " includes core support structures and other internal structures and refers to all

structural and mechanical elements inside the reactor pressure vessel with the
exception of the following:

1. Reactor fuel elements, the reactivity control elements out to the coupling
interfaces with the drive units (the fuel system design is covered in Standard
Review Plan (SRP) Section 4.2, but the structural aspects of reactor fuel
assemblies are reviewed with the reactor internals).

2. Control rod drive elements (the drive elements inside the guide tubes are
| covered in SRP Section 3.9.4, but the guide tubes are reviewed with the reactor
| inter 1als).

| 3. In-core instrumentation (in-core instrumentation support structt.res are
reviewed with the reactor internals).

Rev. 2 - July 1981
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The staff review includes the following specific areas:

a. The physical or design arrangements.of all reactor internals structures,
components, assemblies, and systems should be presented, including the
manner of positioning and securing such items within the reactor pressure
vessel, the manner of providing for axial and lateral retention and support
of the internals assemblies and components, and the manner of accommodating
dimensional changes due to thermal and other effects.

b. The loading conditions that provide the basis for the design of the reactor
internals to sustain normal operation, anticipated operational occurrences,
postul6ted accidents, and seismic events should be specified. All combina-
tions of design and service loadings should be listed (e.g., operating
pressure differences and thermal effects, seismic loads, and transient
pressure loads associated with postulated loss-of-coolant accidents) that
are accounted for in design of the reactor internals.

c. The design bases for the mechanical design of the reactor vessel internals
should be presented including allowable limits such as maximum allowable
stresses; stability under dynamic loads; deflection, cycling, and fatigue
limits; and core mechanical and thermal restraints (positioning and hold-
down). Details of dynamic analyses, input forcing functions, and response
to loadings are discussed in SRP Section 3.9.2.

d. Each combination of design and service loadings should be categorized with
respect to the allowable design or service limits (defined in the ASME
Code and SRP Section 3.9.5, Reference 5 and 7), and the associated stress
intensity or deformation limits should be stipulated. Design or service
loadings should include safe shutdown earthquake (SSE) and operating basis
earthquake (0BE) loads as appropriate.

In addition, the HEB will coordinate other branches' evaluations that interface

with the overall review of the reactor internals as follows:

The C.-c Performance Branch (CPB) will verify fuel system design, including
fuel behavior effects to reactor core design under various normal and accident
operating conditions in SRP Section 4.2. The Materials Engineering Branch
(MTEB) will review material aspects of reactor internals in SRP Section 4.5.2.

For those areas of review identified above as part of the primary review respon-
sibility of other branches, the acceptance criteria necessary for the review
and their methods of application are contained in the referenced SRP section
of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

MEB acceptance criteria are based on meeting the requirements of the following
regulations:

1. General Design Criterion 1 and 10 CFR Part 50, 650.55a, as it relates to
reactor internals, requires that the reactor internals shall be designed
to quality standards commensurate with the importance of the safety
functions to be performed.

O
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2. General Design Criterion 2, as it relates to reactor internals, requires
N that the reactor internals shall be designed to withstand the effects of

) earthquakes without loss of capability to perform its safety functions.
J

3. General Design Criterion 4, as it relates to reactor internals, requires
that reactor internals shall be designed to accommodate the effects of
and to be compatible with the environmental conditions associated with
normal operations, maintenance, testing, and pcstulated LOCA.

4. General Design Criteria 10, as it relates to reactur internals, requires
that reactor internals shall be designed with adequate margins to assure
specified acceptable fuel design limits are not exceeded during anticipated
normal operational occurrences.

!

Specific criteria necessary to meet the relevant requirements of the regulations
identified above are as follows:

Requirements for loads, loading combinations, and limits applicable toa.
those portions of reactor internals constructed to Subsection NG of the
ASME Code are presented in SRP Section 3.9.3 (Ref. 7).

b. The design and construction of the core support structures should conform
to the requirements of Subsection NG, " Core Support Structures," of the
ASME Code (Ref. 5), and SRP Section 3.9.3.

c. The design criteria, loading conditions, and analyses that provide the
basis for the design of reactor internals other than the core support

O structures should meet the guidelines of NG-3000 and be constructed so
i as not to adversely affect the integrity of t'.e core support structures

(NG-1122).

d. Deformation limits for reactor internals should be established by the
applicant and presented in his safety analysis report. The basis for
these limits should be included. The stresses associated with these dis-
placements should not exceed the specified limits. The requirements for
dynamic analysis of these components are discussed in SRP Section 3.9.2.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below as may be appropriate for a particular case.

The configuratit9 and general arrangement of all mechanical and structural
internal elements covered by this SRP section are reviewed and compared to
those of previously licensed similar plants. Any significant changes in design
are noted and the applicant is asked to verify that these changes do not affect
the flow-induced vibration test results required by SRP Section 3.9.2.

With respect to the design and analysis of reactor internals, a statement by
the applicant that they are designed in accordance with Subsection NG and SRP
Section 3.9.3, " Core Support Structures," of Reference 5 and 7 is acceptable.
In lieu of such a commitment, the reviewer must determine that the design and
analysis of these components are consistent with the requirements discussed in

[ subsection II, above. This is accomplished by requiring that the applicant
( describe the design procedures and criteria used in the design of these compo-

nents. This includes a list of the design and service stress limits used for
a)1 of the applicable loading cor.ditions.

i 3.9.5-3 Rev. 2 - July 1981
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The deformation limits specified for these components are reviewed to verify
that the applicant has statd that these deflections will not interfere with
the functioning of related components, e.g., control rods and standby coc?!ng
systems, and that the stresses associated with these displacements are less
than the specified limits for the core support structures.

At the operating license stage, the calculated stresses and deformations are
reviewed to determine that they do not exceed the specified limits.

Any deviations that have not been adequately justified are identified and find-
ings to that effect are transmitted to the applicant with a request for conform-
ance with the requirements discussed in subsection II, above, or additional
technical justification.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in accord-
ance with this SRP section and that his evaluation supports conclusions of the
following type, to be included in the staff's safety evaluation report:

The staff concludes that the design of reactor internals is acceptable
and meets the requirements of General Design Criteria 1, 2, 4, and 10 and
10 CFR Part 50, 650.55a. This conclusion is based on the following:

1. The applicant has met the requirements of GDC 1 and 10 CFR Part 50,
g50.55a with respect to designing the reactor internals to quality
standards commensurate with the importance of the safety functions
to be performed. The design procedures and criteria used for the
reactor internals are in conformance with the requirements of
Subsection NG of the ASME Code, Section III.

2. The applicant has met the requirements of GDC 2, 4, and 10 with
respect to designing components important to safety to withstand the
effects of earthquake and the effects of normal operation, mainte-
nance, testing, and postulated loss-of-coolant accidents with suffi-
cient margin to assure that capability to perform its safety func-
tions is maintained and the specified acceptable fuel design limits
dre not exceeded.

The specified design transients, design and service loadings, and
combination of loadings as applied to the design of the reactor
internals structures and components provide reasonable assurance
that in the event of an earthquake or of a system transient during
normal plant operation, the resulting deflections and associated
stresses imposed on these structures and components would not
exceed allowable stresses and deformation limits for the materials
of construction. Limiting the stresses and deformations under such
loading combinations provides an acceptable basis for the design of
these structures and components to withstand the most adverse load-
ing events which have been postulated to occur during service life-
time without loss of structural integrity or impairment of function.

O
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, th* method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Basis for
Protection Against Natural Phenomena."

3. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

4. 10 CFR Part 50, Appendix A, General Design Criterion 10, " Reactor Design."

5. ASME Boiler and Pressure Vessel Code, Section III, Division 1, " Nuclear
Power Plant Components," American Society of Mechanical Engineers.

6. Standard Review Plan Section 3.9.2, " Dynamic Testing and Analysis of
Systems, Components, and Equipment."

b 7. Standard Review Plan Section 3.9.3, "ASME Code Class 1, 2, and 3 Coupo-
nents, Component Supports, and Core Support Structures."

;

I

i

!

|
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3.9.6 INSERVICE TESTING OF PUMPS AND VALVES

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None |

I. AREAS OF REVIEW

The ME8 reviews the following areas of the applicant's safety analysis report (SAR)
that cover the inservice testing of certain safety-related pumps and valves
typically designated as Class 1, 2, or 3 under Section III of the American Society
of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code (hereinafter "the
Code"). Other pumps and valves not categorized as Code Class 1, 2, or 3 may be
included if they are considered to be safet.y related by the staff. Compliance with
the Code will assure conformance with 10 CFR Part 50, Appendix A, General Design
Criteria 37, 40, 43, 46, 54, and 10 CFR Part 50, 650.55a(g);

/ 1. Inservice Testing of Pumps

a. The descriptive information in the SAR covering the inservice test
program is reviewed for those ASME Code Class 1, 2, and 3 system pumps
whose function is required for safety, and in addition includes pumps
not categorized as Code Class 1, 2, or 3 but which are considered to
be safety related.

b. Procedures for testing for speed, fluid pressure, flow rate, vibration
amplitude, lubricant level or pressure, and bearing temperature at normal
pump operating conditions are reviewed.

c. The pump test schedule is reviewed. |

d. The methods described in the SAR for measuring the reference values and
inservice values for the pump parameters above are reviewed.

Rev. 2 - July 1981
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2. Inservice Testing of Valves

The descriptive information in the SAR coveririg the inservice test program
is reviewed for those ASME Code Class 1, 2, and 3 valves whose function
is required for safety. This review does not include those
nonsafety-related va!ves exempted by the Code.

3. Relief Requests

10 CFR Part 50, 950.55a(g) requires a nuclear power facility to periodically
update its inservice testing program to meet the requirements of future
revisions of Section XI of the ASME Code. However, if it proves impractical
to implement these criteria, the applicant is allowed to submit requests
for relief from Section XI requirements on a case-by-case basis. Accord-
ingly, any requests for relief are reviewed by tne staff to determine if
the propoced exceptions to Section XI will degrade the overall plant
safety. Due consideration is given to the burden upon the applicant that
could result if the criteria of Section XI were imposed on the facility.

II. ACCEPTANCE CRITERIA

The acceptance criteria is based on meeting the relevant requirements set
forth in General Design Criteria 37, 40, 43, 46, 54, and 10 CFR Part 50,
50.55a(g). The relevant requirements are as follows:

A. General Design Criterion 37, as it relates to periodic functional testing
of the emergency core cooling system to assure the leak tight integrity
and performance of its active companents.

B. General Design Criterion 40, as it relates to periodic functional testing
of the containment heat removal system to assure the leak tight integrity
and performance of its active components.

C. General Design Criterion 43, as it relates to periodic functional testing
of the containment atmospheric cleanup systems to assure the leak tight
integrity and the performance of the active components, such as pumps and
valves.

D. General Design Criterion 46, as it relates to periodic functional testing
of the cooling water system to assure the leak tight integrity and
performance of the active componeni.s.

E. General Design Criterion 54 as it relates to piping systems penetrating
containment being designed with the capability to test periodically the
operability of the isolation and determine valve leakage acceptability.

F. 10 CFR Part 50, S50.55a(g), as it relates to including pumps and valves
whose function is required for safety in the Inservice Inspection Program
to verify operational readiness by periodic testing.

Specific criteria necessary to meet the relevant requirements of the Commission
regulations identified above are as follows:

O
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1. Inservice Testing of Pumps

a. The scope of the applicant's test program is acceptable if it is in
agreement with IWP-1000 of Section XI of the Code and in addition
includes pumps not categorized as Code Class 1, 2, or 3, but which
are considered to be safety related. Since the pump test program is
based on the detection of changes in the hydraulic and mechanical
condition of a pump relative to a reference test specified in
IWP-3000, the establishment of a reference set of parameters and a
consistent test method is a basic criterion of the program.

b. The pump test program is acceptable if it meets the requirements for
establishing reference values and the periodic testing schedule of
IWP-3000 of Section XI of the Code. The allowable ranges of inservice
test quantities, corrective actions, and bearing temperature tests
are established by IWP-3000 and IWP-4000. The pump test schedule in
the plant technical specification is required to comply with these
rules.

c. The test frequencies and durations are acceptable if the provisions
of IWP-3000 of Section XI of the Code are met.

I
d. The methods of measurement are acceptable if the test program meets

the requirements of IWP-4000 of Section XI of the Code with regard
to instruments, pressure measurements, temperature measurements,
rotational speed, vibration measurement, and flow measurements.

2. Inservice Testing of Valves
)
/ a. To be acceptable, the SAR valve test list must contain all

safety related Code Class 1, 2, and 3 valves required by IW-1100
except those nonsafety-related valves exempted by the Code and In
addition includes valves not categorized as Code Class 1, 2, or 3 but
which are considered safoty related. The SAR valve list must include
a valve categorization which complies with the provisions of
IW-2000 of Section XI of the Code. Each specific valve to be |
tested by the rules of Subsection IW is listed in the SAR by type,
valve identification number, code class, and IW-2000 valve category.

b. The valve test proceduras are acceptable if the provisions of IW-3000
of Section XI of the Code are met with regard to preservice and
periodic inservice valve testing.

3. Information Required for Review of Relief Requests
i

a. Identify component for which relief is requested:

(1) Name and number as given in FSAR
(2) Function
(3) ASME Section III Code Class

1 (4) For valve testing, also specify the ASME Section XI valve
category as defined in IW-2000.

b. Specifically identify the ASME Code requirement that has been
O)f determined to be impractical for each component.

|
w

'
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c. Provide information to support the determination that the
requirement in item (b) is impractical; i.e., state and explain the
basis for requesting relief.

d. Specify the inservice testing that will be performed in lieu of the
ASME Code Section XI requirements.

e. Provide an explanation as to why the proposed inservice testing
will provide an acceptable level of quality and safety and not
endanger t[e public health and safety.

f. Provide t% schedule for implementation of the procedure (s) in
item (d).

Requests for relief from Sec. tion XI requirements will be granted by the staff if
the applicant has adequately demonstrated either of the following:

a. Compliance with the code requirements would result in hardships or
unusual difficulties without a compensating increase in the level of
safety, and noncompliance will provide an acceptable level of quality
and safety.

b. Proposed alternatives to the code requirements or portions thereof
will provide an acceptable level of quality and safety.

III. REVIEW PROCEDURES l

The reviewer will select and emphasize material from the procedures described
below as may be appropriate for a particular case. For each area of review,
the following review procedures are followed:

1. Inservice Test.:ag of Pumps

a. The scope of the applicant's program is reviewed for agreement with
subsection II 1.a. The program is acceptable if a preservice test
program is useo to establish reference values. The periodic
inservice program must verity the reference val sithin
acceptable limits.

|
b. The pump test program procedures must agree with the requirements of

subsecticn II.1.b. The program is bes' presented in tabular form. |
c. The inservice test frequencies and test durations are rr. viewed for

agreement with subsection II.1.c.

d. The test procedures descrioed in the SAR are reviewed for agreement |
with subsection II.1.d. The SAR need only provide the necessary
ir. formation to permit a conclucion that the methods of measurement
and the data acquisition system will provide the needed data. The
reviewer does not approve or disapprove the instruments or methods
proposed or used.

2. Inservice Testing of Valves

a. The SAR valve test list and categorization are reviewed for
agreement with Subsection II.2.a.
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b. The valve test program is acceptable if the procedures follow the
j ] rules of subsection II.2.b for preservice and periodic inservice
!

s testing.
,

3. Relief Requests
i

Requests for relief from Section XI requirements are reviewed to determine
that sufficient information has been provided and that the acceptance
criteria of subsection II.3 have been met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information is provided in accordance
i with the requirements of this SRP section and that his evaluation supports a

conclusion of the following type, to be included in the staff's safety
evaluation report:

The staff concludes that the applicant's pumps and valves test program is;

i acceptable and meets the requirements of 10 CFR Part 50, Appendix A,
: General Design Criteria 37, 40, 43, 46, 54, and 650.55a(g). This

conclusion is based on the applicant having provided a test program to
ensure that, safety-related pumps and valves will be in a state of opera-
tional readiness to perform necessary safety functions throughout the
life of the plant. This program includes baseline preservice testing and
periodic inservice testing. The program provides for both functional
testing of the components in the operating state and for visual
inspection 'or leaks and other signs of distress. Applicant has also'

' formulated his inservice test program to include all safety-related Code
i Class 1, 2, and 3 pumps and valves and to include those pumps and valves

which are not Code Class 1, 2, and 3 but are considered to be safety
related.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees1

4 regarding the'NRC staff's plans for using this SRP section. Except in those
cases in which the applicant proposes an acceptable alternative method for4

complying with specified portions of the Commission's regulations, the method
described herein will be used by the staff in its evaluation of conformance

!

with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 37, " Testing of
Emergency Core Cooling System." ~

2. 10 CFR Part 50, Appendix A, General Design Criterion 40, " Testing of
Containment Heat Removal System."

3. 10 CFR.Part 50, Appendix A, General Design Criterion 43, " Testing of
j Containment Atmosphere Cleanup Systems."

4. 10 CFR PartL50, Appendix A, General Design Criterion 46, " Testing of
Cooling Water Systems."

,
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5. 10 CFR Part 50, Appendix A, General Design Criterion 54, " Piping Systems
Penetrating Containment."

6. ASME Boiler and Pressure Vessel Code, Section III and Section XI,
Subsections IWP and IWV, Arrerican Society of Mechanical Engineers.

7. Code of Federal Regulations, Title 10, Part 50, Section 50.55a, " Codes
and Standards."

O

O
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3.10 SEISMIC AND DYNAMIC QUALIFICATION OF MECHANICAL AND ELECTRICAL EQUIPMENT

REVIEW RESPONSIBILITIES

Primary - Equipment Qualification Branch (EQB)

Secondary - None

I. AREnS OF REVIEW

Information concerning the methods of test and analysis employed to assure the oper-
ability of mechanical and electrical equipment (includes instrumentation and
control) under the full range of normal and accident loadings (including seismic)
should be provided in the applicant's safety analysis report (SAR) and is reviewed
by the EQB to assure conformance with the requirements of General Design Criteria 1,
2, 4, 14 cnd 30 of Appendix A to 10 CFR Part 50, as well as Appendix B to 10 CFR
Part 50 and Appendix A to 10 CFR Part 100. Mechanical and electrical equipment must
be dasigned to withstand the effects of earthquakes, i.e., seismic Category I
requirements, and other accident-related loadings.n

[U)
Mechanical and electrical equipment covered by this SRP section includes equipment
associated with systems that are essential to emergency reactor shutdown, contain-
ment isolation, reactor core cooling, and containment and reactor heat removal, or
otherwise are essential in preventing significant release of radioactive material
to the environment. Also covered by this SRP section is equipment (1) that performs
the above functions automatically, (2) that is used by the operators to perform
these functions manually, and (3) whose failure can prevent the satisfactory
accomplishment of one or more of the above safety functions. Examples of mechanical
equipment included in these systems are pumps, valves, fans, valve operators,
battery and instrement racks, control consoles, cabinets, and panels. Examples of
electrical equipment are valve operator motors', solenoid valves, pressure switches,
level transmitters, electrical penetrations, and pump and fan motors.

At the construction permit (CP) stage, the staff review covers the following spe-
cific areas:

Rev. 2 - July 1981
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1. The criteria for qualification, such as the deciding factors for choosing
between tests or analyses, the considerations in defining the seismic and
other relevant dynamic load input motions, and the demonstration of
adequacy of the qualification program.

2. The methods and procedures including tests and analyses, used to assure
structural integrity and the operability of mechanical and electrical
equipmMat in the event of a safety shutdown earthquake (SSE), after a
number of postulated occurrences of the operating basis earthquake (OBE),
and in combination with other relevant dyna;nic and static loads.

3. The methods and procedures of analysis or testing of the supports for
mechanical and electrical equipment, and the procedures used to account
for possible amplification of vibratory motion (amplitude and frequency
content) under seismic and dynamic conditions.

At the operating license (OL) stage, the staff audits the equipment qualification
ffles and reviews the results of tests and analyses to assure the proper
implementation of criteria established in the CP review, to assure that adequate
qualification has been demonstrated for all equipment and their supports, and
to verify that all applicable loads have been properly defined and accounted
for in the testing / analyses performed.

EQB will coordinate other branches' evaluations that interface with the overall
review as follows.

SEB has the responsibility in accordance with SRP Section 3.7 for defining the
seismic and dynamic input motion for all floor and wall mounted equipment.
MEB has the responsibility in accordance with SRP Section 3.9.2 for defining
the seismic and dynamic input motion for all pipe mounted equipment. In
addition, MEB has the primary responsibility, in accordance with SRP
Section 3.2.2, for defining the systems that perform the functions delineated
in paragraph 2 of subsection I of this SRP section.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP mction of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The acceptance criteria for the areas of review designated in subsection I are
based on meeting the relevant requirements of the following rerulations:

A. General Design Criteria 1 and 30 as they relate to qualifying equipment
to appropriate q"ality standards commensurat with the importance of the
safety functions to be performed.

B. General Design Criterion 2 and Appendix A to 10 CFR Part 100 as they
relate to qualifying equipment to withstand the effects of natural
phenomena such as earthquakes.

C. General Design Criterion 4 as it relates to qualifying equipment being
capable of withstanding the dynamic effects associated with external
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missiles and internally generated missiles, pipe whip, and jet impinge-
,

! ment forces.

!

D. General Design Criterion 14 as it relates to qualifying equipment associated
with the reactor coolant boundary so as to have an extremely low probability
of abnormal leakage, of rapidly propagating failure and of gross rupture.

E. Appendix B ta 10 CFR Part 50 as it relates to qualifying equipment using
the quality assurance criteria provided.

Specific criteria, regulatory guides, and industry standards that provide
information, recommendations and guidance, and in general describe a basis
acceptable to the staff that may be used to implement the requirements of the
regulations identified above are as follows.

1

Acceptable load combinations and methods for combining dynamic responses for
mechanical equipment are defined in SRP Section 3.9.3. The same criteria is
acceptable for electrical equipment.

I

) Acceptable testing and analysis procedures for confirming the operability of
equipment for the defined load condition are presented in paragraphs 1 and 2
below. These criteria, when satisfied, will fulfill the requirements of GDC 2
and 4, as discussed above, and paragraphs XI of Appendix B to 10 CFR 50 and
VI (a)(1) and (2) of Appendix A to 10 CFR Part 100 as they relate to the
qualification of equipment.

1. For plants for which the CP application was docketed after October 27,
1972, the qualification of electrical equipment and their supports should
meet the requirement *; and recommendations of IEEE Std. 344-1975 and the g

Regulatory Position of Regulatory Guide 1.100, which endorses IEEE
Std. 344-1975. These documents are generally applicable to all types of
equipment and should be used to the extent practicable for the qualifica-
tion of mechanical equipment as well. Specifically, conformance to the
following criteria should be demonstrated.

a. Qualification for Equipment Operability

(1) Tests and analyses are required to confirm the operability of
all mechanical and electrical equipment during and after an
earthquake of magnitude up to and including the OBE and SSE, and
for all static and dynamic loads from normal, transient and
accident conditions. Prior to SSE qualification, it should be'

Idemonstrated that the equipment can withstand the OBE excitation
.

without loss of structural integrity. Analyses alone, without !
testing, are acceptable as a basis for qualification only if
the necessary functional operability of the equipment is assured
by its structural integrity alone. When complete testing is
impractical, a combination of tests and analyses is acceptable.

Equipment that has been previously qualified by means of tests
and analyses equivalent to those described here are acceptable
provided that proper documentation of such tests and analyses
is submitted.
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(2) Equipment should be tested in the operational condition.
Operability should be verified during and/or after the testing,
as applicable to the equipment being tested. Loadings simulating
those of plant normal operation, such as thermal and flow-indued
loading, if any, should be concurrently superimposed upon the
seismic and other pertinent dynamic loading to the extent
practicable. Particular attention should be paid, in operability
qualification of mechanical equipment subjected to flow-induced
loading, to incorporate degraded flow conditions such as those
that might be encountered by the presence of debris, impurities,
and contaminants in the fluid system. An example of this may
be the operability of the containment sump pump recirculating
water full of debris.

(3) The characteristics of the required seismic and dynamic input
motions should be specified by response spectrum or time history
methods. These characteristics, derived from the structures or
systems seismic and dynamic analyses, should be representative
of the input motions at the equipment mounting locations.

(4) For seismic and dynamic locds, the actual test input motion
should be characterized in the same manner as the required
input motion, and the conservatism in amplitude and frecuency
content should be demonstrated (i.e., the test response spectrum
(TRS) should closely resemble and envelope the required response
spectrun (RRS) over the critical frequency range).

(5) Since seismic ar the dynamic load excitation generally have a
broad frequency untent, multi-f requency vibration input motion
should be used. However, single frequency input motion, such
as sine beats, is acceptable provided the characteristics of
the required input motion indicate that the motion is dominated
by one frequency (e.g., by structural filtering effects), or
the anticipated response of the equipment is adequately
represented by one mode, or in the case of structural integrity
assurance, the input has sufficient intensity and duration to
produce sufficiently high levels of stress for such assurance.
Components that have been previously tested to IEEE Std. 344-1971
should be reevaluated to justify the appropriateness of the
input motion used, and requalified if necessary.

(6) For the seismic and dynamic portion of the loaJs the test input
motion should be applied to one vertical axis and one principal
horizontal axis (or two orthogonal horizontal axes) simultaneously
unless it can be demonstrated that the equipment response in
the vertical direction is not sensitive to the vibratory motion
in the horizontal direction, and vice versa. The time phasing
of the inputs in the vertical and horizontal directions must be
such that a purely rectilinear resultant input is avoided. An
acceptable alternative is to test with vertical and horizontal
inputs in phase, and then repeat the test with inputs 180 degrees
out-of phase. In addition, the test must be repeated with the
equipment rotated 90 degrees horizontally.

Components that have been previously tested to IEEE Std. 344-1971
should be requalified using biaxial test ir.put motions unless
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justification for using a single axis test input motion is
provided.

O
V (.) Dynamic coupling between the equipment ar.d related systems, if

any, such as connected piping and other mechanical components,
should be considered.

(8) The fixture design should simulate the actual service mounting
and should not cause any extraneous dynamic coupling to the
test item.

(9) For pumps and valves, the loads imposed by the attached piping
should be properly taken into account. In order to assure
operability under combined loadings, the stresses resulting
from the applied test loads should envelope the specified
service stress limit for which the component's operability is
intended.

(10) If the dynamic testing of a pump or valve assembly proves to be
impracticable, static testing of the assembly is acceptable
provided that the end loadings are conservatively applied and
are equal to or greater than postulated event loads, all dynamic
amplification effects are accounted for, the component is in
the operating mode during and after the application of loads,
and an adequate analysis is made to show the validity of the
static application of loads.

,

(11) The in situ application of vibratory devices to simulate theg
seismic and dynamic vibratory motions on a complex active2

b device is acceptable to confirm the operability of the device
when it is shown that a meaningful test can be made in this
way.

(12) The test program may be based upon selectively testing a
representative number of components according to type, load
level, size, etc., on a prototype basis.

(13) Selection of damping values for equipment to be qualified
should be made in accordance with Regulatory Guide 1.61 and
IEEE Std. 344-1975. Higher damping values may be used if
justified by documented test data with proper identification of
the source and mechanism.

(14) When complete testing is not practicable, the features listed
below should be incorporated into a test and analysis operability
assurance program for pumps and valves. Similar programs can
be developed for other types of equipment.

(a) Simple and passive elements, such as valve and pump bodies
and their related piping and supports may be analyzed to
confirm structural integrity under postulated event
loadings. However, complex active devices such as pump
motors, valve operator and gate or disk assemblies, and
other electrical, mechanical, pneumatic, or hydraulicpi appurtenances which are vital to the pump or valve operationO should be tested for operability.

!
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(b) The following analyses are acceptable provided they are
correlated to classical problems, elementary laboratory
tests, or in situ tests:

1. An' analysis is performed to determine the vibratory
input to the valve or pump.

11. An analysis is performed to determine the system
natural frequencies and the movement of the pump or
valve during the dynamic events.

iii. An analysis is performed to determine the pressure
differential and the impact energy on a valve disc
during a LOCA, and to verify the design adequacy of
the disc.

iv. An analysis is performed to determine the forcing
functions of the axial and radial loads imposed on a
pump rotor due to a LOCA, such that combined LOCA and
vibratory effects on the shaft and rotor assembly-

can be evaluated.

v. An analysis is performed to determine the speed of
the pump shaft as a result of postulated events and
to compare it with the design critical speed.

vi. An analysis is performed to verify the design adequacy
of the wall thickness of valve and pump pressure-
retaining bodies.

.

vii. An analysis is performed to determine the natural
frequencies of a pump shaft and rotor assembly to
ascertain whether they are within the frequency range
of the vibratory excitations. If the minimum natural
frequency of the assembly is beyond the excitation
frequencies, a static deflection analysis of the
shaft is acceptable to account for dynamic effects.
If the assembly natural frequencies are close to the
excitation frequencies, an acceptable dynamic analysis
must be performed to determine the structural response i
of the assembly to the excitation frequencies.

viii. When analyses are used for qualification, the
combination of multimodal and multidirectional responses
should be made in accordance with Regulatory Guide 1.92.

b. Design Adequacy of Supports

(1) Analyses or tests should be performed for all supports of
mechanical and electrical equipment to assure their structural
capability.

(2) The analytical results should include the required input motions
to the mounted equipment as obtained and characterized in the
manner stated in subsection II.1.a.(3) above, and the combined
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stresses of.the support structures should be in accordance with
the criteria specified in SRP Section 3.9.3.

(3) Spoorts should be tested with equipment installed or with a4

dummy simulating the equivalent equipment inertial mass effects
and dynamic coupling to the support. If the. equipment is
installed in a nonoperationai mode for the support test, the
response in the test at the equipment mounting location should

,

j be monitored and characterized in the mannar as stated in
subsection II.1.a(3) above. In such a case, equipment should'

be tested separately for operability and the actual input
motion to the equipment in this test should be more conservative

; in amplitude and frequency content that the monitored response
j from the support test.

l

(4) The criteria of subsections II.1.a(3), (4), (5), (6), (7),
(8), and (13) above, are applicable when tests are conducted on

: the equipment supports.

i c. Verification That Seismic and Dynamic Qualitication Is Performed
in the Proper Sequences of the Overall Qualification Program

.

As defined in Part B of Regulatory Guide 1.100, IEEE Std. 344-1975
is an ancilliary standard of IEEE Std 323-1974 (endorsed with', exceptions by Regulatory Guide 1.89. In accordance with this
standard, for plants whose cons'curtion permit SER is dated July 1,'

1974, or later, the seismic and *.iamic testing portion of the
overall qualification should be performed in its proper sequence ass

; indicated in Section 6 of IEEE Std. 323-1974.

2. For plants for which the CP application was docketed before October 27,
1972, applicants should describe the extent to which the seismic andi

dynamic qualification of mechanical and electrical equipment and their
supports meet the criteria of subsection II.1 above. For equipment that
does not meet these requirements, justification should be provided for
the use of other criteria. As a minimum, the electrical equipment and
their supports should meet the requirements of IEEE Std. 344-1971. It

should be demonstrated that all equipment has adequate margin to perform
their intended design functions during seismic and dynamic events when
considering the effects of possible multi-mode response and simultaneous
vertical and horizontal excitations on equipment operability. Specifically,

|
in addition to the criteria of subsection II.1.a(1), (2), (7), (8),-(9),

(10), (11), (12), (13), and (14) above, the following criteria are applicable.>

f

a. Qualification for Equipment Operability

(1) Single frequency input excitations, such as continuous single
; frequency sinusoidal motions or sine beat motions may be used;

however, multifrequency input excitations is delineated in IEEE
Std. 344-1975 are preferable and should be utilized whenever
possible. In either case, the maximum input motion accelera-
tion should equal or exceed the maximum seismic and dynamic
acceleration expected at the equipment mounting location. See

( subsection II.2.b(3) below for a discussion of the participation
; of the equipment supports.
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(2) For single frequency input excitation, the discrete frequencies
at which the test input motion is applied should cover 1-33 Hz
for seismic loads. For other dynamic loads, such as in the
case of hydrodynamic loads for Mark II and III containments,
larger frequency ranges may be required. If resonant frequencies
of ?.he equipment and equipment supports are identified by prior
analysis or " sweep" testing or both, tests conducted only at
the resonar,i. frequencies are acceptable. However, if multi-
frequency input excitations are used, the level of response
spectrum derived from the test input should envelope the
corresponding response spectrum level required for seismic and
dynamic qualification at the component mounting location.

(3) The test motion may be applied to one vertical and two orthogonal
horizontal axes separately. However, biaxial input with
simultaneous vertical and horizontal excitations as delineated
in IEEE ~ . 344-1R5 is preferable and should be utilized
whenevei . .,s sibl e.

b. Design Adequacy of Supports

(1) Analyses or tests should be performed for all supports of
mechanical and electrical equipment to assure their structural
capability.

(2) The analytical results should include the maximum accelerations
and associated frequencies at the equipment mounting location,
and the combined " tresses of the support structures should be
in accordunce wi',n the criteria specified in SRP Section 3.9.3.

(3) Supports thould be tested with equipment installed or with a
dummy simulating the equivalent inartial mass effects and
dynamic coupling to the suppor*.. If the equipment is installed
in a nonoperational mode for the support test, the response at
the equipment mounting location should be monitored such that
the maximum accelerations and associated frequencies can be
defined. In such a case, equipment should be tested separately
for operability and the actual input motior to the equipment
should be more conservative in amplitude and frequency content
than the monitored response.

(4) The criteria of subsections II.1.a(7), (8), and (13) and
II.2.a(1), (2), and (3), above, are applicable when tests are
conducted on the equipment supports.

3. GDC 1 of Appendix A and paragraph XVII of Appendix B to 10 CFR 50 establish
requirements for records concerning the qualification of equipment. In
order to satisfy these requirements, complete and auditable records must be
available and maintained by the applicant, for the life of the plant, at a
central location. Their files should describe the qualification method
used for all equipment in sufficient detail to document the degree of
compliance with the criteria of this SRP section. Them records shald be
updated and maintained current as equipment is replaceu, f urther tes'.ed,
or otherwise further qualified.
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The equipment qualification file should contain a list of all systems
] equipment and the equipment support structures, as defined in paragraph 2

of subsection I. The equipment list should identify which equipment is
NSSS supplied and which equipment is 80P supplied. The equipment qualifi-
cation file should also include qualification summary data sheets for each
piece of equipment, i.e., each mechanical and electrical component of each
system, which suramarize the component's qualification. These data sheets
should include the following information:

a. Identification of equipment, including vendor, model number and
location within each building. Valves that are part of the reactor
coolant pressure boundary should be so identified.

b. Physical description, including dimensions, weight and field mounting
condition. Identification of whether the equipment is pipe, floor,
or wall supported.

c. A description of the equipment's function within the system.

d. Identification of all design (functional) specifications and
qualification reports, and their locations. Functional specifica-

! tions for active valve assemblies should confirm to the Regulatory
Position of Regulatory Guide 1.148.

Description c' +he required loads and their intensities for which! e.
the equipment must be qualified.

') f. If qualification by test, identification of the test methods and
! j procedures, important test parameters and a summary of the test

results.

g. If qualification by analysis, identification of the analysis methods
ar.d assumptions and comparisons between the calculated and allowable
stresses and deflections for critical elements.

h. The natural frequency (or frequencies) of the equipment.

i. Identification of whether the equipment may be affecced by vibration
fatigue cycle effects and a description of the metheis and criteria
used to qualify the equipment for such loading conditions.

I

j. Indicate whether the equipment has met the qualification requirements.

k. Availability for inspection, i.e., identify whether the equipment is
already installed.

1. A compilation of the required response spectra (or time history) and
corresponding damping for each seismic and dynamic load specified
for the equipment together with all other lcads considered in the
qualification and the method of combining all loads.

4. General Design Criterion 14 of Appendix A to 10 CFR 50 requires, in part,
that the reactor coolant pressure boundary shall be designed, fabricated,s
erected, and tested so as to have an extremely low probability of abnormal
leakage. General Design Criterion 30 further requires, in part, that
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components which are part of the reactor coolant pressure boundary shall
be designed , fabricated, erected, and tested to the highest quality
standards practical.

In order to satisfy these requirements, the qualification program for
valves that are part of the reactor coolant pressure boundary should
include testing or testing and analyses that demonstrate these valves
will not experience any leakage, or increase in leakage, as a result of
any loading or combinal. ion of loadings that +he valves must be qualified
for.

5. In documenting the implementation of the qualification program described
above, the following information should be included in the indicated
documents.

a. The PSAR should contain:

(1) A detailed description of NSSS and A/E practice followed in
qualification, including criteria, methods, and procedures used
in conducting testing and analysis, which demonstrate the
extent of compliance with the criteria set forth in
subsections II.1, 2, 3, and 4 above.

(2) Information regarding administrative control of component
qualification, especially a description of the equipment qualifi-
cation file, the handling of documentation, internal acceptance
review procedures, identification of the scope of NSSS and A/E
suppliers, erd the procedures of the interchange of information
between NSSS, A/E, equipment vendors and testing laboratories.

b. In addition to the information contained in the PSA'1, as revised,
the FSAR should contain:

(1) A list of all systems required to perform the functions defined
in paragraph 2 of subsection I.

(2) A description of the results of any in plant tests, such as
in situ impedance tests, and any plans for operational tests
which will be used to confirm the qualification of any item of
equipment.

c. The Seismic Qualification Report (SQR) should coatain:

(1) The list of systems required to perform the functions defined
in paragraph 2 of subsection I.

(2) The list of equipment, and their supports, associated with each
system, and any other equipment reqtired in accordance with
paragraph 2 of subsection I.

(3) Tne summary data sheets for each piece of equipment, i.e., each
component, listed.

O
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III. REVIEW PROCEDURES
m

* The reviewer will select and emphasize material from the procedures described
below as may be appropriate for a particular case. The reviewer obtains and
uses information f om SRP Sectior- 3.7 and 3.9.2 and consults with SEB end MEB
as necessary to be assured that ths proper seismic and dynamic input mo't. ion is
being used for the equipment qualificatian. For each area of review the
following review procedures are used:

1. At the CP stage, the staff reviews the program which the applicant has
described in the PSAR for the qualificatio:i of mechanical and electrical
equipment. The program is measured against 1 requirements listed in
subsection II. Of particular interest are t%; proper use of test and
analytical procedures. Equipment which is too complex for reliable
mathematical modeling should be tested unless the analytical procedures
and corresponding design are convincingly conservative. Both the test
and the analysis methods are reviewed for assurance that all important
modes of response will be excited in tests or considered in analysis.
Proper consideration of input motions so as to envelope the required
input, whether in terms of response spectra or time history in all
necessary directions is verified. The use and treatment of supports

is also reviewed.

2. At the OL stage, the staff reviews the program again as described by the
applicant in the FSAR. In addition, the SQR may be reviewed for documenta-
tion of the successful implementation of the qualificati]n program including
test and analysis results. The reviewer verifies that the applicant's

fG list of systems is consistent with the list provided in accordance with
SRP Section 3.2.2.

To confit.1 the extent to which the equipment meets the requirements of
subsection II, the staff audits the equipment qualification and central
files and conducts a plant site review. The staff may require that the
Seismic Qualification Report (SQR) be submitted to the staff six weeks
prior to the plant site visit. If the staff has reviewed an applicant's
qualification file for a previous application, they may elect not to
require the applicant to submit the SQR, but instead elect only to audit
the equipment qualification and central files.

The review of the SQR, if applicable, and the audit of the applicant's
equipment qualification and central files will include the following:

a. For each system the reviewer should verify that summary data sheets
are available for all components of these systems and perform a
detailed review of these data sheets for selected components.

b. The reviewer will audit the central files to verify that the referenced

qualification documentation and test reports are available, and
perform a detailed review of selected documents to verify that they
support the qualification of the equipment. After the site visit,

the applicant may be required to submit selected documents for
further review.
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For selected equipment, the staff reviews the combined requiredc.
response spectra (RRS) or the combined dynamic response, examines
the equipment configuration and mounting, a,nd then determines whether
the test of analysis which has been conducted demonstrates compliance
with the RRS if the equipment was qualified by test, or the acceptable
analytical criteria if qualified by analysis.

d. A sampling of design (functicnal) specifications shall be reviewed
for completeness. For pumps and valves the reviewer utilizes the
information contained in the following documents in addition to the
acceptance criteria cited under subsections II.1 and II.2 in order
to evaluate the functional specifications selected for review:

(1) NRC Regulatory Guide 1.148, " Functional Specification for
Active Valve Assemblies in Systems Important to Safety in
Nuclear Power Plants."

(2) ANSI N278.1-1975, "Self-Operated and Power-Operated Safety-Related
Valves Functional Specification Standard" (endorsed by Regulatory
Guide 1.148, as supplemental and modified).

(3) ANSI /ASME N551.1, " Standard for Qualification of ASME Code
Class 2 & 3 Pump Assemblies for Safety Systems Service, General
Requirements" (DRAFT). (Although this draft standard has not
been endorsed by the NRC, it will be used for guidance purposes.)

It is important that tne applicants program is complete in this area
so that the staff may be assured that the proper system parameters
are specified and appropriate loads defined. The review will screen
several key components in the systems to establish the program
oojectives.

The test procedures are reviewed against the criteria set forth ine.
subsections II.1 or II.2. In evaluating an applicant's program for
pumps and valves, the reviewer also utilizes, for guidance purposes,
the information contained in the following documents, although these
dratt documents have not been endorsed by the NRC:

(1) ANSI B.16.41, " Functional Qualification Rcquirements for Power
Operated Active Valve Assemblies for Nuclear Power Plants"
(DRAFT)

(2) ANSI N41.6, " Functional Qualification Requirements for Actuators
for Power Operated Valve Assemblies for Nuclear Power Plants"
(DRAFT)

(3) ANSI /A3ME N551.2, " Standard for Qualification of ASME Code
Class 2 a 3 Pumps for Safety Systems Service" (DRAFT)

(4) ANSI N45 N551.4, " Functional Qualification of Motor Drives for
Safety Related Code Class 2 and 3 Pumps for Nuclear Power
Plants" (DRAFT)

O
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In addition to the above documer.ts, references 23 and 24 are utilized
by the reviewer to evaluate the operability assurance programs for
purge and vent valves and deep draft pumps.

f. The analytical procedures which are used in conjunction with testing,

| or by itself to demonstrate operability are reviewed by comparing
the information submitted in the applicants program with the
acceptance criteria delineated in subsections II.1 or II.2. For
pumps and valves, the references cited in subsection III.2.e provide
additional criteria for demonstrating operability by analysis and
are utilized by the reviewer to supplement the staff's review
procedures.

IV. EVALUATION FINDINGS

The reviewer should verify that sufficient information has been provided and
that the review supports conclusions of the following type (for a CP review),
to be included in the staff's safety evaluation report:

The staff concludes that the applicant's equipment qual 1fication program is
acceptable and meets the relevant requirements of General Design Criteria 1,
2, 4, 14, and 30, Appendix B to 10 CFR Part 50 and Appendix A to 10 CFR
Part 100. This conclusion is cased on the following:

The qualification program which will be implemented for mechanical,
instrumentation and electrical equipment meets the requiremcats and
recommendations of IEEE 344-1975 and the Regulatory Positions of
Ragulatory Guides 1.61, 1.89, 1.92, 1.100, and 1.148 and provides
adequate assurance that such equipment will function properly under allO imposed design and service loads including the loadings imposed by the
safe chutdown earthquake, postulated accidents, and loss of-coolant
accidents. This program constitutes an acceptable basis for satisfying
the applicable requirements of GDC 2, 4, 14 and 30 of Appendix A to
10 CFR 50 and paragraphs XI of Appendix B to 10 CFR 50 and VI(a)(1) and
(2) of Appendix A to 10 CFR 100 as they relate to qualification of equip-
ment. The applicant's equipment qualification file also constitutes an
acceptable basis for satisfying the requirements of GDC 1 of Appendix A

'

to 10 CFR 50 and paragraph XVII of Appendix B to 10 CFR 50.

At the OL stage, the review should provide justification for a finding similar
to that above with the phrase "wili be implemented" nfodified to read "has been
implemented."

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section. Except in those
cases in which the applicant proposes an acceptable alternative method for
complying with specified portions of the Commission's regulations, the method
described herein will be used by the staff in its evaluation of conformance
with' Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

r~

k )/v
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11. NRC Regulatory Guide 1. 61, " Damping Values for Seismic Design of Nuclear
Power Plants."

12. NRC Regulatory Guide 1.89, " Qualification of Class 1E Equipment for
Nuclear Power Plants."

13. NRC Regulatory Guide 1.92, " Combining Modal Responses and Spatial Components
in Seismic Response Analysis."

14. NRC Regulatory Guide 1300, " Seismic Qualification of Electric Equipment
for Nuclear Power Plants."

15. IEEE Std 323-1974, "IEEE Standard for Qualifying Class IE Equipment for
Nuclear Power Generating Stations," Institute of Electrical and Electronics
Engineers.

16. NRC Regulatory Guide 1.148, " Functional Specification for Active Valve
Assemblies in Systems Important to Safety in Nuclear Power Plants."
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17. ANSI N278.1-1975, "Self-Operated and Po'1r-Operated Safety-Related
Va!ves Functional Specification Standa..:."

, f.

18. ANSI /ASME N551.1, " Standard for Qualification of ASME Code Class 2 & 3
Pump Assemblies for Safety Systems Service, General Requirements" (DRAFT)

19. ANSI '1.16.41, " Functional Qualification Requirements for Power Operated i

Active Valve Assemblies for Nuciear Power Plants" (DRAFT)
2

20. ANSI N41.6, " Functional Qualification Requirements for Actuators for
Power Operated Valve Assemblies for Nuclear Power Plants" (DRAFT)

21. ANSI /ASME N551.2, "Standara for Qualification of ASME Code Class 2 & 3
Pumps for Safety Systems Sera ce" (DRAFT)

22. ANSI N45 N551.4, " Functional Qualification of Motor Drives for Safety
Reic'.ed Code Class 2 and 3 Pumps for Nucler.r Power Plants" (DRAFT)

23. Enclosure to September 27, 1979, Letter from D. G. Eisenhut, Acting
Director, Division of Operating Reactors, NRR, USNRC, to all Licensees of
Operating Reactors, entitled, " Guidelines for Demonstration of Operability
of Purge and Vent Valves."

24. Enclosure to June 22, 1981, Memorandum from R. Vollmer, Director, Division
of Engineering, NRR, USNRC, to D. Eisenhut, Director, Division of Licensing,
NRR, USNRC, entitled, " Guidelines for Demonstration of Operability of;

Deep Draft Pumps."
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3.11 ENVIRONMENTAL QUALIFICATION OF MECHANICAL AND ELECTRICAL EQUIPMENT

REVIEW RESPONSIBILITIES

Primary - Equipment Qualification Branch (EQB)

Secondary - None

I. AREASOFRFVirg

The information presented in Section 3.11 of the applicant's safety analysis report
(SAR) should be sufficient to support the conclusion that all items of equipment
(mechanical, electrical, includes instrumentation and control) are capable of per-
forming their de:iign safety functions under all norma:, abnormal, and accident
environmental conditions. The review will be performed to assure conformance with
the requirements of 10 CFR Part 50, Appendix A, General Design Criterion 4. The
" normal, abnormal, accident and post accident environmental conditions" are deemed
to include all environmental conditions which may result from any normal or
abnormal mode of plant operation, design basis events, post-design basis events,

n and containment tests. Mechanical and electrical equipment associated with

( d under the acceptance criteria of this SRP section.
! systems described below must be designed to meet the requirements as described

Mechanical and electrical equip-
ment covered by this SRP section includes equipment associated with systems that
are essential to emergency reactor shutdown, containment isolation, reactor core
cooling, and containment and reactor heat removal, or otherwise are essential in
preventing significant release of radioactive material to the environment. Also
covered by this SRP section is equipment (1) that performs the above functions
automatically, (2) that is used by the operators to perform these functions manually,
and (3) whose failure can prevent the satisfactory accomplishment of one or more
of the above safety functions. Seismic qualification is addressed in SRP
Section 3.10.

Section 3.11 of the SAR is reviewed to determine whether the required envi onmental
! capability of all equipment, i.e., the capability to perform design safety functions
' under normal, abnormal, accident, and postaccident environments, will be or has

been adequately demonstrated.
1
| At the construction permit (CP) stage the staff review will consider the conceptual

approach addressing the following areas:
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1. Identification of all mechanical and electrical systems required to perform
the functions defined in paragraph 1 of subsection I.

2. Identification of the environmiatal design bases for the equipment identi-
fied including the definition af the normal, abnormal, accident and post-
accident environments.

3. Requirement for documentation of the qualification tests and analyses
that have been or will be performed on the equipment to meet the design
bases.

4. Demonstratien of the adeg .y of the environmental qualification program.

At the operating license (0L) stage the staf f reviews the applicant's environ-
mental qualification program and the submitted results of its implementation.
The staff additionally will audit the applicant's central file. The audit
consists of a staff review of the documentati n provided in the file to demon-
strate tangible evidence of qualification.

The staff's review is performed to determin:= plementation of criteria
established in the CP review, and adequate er .nmental qualification for all
mechanical and electrical equipment.

Although the EQB has the primary responsibility for the review of this section,
the EQB reviewer utilizes the information from other SAR sections which are
reviewed by other branches in the performance of their review functions. EQB

will coordinate other branches evaluation that interface with the overall
review of equipmen+ qualification as follows:

The SAR sections reviewed by the branches in performance of their review
functions are as follows: ASB reviews Sections 3.4.1, 3.5.1.1, 3.5.2, 3.6.1,
5.4.11, and applicable sections of Chapter 9; CSB reviews Sect.'on 6.2; RSB
reviews Sections 5.4.6, 5.4.7, 6.3, and applicable sections of Chapter 15;
ICSB reviews Chapter 7, PSB reviews Chapter 8, and AEB reviews Section 6.5.2.

The ASB, ICSB, PSB, and RSB confirm that the SAR identifies all equipment
as identified in paragraph 1 of subsection I.

The ASB and C5B co.1 firm the location of eacn item of equipment, both inside
and outside the containment. Inside the containment, the location must be
specified, whether inside or outside of the missile shield for pressurized
water reactor (PWR) plants, or whethsr inside or outside of the drywell for

} boiling water reactor (BWR) plants.

The ASB, CSB, ICSB, PSB, and RSB confirm tne validity of the descriptions of
the normal, abnormal, accident, and postaccident environments provided in the SAR .

They will also confirm the acceptability of the values prov Med in the SAR for the

length of time that equipment is required to operate in accident environments. ,

With regard to the anvit anments resulting from loss of environmental control
systems (ventilation, heating, ali' creditioning), the ASB will confirm the

O
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description of these environments as provided in the SAR for those areas which

( O contain equipment including electrical control and instrumentation equipment.
V)TheQABreviewsanddeterminesthattheapplicant'sQAprogramdescribedin

Chapter 17 of the SAR satisfies the requirements of 10 CFR 50, Appendix B,
Criteria III, XI, and XVII.

The AEB reviews the adequacy of the radiation and chemical conditions for
qualification for the abnormal, accident, and postaccident environments.

Specific information may be requested from the MEB as needed.

For those areas of review identified above as being reviewed as part of the
primary responsibility of other branches, the acceptance criteria necessary
for the review and their methods-of application are contained in the referenced
SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The general requirements for environmental design and qualification of all
equipment are embodied in General Design Criterion 4 of Appendix A to 10 CFR
Part 50.

Specific criteria, task action plan items, regulatory guide, and industry
standards that provide information, recommendations and guidance and, in general,
describes a basis acceptable to the staff that may be used to implement the
requirements of General Design Criterion 4 are as follows:

O
Q Simply stated, the general requirements for environmental desie and qualifica-

tion are as follows: (1) The equipment shall be designed to have the capability
of performing its design safety functions under all normal, abnormal, accident,
and postaccident environments and for the length of time for which its function
is required. (2) The equipment environmental capability shall be demonstrated
by appropriate testing and analyses. (3) A quality assurance program meeting
the requirements of 10 CFR 50 Appendix B shall be established and implemented
to provide assurance that all requirements have been satisfactorily accom-
plished. The environmental design of mechanical and electrical equipment is
acceptable when it can be ascertained that all three requirements are met.

At the time of the CP and OL application, complete and auditable records must
be avaiiable and maintained at a central locatisa which describe the environ-
mental qualification method used for all mechanical and electrical equipment
in sufficient detail to document the degree of compliance with the require-
ments discussed herein. Thereafter, such records should be updated and
maintained current as equipment is replaced, testeo, or otherwise qualified.

Harsh Environment

The specific criteria for assessing the acceptability of the environmental
qualification program of OL applicants are provided in NUREG-0588, " Interim
Staff Position on Environmental Qualification of Safety-Related Electrical
2quipment," issued in December 1979. NUREG-0588 includes two sets of qualifi-
cation requirements, Category I and Category II, which relate to IEEE 323-1974
'

V<
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and 1971 respectively. Category II is for plants whose construction permit
SERs were dated before July 1, 1974 unless the licensee made a commitment in
the construction permit record to use the 1974 standard, or unless the operating
license application indicates the 1974 standard is to be used in which case,
Category I will be the applicable criteria to be used. Category I is for plants
whose construction permit SFRs were dated after July 1, 1974.

Subsection VI lists the documents which provide both acceptance criteria and
evaluation guidance used in the review. The most important of these documents
is ;EEE Std 323 (augmented by Regulatory Guide 1.89), " General Guide for
Qualifying Class I Electric Equipment for Nuclear Power Generating Stations."
This document, although specifically written for Class I electric ec;uipment,
contains a clear presentation of the principles and criteria that are generic
to the environmental qualification process itself; therefore, IEEE Std 323 is
considered applicable to the environmental qualification of other types of
equipment. This document contains detailed criteria applicable to whatever
method of qualification is used, i.e., type testing, analyses, operating
experience, on going qualification, or combined qualification. NUREG-0588
(endorsed by the Commission Memorandum and Order CLI-80-?1 dated May 23, 1980),
" Interim Staff Position on Electrical Equipment," discussas the staff position
and acceptance criteria on the environmental qualification of electrical equip-
ment. These criteria are general in nature and could also be applied to the
mechanical equipment. The environmental design and qualification of equipment
is acceptable when it is ascertained that the criteria of NUREG-0588 have been
met.

IEEE Std 334, " Guide for Type Tests of Continuous-Duty Class I Motors Installed
Inside the Containment of Nuclear Power Generating Stations" (augmented by
Regulatory Guide 1.40); IEEE Std 382, " Guide for Type Test of Class I Electric
Valve Operators for Nuclear Power Generating Stations" (augmented by Regulatory
Guide 1.73); and IEEE Std 383, " Standard for Type Test of Class 1E Electric
Cables, Field Splices, and Connections for Nuclear Power Generating Stations"
(augmented by Regulatory Guide 1.131), are specific with regard to type test
qualification of the equipment identified in their titles. The detailed
criteria contained in these documents as they relate to environmental qualifi-
cation should be used in conjunction with the more comprehensive criteria of
NUREG-0588 for evaluating the respective equipment environmental qualifications.

IEEE Std 317, " Electric Penetration Assemblies in Containment Structures for
Nuclear Power Generating Stations" (augmented by Regulatory Guide 1.63),
contains general guidance for qualification of penetration assemblies. Therefore,
this document as it relates to environmental qualification should be used in
conjunction with NUREG-0588 for evaluating the environmental qualification of
this equir; ment.

In addition, IEEE Standards 381, 535, 627, 649, and 650 can be used for guidance
purposes even though NRC has not formerly endorsed these standards through the
issuance of a Regulatory Guide.

The effects of the chemicals should be addressed for the equipment qualification.
The concentration of chemicals used for qualification should be equivalent to *

or more severe than that resulting from the most limiting mode of plant opera-
tion (e.g., containment spray, ECCS initiation, or recirculation phase). If

the chemical composition of the chemical spray can be affected by equipment
malfunctions, the most severe chemical environment that results from a single
failure in the spray system should be assumed. If only demineralized water

3.11-4 Rev. 2 - July 1981
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spray is used then the effect of the demineralized water spray should be
| N included in the equipmr.nt qualification.
I

Radiation dose and dose rate used to determine the radiation environment for!

qualification of electrical and mechanical equipment shall be based on NRC ,

. staff approved source term and methodology as discussed in NUREG-0588 and
' supplemented by Section II.B.2 of NUREG-0737 and NUREG-0718. The raalation

environment shall be based on the integrated effects of the normally expected
radiation environment over the equipment's installed life plus that associ-
ated with the most severe design basis event during or following which the
equipment is required to remain functional. Effects of the beta radiation
shall also be considered in the qualification program. Effect of recircula-

| tory fluid shall be considered for the equipment located outside the containment.
I

j MILD ENVIRONMENT
, L

I The environmental qualification of all electrical and mechanical equipment
| located in the mild environment is acceptable if the following procedura
j. is followed:

The documentation required to demonstrate qualification of equipment
in a mild environment are the " Design / Purchase" specifications. The
specifications shall contain a description of the functional require-
ments for it; specific environmental zone during normal and abnormal
environmental conditions. A well supported maintenance / surveillance

.' program in conjunction with a good preventive maintenance program
will suffice to assure that equipment that meets the design / purchase
specifications is qualified for the designed life.

!

: Furthermore the maintenance / surveillance program data and records
| shall be reviewed periodically (not more than 18 months) to ensure

that the design qualified life has not suffered thermal and cyclic -
,

2 degradation resulting from the accumulated stresses triggered by the
1 abnormal environmental conditions and the normal wear due to its .

service condition. Engineering judgment shall be used to modify the
; replacement program and/or replace the equipment as deemed necessary.

| III. REVIEW PROCEDURES
!

The reviewer will select and emphasize material from the procedures described
i below as may be appropriate for a particular case. The reviewer obtains and

uses information from SAR Chapters 4, 5, 6, 7, 8, 9, 10, 11, 15, and 17 and'

consults with other branches as necessary to be 6;sured that the proper environ-
| mental parameters are being used for the equipment qualification.
!

i For each area of review the following procedures are used:
:

(1) At the CP stage, the staff reviews the program which the applicant has
described in the PSAR for the environmental qualification of the mechanical ;!

| and electrical equipment. The program is measured against the requirements
| listed in subsection II. Of particular interest to the reviewer are the
' proper use of test and analyticai procedures. Equipment should be tested

unless testing of the component is impractical due to size limitations or
,

partial type test data is provided to support the analytical assumptions
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and conclusions rt ached. The qualification is reviewed for the identifi-
cation of normal, abnormal, accident, and postaccident environmental
conditions, requi ed operating time, chemical, and submergence, aging,t

and margin consiuerations, including the ecceptance criteria of the test
results.

(2) At the OL stage, the staff reviews the program again as described by the
applicant in the FSAR. In addition, the FSAR is reviewed for documentation
of the successful implementation of the envircomental qualification
program including test and analytical results. The reviewer verifies
that the applicant's list of systems, which includes the list of equipment
associated with each such system, is consistent with the definition of
the systems and equipment as delineated in paragraph 1 of subsection I.

To confirm the extent to which the equipment meets the requirements of
subsection II, the staff audits the equipment qualification file and
conducts a plant site review. For selected equipment, the staff reviews
the test procedure and test results, and examines the equipment configu- ,

ration and mounting, and then determines whether t'.ie test or analysis |
referenced demonstrates compliance with the estaoiished criteria.

The staff may require that component evaluation work sheets (CES) for all
equipment be submitted to the staff. During its review, the staff will
audit the central file and conduct a site visit. After the visit, the
applicant may be required to submit certain selected documents and reports
for further staff review. If the staff has reviewed an applicants quali-
fication file for a prevous application, they may elect not to require
the applicant to submit all the qualifcation summary data sheets, but
instead elect to audit the qualification files at the applicant's central
storage location.

IV. EVALUATION FINDINGS

The review should verify that suf ficient information is contained in the SAR
to support conclusions of the following type, to be included in the staff's
safety evaluation report:

The staff concludes that the environmental lualification of mechanical
| and electrical equipment is acceptable and meets the relevent require-

ments of General Design Criterion 4 with respect to systems and cornpo-
,

nents being designed to withstand the effects of and being capableI

of performing their safety function in the environmental conditions
associated with normal operation, maintenance, testing, and accident
conditions. This cor.clusion is based on the following:

|
| The applicant has implemented an environmental qualification

program that provides adequate assurance that mechanical
and electrical equipment will function as intended in the
normal, abnormal, and post-accident environmental condi-

| tions. The applicant's program for equipment has met the
I guidelines of task action plan, Item II.B.2 of NUREGs-0718
i

and 0737, IEEE-323 as supplemented by Regulatory Guide 1.89,
IEEE-334 as supplemented by Regulatory Guide 1.40, IEEE-382
as supplemented by Regulatory Guide 1.73, IEEE-383 as supple-
mented by Regulatory Guide 1.63 and NUREG-0588. |

|

|
|
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V. IMPLEMENTATION

p,

This section is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
for complying with specific portions of the Commission's regulations, the
method described herein will be used by the staff in its evaluation of confor-

1

mance with Commission regulations.
1

Implementation schedules to assure conformance to the methud discussed herein
are contained in the referenced regulatory guides and NUREGs. Plants are

i

required to have a complete equipment qualification file that demonstrates
compliance with this review plan (or uses established basis for alternate
requirements) either by June 30, 1982 or prior to submittal of operating

i license application, whichever comes later,
i

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

2. 10 CFR Part 50, Appendix B, Criterion III, " Design Control"; Criterion XI,
" Test Control"; and Criterion XVII, " Quality Assurance Records."

,

1
3. IEEE Std 279 (ANSI N42.7-1972), " Criteria for Protection Systems for

Nuclear Power Generating Stations," Institute of Electrical and Electronics;

! Engineers.

4. IEEE Std 317, " Electric Penetration Assemblies in Containment Structures
for Nuclear Power Generation Stations," Institute of Electrical and
Electronics Engineers.

5. IEEE Std 323, " Standard for Qualifying Class 1E Equipment Nuclear Power
Generating Stations," Institute of Electrical and Electronics Engineers.

6. IEEE Std 334, " Standard for Type Tests of Continuous Duty Class 1E
Motors for Nuclear Power Generating Stations," Institute of Electrical'

and Electronics Engineers.

| 7. IEEE Std 381, " Standard Criteria for Type Tests of Class 1E Modules Used
in Nuclear Power Generating Stations," Institute of Electrical and Electronics
Engineers.

,

8. IEEE Std 382, " Standard for Qualification of Safety-Related Valve Actuators,"
Institute of Electrical and Electronics Engineers.

9. IEEE Std 383, " Standard for Type Test of Class IE Electric Cables, Field
Splices, ..J Connections for Nuclear Power Generating Stations," Institute
of Electrical and Electronics Engineers.

10. IEEE Std. 535, " Standard for Qualification of Class 1E Lead Storage
Batteries for Nuclear Power Generating Stations," Institute of Electrical'

and Electronics Engineers.:

v
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11. IEEE Std. 627, " Standard for Design Qualification of Safety Systems
Equipment Used in Nuclear Power Generating Station," Institute of Electrical
and Electronics Engineers.

12. IEEE Std. 649, " Standard for Qualifying Class 1E Motor Control Centers
for Nuclear Power Generating Stations."

13. IEEE Std. 650, " Standard for Qualification of Class IE Static Battery
Chargers and Inverters for Nuclear Power Generating Stations," Institute
of Electrical and Electronics Engineers.

14. Regulatory Guide 1.40, " Qualification Tests of Continum:s Duty Motors
Installed Inside the Containment of Water-Cooled Nuclear Power Plants"
(this guide supplements IEEE Std. 334).

15. Regulatory Guide 1.63, " Electric Penetration Assemblies in Containment
Structures for Water-Cooled Nut. lear Plants" (this guide supplements IEEE
Std 317).

16. Regulatory Guide 1.73. " Qualification Tests of Electric Valve Operators
Installed Inside the Containment of Nuclear Power Plants" (this guide
supplements IEEE Std 382).

17. Regulatory Guide 1.89, " Qualification of Class IE Equipment for Nuclear
Power Plants" (this guide supplements IEEE Std 323).

18. Regulatory Guide 1.131, " Qualification Tests of Electric Cables, field
Spices, and Connections for Light-Water-Cooled Nuclear Reactors" (this
guide supplements IEEE Std 383).

19. NUREG-0588, " Interim Staff Position on Environmental Qualification of
Safety-Related Electrical Equipment."

20. NUREG-0737, " Clarification of TMI Action Plan Requirements."

21. NUREG-0738, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing License."
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4.2 FUEL SYSTEM DESIGN

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

Secondary - None

I. AREAS OF REVIEW

The thermal, mechanical, and materials design of the fuel system is evaluated by
CPB. The fuel system consists of arrays (assemblies or bundles) of fuel rods
including fuel pellets, insulator pellets, springs, tubular cladding, end
closures, hydrogen getters, and fill gas; burnable poison rods including com-
ponents similar to those in fuel rods; spacer grids and springs; end plates;
channel boxes; and reactivity control rods. In the case of the control rods,
this section covers the reactivity control elements that extend from the coupling
interface of the control rod drive mechanism into the core. The Mechanical
Engineering Branch reviews the design of control rod drive mechanisms in SRP
Section 3.9.4 and the design of reactor internals in SRP Section 3.9.5.

\'/ The objectives of the fuel system safety review are to provide assurance that
(a) the fuel system is not damaged as a result of normal operation and antic-
ipated operational occurrences, (b) fuel system damage is never so severe as to
prevent control rod insertion when it is required, (c) the number of fuel rod
failures is not underestimated for postulated accidents. and (d) coolability is
always maintained. "Not damaged," as used in the above statement, means that
fuel rods do not fail, that fuel system dimensions ramain within operational
tolerances, and that functional capabilities are not reduced below those assumed
in the safety analysis. This objective implements General Design Criterion 10
(Ref. 1), and the design limits that accomplish this are called Specified
Acceptable Fuel Design Limits U V/DLs). " Fuel rod failure" means that the fuel
rod leaks and that the first fission product barrier (the cladding) has,
therefore, been breached. Fuel rod failures must be accounted for in the dose
analysis required by IG PFR Part 100 (Ref. 2) for postulated accidents.
"Coolability," in genera, means that the fuel assembly retains its rod-bundle
geometry with adequate cm :3nt channels to permit removal of residual heat even
after a severe accident. 'he general requirements to maintain control rod i
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insertability and core coolability appear repeatedly in the General Design
Criteria (e.g., GDC 27 and 35). Specific coolability requirements for the
loss-of-coolant accident are given in 10 CFR Part 50, g50.46 (Ref. 3).

All fuel damage criteria are described in SRP Section 4.2. For those criteria
that involve DNBR vr CPR limits, specific thermal-hydrauli.: criteria are given
in SRP Section 4.4. The available radioactive fission product inventory in
fuel rods (i..e., the gap inventory expressed as a release fraction) is provided
to the Accident Evaluation Branch for use in estimating the radiological
consequences of plant releases.

The fuel system review covers the following specific areas.

A. Design Bases

Design bases for the safety analysis address fuel system damage mechanisms
and provide limiting values for important parameters such that damage
will be limited to acceptable levels. The design bases should reflect
the safety review objectives as described above.

B. Description and Design Drawings

The fuel system description and design drawings are reviewed. In general,
the description will emphasize product specifications rather than process
specifications.

C. Design Evaluation

The performance of the fuel system during normal operation, anticipated
operational occurrences, and postulated accidents is reviewed to determine
if all design bases are met. The fuel system components, as listed
above, are reviewed not only as separate components but also as integral
units such as fuel rods and fuel assemblies. The review consists of an
evaluation of operating experience, direct experimental comparisons,
detailed mathematical analyses, and other information.

D. Testing, Inspection, and Surveillance Plans

Testing and inspection of new fuel is performed by the licensee to ensure
that the fuel is fabricated in accordance with the design and that it
reaches the plant site and is loaded in the ccre without damage. On-line
fuel rod failure monitoring and postirradiation surveillance should be
performed to detect anomalies or confirm that the fuel system is performing
as expected; surveillance of control rods containing B C should be performed4
to ensure against reactivity loss. The testing, inspection, and surveil-
lance plans along with their reporting provisions are reviewed by CPB to
ensure that the important fuel design considerations have been addressed.

II. ACCEPTANCE CRITERIA

Specific criteria necessary to meet the requirements of 10 CFR Part 50, 50.46;

General Design Criteria 10, 27, and 35; Appendix K to 10 CFR Part 50; and
10 CFR Part 100 identified in subsection I of this SRP section are as follows:

O
4.2-2 Rev. 2 - July 1981

-



- ._ - .- - - - - - - - -.-.- _- - .- - . .= .

I

4

i

A. Design Bases
,

!

{ The fuel system design bases must reflect the four objectives described
1 in subsection I, Areas of Review. To satisfy these objectives, acceptance

criteria are needed for fuel system damage, fuel rod failure, and fuela

coolability. These criteria are discussed in the following:

1. Fuel System Damage*

h

This subsection applies to normal operation, and the information to
be reviewed should be contained in Section 4.2 of the Safety Analysis
Report.

To meet the requirements of General Design Criterion 10 as it relates
1

to Specified Acceptable fuel Design Limits for normal operation,
including anticipated operational occurrences, fuel system damage,

criteria should be given for all known damage mechanisms.
3

:

1
Fuel system damage includes fuel rod failure, which is discussed
below in subsection II.A.2. In addition to precluding fuel rod i,

; failure, fuel damage criteria should assure that fuel system dimen-
i sions remain within operational tolerances and that functional
! capabilities are not reduced below those assumed in the safety
j analysis. Such damage criteria should address the following to be
i complete.
:

) (a) Stress, strain, or loading limits for spacer grids, guide
i tubes, thimbles, fuel rods, control rods, channel boxes, and
; other fuel system structural members should be provided.
| Stress limits that are obtained by methods similar to those

given in Section III of the ASME Code (Ref. 4) are acceptable.
Other proposed limits must be justified.

(b) The cumulative number of strain fatigue cycles on the structural'

members mentioned in paragraph (a) above should be significantly
less than the design fatigue lifetime, which is based on appro-
priate data and includes a safety factor of 2 on stress amplitude
or a safety factor of 20 on the number of cycles (Ref. 5).
Other proposed limits must be justified,

(c) Fretting wear at contact points on the structural members
mentioned in paragraph (a) above should be limited. The allowable,

fretting wear should be stated in the Safety Analysis Report1

| and the stress and fatigue limits in paragraphs (a) and (b)
.

above should presume the existence of this wear,
i

(d) 0xidation, hydriding, and the buildup of corrosion products
(crud) should be limited. Allowable oxidation, hydriding, and
crud levels should be discussed in the Safety Analysis Report
and shown to be acceptable. Tnese levels should be presumed to
exist in paragraphs (a) and (b) above. The effect of crud on

| thermal-hydraulic considerations is reviewed as described in |
SRP Section'4.4.'

| (e) Dimensional changes such as rod bowing or irradiation growth of
fuel roas, control rods, and guide tubes need not be limited to
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set valuc (i.e., damage limits), but they must be included in
the design analysis to establish operational tolerances.

(f) Fuel and burnable poison rod internal gas pressures should -

remain below the nominal system pressure during normal opera-
tion unlass otherwise justified.

(g) Worst-case hydraulic loads for normal operation should not
exceed the holddown capability of the f&l assembly (either
gravity or holddown springs). Hydraulic loads for this
evaluation are reviewed as described in SRP Section 4.4. |

(S) Control rod reactivity must be maintained. This may require
the cuntrol rods to remain watertight if water-soluble or
leachable materials (e.g., B C) are used.4

2. Fuel Red Failure

This subsection applies to normal operation, anticipated operational
occurrences, and postulated accidents. Paragraphs (a) through (c)
address failure mechanisms that are more limiting during normal
operation, and the information to be reviewed should be contained in
Section 4.2 of the Safet s Analysis Report. Paragraphs (d) through
(h) addres failure mechanisms that are more limiting during
anticipated operational occurrences and postulated accidents, and
the information to be reviewed will usually be contained in Chapter 15
of the Safety Analysis Report. Paragraph (i) should be addressed in
Section 4.2 of the Safety Analysis Report because it is not addressed
elsewhere.

To meet the requirements of (a) General Design Criterion 10 as it
relates to Specified Acceptable Fuel Design Limits for normal opera-
tion, including anticipated operational occurrences, and (b) 10 CFR
Part 100 as it relates to fission product releases for postulated
accidents, fuel rod failure crite.ia should be given for a;l known
fuel rod failure mechanisms. Fuel rod failure is defined as the
loss of fuel rod hermeticity. Although we reccgnize that it is not
possible to avoid all fuel rod failures and that cleanup systems are
installed to handle a small number of leaking rods, it is the objective
of the review to assure that fuel does not fail due to specific
causes during normal operation and anticipated operational occurrences.
Fuel rod failures are permitted during postulated accidents, but
they must be accounted for in the dose analysis.

Fuel rod failures can be caused by overheating, pellet / cladding
interaction (PCI), hydriding, cladding collapse, bursting, mechanical
fracturing, and fretting. Fuel failure criteria should address the
following to be complete.

Hydriding as a cause of failure (i.e., primary |
Hydriding): is pre' ented by keeping the level of moisture and(a)
hydriding
other hydrogenous impurities very low during fabrication.
Acceptable moisture levels for Zircaloy-clad uranium oxide fuel
should be no greater than 20 ppm. Current ASTM specifications
(Rei. 7) for UO2 fuel pellets state an equivalent limi: of 2 ppm
of hydrogen from all sources. For other materials clad in
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Zircaloy tubing, an equivalent quantity of moisture or hydrogen
can be tolerated. A moisture level of 2 mg H O per cm3 of hot2
void volume within the Zircaloy cladding has been shown (Ref. 8)
to be insufficient for primary hydride formation.

(b) Cladding Collapse: If ar.ial gaps in the fuel pellet column |
occur due to densification, the cladding has the potential of
collapsing into a gap (i.e., flattening). Because of the large
local strains that accompany this process, collapsed (flattened)
cladding is assumed to fail.

(c) Feetting: Fretting is a potential cause of fuel failure, but 1
it is a gradual process that would not be effective during the
brief duration of an abnormal operational occurrence or a
postulated accident. Therefore, the fretting wear requirement
in paragraph (c) of subsection II.A.1, Fuel Damage, is sufficient
to preclude fuel failures caused by fretting during transients.

(d) Overheating of Cladding: It has been traditional practice to
assume that failures will not occur if the thermal margin
criteria (DNBR for PWRs and CPR for BWRs) are satisfied. The
review of these criteria is detailed in SRP Section 4.4. For
normal operation and anticipated operational occurrences,
violation of the thermal margin criteria is not permitted. For
postulated accidents, the total number of fuel rods that exceed
the criteria has been assumed to fail for radiological dose
calculation purposes.

Although a thermal margia criterion is sufficient to demonstrate
Q the 8 voidance of overheating from a deficient cooling mech 6nism,

it is not a necessary condition (i.e., DNB is not a failure
mechanism) and other mecha'11stic methods may be acceptable.
There is at present little experience with other approaches,
but new positions recommending different criteria should address
cladding temperature, pressure, time duration, oxidation, and
embrittlement.

(e) Overheating of Fuel Pellets: It has aise been traditional
practice to assume that failure will occur if centerline melting
takes place. This analysis should be performed for the maximum
linear heat generation rate anywhere in the core, including all
hot spots and hot channel factors, and should account for the
effects of burnup and ::omposition on the melting point. For
normal operation and anticipated op? rational occurrences,
centerline melting is not permitted. For postulated accidents,
the total number of rods that experience centerline melting
should be Assumed to fail for radiological dose calculation
purposes. The centerline melting c~iterion was established to
assure that axial or radial relocation of molten fuel would
neither allow molten fuel to come into contact with the cladding
nor produce local hot spots. The assumption that centerline
melting results in fuel failure is conservative.

(f) Excessive Fuel Enthalpy: For a severe reactivity initiated

(n) accident (RIA) in a BWR at zero or low power, fuel failure is
v assumed to occur if the radially averaged fuel rod enthalpy is
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greater than 170 cal /g at any axial location. For full power
RIAs in a BWR and all RIAs in a PWR, the thermal margin criteria
(DNBR and CPR) are used as fuel failure criteria to meet the
guidelines of Regulatory Guiae 1.77 (Ref. 6) as it relates to
fuel rod failure. The 170 cal /g enthalpy criterion is primarily
intended to address cladding overheating effects, but it also
indirectly addresses pellet / cladding interactions (PCI). Other
criteria may be more appropriate for an RIA, but continued
approval of this enthalpy criterion and the thermal margin
criteria may be given until generic studie yield improvements.

(g) Pellet / Cladding Interaction: There is no current criterion I

for fuel failure resulting from PCI, and the design basis can
only be stated generally. Two related criteria should be
applied, but they are not sufficient to preclude PCI failures.
(1) The uniform strain of the cladding should not exceed 1%.
In this context, uniform strain (elastic and inelastic) is
defined as transient-induced deformation with gage lengths

1
corresponding to cladding dimensions; steady-state creepdown
and irradiation growth are excluded. Although observirg this

\. strain limit may preclude some PCI failures, it will not preclude
the corrosion-assisted failures that occur at low strains, nor
will it preclude highly localized overstrain failures. (2) Fuel
melting should be avoided. The large volume increase associated
with melting may cause a pellet with a molten center to exert a
stress on the c! adding. Such a PCI is avoided by avoiding fuel
melting. Note that this same criterion was invoked in para-
graph (e) to ensure that overheating of the cladding would not
occur.

(h) Bursting: To meet the requirements of Appendix K of 10 CFR
Part 50 (Ref. 9) as it relates to the incidence of rupture
during a LOCA, a rupture temperature correlation must be used
in the LOCA ECCS analysis. Zircaloy cladding will burst
(rupture) under certain combinations of temperature, heating
rate, and differential pressure. Although fuel suppliers may
use different rupture-temperature vs differential pressure
curves, an acceptable curve should be similar to the one
described in Ref. 10. |

(i) Mechanical Fracturing: A mechanical fracture refers to a |

defect in a fuel rod caused by an externally applied force such
as a hydraulic load or a load derived from core plate motion.
Cladding integrity may be assumed if the applied stress is less
than 90% of the irradiated yield stress at the appropriate
temperature. Other proposed limits must be justified. Results
from the seismic and LOCA analysis (see Appendix A to this SRP
section) may show that failures by this mechanism will not
occur for less severe events.

3. Fuel Coolability

This subsection applies to postulated accidents, and most of the
information to be reviewed will be contained in Chapter 15 of the
Safety Analysis Report. Paragraph (e) addresses the combined effects
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of two accidents, however, and that information should be contained
in Section 4.2 of the Safety Analysis Report. To meet the require-
ments of General Design Criteria 27 and 35 as they re bte to contro~g
rod insertability and core coolability for postulated accidents,1

,,
' fuel coolability criteria should be given for all severe damage

mechanisms. Coolability, or coolable geometry, has traditionally
implied that the fuel asse..oly retains its rod-bundle geometry with
adequate coolant channels to permit removal of residual heat.
Reduction of coolability can result from cladding embrittlement,
violent expulsion of fuel, generalized cladding melting, gross
structural deformation, and extreme coplanar fuel rod ballooning.
Control rod insertability criteria are also addressed in this-
subsection. Such criteria should address the following to be
complete:

(a) Cladding Embrittlement: To meet the requirements of 10 CFR
Part 50, 550.46, as it relates to cladding embrittlement for a
LOCA, acceptance criteria of 2200 F on peak cladding temperatere
and 17% on maximum cladding oxidation must be met. (Note: If

the cladding were predicted to collapse in a given cycle, it
would also be predicted to fail and, therefore, should not be
irradiated in that cycle; consequently, the lower peak cladding
temperature limit of 1800 F previously described in Reference 11
is no longer needed.) Similar temperature
and oxidation criteria may be justified for other accidents.

(b) Violent Expulsion of Fuel: In severe reactivity initiated

/7 accidents, such as rod ejection in a PWR or rod drop in a BWR,
1(V the large and rapid deposition of energy in the fuel can result

in melting, fragmentation, and dispersal of fuel. The mechanical
action associated with fuel dispersal can be sufficient to destroy
the cladding and the rod-buadle geometry of the fuel and to pro-
duce pressure pulses in the primary system. To meet the guide-
lines of Regulatory Guide 1.77 as it relates to preventing wide-
spread fragmentation and dispersal of the fuel and avoiding the
generation of pressure pulses in the primary system of a PWR, a
radially averaged enthalpy limit of 280 cal /g should be observed.
This 280 cal /g limit should also be used for BWRs.

(c) Generalized Cladding Melting: Generalized (i.e., non-local)
melting of the cladding could result in the loss of rod-bundle
fuel geometry. Criteria for cladding embrittlement in
paragraph (a) above are more stringent than melting criteria
would be; therefore, additional specific criteria are not used.

(d) Fuel Rod Ballooning: To meet the requirements of Appendix K of
10 CFR Part 50 as it relates to degree of swelling, burst
strain and flow blockage resulting from cladding ballooning
(swelling) must be taken into account in the analysis of core
flow distribution. Burst strain and flow blockage models must
be based on applicable data (such as Refs. 10, 12, and 13) in
such a way that '1) the temperature ano differential pressure
at which the claading will rupture are properly estimated (see

O paragraph (h) of subsection II.A.2), (2) the resultant degree
Q of cladding swelling is not underestimated, and (3) the asso-

ciated reduction in assembly flow area is not underestimated.
.
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The flow blockage model evaluation is provided to the Reactor
Systems Branch for incorporation in the comprehensive ECCS
evaluetion model to show that the 2200 F claddir.g temperature
and 17% cladding oxidation limits are not exceeded. The reviewer
should also determine if fuel rod ballooning should be included in
the analysis of other accidents involving system depressurization.

(e) Structural Deformation: Analytical procedures are discussed in
Appendix A, " Evaluation of Fuel Assembly Structural Response to
Externally Applied Forces."

8. Description and Design Drawings

The reviewer should see that the fuel system description and design
drawings are complete enough to provide an accurate representation and to
supply information needed in audit evaluations. Completeness is a matter
of judgment, but the following fuel system information and associated
tolerances are necessary for an acceptable fuel system description:

Type and metallurgical state of the cladding
Cladding outside diameter
Cladding inside diameter
Cladding inside roughness
Pellet outside diameter
Pellet roughness
Pellet density
Pellet resintering data
Pellet length
Pellet dish dimensions
Burnable poison content
Insulator pellet parameters
Fuel column length
Overall rod length
Rod internal void volume
Fill gas type anu pressure
Sorbed gas composition and content
Spring and plug dimensions
Fissile enrichment
Eqaivaler.t hydraulic diameter
Coolant pressure

The following design drawing have also been found necessary for an
acceptable fuel system description:

Fuel assembly cross section
Fuel assembly outline
Fuel rod schematic
Spacer grid cross section
Guide tube and nozzle joint
Control rod assembly cross section
Control rod assembly outline
Control rod schematic
Burnable poison rod assembly cross section
Burnable poison rod assembly outline
Burnable poison rod schematic
Orifice and source assembly outline
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C. Design Evaluation

The methods of demonstrating that the design bases are met must be
reviewed. Those methods include operating experience, prototype testing,
and analytical predictions. Many of these methods will be presentedd

: generically in topical reports and will be incorporated in the Safety
Analysis Report by reference.

1. Operating Experience
,

Operating experience with fuel systems of the same or similar design
,

should be described. When adherence to specific design criteria can -

be conclusively demonstrated with operating experience, prototype
testing and design analyses that were performed prior to gaining
that experience need not be reviewed., Design criteria for fretting
wear, oxidatiar, hydriding, and crud buildup might be addressed in
this manner.

,

2. Prototype Testing

When conclusive operating experience is not available, as with the
introduction of a design change, prototype testing should be reviewed.
Out-of-reactor tests should be performed when practical to determine
the characteristics of the new design. No definitive requirements
have been developed regarding those design features that must be
tested prior to irradiation, but the following out-of-reactor tests,

have been performed for this purpose and will serve as a guide to
the reviewer:

Spacer grid structural tests
Control rod structural and performance tests
Fuel assembly structural tests (lateral, axial and torsional

stiffness, frequency, and damping)
Fucl assembly hydraulic flow tests (lift forces, control

rod wear, vibration, and assembly wear and life)

In-reactor testing of design features and lead-assembly irradiation
'

of whole assemblies of a new design should be reviewed. The following
phenomena that have been tested in this manner in new designs will
serve as a guide to the reviewer:

; Fuel and burnable poison rod growth
Fuel rod bowing
Fuel assembly growth
Fuel assembly bowing
Channel box wear and distortion i

Fuel rod ridging (PCI)
Crud formation
Fuel rod integrity
Holddown spring relaxation
Spacer grid spring relaxation
Guide tube wear characteristics

In some cases, in-reactor testing of a new fuel assembly design or a

|'' new design feature cannot he accomplished prior to operation of a
full core of that design. This inability to perform in-reactor
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testing may result from an incompatability of the new design with
the previous design. In such cases, special attention should be
given to the surveillance plans (see subsection II.D below).

3. Analytical Predictions

Some design bases and related parameters can only be evaluated with
calculational procedures. The analytical methods that are used to
make performance predictions must be reviewed. Many such reviews
have been performed establishing numerous examples for the reviewer.
The following paragraphs discuss the more established review patterns
and provide many related references.

(a) Fuel Temperatures (Stored Energy): Fuel temperatures and
stored energy during normal operation are needed as input to
ECCS performance calculations. The temperature calculations
require complex computer codes that model many different
phenomena. Phenomenological models that should be reviewed
include the following:

Radial power distribution
Fuel and cladding temperature distribution
Burnup distribution in the fuel
Thermal conductivity of the fuel, cladding,

cladding crud, and oxidation layers
Densification of the fuel
Thermal expansion of the fuel and cladding
Fission gas production and release
Solid and gaseous fission product swelling
Fuel restructuring and relocation
Fuel and cladding dimensional changes
Fuel-to-cladding heat transfer coefficient
Thermal conductivity of the gas mixture
Thermal conductivity in the Knudsen domain
Fuel-to-cladding contact pressure
Heat capacity of the fuel and cladding
Growth and creep of the cladding
Rod internal gas pressure and composition
Sorption of helium and other fill gases
Cladding oxide and crud layer thickness
Cladding-to-coolant heat transfer coefficient *

Because of the strong interaction between these models, overall
code behavior must be checked against data (standard problems
or benchmarks) and the NRC audit codes (Refs. 14 and 15).
Examples of previous fuel performance code reviews are given in
References 16 through 20.

(b) Densification Effects: In addition to its effect on fuel
temperatures (discussed above), densification affects (1) core

A

Although needed in fuel performance codes, this model is reviewed as described
in SRP Section 4.4.
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power distributions (power spiking, see SRP Section 4.3),p) (2) the fuel linear heat generation rate (LHGR, see SRP
g Section 4.4), and (3) the potential for cladding collapse.
V Densification magnitudes for power spike and LHGR analyses are

discussed in Reference 21 and in Regulatory Guide 1.126 (Ref. 22).
To be acceptable, densification models should follow the guide-
lines of Regulatory Guide 1.126. Models for cladding-collapse
times must also be reviewed, an i previous review examples are
given in References 23 and 24.

(c) Fuel Rod Bowing: Guidance for the analysis of fuel rod bow ng
is given in Reference 25. Interim methods that may be used
prior to compliance with this guida*.ce are given in Reference 26.
At this writing, the causes of fuel rod bowing are not weil
understood and mechanistic analyses of rod bowing are not being
approved.

(d) Structural Deformation: Acceptance Criteria are discussed in
Appendix A, "Evaluntion of Fuel Assembly Structural Response to
Externally Applied Forces."

(e) Rupture and Flow Blockage (Ballooning): Zircaloy rupture and
flow blockage models are part of the ECCS evaluation model and
should be reviewed by CPB. The models are empirical and should
be compared with relevant data. Examples of such data and
previous reviews are contained in References 10, 12, and 13. |

(O (f) Fuel Rod Pressure: The thermal performance code for calculating, '') temperatures discussed in paragraph (a) above should be used to
calculate fuel rod pressures in conformance with fuel damage
criteria of Subsection II.A.1, paragraph (f). The reviewer
should ensure that conservatisms that were incorporated for
calculating temperatures do not introduce nonconservatisms with
regard to fuel rod pressures.

(g) Metal / Water Reaction Rate: To meet the requirements of Appendix K
of 10 CFR Part 50 (Ref. 9) as it relates to metal / water reaction
rate, the rate of energy release,-hydrogen generation, and
cladding oxidation from the metal / water reaction should be
calculated using the Baker-Just equation (Ref. 27). For non-:JCA |
applications, other correlations may be used if justified.

(h) Fission Product Inventory: To meet the guidelines of Regulatory
Guides 1.3, 1.4, 1.25 and 1.77 (Refs. 6, 28-30) as they relate
to fission product release, the available radioactive fission
product inventory in fuel rods (i.e. , the gap inventory) is
presently specified by the assumptions in those Regulatory
Guides. These assumptions should be used until improved
calculational methods are. approved by CPB (see Ref. 31).

D. Testing, Inspection, and Surveillance Plans

Plans must be reviewed for each plant for testing and inspection of new
fuel and for monitoring and surveillance of irradiated fuel.

V
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1. Testing and Inspection of New Fuel

Testing and inspection plans for new fuel should include verification
of cladding integrity, fuel system dimensions, fuel enrichment,
burnable poison concentration, and absorber composition. Details of
the manufacturer's testing and inspection programs should be documented
in quality control reports, which should be referenced and summarized
in the Safety Analysis Report. The program for onsite inspection
of new fuel and control assemblies after they have been delivered to
the plant should also be described. Where the overall testing and
inspection programs are essentially the same as for previously
approved plants, a statement to that effect should be made. In that
case, the details of the programs need not be included in the Safety
Analysis Report, but an appropriate reference should be cited and a
(tabular) summary should be presented.

2. On-line Fuel System Monitoring

The applicant's on-line fuel rod failure detection methods should be
reviewed. Both the sensitivity of the instruments and the applicant's
commitment to use the instruments should be evaluated. References 32
and 33 evaluate several common detection methods and should be
utilized i^ this review.

Surveilir.ce is also needed to assure that B C control rods are not4
losing reactivity. Boron compounds are susceptible to leaching in
the event of a cladding defect. Periodic reactivity worth tests
such as described in Reference 34 are acceptable.

3. Post-irradiation Surveillance

A post-irradiation fuel surveillance program should be described for
each plant to detect anoma'ies or confirm expected fuel performance.
The extent of an acceptable program will depend on the history of
the fuel design being considered, i.t.., whether the proposed fuel
design is the same as current operating fuel or incorporates new
design features.

For a fuel design like that in other operating plants, a minimum
acceptable program should include a qualitative visual examiration
of some discharged fuel assemblies from each refueling. Such a
program should be sufficient to identify gross problems of structural
integrity, fuel rod failure, rod bowing, or crud deposition. There
should also be a commitment in the program to perform additienal
surveillance if unusual behavior is noticed in the visual examination
or if plant instrumentation indicates gross fuel failures. The
surveillance program should address the disposition of failed fuel.

In addition to the plant-specific surveillance program, there should
exist a continuing fuel surveillahce effort for a given type, make,
or class of fuel that can be suitcoly referenced by all plants using
similar fuel. In the absence of such a generic program, the reviewer
should expect more detail in the plant-specific program.

For a fuel design that introduces new features, a more detailed
surveillance program commensurate with the nature of the changes
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should be described. This program should include appropriate
qualitative and quantitative inspections to be carried out at interim

(' and end of-life refueling outages. This surveillance program should(j) be coordinated with prototype testing discussed in subsection II.C.2.
When prototype testing cannot be performed, a special detailed
surveillance program should be planned for the first irradiation of
a new design.

III. REVIEW PROCEDdRES

For construction permit (CP) applications, the review should assure that the
design bases set forth in the Preliminary Safety Analysis Report (PSAR) meet
the acceptance criteria given in substction II.A. The CP review should further
determine from a study of the preliminary fuel system design that there is
reasonable assurance that the final fuel system design will meet the design
bases. This judgment may be based on experience with similar designs.

For operating license (0L) applications, the review should confirm that the
design bases set forth in the Final Safety Analysis Report (FSAR) meet the
acceptance criteria given in Subsection II. A and that the final fuel system
design meets the design bases.

Much of the fuel system review is generic and is not repeated for each similar
plant. That is, the reviewer will have reviewed the fuel design or certain
aspects of the fuel design in previous PSARs, FSARs, and licensing topical
reports. All previous reviews on which the current review is dependent should
be referenced so that a completely documented safety evaluation is contained

,m in the plant safety evaluation report. In particular, the NRC safety

(v) evaluation reports for all relevant licensing topical reports should be cited.
Certain generic reviews have also been performed by CPB reviewers with findings
issued >as NUREG- or WASH-series reports. At the present time these reports
include References 9, 11, 21, 31, 32, 35, and 36, and they should all be I
appropriately cited in the plant safety evaluation' report. Applicable Regulatory
Guides (Refs. 6, 22, 28-30, and 41) should also be mentioned in the plant |safety evaluation reports. Deviation from these guides or positions should be
explained. After briefly discussing related previous reviews, the plant
safety evaluation should concentrate on areas where the application is not
identical to previously reviewed and approved applications and areas related
to newly discovered problems.

Analytical predictions discussed in Subsection II.C.3-will be reviewed in
PSARs, FSARs, or licensing topical reports. When the methods are being reviewed,
calculations by the staff may be performed to verify the adequacy of the
analytical methods. Theresfter, audit calculations will not usually be performed
to check the results of an approved method that has been submitted in a Safety
Analysis Report. Calculations, benchmarking exercises, and additional reviews
of generic methods may be undertaken, however, at any time the clear need
arises to reconfirm the adequacy of the method.

IV. EVALUATION FINDINGS

The reviewer should verify that sufficient information has been provided to.

satisfy the requirements of this SRP section and that the evaluation supports
( q conclusions of the following type, to be included in the staff's safety

f evaluation report:
v
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The staff concludes that the fuel system of the plant has |
been designed so that (a) the fuel system will not be damaged as a result of
norml operation and anticipated operational occurrences, (b) fuel damage
during postulated accidents would not be severe enough to prevent control rod
insertion when it is required, and (c) core coolability will always be main-
tained, even after severe postulated accidents and thereby meets the related
requirements of 10 CFR Part 50, 50.36; 10 CFR Part 50, Appendix A, General
Design Criteria 10, 27 and 35; 10 CFR Part 50, Appendix K; and 10 CFR Part 100.
This conclusion is based on the following:

1. The applicant has provided sufficient evidence that these de ign
objectiv+s will be met based on operating experience, prototype
testing, and analytical predictions. Those analytical predictions
dealing with structural response, control rod ejection (PWR) or drop
(BWR), and fuel densification have been performed in accordance with
(a) the guidelines of Regulatory Guides 1.60, 1.77. and 1.126, or
methods that the staff has reviewed and found to be acceptable
alternatives to those Regulatory Guides, and (b) the guidelines for
" Evaluation of Fuel Assembly Structural Response to Externally
Applied Forces" in Appendix A to SRP Section 4.2.

2. The applicant has provided for testing and inspection of new fuel to
ensure that it is within design tolerances at the time of core
loading. The applicant has made a commitment to perform on-line
fuel failure monitoring and pastirradiation surveillance to detect
anomalies or confirm that the fuel has performed as expected.

The staff concludes that the applicant has described methods of adequately
predicting fuel rod failures during postulated accidents so that radioactivity
releases are not underestimated and thereby meets the related requirements of
10 CFR Part 100. In meeting these requirements, the applicant has (a) used
the fission product release assumptions of Regulatory Guides 1.3 (or 1.4),
1.25, and 1.77 and (b) performed the analysis for fuel rod failures for the
rod ejection accident in accordance with the guidelines of Regulatory Guide 1.77
or with methods that the staff has reviewed and found to be an acceptable
alternative to Regulatory Guide 1.77.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementatien schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.
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U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation

APPENDIX A

EVALUATION OF FUEL ASSEMBLY STRUCTURAL RESPONSE
TO EXTERNALLY APPLIED FORCES

TO

SlANDARD REVIEW PLAN SECTION 4.2

A. BACKGROUND

Earthquakes and postulated pipe breaks in the reactor coolant system
would result in external forces on the fuel assembly. SRP Section 4.2
states that fuel system coolability should be maliitained and that damage
should not be so severe as to prevent control rod insertion when required
during these low probability accidents. This Appendix describes the
review that should be performed of the fuel assembly structural response
to seismic and LOCA loads. Background material for this Appendix is
given in References 37-40.

B. ANALYSIS OF LOADS

1. Input

Input for the fuel assembly structural analysis comes from results
of the primary coolant system and reactor internals structural
analysis, which is reviewed by the Mechanicai Engineering Branch.
Input for the fuel assembly response to a LOCA should include
(a) motions of the core plate, core shroua, fuel alignment plate, or
other relevant structures; these motions should correspond to the
break that produced the peak fuel assembly loadings in the primary
coolant system and reactor internals analysis, and (b) transient
pressure differences that apply loads directly to the fuel assembly.
If the eirthquake loads are large enough to produce a non-linear
fuel assembly response, input for the seismic analysis should use
structure motions corresponding to the reactor primary coolant
system analysis for the SSE; if a linear response is produced, a
spectral analysis may be used in accordance with the guidelines of
Regulator; Guide 1.60 (Ref. 41).

2 Methods

Analytical methods used in performing structural response analyses
should be reviewed. Justification should be supplied to show that
the numerical solution techniques are appropriate.

Linear and non-linear structural representations (i.e., the modeling)
should also be reviewed. Experimental verification of the analytical
representation of the fuel assembly components should be provided
when practical.
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A sample problem of a simplified nature should be worked by.the
applicant and compared by the reviewer with either hand calculations

) or results generated by the reviewer with an independent code (Ref. 38).
V Although the sample problem should use a structural represent 1 tion

that is as close as possible to the design in question (and, therefore,
would vary from one vendor to another), simplifying assumptions may
be made (e.g., one might use a 3-assembly core region with continuous
sinusoidal input).

The sample problem should be designed to exercise various features
of the code and reveal their behavior. The sample problem comparison
is not, however, designed to show that one code is more conservative
than another, but rather to alert.the reviewer to major discrepancies
so that an explanation can be sought.

3. Uncertainty Allowances

The fuel assembly structural models and analytical methods are
probably conservative and input parameters are also conservative.
However, to ensure that the fuel assembly analysis does not introduce
any non-convervatisms, two precautions should be taken: (a) If it
is not explicitly evaluated, impact loads from the PWR LOCA analysis
should be increased (by about 30%) to account for a pressure pulse,
which is associated with steam flashing that affects only the PWR
fuel assembly analysis. (b) Conservative margin should be added if
any part of the analysis (PWR or BWR) exhibits pronounced sensitivity
to input variations.

Variations in resultant loads should be determined for 110% variationsk in input amplitude and frequency; variations in amplitude and frequency
should be made separately, not simultaneously. A factor should be
developed for resultant load magnitude variations of more than 15%.
For example, if 110% variations in input magnitude or frequency
produce a maximum resultant increase of 35%, the sensitivity factor
would be 1.2. Since resonances and pronounced sensitivities may be
plant-dependent, the sensitivity analysis should be performed on a
plant-by plant basis until the reviewer is confident that further
sensitivity analyses are unnecessary or it is otherwise demonstrated
that the analyses performed are bounding.

4. Audit

Independent audit calculations for a typical full-sized core should
be performed by the reviewer to verify that the overall structural
representation is adequate. An independent audit code (Ref. 38),

should be used for this audit during the generic review of the
analytical methods.

5. Combination of Loads

To meet the requirements of General Design triterion 2 as it relates
to combining loads, an appropriate combination of loads from natural '

phenomena and accident conditions must be made. Loads on fuelp assembly components should be calculated for each input (i.e.,
( seismic and LOCA) as described above in Paragraph 1, and the resulting

loads should be added by the square-root-of sum-of-squares (SRSS)
.
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method. These combined loads should be compared with the component
strengths described in Section C according to the acceptance criteria
in Section D.

C. DETERMINATION OF STRENGTH

1. Grids

All modes of loading (e.g., in grid and through grid loadings)
should be considered, and the most damaging mode shouia be represented
in the vendor's laboratory grid strength tests. Test procedures and
results should be reviewed to assure that the appropriate failure
mode is being predicted. The review should also confirm that (a) the
testing impact velocities correspond to expected fuel assembly
velocities, and (b) the crushing load P(crit) has been suitably selected
from the load-vs-deflection curves. Because of the potential for
different test rigs to introduce measurement variations, an evaluation
of the grid strength test equipment will be included as part of the
review of the test procedure.

The consequences of grid defonaation are small. Gross deformation
of grids in many PWR assemblies would be needed to interfere with
control rod insertion during an SSE (i.e., buckling of a few isolated
grids could not displace guide tubes significantly from their proper
location), and grid deformation (without channel deflection) would
not affect control blade insertion in a BWR. In a LOCA, gross
deformation of the hot channel in either a PWR or a BWR would result
in only small increases in peak cladding temperature. Therefore,
average values are appropriate, and the allowable crushing load
P(crit) should be the 95% confidence level on the true mean as taken
from the distribution of measurements on unirradiated production
grids at (or corrected to) operating temperature. While P(crit) will
increase with irradiation, ductility will be reduced. The extra
margin in P(crit) for irradiated grids is thus assumed to offset the
unknown deformation behavior of irradiated grids beyond P(crit).

2. Components Other than Grids

Strengths of fuel assembly components other than spacer grids may be
deduced from fundamental material properties or experimentation.
Supporting evidence for strength values shN1d be supplied. Since
structural failure of these components (e.g., fracturing of guide
tubes or fragmentation of fuel rods) could be more serious than grid
deformation, allowable values should bound a large percentage (about
95%) of the distribution of component strengths. Therefore, ASME
Boiler and Pressure Vessel Code values and procedures may be used
where appropriate for determining yield and ultimate strengths.
Specification of allowable values may follow the ASME Code require-
ments and should include consideration of buckling and fatigue
effects.

O
.
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D. ACCEPTANCE LalTERIA

1. Loss-of-Coolant Accident'

Two principal criteria apply for the LOCA: (a) fuel rod fragmentation
must not occur as a direct result of the blowdown loads, and (b) the
10 CFR Part 50, 650.46 temperature and oxidation limits must not be
exceeded. The first criterion is satisifed if the combined loads on
the fuel rods and components other than grids remain below the
allowable values defined above. The second criterion is satisfied
by an ECCS analysis. If combined loads on the grids remain below
P(crit), as defined above, then no significant distortion of the fuel
assembly would occur and the usual ECCS analysis is sufficient. If

combined grid loads exceed P(crit), then grid deformation must be
assumed and the ECCS analysis must include the effects of distorted
fuel assemblies. An assumption of maximum credible deformation
(i.e., fully collapsed grids) may be made unless other assumptions
are justified.

Control rod insertability is a third criterion that must be satisfied.
Loads from the worst-case LOCA that requires control rod insertion
must be combined with the SSE 1 cads, and control rod insertability
must be demonstrated for that combined load. For a PWR, if combined
loads on the grids remain below P(crit) as defined above, then
significant deformation of the fuel assembly would not occur and con-
trol rod insertion would not be interfered with by lateral displacement
of the guide tubes. If combined loads on the grids exceed P(crit),
then additional analysis is needed to show that deformation is not
severe enough to prevent control rod insertion.>

'O For a BWR, several conditions must be met to demonstrate control<

blade insertability: (a) combined loads on the channel box must
remain below the allowable value defined above for components other
than grids; otherwise, additional analysis is needed to show that
deformation is not severe enough to prevent control blade insertion,
and (b) vertical liftoff forces must not unseat the lower tieplate
from the fuel support piece such that the resulting loss of lateral
fuel bundle positioning could interfere with control blade insertion.

;

.

Safe Shutdown Earthquake2.

Two criteria apply for the SSE: (a) fuel rod fragmentation must not
occur as a result of the seismic loaos, and (b) control rod inserta-
bility must be assured. The first criterion is satisfied by the
criteria in Paragraph 1. The second criterion must be satisfied for
SSE loads alone if no analysis for combined loads is required by
Paragraph 1.

!

i
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A U.S. NUCLEAR REGULATORY COMMISSION

Umf,M) STANDARD REVIEW PLAN
N . % t. / OFFICE OF NUCLEAR REACTOR REGULATION

...

SECTION 4.3 NUCLEAR DESIGN

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

Secondary - None

I. AREAS OF REVIEW

The review of the nuclear design of the fuel assemblies, control systems, and reactor
core is carried out to aid in confirming that fuel design limits will not be exceeded
during normal operation or anticipated operational transients, and that the effects
of postulated reactivity accidents will not cause significant damage to the reactor
coolant pressure boundary or impair the capability to cool tha core and to assure
conformance with the requirements of General Design Criteria 10, 11, 12, 13, 20,
25, 26, 27, and 28.

The review of the nuclear design under this SRP section, the review of the fuel
system design under SRP Section 4.2, the review of the thermal and hydraulic design,q

(V) under SRP Section 4.4, and the review of the transient and accident analyses underthe SRP section for Chapter 15 of the applicant's safety analysis report (SAR), are
all necessary in order to confirm that the requirements defined above are met.

The specific areas of interest in the nuclear design include:

1. Confirmation that design bases are established as required by the appropriate
General Design Criteria.

2. The areas concerning core power distribution. These are:

The presentation of expected or possible power distributions includinga.
normal and extreme cases for steady-state and allowed load-follow tran-
sients and covering a full range of reactor conditions of time in cycle,
allowed control rod positions, and possible fuel burnup distributions. |

b. The presentation of the core power distributions as axial, radial, and
local distributions and peaking factors to be used in the transient
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and accident analyses. The effects of phenomena such as fuel
dercification should be included in these distributions and factors.

The translation of the dr. sign power distributions into operating powerc.
distributions, including 'astrument-calculation correlations, operat-
ing procedures and measurements', and necessary limits on these
operations.

d. The requirements for instruments, the calibration and calculations
involved in their use, and the uncertainties involved in translation
of instrument readings into power distributions.

e. Limits and setpoints for actions, alarms, or scram for the instrument
systems and demonstration that these systems can maintain the reactor
within design power distribution limits.

f. Measurements in previous reactors and critical experiments and their
use in the uncertainty analyses, and measurements to be made on the
reactor under review, including startup confirmatory tests and
periodically required measurements.

g. The translation of design limits, uncertainties, operating limits,
instrument requirements, and setpoints into technical specifications.

3. The areas concerning reactivity coefficients. These are:

a. The applicant's presentation of calculated nominal values for the
reactivity coefficients such as the moderator coefficient, which
involves primarily effects from density changes and takes the form
of temperature, void, or density coefficients; the Doppler coefficient;
and power coefficients. The range of reactor states to be covered
includes the entire operating range from cold shutdown through full
power, and the extremes reached in transient and accident analyses.
It includes the extremes of time in cycle and an appropriate range
of control rod insertions for the reactor states.

b. The applicant's presentation of uncertainty analyses for nominal
values, including the magnitude of the uncertainty and the justifi-
cation of the magnitude by examination of the accuracy of the methods
used in calculations (SAR Section 4.3.3), and comparison where
possible with reactor experiments.

c. The applicant's combination of nominal salues and uncertainties to
provide suitably conservative values for use in reactor steady-state

- analysis (primarily control requirements, SAR Section 4.3.2.4),
stability analyses (SAR Section 4.3.2.8), and the transient and
accident analyses presented in SAR Chapter 15.

4. The areas concerning reactivity control requirements and control provisions.
These are:

a. The control requirements and provisions for control necessary to
compensate for long-term reactivity changes of the core. These reac-
tivity changes occur because of depletion of the fissile material in
the fuel, depletion of burnable poison in some of the fuel rods, and
buildup of fission products and transuranium isotopes.
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b. The control requirements and provisions for control needed to compen-
sate for the reactivity change caused by changing the temperature of

(~N the reactor from the hot, zero power condition to the cold shutdown
( l condition.y,/'

c. The control requirements and provisions for control needed to compen-
sate for the reactivity effects caused by changing the reactor power
level from full power to zero power

d. The control requirements and pn s for control needed to compen-
sate for the effects on the powts t.ribution of the high cross-
section Xe-135 isotope.

e. The adequacy of the control systems to assure that the reactor can I

be returned to and maintained in the cold shutdown condition at any
time during operation.

f. The applicant's analysis and experir. ental basis for determining the
reactivity worth of a " stuck" control rod of highest worth.

g. The provision of two independent control systems.

5. The areas of control rod patterns and reactivity worths. These are:

a. Descriptions and figures indicating the control rod patterns expected
to be used throughout a fuel cycle. This includes operation of single
rods or of groups or banks of rods, rod withdrawal order, and insertion
limits as a function of power and core life.

b
i / b. Descriptions of allowable deviations from the patterns indicated above,

such as for misaligned rods, stuck rods, or rod positions used for
spatial power shaping.

c. Descriptions, tables, and figures of the maximum worths of individual
rods or banks as a function of position for power and cycle life
conditions appropriate to rod withdrawal transients and rod ejection
or drop accidents. Description; and curves of maximum rates of reac-
tivity increase associated with rod withdrawals, experimental confirm-
ation of rod worths or other factors justifying the reactivity increase
rates used in control rod accident analyses, and equipment, adminis-
trative procedures, and alarms which may be employed to restrict
potential rod worths should be included.

d. Descriptions and graphs of scram reactivity as a function of time
after scram initiation and other pertinent pa*ameters, including
methods for calculating the scram reactivity.

6. The area of criticality of fuel assemblies. Discussions and tables giving
values of K for single assemblies and groups of adjacent fuel assemblies
uptothenNerrequiredforcriticality,assumingtheassembliesare
dry and also immersed in water, are reviewed.

7. The areas concerning analytical trethods. These are:

pO a. Descriptions of the analytical methods used in the nuclear design,
V including those for predicting criticality, reactivity coefficients,

burnup, and stability.
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b. The data base used for neutron cross-sections and other nuclear
parameters.

Verificatian of the analytical methods by comparison with measuredc.
data.

8. The areas concerning pressure vessel irradiation. These are:

Neutron flux spectrum above 1 MeV in the core, at the core boundaries,a.
and at the .aside pressure vessel wall.

b. Assumptions used in the calculations; these include the power level,
the use factor, the type of fuel cycle considered, and the design
life of the vessel.

c. Computer codes used in the analysis.

d. The data base for fast neutron cross sections.

The geometric modeling of the reactor, support barrel, water annulus,e.
and pressure vessel.

f. Uncertainties in the calculation.

9. The adequacy of limits on power distribution during normal operation is
reviewed in connection with review of the thermal-hydraulic design under
SRP Section 4.4.

10. The adequacy of proposed instrumentation to meet the requirements for
maintaining the reactor operating state within defined limits is reviewed
under SRP Sections 7.1 through 7.6.

II. ACCEPTANCE CRITERIA

The acceptance criteria in the area of nuclear design are based on meeting the
relevant requirements of the General Design Criteria (GDC) related to the reactor
core and reactivity control systems (Ref. 1). The relevant requirements are
as follows:

A. GDC 10 requires that acceptable fuel design limits be specified that are
not to be exceeded during normal operation, including the effects of
anticipated operational occurrences.

B. GDC 11 requires that in the power operating range, the prompt inherent
nuclear feedback characteristics tend to compensate for a rapid increase
in reactivity.

C. GDC 12 requires that power oscillations which could result in conditions
exceeding specified acceptable fuel design limits are not possible or can
be reliably and readily detected and suppressed.

D. GDC 13 requires provision of instrumentation and controls to monitor variables
and systems that can affect the fission process over anticipated ranges
for normal operation, anticipated operational occurrences and accident
conditions, and to maintain the variables and systems within prescribed
operating ranges.
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E. GDC 26 requires automatic initiation of the reactivity control systems to
assure that acceptable fuel design limits are not exceeded as a result of

p anticipated operational occurrences and to assure automatic operation of
t, ) systems and components important to safety under accident conditions.
v

F. GDC 25 requires that no single malfunction of the reactivity control system
(this does not include rod ejection or dropout) causes violation of the
acceptable fuel design limits.

G. GDC 26 requires that two independent reactivity control systems of different
design be provided, and that each system have the capability to control
the rate of reactivity changes resulting from planned, normal power changes.
One of the systems must be capable of reliably controlling anticipated
operational occurrences. In addition, one of the systems must be capable
of holding the reactor core subcritical under cold conditions.

H. GDC 27 requires that the reactivity control systems have a combined cap-
ability, in conjunction with poison addition by the emergency core cooling
system, of reliably controlling reactivity changes under postulated accident
conditions, with appropriate .nargin for stuck rods. -

I. GDC 28 requires that the effects of postulated reactivity accidents neither
result in damage to the reactor coolant pressure boundary greater than
limited local yielding, nor cause sufficient damage to impair significantly
the capability to cool the core.

The following discussions present less formal criteria and guidelines used in
the review of the nuclear design for meeting the relevant requirements of the

Q GDCs identified above.
1. There are no direct or explicit criteria for the power densities and power

distributions allowed during (and at the limits of) normal operation, either
steady-state or load-following. These limits are determined from an inte-
grated consideration of fuel limits (SAR Section 4.2), thermal limits (SAR
Section 4.4), scram limits (SAR Chapter 7) and transient and accident
analyses (SAR Chapter 15). The design limits for power densities (and
thus for peaking factors) during normal operation should be such that
acceptable fuel design limits are not exceeded during anticipated tran-
sients and that other limits, such as the 2200 F peak cladding temperature
allowed for loss-of-coolant accidents (LOCA), are not exceeded during design
basis accidents. The limiting power distributions are then determined
such that the limits on power densities and peaking factors can be main-
tained in operation. These limiting power distributions may be maintained
(i.e., not exceeded) administrative y (i.e., not by automatic scrams),
provided a suitable demonstration is made that sufficient, properly trans-
lated information and alarms are available from the reactor instrumentation
to keep the operator informed.

The acceptance criteria in the area of power distribution are that the
information presented should satisfactorily demonstrate that:

a. A reasonable probability exists that the proposed design limits can
be met within the expected operational range of the reactor, taking
into account the analytical methods and data for the design calcula-

[Gn}
tions; uncertainty analyses and experimental comparisons presented

4.3-5 Rev. 2 - July 1981

. - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ __- ___ --__ _ - _ - ________ -_-___ _- -_ _ --__ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - _ _ _ - .



for the design calculations; the sufficiency of design cases calculated
covering times in cycle, rod positions, load-follow transients, etc.;
and special problems such as power spikes due to densification, possible
asymmetries, and misaligned rods.

b. A reasonable probability exists that in normal operation the design
limits will not be exceeded, based on consideration of informatio1
received from the power distribution monitoring instrumentation; the
processing of that information, including calculations involved in
the processing; the requirements for oeriodic check measurements;
the accuracy of design calculations used in developing correlations
when primary variables are not directly measured; the uncertainty
analyses for the information and processing system; and the instrumen-
tation alarms for the limits of normal operation (e.g., offset limits,
control bank limits) and for abnormal situations (e.g., tilt alarms
for control rod misalignment).

Criteria for acceptable values and uses of uncertainties in operation,
instrumentation numerical requirements, limit settings for alarms or scram,
frequency and extent of power distribution measurements, and use of excore
and incore instruments and related correlations and limits for offsets
and tilts, all vary with reactor type. They can be found in staff safety
evaluation reports and in appropriate sections of the technical specifica-
tions and accompanying bases for reactors similar to the reactor under
review. The CPB has enunciated Branch Technical Position CPB 4.3-1 for
Westinghouse reactors which employ constant axial offset control (Ref.
2).

Acceptance criteria for power spike models can be found in a staff technical
report on fuel densification (Ref. 3).

Generally, special or newly emphasized problems related to core power distri-
butions will not be a direct part of normal reviews but will be handled
in special generic reviews. Fuel densification effects and the related
power spiking and the use of uncertainties in design limits tre examples
of these areas.

2. The only directly applicable GDC in the area of reactivity coefficients
is GDC 11, which states "...the net effect of the prompt inherent nuclear
feedback characteristics tend to compensate for a rapid increase in
reactivity," and is considered to be satisfied in light water reactors by
the existence of the Doppler and negative power coefficients. There are
no criteria that explicitly establish acceptable ranges of coefficient
values or preclude the acceptability of a positive moderator temperature
coefficient such as may exist in pressurized water reactors at beginning
of core life.

The acceptability of the coefficients in a particular case is determined
in the reviews af the analyses in which they are used, e.g., control
requirement analyses, stability analyses, and transient and accident
analyses. The use of spatial effects such as weighting approximations as
appropriate for individual transients are included in the analysis reviews.
The judgment to be made unaer this SRP section is whether the reactivity
coefficients have been assigned suitably conservative values by the appli-
cant. The basis for that judgment includes the use to be made of a coef-
ficient, i.e., the analyses in which it is important; the state of the
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art for calculation of the coefficient; the uncertainty associated with
such calculations; experimentai chechs of the coefficient in operatingp) reactors; and any required checks of the coefficient in the startupt,

V program of the reactor under review.

3. Acceptance criteria relative to cont ol rod patterns and reactivity worths
include:

a. The predicted control rod worths and reactivity insertion rates must
be reasonable bounds to values that may occur in the reactor. These
values are used in the transient and accident analyses and judgment
as to the adequacy of the uncertainty allowances are made in the
review of the transient and accident analyses.

b. Equipment, operating limits, and procedures necessary to restrict
potential rod worths or reactivity insertion rates should be shown
to be capable of performing these functions. It is a CPB pisition
to require, where feasible, an alarm when any limit or rest c *,i r.n
is violated or is about to be violated.

.

4. There are no specific criteria that must be met by the analytical iods
or data that are used by an applicant or reactor vendor. In general, the
analytical methods and data base should be representative of the state of
the art, and the experiments used to validate the analytical methods
should be adequate and encompass a sufficient range.

III. REVIEW PROCEDURES

! The review procedures below apply in general to both the construction permits

V (CP) and operating license (OL) stage reviews. At the CP stage, parameter
values and certain design aspects may be preliminary and subject to change.
At the OL stage, final values of parameters should be used in the analyses
presented in the SAR. The review of the nuc' ear design of a plant is based on

! the information provided by the applicant in the safety analysis report, as
amended, and in meetings and discussions with the applicant and his contractors
and consultants. This review in some cases will be supplemented by independent

: calculations performed by the staff or staff consultants. Files of audit calcu-
lations are maintained by CPB for reference by the reviewer.

|

1. The reviewer confirms, as part of the review of specific areas of the
nuclear design outlined below, that the design bases, desigr, features,
and design limits are established in conformance with the GDCs listed in
subsection II of this SRP section.

2. The reviewer examines the information presented in the SAR to determine
that the core power distributions for the reactor can reat,onably be expected
to fall within the design limits throughout all normal (steady-state and
load-follow) operations, and that the instrument systems employed, along
with the information processing systems and alarms, will reasonably assure
the maintenance of the distributions within these limits for normal
operation.

For a normal review, many areas related to core power distribution will
O have been examined in generic reviews or earlier reviews of reactors with'

() generally similar core characteristics and instrument systems. A large'
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|

part of the review on a particular case may then involve comparisons with
information from previous application reviews. The comparisons may involve
the shapes and peaking factors of normal and limiting distributions over i

the range of operating states of the reactor, the effects of power spikes
from densification, assigned uncertainties and their 1se, calculation
methods and data used, correlations used in control processes, instrumen-
tation requirements, information processing methods including computer
use, setpoints for operational limits and alarm limits, and alarm limits
for abnormalities such as flux asymmetries.

An important part of this review, at the OL stage, covers the relevant
sections of the proposed technical specifications, where power distribu-
tions and related controls such as control rod limits are discussed. Here
the instrument requirements, limit settings, and measurement frequencies
and requirements are set forth in full detail. The comparison of technical
specifications should reveal any differences between essentially identical
reactors or any lack of difference between reactors with changed core
characteristics. Where these occur, the reviewer must assass the signif-
icance and validity of the differences or lack of differences.

This review and comparison may be supplemented with examinations of related
topical reports from reactor vendors, generic studies by staff ceraultants,
and startup reports from operating reactors which contain information on
measured power distributions.

|

3. The reviewer determines from the applicant's presentations that suitably
conservative reactivity coefficients have been developed for use in reactor
analyses such as those for control requirements, stability, and transients
and accidents. The reviewer examines:

|

a. The applicability and accuracy of methods used for calculations
including the use of more accurate check calculations.

b. The models involved in the calculations such as the model used for
effective fuel temperature in Doppler coefficient analyses.

c. The reactor state conditions assumed in determining values of the
coefficients. For example, the pressurized water reactor (PWR)
moderator temperature coefficient to be used in the steam line break
analysis is usually based on the reactor condition at end of cycle |
with all control rods inserted except the most reactive rod, and the
moderator temperature in the hot standby range.

d. The applicability and accuracy of experimental data from critical
experiments and operating reactors used to dete'rmine or justify
uncertainty allowances. Measurements during startup and during the
cycle of moderator temperature coefficients and full power Doppler
coefficients in the case of PWRs, and results of measurements of
transients during startup in the case of boiling water reactors (BWRs),
should be examined. As part of the review, comparisons are made
between the values and uncertainty allowances for reactivity coeffi-
cients for the reactor under review and those for similar reactors
previously reviewed and approved. Generally, many essential areas
will have been covered during earlier reviews of similar reactors.
The reviewer notes any differences in results for essentially identical
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reactors and any lack of differences for reactors with changed core
characteristics, and judges the significance and validity of any(m

,-

V) differences or lack of differences.

4. The review procedures in the area of reactivity control requirements and
control provisions are as follows:

The reviewer determines that two independent reactivity control systemsa.
of different design are provided.

b. The reviewer examines the tabulation of control requirements, the
associated uncertainties, anc the capability of the control systems,
and determines by inspection and study of the analyses and experimental
data that the values ara realistic and conservative.

The reviewer determines that one of the control systems is capablec.
of returning the reactor to the cold shutdown condition and maintain-
it.; it in this condition, at any time in the cycle. It is necessary
that proper allowance be made to" all of the mechanisms that change
the reactivity of the core as the reactor is taken from the cold shut-
down state to the hot, full power operating state. The reviewer
should determine that proper allowance is made for the decrease in
fuel temperature, moderator temperature, and the loss of voids (in
BWRs) as the reactor goes from the power operating range to cold
shutdown.

d. The reviewer determines that one of the control systems is capable

(o of rapidly returning the reactor to the hot standby (shutdown) condi-
) tion from any power level at any time in the cycle. This requirement,

w/ is raet by rapid insertion of control rods in all current li ht waterg
reactors. Proper allowance for the highest worth control rod being
stuck in the full-out positior, must be made. In PWRs, operational
reactivity control is carried out by movement of control rods and by
adjustments of the concentration of soluble poi:,on in the coolant.
The reviewer must pay particular attention to the proposed rod inser-
tion limits in the power operating range, to assure that the control
rods are capable of rapidly reducing the power and maintaining the
reactor in the hot standby condition. This is an important point
because the soluble poison concentration in the coolant could be
decreased in order to raise reactor power, while the control rods
were left inserted so far that 'in the event of a scram (rapid inser-
tion of control rods), the available reactivity worth of the control
rods on full insertion would not be enough to shut the reactor down
to the hot standby condition.

The reviewer determines that each of the independent reactivity controle.
systems is capable of controlling the reactivity changes resulting
from planned, normal power operation. This determination is made by
comparing the rate of reactivity change resulting from planned, normal
operation to the capabilities of each of the two control systems.
Sufficient margin must exist to allow for the uncertainties in the
rate.

/3 5. The review procedures in the area of control rod patterns and reactivity
i ! worths are:
t/
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a. The reviewer determines by inspection and study of the information
described in subsection I.5 of this SRP section that the control rod |

and bank worths are reasonable. This determination involves evalua-
tion of the appropriateness of the analytical models used, the appli-
cability of ex;,erimental data used to validate the models, and the
applicability of generic positions or those establi-hed in previous
reviews of similar reactors.

b. The reviewer determines the equipment, operating restrictions, and
administrativa procedures that are required to restrict possible
control rod and bank worths, and the extent to which the alarm |criterion in subsection II.3.b of this SRP section is satisfied.
If the equipment involved it subject to frequent downtime, the
reviewer'nust determine if alternative measures should be provided
or the extent of proposed outage time is acceptable,

c. The reviewer will empicy the same procedures as in item 5.a. above, |
to evaluate the scram reactivity information described in subsection
I.5 of this SRP section. The scram reactivity is a property of the |
reactor design and is not easily changed, but if restrictions are
necessary the procedures in item 5.b, above, can be followed as
applicable.

6. The information presented on criticality of fuel assemblies is reviewed
in the context of the applicant's physics calculations and the ability to
calculate criticality of a small number of fuel assemblies. This informa-
tion is related to information on fuel storage presented in SAR Section
9.1 and reviewed under SRP Sections 9.1.1 and 9.1.2. The reviewer of SRP
Section 9.1 assumes that the applicant's criticality calculations have
been reviewed by CPB and are acceptable.

7. The reviewer exercises professional judgment and experience to ascertain
the following about the applicant's analytical methods:

a. The com; _, des used in the nuciear design are described in suffi-
cient deto.i to enable the reviewer to establish that the theoretical
bases, assumptions, and numerical approximations for a given code
reflect the current state of the art.

b. The source of the neutron cross-sections used in fast and thermal
spectrum calculations is described in sufficient detail so that the
reviewer can confirm that the cross-sections are comparable to those
in the current ENDF/B data files (Ref. 4). If modifications and |normalization of the cross-section data have been made, the bases
used must be determined to be acceptable,

The procedures used to generate problem-dependent cross-section setsc.
are given in sufficient detail so that the reviewer can' establish
that they reflect the state of the art. The reviewer confirms that
the methods used for the following calculations are of acceptable
accuracy: the fast neutron spectrum calculation; the computation of
the U-238 resonance integral and correlation with experimental data;'

the computation of resonance integrals for other isotopes as appropri-
ate (for exan.ple, Pu-240); calculation of the Dancof f correction factor
for a given fLe1 lattice; the thermal neutron spectrum calculation;

b
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" ~ the "sattice cell calculations including fuel rods, control assemblies,
~ '"'''" ""'"""'' ' '' " ' "' '"'' ''''*''''' """ "' "'' " "''

(J assemblies; and calcul:tions' of fuel and bue.5ble poison depletion i
,

and buildup ,of fission products and transurinium isotopes.
:

d. The gross spatial flux calculations that are used in tne nuclear''

design are discusned in sufficient detail so that the reviewer can
confirm that the dollowing items are adequate to produce results of
acceptable accuracy; the method of calculation (e.g., diffusion theory,
S transport. theory, Monte Carlo, synthesis); the number of energy
g9oups use i the number of spatial dimensions (1, 2, or 3) used; the,;.

'N number of Spatial mesh intervals, when applicable; and the type of-
,

' boundary (onditions Lsed, when applicable.--
.m

-
~

.

Thecalcultionofjoweroscillationsandstabilityindicesfore. 3
.: diametral xenon reactivity transients, axial xenon reactivity tran-

sients, other possible xenon reactivity transients, and non-xenon-
' induced reactivity transients, are discussed in sufficient detail so
that the revih er can ccofirm for each item that the method of calcula-
tion (e.g. , nodal analvs s, di1 fusioil theory, transport theory,s

synthesis) and the pumber of spatial dimensions used (1, 2, or 3)
are accep. table.

,

f. Verification of the data base, computer codes, and analysis procedures
has been made by compsring calc: lated results with measurements
obtained'from critical ~ experiments and operating reactors. The,

i reviewer ascertains that the comparisons cover an adequate range for
~

$.
' each item and that the conclusions of the applicant are acceptable.- -

. ,0 . 'The analysis of r.eutron irrodiation of the reactor vessel may be used in,

two ways. It may provide the design basis for establishing the vessel
'

- material nil-ductility transition temperature as a function of the fluence,
n0t. Or, it may provide the relative flux spectra ct various positions

; between the pressure wessel and the reactor core so that the flux spectra
t for various' test specime'is may be estimated. This information is used in |

determining the reactor' vessel material surveillance program requirements
'
,

and pressure-temperature limits for operation under SRP Sections 5.3.2
and 5.3.3. 'CPB reviews tM calculational method, the geometric modeling,
dnd the uncertainties in tua calculations under this SRP section. The
review procedures for pressure vessel irradiation include determinations
that:

~

a. The calculations were performed by higher order theory than diffusion
theory,

b. ThegeometricmodN1ingisdetailedenoughtoproperlyestimatethe
rel tive flux spectra at various positions from the reactor cored

3, , .

boundary to the pressure vessel wall.- -

-

L c. fhe peak. vessel wall fluence for the design life of the piant is less
v ,'than 1020;n/cm2 for neutrons of energy greater than 1 MeV. If thee

' ".
. ' peak fluente is found to be greater than this value, the reviewers

ohSRP ' Sections' 5.3.2 and 5.3.3 are notified.'

%_
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IV. EVALUATION FINDING

The reviewer verifies that sufficient information has been provided and his
review supports the following type of evaluation finding, which is to be
included in the staff's safety evaluation report:

The applicant has described the computer programs and calculational
techniques used to predict the nuclear characteristics of the reactor
desig'n and has provided examples to demonstrate the ability of these
methods to predict experimental results. The staff concludes that
the information presented adequately oemonstrates the ability of these
analyses to predict reactivity and physics characteristics of the

plant.

To allow for changes of reactivity due to reactor heatup, changes in
operating conditions, fuel burnup, and fission product buildup, a
significant amount of excess reactivity is designed into the core.
The applicant has provided substantial information relating to core
reactivity requirements for the first cycle and has show:. that means
have been incorporated into the design to control excess reactivity
at all times. The applicant has shown that sufficient control rod
worth is available to shut down the reactor with at least a %Wk/k
subcritical margin in the hot condition at any time during tee cycle
with the highest worth control rod stuck in the fully withdrawn
position.

On the basis of our review, we conclude that the applicant's assess-
ment of reactivity control requircments over the first core cycle it
suitably conservative, and that a* quate negative worth has been
provided by the control system to assure shutdown capability.
Reactivity control requirements will be reviewed for additional cycles
as this information becomes available.

The staff concludes that the nuclear design is acceptable and meets
the requirements of GDC 10, 11, 12, 13, 20, 25, 26, 27, and 26. This
conclusion is based on the following:

I

! 1. The applicant has met the requirements of GDC 11 with respect
| to prompt inherent nuclear feedback characteristics in the power

operating range by:

a. Calculating a negative Doppler coefficient of reactivity,
and

| b. Using calculational methods that have been found acceptable.

The staff has reviewed the Doppler reactivity coefficients in
this case and found them to be suitably conservative.

2. Tha applicant has met the requirements of GDC 12 with respect
to power oscillations which could result in conditions exceeding
specified acceptable fuel design limits by:

a. Showing that such power oscillations are not possible and/or
can be easily detected and thereby remedied, and
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a

1 b. Using calculat'onal methods that have been found acceptable,

n\
( The staff has reviewed the analysis of these power oscillations

in this case and found them to be suitably conservative.

] 3. The applicant has met the requirements of GDC 13 with respect
; to provision of instrumentation and controls to monitor variables
'

and systems that can affect the fission process by:

a. Providing instrumentation and systems to monitor the core
power distribution, control rod positions and patterns,
and other process variables such as temperature and pressure,
and

b. Providing suitable alarms and/or control room indications
for these monitored variables.

i

4. The applicant has met the requirements of GDC 26 with respect
to provision of two independent reactivity control systems of
different designs by:

! a. Having a system than can reliably control anticipated
operational occurrences,:

b. Having a system that can hold the core subcritical under
cold conditions, and

c. Having a system that can control planned, normal powerp.
changes.

5. The applicant has met the requirements of GDC 27 with respect
to reactivity control systems that have a combined capability
in conjunction with poison addition by the emergency core cooling.

system of reliably controlling reactivity changes under postulated
accident conditions by: ,

a. Providing a movable control rod system and a liquid poison
system, and

b. Performing calculations to demonstrate that the core has
sufficier.t shutdown margin with the highest worth stuck
rud.

!

6. The applicant has met the requirements of GDC 2d with respect
to postulated reactivity accidents by (reviewed 'y CPB undera

SRP 3ections 15.4.8 or 15.4.9):

a. Meeting the regulatory position in Regulatory Guide 1.77
for PWRs,

b. Meeting the fuel enthalpy lir.11t of 280 cal /gm for BWRs
(same as for PWRs),

,

. O c. Meeting the criteria on the capability to cool the core,
! L and
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d. Using calculational methods that have been found acceptable
for reactivity insertion accidents.

7. The applicant has met the requirements of GDC 10, 20, and 25
with respect to specified acceptable fuel design limits by
providing analyses demonstrating:

a. That normal operation, including the effects of anticipated
operational occurrences, have met fuel design criteria,

b. That the automatic initiation of the reactivity control
system assures that fuel design criteria are not exceeded
as a result of anticipated operational occurrences and assures
the automatic operation of systems and components important
to safety under accident conditions, and

c. That no single malfunctior,of the reactivity control system
causes violation of the fuel design limits.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for somplying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 10, " Reactor Design";
Criterion 11, " Reactor Inherent Protection"; Criterion 12, " Suppression
of Reactor Power Oscillations"; Criterion 13, " Instrumentation and Control";
Criterion 20, " Protection System Functions"; Criterion 25, " Protection
System Requirements for Reactivity Control Malfunctions"; Criterion 26,

| "Raactivity Control System Redundancy and Capability"; Criterion 27.
| " Combined Reactivity Control Systems Capability"; and Criterion 28,

" Reactivity Limits."
|

2. Branch Technical Position CPB 4.3-1, " Westinghouse Constant Axial Offset
| Control," July 1975, attached to SRP Section 4.3.

3. R. O. Meyer, "Tt.e Analysis of Fuel Densification," NUREG-0085, July 1976. |

| 4. M. K. Drake, ed., " Data Formats and Procedures for the ENDF Neutron Cross
Section Library," BNL-50274 (ENDF-102), National Neutron Cross Section'

Center, Brookhaven National Laboratory (1970).

O
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BRANCH TECHNICAL POSITION CPB 4.3-1
WESTINGHOUSE CONSTANT AXIAL 0FFSET CONTROL (CAOC)

,O
^

A. BACKGROUND

In con 66. tion with the staff review of WCAP-8185 (17x17), we reviewed and
accepted a scheme developed by Westinghouse for operating reactors that assures
that throughout the core cycle including during the most limiting power maneuvers
the total peaking factor, F will not exceed the value consistent with the
LOCA or other limiting accibe,nt analysis. This operating scheme, called constant
axial offset control (CAOC), involves maintaining the axial flux difference
within a narrow tolerance band around a burnup-dependent target in an attempt
to minimize the variation of the axial distribution of xenon during plant
maneuvers.

Originally (early 1974), the maximum allowable Fq (for !0CA) was 2.5 or greater..
Later (late 1974), when needed changes were made to the ECCS evaluation model,
Westinghouse, in order to meet physics analysis commitments to all its customers,

at virtually the same time, did a generic analysis (one designed to suit a spec-
trum of operating and soon-to-be-operating reactors) and showed that most plants
could meet the requirements of Appendix K and 10 CFR 50.46 (i.e., 2200 F peak
clad temperature) if F F 2.32. Also, Westinghouse showed that CAOC proceduresn
employing a 5% target Sand would limit peak F for each of these reactors to

0less than 2.32.,

,

We recognized at that time, however, that not all plants needed to maintain F
0below 2.32 to meet FAC, or needed to operate within a i 5% band to achieve F

O F 2.32. Infact,PointBeachwasallowedtooperatewithawiderbandbecau9e
\ the Wisconsin Electric Power Company demonstrated to our satisfaction that the

reactors could be maneuvered within a wider band (+6,-9%) and still hold F
below 2.32. Wefullyexpectedthatintimemostplantswouldhaveindivid0al
CAOC analyses and procedures tailored to the requirements of their plant-specific
ECCS analyses.

! Therefore, when we accepted CAOC it was not just F = 2.32 and a i 5% band width
we were approving, but the CA00 methodology. ThiOisanalogoustoourreview
and approval of ECCS and fuel performance evaluction models.

The CAOC methe:~alogy, which is described in Reference 1, entails (1) establisning
an envelope of allowed r:Ner shapes and power densities, (2) devising an operating
strategy for the cycle which maximizes plant flexibility (maneuvering) anc' mini-
mizes axial power shape cnanges, (3) demonstrating that this strategy will not
result in core conditions that violate the envelope of permissible core power
characteristics, and (4) demonstrating that this power distribution control
scheme cia be effectively supervised with excore detectors.

Westinghouse argues that point 3, above, is achieved by calculating all of the
load-follow maneuvers planned for the proposed cycle and showing that the maxi-
mum power densities expected are within limits. These calculations are performed
with a radial / axial synthesis method which has been shown to predict conservative
power densities when compared to experiment. While we have accepted CAOC on
the basis of these analyses, we have also required that powar distributions be
measured throughout a number of representative (frequently, limiting) maneuvers
early in cycle life to confirm that peaking factors are no greater than predicted.
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Additionally, we are sponsoring a series of calculations at BNL to check aspects
of the Westinghouse analysis.

.he power distribution measurement tests described above will, of course, auto-
matically relate incore and excore detector responses, and thereby validate
that power distribution control can be managed with excore detectors.

B. BRANCH TECHNICAL POSITION

An applicant or licensee proposing CA0C for other than F = 2.32 and WI = 15%
qis expected to provide:

1. Analyses of F x power fraction showing the maximum F (z) at power levelsn nup to 100% anc DNB performance with allowed axial shapes relative to the
design bares for overpower and loss of flow transients. The envelope of
these analyses must be shown to be valid for all normal operating modes
and anticipated reactor conditions. (See Table 1 of Reference 2 for the
cases which must be analyzed to form such an envelope.)

2. A description of the codes used, how cross-sections for cycle were deter-
mined, and what F values were used.xy

3. A commitment to perform load-follow tests wherein F is determined by takingn
incore maps during the transient. (NOTE: Westingh5use has outlined for
both the NRC staff and the ACRS an augmented startup test program designed
to confirm experimentally the predicted power shapes. This program is
presented in a Westinghouse report (Ref. 3). The tests will be carried
out at several representative--both 15x15 and 17x17--reactors. We have
endorsed these tests as has the ACRS in its June 12, 1975 letter for the
Diablo Canyon plant. In addition, for the near term we plan to require
that those licensees who propose to depart from the previously approved
peaking factor and target band width perform similar tests, precisely which
ones to be determined on a case-by-case basis, to broaden our confidence
in analytical methods by extending the comparison of prediction with measure-
ment to include more and more burnup histories.

C. R_EFERENCES

1. T. Morita, et al., " Power Distribution Control and Load Following Procedores,"
WCAP-8385 (proprietary) and WCAP-8403 (nonproprietary), Westinghouse Eleu'ric
Corporation, September 1974.

2. C. Eicheldinger, Westinghouse Electric Corporation, letter to D. B. Vassallo,
U.S. Nuclear Regulatory Commission, July 16, 1975.

3. K. A. Jones, et al., "Augumented Startup and Cycle 1 Physics Program,"
WCAP-8575, Westinghouse Electric Corporation, August 1975.

O
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4.4 THERPAL AND HYDRAULIC DESIGN

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

S aondary - Instrumentation and Control System Branch (ICSB)
Human Factors Engineering Branch (HFEB)
Procedures and Test Review Branch (PTRB)

I. AREAS OF REVIEW

The objectives of the review are to confirm that the thermal and hydraulic design
of the core and the reactor coolant system (RCS) has been accomplished using
acceptable analytical methods; is equivalent to or is a justified extrapolation
from proven designs; provides acceptable margins of safety from conditions which
would lead to fuel damage during normal reactor operation and anticipated oper-
ational transients; and is not susceptible to thermal-hydraulic instability.
This SRP section describes the normal review of thermal and hydraulic design,
i.e. , that for a plant similar in core and primary coolant system design ton

(V previously reviewed plants. The review of new prototype plants, new CHF or CPR)
correlations, and new analysis methods require that additional independent audit
analyses be performed. The required analyses may be in the following form:

1. Independe.t computer calculations to substantiate reactor vendor analyses.

2. Reduction and correlations of experimental data to verify p ocesses or
phenomena which are applied to reactor design.

3. Independent comparisons and correlations are made of data from experimental
programs. These reviews also include analyses of experimental techniques,
test repeatability, and data reduction methods.

The review includes evaluation of the proposed technical specifications regarding
safety limits and limiting safety system settings, to ascertain that these are
consistent with the power-flow operating map for boiling water reactor (BWR)
plants or the temperature power operating map for pressurized water reactor (PWR)
plants.
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The review also includes determination of the largest hydraulic loads on core
and reactor coolant system components during normal operation and postulated
accident ' conditions. This information is used in the review of fuel holddown
requirements.

To accomplish the objectives, the reviewer examines features of core and RCS
components, key process variables for the coolant system, calculated parameters
characterizing thermal performance, data serving to support new correlations
or changes in accepted correlations, and assumptions in the equations and
solution techniques used in the analyses. The reviewer determines that the
applicant has used approved analysis methods in the manner specified by top-
ical reports describing the methods and by staff reports approving the methods.
The analysis methods addressed are to include core thermal-hydraulic calculat-
ions to establish local w olant conditions, departure from nucleate boiling or
boiling transition calcuiations, and thermal-hydraulic stability evaluation.
If an applicant has used previously unapproved correlations or analysis methods,
the reviewer initiates an evaluation, either generic or plant specific. Any
changes to accepted codes, correlations, and analytical procedures, or the
addition of new ones must be reviewed to determine that they are justified on
theoretical or empirical grounds.

A secondary review is performed by ICSB, HFEB, and PTRB. ICSB will review the
functional performance and requirements for the Inadequate Core Cooling (ICC)
monitoring system hardware. Emergency procedure guidelines and the information
display will be reviewed by PTRB and HFEB, respectively. The results of these
reviews will be used by CPB to complete the overall evaluation of the
thermal-hydraulic review and will be incorporated into the Safety Evaluation
Report (SER).

The review of power distribution assumption made for the core thermal and
hydraulic analysis is coordinated with the review for core physics calculat-
ions, as described in the Standard Review Plan (SRP) Section 4.3, for
consistency. The reviewer verifies that core monitoring techniques which rely
on in-core or ex-core neutron sensor inputs are reviewed.

II. ACCEPTANCE CRITERIA

The CPB acceptance criteria are based on meeting the relevant requirements of
General Design Criterion 10 (Ref. 1), as it relates to the reactor core being
designed, with appropriate margin to assure that specified acceptable fuel
design limits are not exceeded during normal operation or antic' pated operational
occurrences (A00).

Specific criteria necessary to meet the requirements of GDC 10 are as follows:

1. SRP Sction 4.2 specifies the acceptance criteria for evaluation of fuel
desigr. limits. One of the criteria provides assurance that there be at
least a 95% probability at a 95% confidence level that the hot fuel rod
in the core u es not experience a departure from nucleate boiling (DNB)
or transition condition during normal operation or anticipated operational
occurrence.

UPertainties in the values of process parameters, core design parameters,
and calculational methods used in the assessment of thermal margin should
be treated with at least a 95% probability at a 95% confidence level.
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Two examples of xceptable approaches to meet this criterion are:

. CI
a. For departure from nucleate boiling ratio (DNBR), critical heat flux

ratio (CHFR) or critical power ratio (CPR) correlations there should
i be a 95% probability at the 95% confidence level, that the hot rod

in the core does not experience a departure from nucleate boiling or
boiling transition condition during normal operation or anticipated

i operational occurrences; or

t, . For DNBR, CHFR or CPR correlations, the limiting (minimum) value of
DNBR, CHFR, of CPR is to be established such that at least 99.9% of
the fuel rods in the core would not be expected to experience depart-
ure from nucleate boiling or boiling transition during normal operation
or anticipated operational occurrences.

Correlations of critical heat flux are continually being revised as a
result of additional experimental data, changes in fuel assembly design,
and improved calculational techniques involving coolant mixing and the
effect of axial power distributions. As guidance to the reviewer, the
correlations listed below have been found acceptable for previously
reviewed plants.

a. BWRs - The value of the minimum CPR calculated with the GETAB analysis
(Ref. 2) will vary fo.' different plants and/or fuel types. Typical
values are 1.06 and 1.07.

',
b. PWRs - The value of the minimum DNBR calculated with due allowance

for mixing grids (Refs. 3, 4, and 5) is typically 1.30 using the

/Q) BAW-2 correlation (Ref. 6) or the W-3 correlation (Ref. 7). Much

(" lower values, depending upon the test data base and fuel design, are
acceptable for more recent correlations such as the WRB-1, CE-1, and
BWC.

2. Problems affecting DNBR or CPR limits, such as fuel densification or rod
bowing, are accounted for by an appropriate design penalty which is
determined experimentally or analytically. Subchannel hydraulic analysis
codes such as those described in References 8 and 9, should be used to
calculate local fluid conditions within fuel assemblies for use in PWR
DNB correlations. The acceptability of such codes must be demonstrated
by measurements made in large lattice experiments or power reactor cores.
The effects of radial pressure gradients in the core flow distribution
should be evaluated. Calculations of BWR fluid conditions for use in CHF
correlations have been in accordance with the models specified in
Reference 10 and 11.

3. The reactor should be demonstrated to have sufficient margin to be free
of undamped oscillations and other thermal-hydraulic instabilities for
all conditions of steady-state operation (including part loop operation),
and for anticipated operational occurrences.

4. Methods for calculating single phase and two phase fluid flow in the
reactor vessel and other components should include classical fluid mechanics
relationships and appropriate empirical correlations. For components of
unusual geometry, such as the following, these relationships should beO confirmed empirically, using representative data bases from approved

h reports of the type listed below.
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a. Reactor vessel (Ref. 12).

b. Jet pump (Ref. 13).

c. Core flew distribution (Refs. 12 and 14).

5. The proposed technical specifications should be established such that the
plant can be safely operated at steady state conditions under all of the
expected combinations of system parameters. The safety limits and limit-
ing safety settings must be established for each parameter, or combinations
of parameters, such that acceptance criterion 1, above, is satisfied.

I
6. Preoperational and initial startup test programs should follow the

recommendations of Regulatory Guide 1.68 (Ref. 15), as regards measurements,
and confirmation of thermal hydraulic design aspects.

7. The design description and proposed procedures for use of the loose parts
monitoring system should be consistent with the requirements of Regulatory
Guide 1.133 (Ref. 16).

8. The effects of crud should be accounted for in the thermal-hydraulic
design by including it in the CHF calculations in the core or in the
pressure drop throughout the RCS. Process monitoring provisions should
assure capability for detection of a three percent pressure drop in the
reactor coolant flow. The flow should be monitored every 24 hours.

9. Instrumentation provided for an unambiguous indication of ICC, such as
primary coolant saturation meters in PWRs, reactor vessel measurement
systems, and core exit thermocouples, should meet the design requirements
described in item II.F.2 NUREG-0718 (Ref. 17) and NUREG-0737 (Ref. 18).
Procedures for detection and recovery from conditions of ICC must be
consistent with technical guidelines that incorporate response predictions
based on appropriate analyses.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
assure that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria

| given in section II of this SRP section. For operating license (0L) appli-
; cations, the procedures are utilized to verify that the initial design criteria

and bases have been appropriately implemented in the final design as set forth
in the final safety analysis report. The OL review also includes the proposed
technical specifications, to assure that they are adequate in regard to safety
limits, limiting safety system settings, and conditions of operation.

i The reviewer must begin with an understanding of currently acceptable thermal
! and hydraulic design practice for the reactor type under review. This under-

standing can be most readily gained from topical reports describing CHF
correlations, system hydraulic models and tests, and core subchannel analysis
methods; from standard texts and other technical literature which establish
the methodology and the nomenclature of this technology; and from documents

i

which summarize current staff positions concerning acceptable design methods.'

Much of the review described below is generic in nature and is not performed
for each plant. That is, the CPB reviewer is to compare the core design and
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operating parameters to those of previously reviewed plants. He then devotes
the major portion of his review effort to those areas where the application is
not identical to previously reviewed plants.

The reviewer is to compare the information in the applicant's safety analysis
report (SAR) to the documents referenced by the applicant or in this SRP section
to determine conformance to the bounds established by such documents. The reviewer
muct confirm that void, pressure drop, and heat transfer correlations used to
estimate fluid conditions (flow, pressure, quality) are within the ranges of
applicability specified by their authors or in previous staff reviews, that
the analysis methods are used in the manner specified by the developers or in
previous staff reviews, that the reactor design falls within the ranges of
applicability specified for accepted analysis methods, and that the design is
within the criteria specified in II, above, and is not an unexplained or
unwarranted extrapolation of other thermal-hydraulic designs.

The review does not routinely involve calculations by the staff. However, the
reviewer should ensure that those applications based on statistical design
methodologies include the coefficients required by the statistical model and'

define the parameter ranges for which the coefficients are applicable. Uncer-
tainties in computer codes, correlations, design methods, and set point
methodologies should be quantified and the method (s) of accounting for these
uncertainties in the design procedures should be discussed. For example the
sensitivity factors and their ranges of applicability must be reviewed for
those plants utilizing the Westinghouse " Improved Thermal Design Procedure,"
(Ref. 19). On occasion, e.g., if a new design or new design method is proposed,
independent analyses are performed by the staff or by consultants under the
direction of CPB. These analyses verify the design or establish the range of

4

[, applicability and associated accuracy of the new method and the reviewer
ensures it is applied accordingly.

The reviewer is to establish that the thermal-hydraulic design and its
characterization by MCHFR or DNBR have been accomplished and are presented in
a manner which accounts for all possible reactor operating states as deter-
mined from operating maps. In this regard, the reviewer must confirm that the
power distribution assumptions of SAR Section 4.4 are a conservative (i.e.
worst-case) accounting of the power distributions derived in SAR Section 4.3
from core physics analyses, and that the latter analyses ine. ,de an acceptable
calculation of local void fractions. He must also confirm that the mass flux
used in these calculations takes into account the core flow distribution
(including that for partial loop operation) and the worst case of core bypass
flow. The reviewer confirms that the primary coolant flow range shown in the
operating map will be verified by prestartup measurements.

The reviewer ensures that adequate account is taken of the effect of crud in
the primary coolant system, such as in the calculation of CHF in the core,
heat transfer in the steam generators, and pressure drop throughout the RCS.

The reviewer is to examine the calculation of hydraulic loads for normal
operations, including anticipated transients, to ensure they are properly
estimated for the worst cases. Worst case hydraulic loads for normal oper-
ations are to be provided for use in the analysis of lifting force of the fuel
(SRP Section 4.2). CPB will also provide consultation to RSB upon request,
regarding calculations for postulated accident conditions. MEB reviews the

O) adequacy of components and structures under accident loads (SRP Section 3.9.2)
V and CPB determines th t a coolable core geometry is maintained (SRP Section 4.2).
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The reviewer should ensure that an adequate loose parts monitoring system is
provided. At the CP level, the design criteria for the system and the types,
locations, and methods of mounting all intended sensors should be reviewed.
The reviewer should compare the design to Regulatory Guide 1.33 and to equipment
used and application experience on comparable plants.

At the OL level; a more complete description of the system including sensitivity
specifications and operating procedures should be reviewed. The reviewer
should ensure that operating procedures and training provisions are adequate
to fully utilize the system potential for loose parts detection. The Operator
Licensing Branch (0LB) will provide consultation on staff training in accordance
with the SRP Section 13.2.

The reviewer should review the vibration monitoring equipment and procedures
to ensure that * monitoring provisions are adequate for the plant under
review based on experience with comparable plants. The CPB will evaluate the
application of neutron monitoring sensors for core vibration test analysis.
The MEB is responsible for review of the preoperational vibration test pro-
gram, as described in SRP Section 3.9.2, and provides technical consultation
to CPB on the need for permanent vibration monitoring provisions for the plant
under review.

The reviewer ensures that applicants have an acceptable program for incorporation
of instrumentation and procedures for detection and recovery from conditions
of inadequate core cooling. At the CP stage, the applicant must provide
preliminary design information on selected instrumentation components and must
specify the design concept selected for development instrumentation in accordance
with the requirements of item II.F.2 of NUREG-0718 (Ref. 17).

At the OL stage, the reviewer ensures that the applicant is in compliance with
the documentation requirements and design requirements described in item II.F.2
of NUREG-0737 (Ref. 18). The reviewer consults with ICSB and HFEB concerning the
design acceptability of the instrumentation and displays and with the Reactor
Systems Branch (RSB) and PTRB concerning the acceptability of guidelines and
procedures for recognition and respense to inadequate core cooling conditions.

The applicant's proposed preoperational and initial startup test programs are
reviewed to determine that they are consistent with the intent of Regulatory
Guide 1.68 (Ref. 15). At the OL stage, the reviewer is to assure that suf-
ficient information is provided by the applicant to identify clearly the test
objectives, methods of testing, and acceptance criteria. (See par. C.2.b of
Reference 15.)

The test scope should include verification of any safety analysis codes or
methods which could affect the thermal-hydraulic evaluations and which have
not been previously verified. The initial startup test should also include a
description of plans for a signature analysis to determine alarm setting for
the loose parts monitoring system, and a description of test programs for
evaluaticn, qualification and calibration of ICC instrumentation.

The reviewer evaluates the proposed test programs to determine if they provide
reasonable assurance that the core and reactor coolant system will satisfy
functional requirements. As an alternative to this detailed evaluation, the
reviewer may compare the core and reactor coolant system design to that of
previously reviewed plants. If the design is essent.fally identical and if the
proposed test programs are essentially the same as performed previously on
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other plants, the reviewer may conclude that the proposed test programs are,

adequate for the core and reactor coolant system.

d If the core or the reactor coolant system differs significantly from that of
previously reviewed designs, the impact of the proposed changes on the preoper-
ational and initial startup testing programs are reviewed at the construction
permit stage. This effort should particularly evaluate the need for any
special design features required to perform acceptable test programs.

The proposea technical specifications that relate to the core and the reactor
coolant system are evaluated. This evaluation is to cover all of the safety
limits and bases that could affect the thermal and hydraulic performance of
the core. The limiting safety system settings are reviewed to ascertain that
acceptable margins exist between the values at which reactor trip occurs
automatically for each parameter (or combinations of parameters) and the
safety limits. The reviewer confirms that the limiting safety system settings,

and limiting conditions for operation, as they relate to the reactor coolant
system, do not permit operation with any expected combination of parameters
that would not satisfy criterion 1 of section II. For example, the limiting
condition of operation must assure that the reactor coolant pumps have adequate
nat positive suction head for all expected modes of operation.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his
review supports the following kinds of statements and conclusions, which
should be included in the staff's safety evaluation report. The following iparagraph is applicable to both a CP and OL: 1

The thermal-hydraulic design of the core for the plant was
reviewed. The scope of review included the design criteria, preliminary
core design, and the steady state analysis of the core thermal-hydraulic
performance.* The review concentrated on the differences between the
proposed core design (and criteria) and those designs and criteria that
have been previously reviewed and found acceptable by the staff. It was
found that all such differences were satisfactorily justified by the
applicant. The applicant's thermal-hydraulic analyses were performed
using analytical methods and correlations that have been previously
reviewed by the staff and found acceptable.

For a CP, the following conclusions should be made:

The staff concludes that the thermal-hydraulic design of the core meets
the requirements of General Design Criterion 10,10 CFR Part 50. The
core has been designed with appropriate margin to assure that acceptable
fuel design limits are not exceeded during steady-state operation or
anticipated operational occurrences. This conclusion is based on the
applicant's analyses of the core thermal-hydraulic parformance which was

; reviewed by the staff and found to be acceptable. The applicant will
establish a preoperational and initial startup test program in accordance

"For an OL review this sentence should be modified to include they
implementation of the design criteria as represented by the final core

~ design.
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with Regulatory Guide 1.68 to measure and confirm the thermal-hydraulic |
design aspects. The 1cose parts and vibration monitoring system is
designed for compliance with the requirements of Regulatory Guide 1.133
and the instrumentation for the detection of inadequate core cooling is
in compliance with the requirements of item II.F.2 of NUREG-0718.

For an OL application, the following types of conclusions should be supported.

The staff concludes that the thermal-hydraulic design of the core meets
the requirements of General Design Criterion 10, 10 CFR Part 50 and is
acceptable for final design appoval. We also conclude that the reactor
core has been design with appropriate margin to assure that acceptable
fuel design limits are not exceeded during steady-state operation or
anticipated operational occurrences and that the reactor will perform its
safety functions throughout its design lifetime under all modes of oper-
ation. This conclusion is based on the applicant's analyses of the core
thermal-hydraulic performance which was reviewed by the staff and found to
be acceptable. The applicant has committed to a preoperational and
initial startup test program in accordance with Regulatory Guide 1.68 to
measure and confirm the thermal-hydraulic design aspects. The staff has
reviewed the applicant's preoperational and initial startup test program
and has concluded that it is acceptable. We also conclude that the loose
parts monitoring program is designed for compliance with the requirements
of Regulatory Guide 1.133, and is, therefore, acceptable. We have reviewed
the instrumentation for the detection of inadequate core cooling and
concluded that it is in compliance with the acquirements of Item II.F.2
of NUREG-0737 and is acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section.

Except in those cases which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the methcd described herein will be used by the staff in its evaluation of

| conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
j herein are contained in the referenced regulatory guides and NUREGs.
|

|
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, STANDARD REVIEW PLAN 4.4
l

INDEPENDENT AUDIT ANALYSIS;

(Appendix to SRP Section 4.4 has been deleted)
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@N#I STANDARD REVIEW PLAN
t, N / OFFICE OF NUCLEAR REACTOR REGULATIONt

.....

4.5.1 CONTROL R00 DRIVE STRUCTURAL MATERIALS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

General Design Criterion 26 requires that one of the reactivity control systems
shall use control rods, preferably including a positive means for inserting the
rods, and shall be capable of reliably controlling reactivity changes to assure
that fuel design limits are not exceeded under conditions of normal operation,
including anticipated operational occurrences. The areas listed below relating to
materials considerations in the design of the control rod drive mechanism are
reviewed. The review areas are similar to those given in Standard Review Plan
Section 5.2.5, " Reactor Coolant Pressure Boundary Materials." For the purpose of
this SRP section, the control rod system is comprised of the control rod drive

/ O mechanism (CRDM) and extends only to the coupling interface with the reactivity
Q control (poison) elements in the reactor vessel; it does not include the electrical

and hydraulic systems necessary for actuating the CRDMs.

1. Materials Specifications

The properties of the materials used in the control rod drive are reviewed
from the standpoint of adequate performance throughout the design life of the
plant (or component). Materials commonly used include austentic stainless
steels (which may be cold worked) chromium plated stainless steels, martensi-
tic stainless steels, precipitation-hardening stainless steels such as 17-4
PH, and other special purpose materials such as cobalt-base alloys (Stellites),
Inconel-750, Colmonoy-6, and Graphitar-14.

2. Austentic Stainless Steel Components

Areas of review for austenitic stainless steel components are similar to the '

applicable subsections of SRP Section 5.2.3 covering fabrication and process-
ing of austenitic stainless steels.
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The use of sensitized stainless steels should be controlled to prevent
stress-corrosion cracking of the material during operation of the plant.
Welding procedures should be controlled to reduce the probai)ility of
sensitization and microfissure formation. Cold-worked stainless steels
should not have high yield stress, to reduce the probability of
stress-corrosion cracking during operation of the plant.

3. Other Materials

Special requirements for the other materials include tempering and aging
temperatures for martensitic and precipitation-hardening stainless steels
to prevent their deterioration by stress corrosion during operation of
the plant. The compatibility of these materials with tne reactor coolant
is reviewed to assure that they will continue to perform satisfactorily
throughout the life of the component.

Metallic snd non-metallic materials used in the control rod drive mechanism
and not included in Appendix I to Section III of the ASME B&PV Code are
identified.

4. Cleaning and Cleanliness Control

PrcJer care should be taken in handling the materials and parts of the
ccicrol rod drive mechanism during fabrication, shipping, and onsite
storage to assure that all cleaning solutions, processing compounds,
degreasing agents, and other foreign materials are completely removed,
and that all parts are dried and properly ptotected following any
flushing treatment with water.

In addition, MTEB will coordinate other branches' evaluations that interface
with the overall review of the system as follows: the Mechanical Engineer-
ing Branch (MEB) reviews the mechanical aspects of the control rod system
other than the reactivity control elements as part of its primary responsi-
bility for SRP Section 3.9.4. The Core Performance Branch (CPB) reviews
the mechanical design, thermal performance, and chemical compatibility of
the reactivity control elements as part of its primary responsibility for
SRP Section 4.2.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance

I criteria necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary
branch. I

II. ACCEPTANCE CRITERIA

M'iEB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

'a. General Design Criterion 1 as it relates to structures, systems, and
components important to safety being designed, fabricated, erected, and
tested to quality standards commensurate with the importance of the
safety functions to be performed.
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\ b. General Design Criterion 14 as it relates to the reactor coolant pressure
boundary being designed, fabricated, erected, and tested so as to have an
extremely low probability of abnormal leakage, of rapidly propagating
failure, and of gross rupture.

c. General Design Criterion 26 as it relates to the control rods being capable
of reliably controlling reactivity changes so that specified acceptable
fuel desig,' limits are not exceeded.

d. Section 50.55a, of Title 10 of the Code of Federal Regulations, Part 50 as
it relates to structures, systems, and components shall be designed,
fabricated, erected, constructed, tested, and inspected to quality stand-
ards commensurate with the importance of the safety function to be
performed.

Specific acceptance criteria necessary to meet the relevant requirements of
GDC 1,14, and 26 and Section 50.55a of 10 CFR Part 50 are as follows:

1. Materials Specifications

The properties of the materials selected for the control rod drive mechanism
must be equivalent to those given in Appendix I to Section III of the1

ASME Boiler and Pressure Vessel Code (hereinafter "the Code"), or Parts A'

and B of Section II of the Code or are included in Regulatory Guide 1.85,
" Code Case Acceptability ASME Section III Haterials," except that cold-

( werked austenitic stainless steels shall have a 0.2% offset yield strength
nc greater than 90,000 psi, to reduce the probability of stress corrosion
racking occurring in these systems. Regulatory Guide 1.85, " Code Case'

Acceptability ASME Section III Materials," describes the acceptable code
cases that may be used in conjunction with the above specifications.

,

2. Austentic Stainless Steel Components

Acceptance criteria used are similar to SRP Section 5.2.3, subsections II.4.a,
b, d, and e.

Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless Steel,"i

describes acceptance methods for preventing integranular corrosion of
stainless stul components. Furnace-sensitized material should not be
allowed, and methods described in this guide should be followed for
cleaning and protecting austenitic stainless steels from contamination
during handling, stora;;e, testing, and fabrication, and for determining4

the degree of sensitization that occurs during welding. Regulatory
Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld Metal,"
describes acceptance criteria for assuring the integrity of welds in
stainless steel components of these systems.

3. Other Materials

All materials for use in this system must be selected for their compatibil-

O'
ity with the reactor coolant, as described in Articles NB-2160 and NB-3120
of the Code. The tempering temperature of martensitic stainless steels'

and the aging temperature of precipitation-hardening stainless steels
should be specified to provide assurance that these materials will not

4.5.1-3 Rev 2 - July 1981

. -_____ _ , _ _ ,.___ _ . _ _ _ _ . _ _ _ __ _ _ , _ _ _ _. _ - _ . _ _ __



.

deteriorate because of stress corrosion cracking in service. Acceptable
heat treatment temperature include aging at 1050* - 1100 F for Type 17-4
PH and 1050 F for Type 410 stainless.

4. Cleaning and Cleaniness Control

Onsite cleaning and cleanliness control should be in accordance with
Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water-Cooled Nuclear Power
Plants," and ANSI N45.2.1-1973, " Cleaning of Fluid Systems and Associated
Components During Construction Phase of Nuclear Power Plants." The
oxygen content of the water in vented tanks is not required to be controlled.
Vented tanks with deionized or demineralized water are a normal source of
water for final cleaning or flushing of funished surfaces. Halogenated
hydrocarbon clecning agents should not be used.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case. To ascertain that the
acceptance criteria given in subsection II of this SRP section are met, the
reviewer examines the review areas listed in subsection I of this SRP section
for the required information, using the following procedures:

1. Materials Specifications

The reviewer compares the properties of the materials proposed for the
control rod system with Appendix I to Section III of the Code, and Parts A,
B, and C of Section II of the Code. He verifies that cold-worked austenitic
stainless steels used in fabrication of the reactivity control mechanisms
are in conformance with subsection II.1, above.

2. Austenitic Stainless Steel Components

Review procedures are similar to those in SRP Section 5.2.3, subsection III.4.a,
|

b, d, and e. The methods of controlling sensitized stainless steel are
examined by the reviewer and compared with the positions given in Regulatory

I Guide 1.44, especially with respect to cleaning and protection from con-
tamination during handling and storage, verification of non-sensitization of
the material, and qualification of welding process employed in production
using ASTM A-262. If alternative methods of testing the qualification welds
for degree of sensitization are proposed by the applicant, the reviewer
determines if these are satisfactory, takirg into account branch positions
taken on previous applications and the degree of equivalence of the alter-
nate methods. The reviewer may ask the applicant to justify the technical
basis for any departures for the cited positions. Alternative tests that
have been accepted by the branch include the use of ASTM A-708.

The methods of controlling and measuring the amount of delta ferrite in
| stainless steel weld deposits are examined by the reviewer and compared
|

to the positions in Regulatory Guide 1.31, " Control of Ferrite Content in
' Stainless Steel Weld Metal," especially with respect to the filler metal
|

acceptance procedures for the determination of delta ferrite content. If

!

4.5.1-4 Rev 2 - July 1981



- ._ . - - ._. . _ . =- - _- ..

t

,

i

alternative positions are proposed by the applicant, the reviewer ;

determines if these are satisfactory, taking into account branch posi-
: tions taken on previous applications. The reviewer may ask the applicant
' to justify the technical basis for any departures from the acceptance

criteria stated in subsection II.2 of this SRP section.
I

3. Other Materials

The reviewer examines the information provided in the applicant's safety
analysis report (SAR) on the compatibility of the materials (other than
austenitic stainless steels) to be used in contact with the reactor
coolant. He determines that the materials are compatible with the
service environment so that corrosion or stress corrosion of the com-

; ponent will not occur during the lifetime of the component. Metallic and
' nonmetallic materials identified in subsection 1.3 of this SRP section

are reviewed to assure compatibility and that loss of integrity will not
occur during the life of the component.

The reviewer determines that the tempering tenperatures of'all
martensitic stainless steels and the aging temperatures of precipitation-
hardening stainless steels have been specified and are in accordance with

,

j the acceptance criteria in subsection II.3 of this SRP section.

4. Cleaning and Cleaniness Control

The reviewer verifies that onsite cleaning and cleanliness control
procedures are satisfactory and in accordance with subsection II.4 of

,

this SRP section. g
4

IV. EVALUATION FINDINGS

When the reviewer has verified that sufficient and acceptable information has .

been provided in accordance with the requirements of this SRP section, con-
clusions of the following type are prepared, to be included in the staff's
safety evaluation report:

The staff concludes that the control rod drive mechanism structural
materials are acceptable and maet the requirements of General Design'

Criteria 1,14, and 26 as well as 10 CFR Part 50, Section 50.55a.
This conclusion is based on the applicant having demonstrated that
the properties of materials' selected for the control rod drive
mechanism components exposed to the reactor coolant satisfy
Appendix I of Section III of the ASME Code, and Parts A, B, and C of
Section II of the Code, and conform with the staff position that the
yield strength of cold-worked austenitic stainless steel should not
exceed 90,000 psi. The applicant has met the guidelines of Regula-
tory Guide 1.85 by using materials of construction that are approved
for use to ASME code cases.

In addition, the controls imposed upon the austenitic stainless
b steel of the mechanisms conform to the recommendations of Regulatory

Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld
Metal," and Regulatory Guide 1.44, " Control of the Use of Sensitized I
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Stainless Steel." All materials selected for application in the
control rod drive mechanism component are or will be in conformance
with the applicable code case listed in Regulatory Guide 1.85, " Code
Case Anplicability ASME Section III Materials." Fabrication and
heat treatment practices performed in accordance with these recom-
mendations provide added assurance that stress corrosion cracking
will not occur during the design life of the component. The com-
patibility of all materials used in the control rod system in
contact with the reactor coolant satisfies the criteria of Articles
NB-2160 and NB-3120 of Section III of the Code. Both martensitic
and precipitation-hardening stainless steels have been given
tempering or aging treatments in accordance with staff positions.
Cleaning and cleanliness control are in accordance with ANSI
Standard N 45.2.1-1973, " Cleaning of Fluid Systems and Associated
Components During Construction Phase of Nuclear Power Plants," and
Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning
Fluid Systems and Associated Components of Water-Cooled Nuclear
Power Plants."

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staf f's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Comniission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

4

1. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality
Standards and Records." d

2. 10 CFR Part 50, Appendix A, General Design Criterion 14, " Reactor Coolant
| Pressure Boundary."

3. 10 CFR Part 50, Appendix A, General Design Criterion 26, " Reactivity
Control System Redundancy and Capability."

| 4. 10 CFR Part 50, Section 50.55a " Codes and Standards."

5. ASME Boiler and Pressure Vessel Code, Section III, Appendix I, and
Section II, Parts A, B, and C, American Society of Mechanical Engineers.

6. ASTM A-262, " Detecting Susceptibility to Intergranular Attack in
| Austenitic Stainless Steel Practice A and E," Annual Book of ASTM
| Standards, American Society for Testing and Materials.

| 7. ASTM A-708, " Detection of Susceptibility of Intergranular Corrosion in
Severely Sensitized Austenitic Stainless Steel."
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O 8. ANSI N 45.2.1-1973, " Cleaning of Fluid Systems and Associated Components
During Construction Phase of Nuclear Power Plants," American Na+.ional
Standards Institute.

9. Regulatory Guide 1.31, " Control of Ferrite Content in Stainless Steel
Weld Metal."

10. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water-Cooled Nuclear Power
Plants."

11. Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless Steel."

12. Regulatory Guide 1.85, " Code Case Acceptability ASME Section III Materials."

O
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4.5.2 REACTOR INTERNAL AND CORE SUPPORT MATERIALS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

Section 50.55a, " Codes and Standards," and General Design Criterion 1, Appendix A,
10 CFR Part 50 requires that structures, systems, and components important to
safety shall be designed, fabricated, and tested to quality standards commensurate
with the importance of the safety function to be performed. The purpose of this
SRP section is to review and evaluate the adequacy of the materials selected for
the construction of the reactor internal and core support structures, and to assure
that these regulations are met for those structures.

The Materials Engineering Branch (MTEB) reviews the materials specification,
7m component design, fabrication and inspection to assure structural integrity in

V) compliance with Section 50.55a and General Design Criterion 1 of 10 CFR Part 50.|
The Chemical Engineering Branch (CMEB) reviews areas of corrosion and compatibility
.of these materials with the expected environment during service as part of its
primary review responsibility of SRP Section 5.2.3.

The following areas in the applicant's safety analysis report (SAR) relating to
reactor internal and core support materials are reviewed:

1. Material Specifications

The review includes the specifications for the materials, including weld materials,
to be used for major components of the reactor internals which consist of the core
support structures and the internal structures. The reactor internal and core
support structures are all structures and components within the pressure vessel
other than the fuel and control assemblies, and instrumentation.

Rev. 2 - July 1981
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The adequacy and suitability of the materials specified for the above applica-
tions are reviewed in terms of their mechanical properties, stress corrosion
resistance, and fabricability.

2. Controls on Welding

The review U.cludes the controls on welding of materials used for reactor
internals.

3. Nondestructive Examination of Wrought Seamless Tubular Products and fittings

The review includes information submitted by the applicant on the nondestructive
examinations procedures used for inspection of each product form.

4. Austenitic Stainless Steel

Austenitic stainless steel is primarily used for the construction of the
reactor internal and core support structures. Unstabilized austenitic stainless
steel, such as Types 304 and 316, is normally specified.

Since these compositions are susceptible to stress corrosion cracking when
exposed to certain environmental conditions, process controls must be exercised
during all stages of component manufacturing and reactor construction to avoid
sensitization of the material, and to minimize exposure of the stainless steel
to contaminants that lead to stress-corrosion cracking. The review includes
information submitted by the applicant in these areas, as described in SRP
Section 5.2.3, " Reactor Coolant Pressure Boundary Materials."

5. Other Materials

Materials other than austenitic stainless steels are reviewed and evaluated in
terms of their mechanical properties, corrosion resistance, and fabricability.

II. ACCEPTANCE CRITERIA

The design, fabrication, and testing of the materials used in the reactor
internal and core support structure are reviewed and evaluated to meet code
and standards commensurate with the safety function to be performed so that
the relevant requirements of Section 50.55a and General Design Criterion 1
are met. The specific acceptance criteria necessary to meet these relevant
requirements are as follows:

1. Material Specifications

For core support and reactor internal structures, tne permitted material
specifications are those given in the ASME Boiler and Pressure Vessel Code
(hereaf ter "the Code"), Section III, NG-2000. These materials are described
in detail in Parts A, B, and C of Section II of the Code.

Additional permitted materials are those shown in ASME Code Cases approved for
use by Regulatory Guide 1.85, " Code Case Acceptability, ASME Section III Materials."

2. C_ontrols on Welding

The welds of components for core support structures and reactor internals are
fabricated in accordance with the Code, Section III, NG-4000, and must meet
the examination and acceptance criteria shown in NG-5000.
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3. Nondestructive Examination of Wrought Seamless Tubular Products and Fittings

Examination shall be in accordance with the requirements of ASME Code Section III,
NG-2500.

The acceptance criteria shall be in accordance with the requirements of ASME
Code Section III, NG-5300.

4. Austenitic Stainless Steels

The acceptance criteria for this area of review are given in SRP Section 5.2.3,
" Reactor Coolant Pressure Boundary Materials."

Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless Steel,"
describes acceptance criteria for preventing intergranular corrosion of stain-
less steel com snents. Furnace sensitized material should not be allowed, and
n.ethods descrioed in this guide should be followed for cleanina and protecting
austenitic stainless steel from contamination during handling, storage, testing,
and fabrication, and for determining the degree of sensitization that occurs
during welding. Regulatory Guide 1.31, " Control of Ferrite Content in Stainlest
Steel Weld Metal," describes acceptable criteria for assuring the integrity of
welds in stainless steel components.

5. Other Materials

All materials used for reactor internals must be selected for their compatibility
with the reactor coolant, as described in Subarticles NG-2160 and NG-3120 of

The tempering temperature of martensitic stainless
OSectionIIIoftheCode.sterls and the aging temperature of precipitation-hardened stainless steels

should be specified to provide assurance that these materials will not deteri-
orate in service. Acceptable heat treatment temperatures are aging at
1050?F - 1100?F for Type 17-4 PH and tempering at 1050?F for Type 410 stainless
steel.

Other materials shall have similar appropriate heat treat and fabrication
controls in accordance with strength and compatibility requirements.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

For the areas of review described in subsection I of this SRP section, the
review procedure is as follows:

1. Material Specifications

The list of the materials of construction of the components of the reactor
internals that are exposed to the reactor coolant is reviewed.

The material specifications for each component or part used in the reactor
internals are compared with the acceptable specifications listed in the Code,
Sections II and III, as shown in the acceptance criteria. Any exceptions to
the Code materials specifications are clearly identified. The reviewer evaluates
the basis for the exceptions, taking into account precedents set in earlier\
cases, and determines the acceptability of such materials.
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2. Controls on Welding

The information submitted by the applicant is reviewed to provide assurance
that welding of materials used for components of the rem: tor internals is in
accordance with the procedures of the Code, Section III, NG-4000. The controls
on welding, discussed in SRP Section 5.2.3, are considered applicable to
welding of reactor internals, and information in this area is verified. The
reviewer assures that any special welding process or welding control conforms
to the qualification requiraments of the Code, Section IX, or that justification
is made far any deviation.

3. Nondestructive Examination of Wrought Seamless Tubular Products

The information submitted by the applicant is reviewed to determine methods
used for nondestructive examination. The Code, Section III, NG-2500 speci-
fies that examination by either radiographic or ultrasonic examination is
acceptable.

4. Austenitic Stainless Steel

The materials and fabrication procedures used for reactor internals are reviewed.
The areas of review and review procedures follow those spelled out in SRP '
Section 5.2.3, " Reactor Coolant Pressure Boundary Materials." Environmental
conditions must be controlled and welding procedures must be such that the
probability of sensitization and microfissuring is reduced. In addition, the
reviewer verifies that the material and reactor coolant compositions have been
selected to assure compatibility, and that the fabrication and cleaning contro h
imposed on stainless steel components are designed to prevent contamination
with chloride and fluoride ions.

5. Other Materials

The material specifications and fabrication procedures are reviewed to' verify
that the heat treatment and welding controls are appropriate for the material.
The reviewer verifies that the fabrication and cleaning controls will preclude
contamination of nickel base alloys by chloride ions, fluoride ions, or lead.

6. Additional Information Request

If the information contained in the SAR does not comply with the appropriate
acceptance criteria, or if the information provided is inadequate to establish
such compliance, the reviewer prepares a request for additional information
for transmittal to Project Management. Such requests not only identify the
additional information equired, but also specify the changes needed in the
SAR or the plant Technical Specifications to meet acceptance criteria. Subse-
quent amendments received in response to these re pests are reviewed for
compliance with the acceptance criteria.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient and adequate information has bee 1 provided
to satisfy the requirements of the SRP section, and that his evaluation supports
conclusions of the following type, to be included in the staff's safety evaluation
report:
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i The staff concludes that the materials used for the construction of the reactor
internal and core support structure are acceptable and meet the requirements of
General Design Criterion 1 and Section 50.55a of 10 CFR Part 50. This conclusion
is bSted upon the following considerations:
. s .

'Tho'applica t has met the requirements of GDC 1 and Section 50.55a of 10 CFRn,

Part 50 with respect tn' assuring that the design, fabrication, and testing of
the taterials used in the reactor internal and core support structure are of
high quality standaids and adequate for structural integrity. The controls
imposed upon componegts constructed of.austenitic stainless steel satisfy the
recommendations of Regulatory Guide 1.31," Control of Ferrite Content ini

! Stainless Steel Weld Metal," and Regulatory Guide 1.44," Control of the Use of
' Sensitized Stainte i Steel."

i The materials used for construction of components of the reactor internal and
j core support structure have been identified by specification and found to be
i in conformance with the requirements of NG-2000 of Section III and Parts A, B,
! and C of Section II of the ASME Code. In addition, the applicant has met the
j guidelines, of Regulatory Guide 1.85 by using materials of construction that are

,

; approved for use.by ASME Code cases. As proven by extensive tests and satis- |factory performance, the specified materials are compatible with the expected i4
'

environment and corrosion ,is expected to be negligible.

! The controls impos'od on the reactor coolant chemistry provide reasonable '

| assurance that tne "eactor internal and core support structure will be adequately
! protected during operat, ion from conditions which could lead to stress corrosion

.
of the materials and loss of cor.ponent structural integrity.

} Ihe material selection, fabrication practices, examination and testing proce-
j dures, and control practice performed in accordance to these recommendations

provide reasonable assurance that the materials u:ed for the reactor internal
i and core support structure wilF be in a metallurgical condition to preclude

inservice deterioration. sConformance with requirements of the ASME Code and the -

i recommendations of the regulatory guide constitutes an acceptable basis for
'

meeting in part the requirements of General Design Criterion 1 and Section 50.55a
'

of 10 CFR Part 50.

V. _ IMPLEMENTATION

4

The following is intended to providt guidance to applicants and licensees
regarding tne staff's plan for implementing this section of the Standard
Reviev Plan.s .

Excehtinthosecasesinwhichtheapplicantproposesanacceptablealternate'

method for complying with specified portions of the Commission's regulations,'

the method described herein will be used by the staff in its evaluation ofs

; conformance with Commission regulations.
.

3

Implementation schedules for conformance to parts of the method , discussed
herein are contained in the referenced regulatory guides.y

| VI. REFERENCES

] 1. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Plants."

i

1
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2. 10 CFR Part 50, 950.b5a, " Codes and Standards.".

.,
-

~~
3 ., Regulatory Guide 1.31, " Control of Ferrite Content in Stainless Steel

Weld Metal.".

. ..

4. R5gulatory Guide 1.44, " Control of the Use of Sensitized Stainless Steel."
,.

5. ~96gulatchGuide1.85,"CodeCaseAcceptability,ASMESectionIIIMaterials."
~

6. ASME Boiler and Pressure Vessel Code, Section II, Parts A, B, and C,
Section III, and Section IX, American Society of Mechanical Engineers.

7. SRP 5ection 5.2.3, " Reactor Coolant Pressure Boundary Materials."

'
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4.6 FUNCTIONAL DESIGN OF CONTRCL R00 DRIVE SYSTEM

REVIFW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ASB reviews the functional performance of the control rod drive system (CRDS)
to confirm that the system can effect a safe shutdown, respond within acceptable
limits during anticipated transients, and prevent or mitigate the consequences of
postulated accidents. The ASB review covers the CRDS to assure conformance with
the requirements of General Design Criteria 23, 25, 26, 27, 28, and 29.

1. ASB reviews the CRDS design for possible single failures.

2. ASB reviews the CRDS to verify that:

p a. Essential portions are isolable from nonessential portions.

(L') b. The CRDS cooling system meets the design requirements.

c. The functional tests verify the proper rod insertion, withdrawal, and
scram operation times.

d. Reduadant reactivity control systems are not vulnerable to common mode
failures.

In addition, ASB will coordinate other branch evaluations that interface with the
overall review of the control rod system as follows. As part of its primary review
responsibility for SRP Section 4.3, the Core Perfermance Branch (CPB) verifies the
reactivity control requirements. The Instrumentation and Control Systems Branch
(ICSB) verifies the results of failure modes and effects analyses to assure that
a single failure occuring in the control rod system, or an operator error, will
not result in the loss of capability for safe shutdown as part of its primary
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review responsibility for SRP Section 7.2. The Mechanical Engineering Branch
(MEB) verifies the adequac ' of the control rod drive mechanisms to perform its
mechanical functicc. (e.g. , rod insertion and withdrawal, scram operation and
ti;ne) and tu maintain the reactor coolant pressure boundary as part of its
primary review responsibility for SRP Section 3.9.4. The MEB verifies that
the design and requirements, as applicabic to the assigned safety class and
seismic category, are met as part of its primary review responsibility for SRP
Sections 3.2.1 and 3.2.2. The Structural Engineering Branch (SEB) will deter-
mine the acceptability of the design analysas, procedures and criteria used to
establish the ability of seismic Category I structures housing the system and
supporting systems to withstand the effects of natural phenomena such as the
safe getdown earthquake (SSE), the probable maximum flood (PMF), and the
tornauu missiles, as part of its primary review responsibility for SRP
Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The ICSB
and Power Systems 3 ranch (PSB) verify the adequacy af the design, installation,
inspection, and testing of all electrical systems (sensing, control, and power)
required for proper operation as part of their primary review responsibility
for SRP Section 7.1 and Appendix 7-A for ICSB and SRP Section 8.3.1 for PSB.
The review for fire protection, technical specifications, and qtality assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0 respectively.

The Equipment Qualifications Branch (EQB) reviews the seismic qualification of
Category I instrumentation and electrical equipment, and the environmental
qualification of electrical and mechanical equipment as part of its primary
review responsibility for SRP Sections 3.10 and 3.11 respectively.

Other reactivity control systems are reviewed as follows: the ICSB reviews
the recirculation flow control system as part of its primary review responsi-
bility for SRP Section 7.7. The Chemical Engineering Branch (CEB) reviews the
chemical and volume control system as part of its primary review responsibility
for SRP Section 9.3.4. The Auxiliary Systems Branch (ASB) reviews the standby
liquid control system (BWRs) as part of its primary review responsibility for
SRP Section 9.3.5. The Reactor Systems Branch (RSB) reviews the safety injection
system as part of its primary review responsibility for SRP Section 6.3.

The RSB reviews all transients and accidents in Chapter 15 of the SAR that
require reactivity control systems to function. The RSB, with the CPB and
ICSB, ascertains that the reactivity and response characteristics of the
reactivity control system are conservative with respect to the parameters
assumed in the Chapter 15 analyses. In the Chapter 15 review, the RSB verifies
that no credit has been taken for the RFCS (in BWRs) to mitigate any accident.
( Although the RFCS controls reactor power level over a limited range, it is
not required for shutdown.) In addition, RSB reviews the operation of the RFCS
to confirm that a malfunction or failure of the system will not degrade the
capabilities of plant safety systems or lead to plant conditions more severe
than those considered in the accident analyses (e.g., by determining the effects
of a failure of the system follswing a loss-of-coolant accident or steam line
break). The RSB reviews the results of the most limiting transient from a
malfunction of the RFCS as part of its primary review responsibility for SRP
Section 15.4.5.

For those areas of review identified above as being the responsibility of other
branches, the acceptance criteria and their methods of application are contained
in the SRP sections corresponding to those branches.
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II. ACCEPTANCE CRITERIA

Acceptability of the information presented in Section 4.6 of the applicant's
safety analysis report (SAR), including related sections, is based on meeting
the general design criteria. The acceptance criteria for the areas of review
are the following:

1. General Design Criterion 23, " Protection System Failure Modes," as related
to failing into a safe state.

2. General Design Criterion 25, " Protection System Requirements for Reactivity
Control Malfunctions," as related to the functional design of redundant
reactivity systems to assure that specified acceptable fuel design limits
are not exceeded for malfunction of any reactivity control system.

3. General Design Criterion 26, " Reactivity Control System Redundancy and
Capability," as related to the capability of the reactivity control system
to regulate the rate of reactivity changes resulting from operational
occurrences.

4. General Design Criterion 27, " Combined Reactivity Control Systems
Capability," as related to the combined capability of reactivity control
systems and emargency core cooling systems to cool the core under accident
conditions.

5. General Design Criterion 28, " Reactivity Limits," as related to postulated
reactivity accidents.

\ 6. General Design Criterion 29, " Protection Against Anticipated Operationel
Occurrences," as related to functioning under' anticipated events.

III. REVIEW PROCECURES

The review procedures set forth below are used during the construction permit
(CP) review to determne that the design criteria and bases and the preliminary
design as set forth in the applicant's preliminary safety analysis report (PSAR)
meet the aceptance criteria given in subsection II of this SRP section. During
the operating license (0L) review, the reviewer verifies that the initial des'gn
criteria and bases have been appropriately implemented in the final design as
set forth in the final safety analysis report (FSAR).

1. The ASB reviews the CRDS design with respect to fluid systems and possible |
single failures. The review of tl'e system description includes piping,

and instrumentation diagrams (P& ids), layout drawings, process flow'

diagrams, and descriptive information on essential supporting systems.
The SAR is reviewed to ascertain that failure modes and effects analyses
have been completed to determine that the control rod drive system (not
the individual drives) is capable of performing its safety-related func-
tion following the loss of any active component.

2. The CRDS, P& ids, layout drawings, and component description and character-
istics are reviewed by the ASB to verify that essential portions of the |
system are correctly identified and are isolable from non essential portions.

O', The essential portions should be protected from the effects of high or'

moderate energy line breaks. Layout drawings of the system are reviewed
to assure that no high or moderate energy piping systems are close to the
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CRDS, or that protection is provided from the effects of high or moderate
energy pipe breaks.

3. For plants containing control rod drive cooling systems (e.g., using air
or water as coolant), the description and drawings are reviewed to determine
that the systems meet the design requirements. Essential equipment should
be delineated in the SAR. The major function of the cooling system in
PWRs is to cool the drive mechanism and remove heat from the CRDS motors
to preclude motor burnout or damage. Failure of a CROS motor could result
in a rod drop. In BWRs, the major function of the cooling water is to
cool the drive mechanism and its seals to preclude damage resulting from
long-term exposure to reactor temperatures. The control rod drive hydraulic
system includes the cooling function as part of its design. The ASB reviewer
confirms by failure modes and effects analysis that the cooling system is
capable of maintaining the CRDS temperature below the applicant's rrximum
temperature criterion. The ICSB reviewer in SRP Section 7.2 confirms that
there are sufficient instrumentation and controls available to the reactor
operator to provide information in the control room to monitor the CRDS
conditions, includino the more significant parameters such a3 coolant flow,
temperature, and pressure and stator temperature.

4. In coordination with the MEB, th2 ASB reviews the functional tests of the |
CROS as related to rod insertion and withdrawal and scram operation and
time. The reviewers check the elements of the test program to ensure that
all required thermal-hydraulic conditions have been included for all
postulated operating conditions. Experimental verification of system
operation where a single failure his been assumed should be included in
the test program, e.g., accumulator leakage for hydraulic CROS and stuck
rod operation.

S. The reactivity control systems are evaluated to verify that redundant
reactivity control systems are not vulnerable to common made failures.
The ASB identifies the common mode failures and the ICSB, MEB, and CMEB
assist the ASB reviewer in connection with their responsibilities in SRP
Sections 7.4, 3.9.4, and 9.3.4 or 9.3.5, respectively.

Upon request from the primary reviewer, the coordinated review branches will
provide input for the areas of review stated in subsection I. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

IV. EVALUATIONS FINDINGS

The reviewer verifies that sufficient information has been provided and that
his evaluation supports conclusions of the following type, to be included in
the staff's safety evaluation report:

The functional i.wign of the control rod drive system has been reviewed
to confirm that the system has the capability to shut down the reactor
with appropriate margin during normal, abnormal, and accident conditioas.
For PWRs, the CVCS augments the CRDS to maintain safe shutdown. The
scope of review included process flow diagrams, layout drawings, piping
and instrumentation diagrams, and descriptive information for the
systems and for the supporting systems, that are essential for operation
of the system.
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The review has determined the adequacy of the applicant's proposed design
criteria, design basis and safety classification of the control rod drive

) system and the requirements for providing a safe shutdown during normal and
v accident conditions. The staff concludes that the design of the control rod

drive system is acceptable and meets the requirements of the General Design
Criteria 23, 25, 26, 27, 28, and 29. This conclusion is based on the following:

1. The applicant has met the requirements of General Design Criterion 23 by
demonstrating the ability to insert the control rods upon any failure of
the drive mechanism or any induced failure by an outside force (such as
loss of electric power, instrumentation air, fire, radiation, extreme heat,
pressure, cold, water, steam, etc.).

2. The applicant has met the requirements of General Design Criterion 25 by
assuring that no fuel design limits are exceeded for any single malfunction
or rod withdrawal accident.

3. The applicant has met the requirement of General Design Criterion 26 by
demonstmting the ability to control reactivity changes to assure that,
under normal operation and anticipated operational occurrences with the
appropriate margin for malfunction (such as stuck rods), no fuel design
limits are exceeded and the reactor can be maintained subcritical under
cold conditions.

4. The applicant has met the requirements of General Design Criterion 27 by
demonstrating the ability to reliably control reactivity changes under
accident conditions to assure that no fuel design limits are exceeded and

p the reactor can be maintained subtritical under cold conditions.

5. The applicant has met the requirements of General Design Criteri n 28 by
demonstrating the ability tc reliably control the amount and rate of
reactivity change to assure that no reactivity accident will darr. age the
reactor coolant pressure boundary or disturb the core or the core's
appurtenances such as to impair coolant flow. The postulated reactivity
accidents include rod ejection, rod drop, steam line rupture, coolant
temperature changes, pressure changes, and cold water addition.

6. The applicant has met the requirements of General Design Criterion 29 by
demonstrating a high probability of control rod insertion under anticipated
operational occurrences.

V. IMPLEMENTATION

The following is intended to provide guidance to the applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with the specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with the Commission's regulations.

VI. REFERENCES

(9 1. 10 CFR Part 50, Appendix A,taneral Design Criterion 23, " Protection( ,) System Failure Modes.".
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2. 10 CFR Part 50, Appendix A, General Design Criterion 25, " Protection System
Requirements for Reactivity Control Malfunctions."

3. 10 CFR Part 50, Appendix A, General Design Criterion 26, " Reactivity Control
System Redundancy and Capability."

4. 10 CFR Part 50, Appendix A, General Design Criterion 27, " Combined Reactivity
Control Systems Capability."

5. 10 CFR Part 50, Appendix A, General Design Criterion 28, " Reactivity Limits."

6. 10 CFR .; art 50, Appendix A, General Design Criterion 29, " Protection Against
Anticipated Operational Occurrences."

O

O
;
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l 5. 2.1.1 COMPLIANCE WITH THE CODES AND STANDARDS RULE, 10 CFR S 50.55a
!
,

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

t
' In order to establish that pressure-retaining components of the reactor coolant

pressure boundary and other fluid systems important to safety of water-cooled
nuclear power plants are in compliance with the Codes and Standards Rule 10 CFR,

l e 50.55a, an applicant is required to provide a table in his safety analysis report
(SAR) identifying pressure vessels, piping, pumps and valves and the component
Code, Code Edition, applicable Addenda, anJ component order date (where applicable)
for each component. 10 CFR S 50.55a requires that pressure-retaining components of
the reactor coolant pressure boundary be designated as Class 11 components and
constructed 2 in accordance with the rules of the American Society of Mechanical

( O Engineers (ASME) Boiler and Pressure Vessel Code, Section III, Division 1 (here-
( / after the Code), except for components which meet the exclusion requirements of

footnote 2 of the rule. Components of the reactor coolant pressure boundary which
meet the exclusion requirements of footnote 2 may be classified as Quality Group B
in accordance with Regulatory Guide 1.26 and constructed as Class 2 components in
accordance with the Code.

I

I TheCodesandStandardsRulealsorequiresthatpressure-retainingcomponentsofother fluid systems important to safety be designated as Class 2, Class 3, and
Class MC4 components and constructed in accordance with the rules of the Code. |

|
|

2 Editions of the Code prior to 1971 use the term Class A in lieu of Class 1.
[

2 Constructed, as used herein, is an all-inclusive term comprising materials
certification, design, fabrication, examination, testing, inspection, and
certification required in the manufacture and installation of components.

3 Editions of the Code prior to 1971 use the term Class C in lieu of Class 2.
I 4 Editions of the Code prior to 1971 use the term Class B in lieu of Class MC.
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To meet these requirements, components o' fluid systems important to safety
may be classified as Quality Group B or C in accordance with the guidance
provided in Regulatory Guide 1.26 which is an acceptable method for determin-
ing the appropriate Code Class. This review of Quality Group B and Quality
Group C components of other fluid systems important to safety is performed
under SRP Section 3.2.2.

For construction permit (CP) and operating license (OL) applications, the MEB
will determine the acceptability of the information presented in the SAR, to
assure that the applicant is in compliance with the rules of Section 50.55a.

In the event there are cases where conformance with the Codes and Standards
Rule would result in hardships or unusual difficulties without a compensating
increase in the level of safety and quality, the applicant must provide a com-
plete description of the circumstances and the basis for proposed alternate
requirements. The applicant cust describe how an equivalent and acceptable
level of safety and quality will be provided by the proposed alternate require-
ments. The SAR should identify differences between the specific portions of
the Code and Code Addenda to which each component has been constructed and that
which is required for conformance with Section 50.55a.

The MTEB verifies, upon request of MEB, the compatibility of the materials of |
construction with service conditions and, as required, will provide assistance
in establishing acceptability in the event an applicant invekes the " hardship"
clause, and dces not conform in all respects with Section 50.55a.

II. ACCEPTANCE CRITERIA

Acceptance criteria is based on meeting the relevant requirements of the
following regulations:

1. 10 CFR Part 50, Appendix A, General Design Criterion 1, as it relates to
the requirement that structures, systems, and components important to
safety shall be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety function to be
performed.

2. 10 CFR ; 50.55a as it relates to establishing minimum quality standards
for the design, fabrication, erection, construction, testing, and inspec-
tion of components within the reactor coolant pressure boundary and other |
fluid systems important to safety of boiling and pressurized water
reactor nuclear power plants by requiring conformance with appropriate
editions of specified published industry codes and standards.

To meet the requirements of General Design Criterion 1 and 10 CFR S 50.55a,
Regulatory Guide 1.26," Quality Group Classification and Standards," is used.
This regulatory guide describes an acceptable method for determining quality
standards for Quality Group B, C, and D water- and steam-containing components
important to safety of water-cooled nuclear power plants.

III. REVIEW PROCEDURES

The table provided by the applicant identifying pressure vessel components,
piping, pumps and valves, and the corresponding compcrent Code, Code Edition,
applicable Addenda, and, when required, the component order date of each ASME
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Section III, Class 1 and 2 component within the reactor coolant pressure
O boundary, is checked for compliance with Section 50.55a of 10 CFR Part 50.This review is applicable to CP and OL applications.

For those components within the reactor coolant pressure boundary that are not
in compliance with the rules of Section 50.55a, a review of the Code, Code
Addenda, and SAR is performed to identify the specific sections of the Code
with which the component does not comply, a decision to accept a component
which is not fully in compliance with the rules is based on a judgment of the
relative importance of the specific provisions in the Code or Code Addenda not
complied with, and a determination that any noncompliance will not result in
an unacceptable level of safety cod quality.

If the staff's concerns are not resolved in a satisfactory manner, a staff
position is taken requiring conformance with the rules of Section 50.55a.

IV. EVALUATION FINDINGS

The reviewer should verify that sufficient information is contained in the SAR
and amendments and that his evaluation supports conclusions of the following
type, which are to be included in the staff's safety evaluation report:

The staff concludes that system components are in compliance with I

10 CFR 950.55a and meet the requirements of General Design Criterion 1.;

This conclusion is based on the following:

p) The applicant has met the requirements of 10 CFR S 50.55a and General

(V Design Criterion 1 with respect to the construction of structures, systems,
and components important to safety to quality standards. The require-
ments have been met by assuring that the components of the reactor
coolant pressure boundary as defined by the rules of 10 CFR S 50.55a,
have been properly classified in Table x.x-x of the SAR as ASME
Section III, Class 1 (Quality Group A) components except for those
reactor coolant pressure boundary components which meet the exclusion
requirements of footnote 2 of the rule. These reactor coolant pres-
sure boundary components are classified Quality Group B in accordancet

| with the guidance provided in Regulatory Position C.1 of Regulatory
Guide 1.26 and are constructed as ASME Section III, Class 2 components.

i Table x.x-x identifies the component Code, Code Edition, and Code
Addenda for each Quality Group A component such as; reactor vessel,
steam generators (primary side), pressurizer, reactor coolant pumps,)

'

pressurizer relief valves, control valves, block valves, other reactor
coolant pressure boundary valves, and interconnecting piping of the
reactor coolant pressure boundary and each Quality Group B component
such as: steam generators (secondary side) and interconnecting piping
and valves of the reactor coolant pressure boundary which meet the
exclusion requirements of footnote 2 of the rule.

We reviewed the component Code, Code Edition, and Addenda, as applied
to each of these reactor coolant pressure boundary components, and
we find they are constructed in accordance with the requirements of
the applicable Codes and Addenda that are specified by the rules of

p 10 CFR S 50.55a. Our review of Quality Group B (ASME Section III,
Class 2) and Quality Group C (ASME Section III, Class 3) components
of other fluid systems important to safety is performed in
Section 3.2.2 of the SER.
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The applicant has met the requirements of General Design Criterion 1
with respect to components of the reactor coolant pressure boundary
being designed to assure that component quality is commensurate with
the importance of the safety function of the reactor coolant pressure
boundary. The provisions of the ASME Code has been met which constitutes
an acceptable basis for satisfying the requirements of General Design
Criterion 1.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding
the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced Codes and Standards Rule 10 CFR S 50.55a and
the regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50 Appendix A, General Design Criterion 1, " Quality Standards
and Records."

2. 10 CFR S 50.55a, " Codes and Standards Rule."

3. ASME Boiler and Pressure Vessel Code, 1980 Edition, Section III, " Nuclear
Power Plant Components," American Society of Mechanical Engineers (1980).

4. Regulatory Guide 1.26, " Quality Group Classifications and Standards."

O-
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5.2.1.2 APPLICABLE CODE CASES

REVIEW RESPONSIBILITIES

Primary - Mechanical Engineering Branch (MEB)

Secondary - None

I. AREAS OF REVIEW

The MEB determines the acceptability of American Society of Mechanical Engineers
(ASME) and American National Standards Institute (ANSI) Code Case interpretations
specified in the safety analysis report (SAR). These Code Cases must be approved
before being applied to ASME Boiler and Pressure Vessel Code, Sectica III,
Division 1, Subsection NB - Class 1 Components, Subsection NC - Class 2 Components,
Subsection ND - Class 3 Components, and Subsection NE - Class MC Components, as
stated in the Codes and Standards Rule, Section 50.55a(a)(2)(ii) of 10 CFR Part 50.
The review also includes the approval of Code Cases applied to ASME Boiler and
Pressure Vessel Code, Section III, Division 1, Subsection NF - Component Supports,

O and Subsection NG - Core Support Structures, and ASME Boiler and Pressure Vessel
k / Code, Section III, Division 2, Concrete Containments. These Code Cases contain

requirements or special rules which may be used for application in the construction
of components for light-water-cooled nuclear power plants.

The MEB, the Materials Engineering Branch (MTEB), and the Structural Engineering
Branch (SEB) on a generic basis, determine the acceptability of ASME and ANSI Code
Case interpretations that may be applied to ASME Section III, Division 1 and 2
components. These branches review each revision to applicable Code Cases. Code
Cases pertaining to materials, fabrication, and nondestructive testing are
evaluated by the MTEB. Code Cases pertaining to ASME Section III, Division 2, are
evaluated by the SEB. All other areas covered by ASME Code Cases are evaluated by
the MEB.

II. ACCEPTANCE CRITERIA

Acceptance criteria is based on meeting the relevant requirements of the following |regulations: I
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1. 10 CFR Part 50, Appendix A, General Design Criterion 1, as it relates to
the requirement that structures, systems, and components important to i
safety shall be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety function to be

,

I
Iperformed.

2. 10 CFR Part 50, 6 50.55a, as it relates to the rule that establishes I
.

minimum quality standards for the design, fabrication, erection, con- i

struction, testing, and inspection of certain components of boiling and | |

pressurized water reactor nuclear power plants by requiring conformance
with appropriate editions of specified published industry codes and ,

standards. |

|

To meet the requirements of General Design Criterion 1 and 10 CFR
Part 50, S 50.55a, the following regulatory guides are used:

a. Regulatory Guide 1.84, " Code Case Acceptability in ASME | '

|Section III - Design and Fabrication." This guide lists those
Section III ASME Code Cases oriented to design and fabrication 4

lwhich are acceptable to the staff for implementation in the
licensing of nuclear power plants.

b. Regulatory Guide 1.85, " Code Case Acceptability in ASME |
Section III - Materials." This guide lists those Section III
ASME Code Cases oriented to materials and testing which are
acceptable to the staff for implementation in the licensing of
nuclear power plants.

c. Regulatory Guide 1.147, " Inservice Inspection Code Case
Acceptability, ASME Section XI, Division 1." This guide lists
those Section XI ASME Code Cases which are acceptable to the
staff for use in the inservice inspection of light-water-cooled
nuclear power plants.

III. REVIEW PROCEDURES

The table provided by the applicant identifying those ASME Code Cases applied
to Section III, Division 1 and Division 2 components is checked for compliance I
with the list of acceptable Code Cases identified in Regulatory Guides 1.84,

|1.65, and 1.147.

ASME Section III, Division 2, Code Cases oriented to Concrete Containments are
reviewed by the MEB on a case-by-case basis for implementation in the
licensing of nuclear power plants pending approval of Section III, Division 2
of the Code and the associated Code Cases by the Commission.

In the event an applicant should propose to use a Code Case not previously
approved by the staff, upon request, a review of the Code Case is performed by
MEB with assistance from MTEB or SEB, as appropriate.

IV. EVALUATION FINDINGS

The staff review should verify that only acceptable ASME and ANSI Code Cases
are specified in the SAR in order to ar" ve at conclusions of the following
type, which are to be included in the st.2ff's safety evaluation report:
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The specified ASME and ANSI Code Cases whose requirements will be applied
in the construction of ASME Section III, Division 1, Class 1, Class 2,

(v Class 3, and Class MC components are in accordance with the rules of
10 CFR Part 50, S50.55a and the guidance provided in Regulatory
Guides 1.84, 1.85, and 1.147. We conclude that compliance with the
requirements of these Code Cases will result in a component quality level
commensurate with the importance of the safety function of these
components and constitutes an acceptable basis for satisfying the
requirements of General Design Criterion 1 and is therefore acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES |

1. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality
Standards and Records."

2. 10 CFR Part 50, S 50.55a, " Codes and Standards Rule."

3. ASME Boiler and Pressure Vessel Code, 1980 Edition, Section III, " Nuclear
Power Plant Components," American Society of Mechanical Engineers (1980).

4. ASME Boiler and Pressure Vessel Code, 1980 Edition, " Code Cases, Nuclear
Components," American Society of Mechanical Engineers (1980).

5. Regulatory Guide 1.84, " Code Case Acceptability in ASME Section III -
Design and Fabrication."

6. Regulatory Guide 1.85, " Code Case Acceptability in ASME Section III -
Materials."

4 7. Regulatory Guide 1.147, " Inservice Inspection Code Case Acceptability,
ASME Section XI, Division 1."

O\
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TABLE 5.2.1.2-1 CODE CASE ACCEPTABILITY, ASME SECTION
V-NONDESTRUCTIVE EXAMINATION, AND ASME SECTION IX

WELDING AND BRAZING QUALIFICATIONS'

This table has been superseded by:

1. Code Cases 1400, 1452, 1632, and 1707 have been annulled as the contents
of these Code Cases have been incorporated in Sections V and Section IX
of the ASME Boiler and Pressure Vessel Code.

2. Code Case 1693 (N-212) has been identified as an acceptable Code Case in
Regulatory Guide 1.84.

3. Code Case 1698 (N-92) has been identified as an acceptable Code Case in
Regulatory Guide 1.85.

4. The technical content of Code Case 1816 is identical to that of Code Case 1820
which has been identified as an acceptable Code Case in Regulatory Guide 1.85.

O

O
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:: TABLE 5.2.1.2-2-CODE CASE ACCEPTABILITY, ASME SECTION XI-
I INSERVICE INSPECTION OF NUCLEAR POWER PLANT COMPONENTS

!9
j This table has been superseded by Regulatory Guide 1.147. |
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5.2.2 OVERPRESSURE PROTECTION

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

A. Overpressure protection for the reactor coolant pressure boundary (RCPB),
during power operation of the reactor, is ensured by application of relief
and safety valves and the reactor protection system. For boiling water
reactors (BWRs), the area of review includes relief and safety valves on the
main steam lines and piping from these valves to the suppression pool. For
pressurized water reactors (PWRs), the area of review includes pressurizer
relief and safety valves and the piping from these valves to the quench
tank, on the primary and steam generator relief and safety valves on the
secondary.

|

The adequacy of the proposed preoperational and initial startup test pro-
s) grams is examined as a part of this review. The reviewer also evaluates the

V proposed technical specifications to assure that they are adequate with regard
to limiting conditions of operation and periodic surveillance testing.

B. Overpressure protection for the RCPB, during low temperature operation of
the plant (startup, shutdown), is ensured by the application of pressure
relieving systems that function during the low temperature operation. For
PWRs the area of review includes relief valves with piping to the quench
tank, the makeup and letdown system, and the RHR system which may be operat-
ing when the primary system is water solid. For BWRs, no special area of
review is required since BWRs never operate in water-solid conditions.

In addition, the RSB will coordinate its review with the evaluations of

other branches that have primary review responsibility for other portions of
tha overpressure protection as follows: The Procedures and Test Review Branch
(PTRB), as part of its primary review responsibility for SRP Section 14.2,
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reviews proposed preoperational and initial startup test programs to
assure that overpressure components will perform their safety function.
The Mechanical Engineering Branch (MEB), as part of its primary review /
responsibility for SRP Sections 3.2.1 and 3.2.2, reviews seismic design
criteria for components of the overpressure protection system. The
Equipment Qualification Branch (EQB), as part of its primary review
responsibility for SRP Sections 3.10 and 3.11, reviews installation
criteria for cc4ponents of the overpressure protection system. The
Instrumentation and Control Systems Branch (ICSB), as part of its primary
review responsibility for SRP Sectior 7.6, reviews the adequacy of controls
and instrumentation for the automatic and manual actuation of overpressure
protection components. The Licensing Guidance Branch (LGB), as part of
its primary review responsibility for SRP Section 16.0, reviews technical
specifications. The Quality Assurance Branch (QAB), as part of its primary
review responsibility for SRP Sections 17.1 and 17.2, reviews quality
assurance requirements.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. Acceptance Criteria

The RSB acceptance criteria for the overpressure protection system are based
on meeting the relevant requirements of the following regulations:

1. General Design Criterion 15, as it relates to the reactor coolant
system and associated auxiliary, control, and protection systems
being designed with sufficient margin to assure that the design
co-ditions of the reactor coolant pressure boundary are not exceeded
during any condition of normal operation, including anticipated
operational occurrences.

2. General Design Criterion 31, as it relates to the reactor coolant
pressure boundary being designed with sufficient margin to assure
that boundary behaves in a nonbrittle manner and the probability of
rapidly propagating fracture is minimized.

Applications for construction permit should meet recommendations of Task
Action Plan items II.D.1 and II.D.3 of NUREG-0718 (Ref. 4j. Applications for
operating license shall meet recommmendations of Task Action Plan items II.D.1
and II.D.3 of NUREG-0737 (Ref. 5). Other specific acceptance criteria necessary
to meet the requirements of GDC 15 and 32 are as follows:

A. For overpressure protection, during power operation of the reactor, the
relief valves shall be designed with sufficient capacity to preclude
actuation of safety valves, during normal operational transients, when
assuming the following conditions at the plant:

The reactor is operating at licensed core thermal power level.a.

b. All system and core parameters are at values within normal operating
range that produce the highest anticipated pressure.

All components, instrumentation, and controls function normally.c.
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Safety valves shall be desi
pressure to less than 110% gned with sufficient capacity to limit theof the RCPB design pressure (as specified bym

(V the ASME Boiler and Fressure Vessel Code [Ref. 2]), during the mosth

severe abnormal operational transient and the reactor scrammed. Also,
sufficient margin shall be available to account for uncertainties in the
design and operation of the plant assuming:

1. The reactor is operating at a power level that will produce the
most severe overpressurization transient.

ii. All system and core parameters are at values within normal
operating range, including uncertainties and technical specifica-
tion limits that produce the highest anticipated pressure.

iii. The reactor stram is initiated by the second safety grade
signal from the reactor protection system.

iv. The discharge flow is based on the rated capacities specified
in the ASME Boiler and Pressure Vessel Code (Ref. 2), fur each
type of valve.

3. Full credit is allowed for spring-loaded safety valves c'esigned in
accordance with the requirements of the ASME Boiler and Pressure
Vessel Code (Ref. 7)

B. The overpressure protection system, during low temperature operation of
the plant (startup, shutdown), shall be designed in accordance with the

'p requirements of Branch Technical Position RSB 5-2 attached to this SRP
section (Ref. 3).Dy I

III. Review Procedures

The procedures below are used during the construction permit (CP) review to
assure that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II of this SRP section.

For operating license (OL) applications, the procedurm are used to verify
that the initial design criteria and bases have been appropriately implemented
in the final design as set forth in the final safety analysis report and in
the report on overpressure protection. The latter report is required by the
ASME Code (Ref. 2) and is used as the basis for many of the individual review
steps outlined below during the OL review. The OL review also includes the
proposed technical specifications, to assure that they are adequate in regard
to limiting conditions of operation and periodic surveillance testing.

The following steps are taken by the RSB reviewer in determining that the
acceptance criteria of subsection II have been met. These steps should be
applied to CP and OL reviews as appropriate. Previously reviewed designs may
be used as a guide; however, the reviewer must verify that any changes are
justified.

1. The piping and instrumentation diagrams are examined to determine the
number, type, and location of the safety and relief valves in both the

O)( primary and secondary systems, and of discharge lines, instrumentation,
' and other components.
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2. All other functions of the components, instruments, or controls used for
overpressure protection and the interfaces with all other systems are
identified. The effects of these other functions or systems on operation
of the overpressure protection system are determined. For PWRs, failure
of the makeup and letdown system or the RHR system is examined to assure
overpressure protection during low temperature operation of the plant.

1

3. The capacities, setpoints, and setpoint tolerances for all safety and
relief valves are identified.

4. All of the reactor trip signals which occur during overpressure transients,
including their setpoints and setpoint tolerances, are identifed.

5. All transients analyzed in Chapter 15 of the SAR that result in an increase
in the pressure experienced by the RCPB are examined. The predicted peak
pressures are identified and the operating conditions ard setpoints used
in the analysis are reviewed to assure that they are suitably conservative.

I
6. The proposed plant technical specifications are reviewed to:

Confirm the suitability of the limiting conditions of operation,a.
including the proposed time limits and reactor operating restrictions
for periods when system equipment is inoperable due to repairs and
maintenance.

b. Verify that the frequency and scope of periodic surveillance testing
is adequate.

IV. Evaluation Findings

The reviewer verifies that the SAR contains sufficient information and the
review supports the following kinds of statements and conclusions, which
should be included in the staff's safety evaluation report:

The staff cc.icludes that the overpressurization protection system is acceptable
and meets the relevant requirements of GDC 15 and 31 and Appendix G to 10 CFR
Part 50. This conclusion is based on the following:

1. BWRs

The overpressure protection system prevents overpressurization of the
reactor coolant pressure boundary under the most severe transients and
limits the reactor pressure during normal operational transients.
Overpressure protection is provided by safety and relief
valves located on the four main steam lines between the reactor vessel
and the first isolation valve inside the drywell. The relief and safety
valves are distributed among the four main steam lines such that a single
accident cannot disable the automatic overpressure protection function.
The valves discharge through piping to the suppression pool. The valves
have setpoints thst range from to psig. Their
total capacity at their setpoint is % of rated steam flow.

To determine the ability of the overpressure protection system to prevent
overpressurization, the applicant has analyzed the most severe overpressure
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transients. The analysis was performed assuming that: (a) the plant is
in operation at design conditions (*% of rated steam flow and a reactorO vessel dome pressure of * psig), and (b) the reactor is shut down by

V The calculated peak pressure at the bottom of the vessel is.

psig, a value within the code allowable of psig
(110% of vessel design pressure). -

|
.

2. PWRs

The overpressure protection system prevents overpressurization of
the reactor coolant pressure boundary under the most severe transients
and limits the reactor pressure during normal operational transients.
Overpressurization protection is provided by safety
valves. These valves discharge to the pressurizer quench tank
through a common header from the pressurizer. The safety and relief
valves in the primary, in conjunction with the steam generator
safety and relief valves in the secondary, and the reactor protection
system, will protect the primary system against overpressure in the
event of a complete loss of heat sink.

The peak primary system pressure following the worst transient is
limited to the ASME Code allowable (110% of the design pressure)
with no credit taken for nonsafety grade relief systems. The

plant was assumed to be operating at design conditions
( % of rated power) and the reactor is shut down by a scram.
TTie calculated pressure at the bottom of the vessel is
psig, a value within the code allowable of psig (110% of
vessel design pressure).

U Overpressure protection :furing low temperature operation of the
plant is provided by .

The applicant has met GDC 15 and 31 and Appendix G since they have implemented
the guideline of BTP RSB 5-2. In addition, the applicant has incorporated
into their design the recommendations of Task Action Plan items II.D.1 and
II.D.3 of NUREG-0718 and NUREG-0737.

V. Implementation

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant prop ses an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced NUREGs.

VI. References

1. 10 CFR Part 50, Appendix A, General Design Criterion 15, " Reactor Coolant
System Design."

V "NormaHy, BWRs are analyzed at 105% rated steam flow at a pressure of 1040 psig.
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2. ASME Boiler and Pressure Vessel Code, Section III, Article NM-7000,
" Protection Against Overpressure," American Society of Mechanical Engineers.

3. Branch Technical Position RSB 5-2, "0verpressurization Protection of
Pressurized Water Reactors While Operating at Low Temperatures," attached
to this SRP section.

4. NUREG-0718, " Licensing Requirements for Pending Applications for Construction
Permits and Manufacturing License."

5. NUREG-0737, " Clarification of TMI Action Plan Requirements."

6. 10 CFR Part 50, Appendix G, " Fracture Toughness Requirements."

7. ASME Boiler and Pressure Vessel Code, Section III," Article NB-7611,
" Spring-Loaded Safety Valves."

8. 10 CFR Part 50, Appendix A, General Design Criterion 31," Fracture Prevention
of Reactor Coolant Pressure Boundary."

O

.

O
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BRANCH TECHNICAL POSITION RS8 5-2

O OVERPRESSURIZATION PROTECTION OF PRESSURIZED WATER REACTORS
\ WHILE OPERATING AI LOW IEMPERATURES

A. Background

General Design Criterion 15 of Appendix A of 10 CFR Part 50 requires that "the
Reactor Coolant System and associated auxiliary, control, and protection
systems shall be designed with sufficient margin to assure that the design
conditions of the reacter coolant pressure boundary are not exceeded during
any condition of normal operation, including anticipated operational occurrences."

Anticipated operational occurrences, as defined in Appendix A of 10 CFR Part 50,
are "those conditions of normal operation which are expected to occur one or
more times during the life of the nuclear power unit and include but are not
limited to loss of power to al' recirculation pumps # tripping of the turbine
generator set, isolation of the main condenser, and 1oss of all offsite power."

Appendix G of 10 CFR Part 50 provides the fracture toughness requirements for
reactor pressure vessels under certain ccaditions. To assure that the Appendix G
limits of the reactor coolant pressure boundary are not exceeded during any
anticipated operational occurrences, technical specification pressure-temperature
limits are provided for operating the plant.

The primary concern of this position is that during startup and shutdown
conditions at low temperature, especially in a water-solid condition, thex

) reactor coolant system pressure might exceed the reactor vessel pressure-,

L / temperature limitations in the technical specifications established for protec-
tion against brittle fracture. This inadvertent overpressurization could be
generated by any one of a variety of malfunctions or operator errors. Many
incidents have occurred in operating plants as described in Reference 1.

Additional discussion on the background of this position is containM in
Reference 1.

B. Branch Position

1. A system should be designed and installed which will prevent exceeding
the applicable technical specifications and Appendix G limits for
the reactor coolant system while operating at low temperatures. The
system should be capable of relieving pressure during all anticipated
overpressurization events at a rate sufficient to satisfy the technical
specification limits, particularly while the reactor coolant system
is .in a water-solid condition.

2. The system should be able to perform its function assuming any single
active component failure. Ana! ses using appropriate calculational
techniques must be provided which demonstrate that the system will
provide the required pressure relief capacity assuming the most
limiting single active failure. The cause for initiation of the
event, e.g., operator error, component malfunction should not be

A) considered as the single active failure. The analyses should assume
the most limiting allowable operating conditions and systems configura-('l tion at the time of the postulated cause of the overpressure event.
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All potential overpressurization events should be considered when
establishing the worst-case event. Some events may be prevented by
protective interlocks or by locking out power. These events should
be identified on an individual basis. If the events are excluded
from the analyses, the controls to prevent these events should be in
the plant technical specifications.

3. The system should be designed using IEEE Std.-279 as guidance (see
implementation). The system may be manually enabled, however, an
alarm to alert the operator to enable the system at the correct
plant condition during cooldown, should be provided. Positive
indication shoulc' ' e provided to indicate when the system is enabled.
An alarm should be provided when the protective action is initiated.

4. To assure operattonal readiness, the overpressure protection system
should be testable. Technical specification surveillance requirements
should include:

A test performed to assure operability of the system (exclusivea.
of relief valves) prior to each shutdown.

b. A test for valve operability, as a minimum, be conducted as
specified in the ASME Code Section XI.

5. The system must meet the requirements of Regulatory Guide 1.26,
" Quality Group Classifications and Standards for Water , Steam , and
Radioactive-Waste-Containing Components of Nuclear Pvwer Plants,"
and Section III of the ASME Code.

6. The overpressure protection system should be designed to function
during an Operating Basis Earthquake. It should r.ot compromise the
design criteria of any other safety grade system with which it would
interface, such that the requirements of Regulatory Guide 1.29,
" Seismic Design Classification," are met.

7. The overpressure protection system should not depend on the avail-
ability of offsite power to perform its function. The system should
be operable from battery-backed power sources, not necessarily Class
1E buses.

8. Overpressure protection systems which take credit for an active
component (s) to mitigate the consequences of an overpressurization
event should include additional analyses considering inadvertent
system initiation / actuation or provide justification to show that
existing analyses bound such an event.

9. If pressure relief is from a low pressure system, not normally
connected to the primary system, the overpressure protection function
should not be defeated by inte" locks which would isolate the low
pressure system from the priv.ry (colant system. (See BTP KSB3)

D. References

1. NUREG-0138, Staff Discussion of Fifteen Technical Issues Listed in
Attachment to November 3, 1976 Memorandum from Director, NRR, to NRR
Staff.

5.2.2-8 Rev. 0 - July 1981



NUREG-0800 I

(Form rly NUREG 75/087) I
|
|

pa aECg
m f s

'"} M, ,,.%iSTANDARD REV EW PLAN
U.S. NUCLEAR REGULATORY COMMISSION( +

\ . . .c..f' OFFICE OF NUCLEAR REACTOR REGULATION j
j

1

l

5.2.3 REACTOR COOLANT PRESSURE B0UNDARY MATERIALS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - Chemical Engineering Branch (CMEB)
|

I. AREAS OF REVIEW

l
The following areas, which relate to materials of the reactor coolant pressure
boundary (RCPB) other than the reactor pressure vessel, which is covered in Stand-
ard Review Plan Section 5.3.1, " Reactor Vessel Materials," are reviewed by MTEB and
CMEB as indicated.

1. Material Specifications

The specifications for pressure-retaining ferritic materials, nonferrous met-

O als and austenitic stainless steels, including weld materials, that are used

(V) for each component (e.g., vessels, piping, pumps, and valves) of the reactor
coolant pressure boundary, are reviewed by MTEB. |

The adequacy and suitability of the ferritic materials, stainless steels, and
nonferrous metals specified for the above applications are determined. |

2. Compatibility of Materials with the Reactor Coolant

General corrosion and stresc corrosion cracking inJuced by impuritics in the
reactor coolant can cause failures of the reactor coolant pressure boundary.

Tiie chemistry of the reactor cooiant and the additives (such as inhibitors)
whose function is to control corrosion are reviewed by CMEB as part of ite
primary review responsibility for SRP Sections 5.4.8 and 9.3.4.

CMEB reviews the compatibility of the materials of construction employed in
the RCPB with the reactor coolant, contaminants, or radiolytic products to
which the system is exposed. The extent of the corrosion of ferritic low alloy
steels and carbon steels in contact with the reac+or coolant is reviewed.

.
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Similarly, a review by MTEB is made of possible uses of austenitic stain- |
less steels in the sensitized condition. The use of austenitic stainless
steels in any condition in boiling water reactors (BWR's) requires special |
attention because of the oxygen content of BWR coolant.

3. . Fabrication and Processing of Ferritic Materials

Items 3.a, 3.b, and 3.c are reviewed by MTEB. |

a. The fracture toughness properties of ferritic materials used for
pressure-retaining components of the reactor coolant pressure boundary
are reviewed.

The fracture toughness tests performed on all ferritic materials
used for pressure-retaining RCPB components (i.e., vessels, pumps,
valves, and piping) are reviewed

The test procedures used for Charpy V-notch impact and dropweight
testing are reviewed.

Fracture toughness of the material is characterized by its reference
temperature, RT This temperature is the higher of the nil-

NDT.
ductility temperature (NDT) from the dropweight test or r,he temperature
that is 60 F below the temperature at which Charpy V-notch impact
test data are 50 ft-lbs and 35 mils lateral expansion. |

b. The control of welding in ferritic steels is reviewed.

(1) The quality of welds in low alloy steels can be increased
significantly by proper controls. In particular, the propensity
for cold cracks or reheat cracks to form in areas under the
bead and in heat-affected zones (HAZ) can be minimized by
maintaining proper preheat temperatures of the base metal
concurrent with controls on other welding variables. The
minimum preheat tamperature and the maximum interpass tempera-
tures are reviewed.

(2) The quality of electroslag welds in low alloy steel components
can be increased by maintaining a weld solidification pattern
that. possesses a strong intergranular bond in the center of the
weld. .The welding variables, which have a significant effect
on the weld solidification pattern, must be controlled. The

selding variables, solidification patterns, macro etch tests,
and Charpy V-notch impact tests of electroslag welds are reviewed.

(3) Experience shows that a welder qualified to weld lcw-alloy
steel or carbon steel components under normal fabricating
conditions may not produce acceptable welds if the accessi-
bility to the weld area is restricted. Limited accessibility

can occur when component parts are joined in the final assembly
or at the plant site, where other adjacent components or struc-
tures prevent the welder from assuming an advantageous position
during the welding operation. The adequacy of accessibility
curing the welding of ferritic components is reviewed.

.
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(4) Controls can be exarcised to limit the occurrence of underclad
i cracking in low-alloy steel components clad with stainless

(Q steel. Welding processes that generate excessive heating and
promote base metal coarsening cause underclad cracking of

- certain steels. These 'Jariables are reviewed.

c. The requirements for nondestructive examination of ferritic wrought
seamless tubular products used for ASME Class 1 components of nuclear
power plants are specified in Paragraphs NB-2550 through NB-2570,

2 ASME Boiler and Pressure Vessel Gode (hereafter "the Code"),
Section III. The methods af examination specified for nondestructive

4 examination are reviewed.

4. Fabrication and Processing of Austenitic Stainless Steel

Austenitic stainless steels in a variety of product forms are used for
construction of pressure-retaining components in the reactor coolant
pressure boundary. Unstabilized austenitic type stainless steels, which
include American Iron and Steel Institute (AISI) Types 304 and 316, are
normally used. Because these compositions are susceptible to stress
corrosion cracking when exposed to certain environmental conditions,
process controls must be exercised during all stages of component manu-
facturing and reactor construction to avoid severe sensitization of the
material and to minimize exposure of the stainless steel to contaminants
that could lead to stress corrosion cracking.

Items 4.a, 4.b, 4.d, and 4.e are reviewed by MTEB; and item 4.c is reviewed
by CMEB. Upon request the CMEB will review corrosion testing data.4

a. Sensitization is caused by intergranular precipitation of chromium
carbide in austenitic stainless steels that are exposed to temper-
atures in the approximate range of 800 F to 1500 F. Precipitation
of the chromium carbide at the g, rain boundaries increases with |
increasing carbon content and exposure time. Control of the appli-
cation and processing of stainless steel is needed to eliminate the
occurrences of stress corrosion cracking in sensitized stainless
steel components of nuclear reactors. Test data and service exper-
ience demonstrate that sensitizec' stainless steel is significantly-

more susceptible to stress corrosion cracking than nonsensitized
(solution i' eat treated) stainless steel.

e

The following areas are reviewed: requirements for solution heat
treatment of stainless steel; plans to avoid partial or severe

; sensitization during welding, including information og welding
; methods, heat input, and interpass temperatures; and a description
'

of the material inspection program that will be used to verify that
unstabilized austenitic stainless steels are not susceptible in
service to intergranular attack.

Special provi> ~ apply to the use of austenitic stainless-

steel in boill . eeactor (BWR) piping because plant operating
experience.irv - > at reactor coolant boundary piping is suscer -
tible to oxygen 3._ ad stress corrosion cracking.

D
i
b.
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b. Contamination of austenitic stainless steel with halogens and
halogen-Dearing compounds (e.g., die lubricants, marking compounds,
and masking tape) must be avoided to the maximum degree possible to
avoid stress corrosion cracking. Plans for cleaning and protecting
the material against contaminants capable of causing stress corrosion
cracking during fabrication, shipment, s+.orage, construction, testing,
and operation of components and systems are reviewed. Any pickling
used in processing austenitic stainless steel components and the
restrictions placed on pickling sensitized materials are reviewed.
The upper limit on the yield strength of austenitic stainless steel
materials is reviewed.

c. Whether sensitized or not, austenitic stainless steel is subject to
stress corrosion and must be protected from contaminants that can
promote cracking. Thermal insulation is often employed adjacent to,
or in direct contact with, stainless steel piping and components.
The contaminants present in the thermal insulation may be leached by
spilled or leaking liquids and deposited on the stainless steel
surfaces. The controls on the use of nonmetallic thermal insulation
are reviewed.

d. Austenitic stainless steel is subject to hot cracking (microfissuring)
during welding if the weld metal camposition or the welding procedure
is not properly controlled- Because cracks formed in this manner
are small and difficult to detect by nondestructive testing methods,
welding procedures, weld metal compositions, and delta ferrite
percentages that minimize th, possibility of hot cracking must be
specified. As a part of achsaving this control, Regulatory Guide 1.31,
" Control of Ferrite Content in Stainless Steel Veld Metal," contains

recommendations for process control through the testing of weld test
pads. The staff recommendations will provide assurance that the
ferrite content will be adequate to prevent microfissuring. The
adequacy of the proposed welding procedures is reviewed.

The assurance of satisfactory electroslag welds for austenitic
stainless steel components can be increased by maintaining a weld
solidification pattern with a strong intergranular bond in the
center of the weld. The welding variables that have a significant
effect on the weld solidification pattern must be controlled.

A number of electroslag welding process variables, such as, slag
pool depth, electrode feed rate e d oscillation, current, voltage,
and slag conductivity, have been shown to influence the weld solidi-
fication pattern. If the combination of process variables produces
a deep poof of molten weld metal, the crystal (dendritic) growth
direction from the pool sides will join at an obtuse angle at the
center of the weld, and cracks may develop because of the weaker
centerline bond between dendrites. A proper combination of process
variables promotes a dendritic growth pattern with an acute joining
angle, which results in a strong centerline bond. The welding
variables, solidification patterns, and macro etch tests used in the
electroslag welding of austenitic stainless steel are reviewed.

Experience has shown that a welder qualified to weld stainless steel
components under normal fabricating conditions may not produce
acceptable welds if the accessibility to the weld area is restricted.
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Limited accessibility can occur when component parts are joined in
the final assembly or at the plant site, where other adjacent com-

( ponents or structures prevent the welder from assuming an advantageous
( position during the welding operation. The adequacy of accessibility

of field erected structures, for welding austenitic stainless steel
components, is reviewed.

e. The requirements for nondestructive examination of wrought seamless
tubular products used for components of nuclear power plants are
specified in Paragraph NB-2550 of the Code, Section III. Nondes-

'j tructive examination techniques applied to tubular products used for
components of the RCPB, or other safety-related ASME Class 1 systems
that are designed for prassure in excess of 275 psig or temperatures
in excess of 200 F, must be capable of detecting unacceptable defects
regardless of defect shape, orientation, or location in the product.

The nondestructive examination procedures used for inspection of
' tubular products are reviewed.

Inservice inspection requirements for the RCPB are described in SRP Section 5.2.4,
" Inservice Inspection and Testing of Reactor Coolant Pressure B a ndary.",

The review for Quality Assurance is coordinated and performed by the Quality
Assurance Branch as part of its primary review responsibility for Standard Review
Plan Sections 17.1 and 17.2. The acceptance criteria necessary for the review
and metMds of application are contained in the referenced SRP sections.

II. ACCEPTANCE CRITERIA

The acceptance criteria for the areas of review described in subsection I of
. this SRP section describe methods to meet the requirements cf the Commission's
i regulations in 10 CFR Part 50 given below:

i 1. General Design Criteria (GDC) 1 and 30, as they relate to quality standards
; for design, fabrication, erection and testing;

l 2. GDC 4, as it relates to compatibility of components with environmental
conditions;

|
3. GDC 14 and 31, as they relate to extremely low probability of rapidly pro-

pagating fracture and gross rupture of the RCPB;

} 4. Appendix B, as it relates to onsite material cleaning control;

5. Appendix G, as it relates to materials testing and acceptance criteria for
fracture toughness of the RCPB; and

6. Section 50.55a, as it relates to quality standards and fracture toughness.

Specific acceptance criteria necessary to meet the relevant requirements of
,

Commission regulations identified above are:i

1. Material Specifications

| O The requirements of GDC 1, GDC 30, and S50.55a regarding quality standards
y/ are met for material specifications by compliance with the applicable
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provisions of the ASME Code and by compliance with the recommendations of
Regulatory Guide 1.85.

The specifications for permitted materials are those identified in the
ASME Code, Section III, Appendix I, or described in detail in the ASME
Code, Section II, Parts A, 8, and C. Regulatory Guide 1.85, " Code Case
Acceptability ASME Section III Materials," describes the acceptable Code
Cases to be used in conjunction with the above specifications. (Applicable
to materials reviewed in item I.1 by MTEB.)

iping materials and materials processing
Special requirements for BWR p' Technical Report on Material Selection andare described in NUREG-0313,
Procissing Guidelines for BWR Coolant Pressure Boundary Piping."

2. Ccmpatibility of Materials with the Reactor Coolant

The requirement of GDC 4 relative to c apatibility of components with
environmental conditions are met by compliance with the applicable provi-
sions of the ASME Code and by compliance with the recommendations of
Regulatory Guide 1.44.

Ferritic low alloy steels and carbon steels, which are used in many
principal pressure-retaining components, are clad with a layer of austenitic
stainless steel. If cladding is not used, conservative corrosion allowances
must be indicated for all exposed surfaces of carbon and low alloy steels,
as indicated in the ASME Code, Section III, NB-3120, " Corrosion." (Applicable
to materials reviewed by CMEB as specified in item I.2.)

Unstablilized austenitic stainless steel of the AISI Type 3XX series used
for components of the RCPB must conform to the recommendations of Regu-
latory Guide No. 1.44, " Control of the Use of Sensitized Stainless Steel,"
and the positions of NUREG-0313, including verification of nonsensitiza-
tion of the material by an approved test. (Applicable to materials
reviewed by MTEB as specified in item I.1.)

3. Fabrication and Processing of Ferritic Materials
(Applicable to materials reviewed by MTEB as specified in items I.3.a,
I.3.b, and I.3.c.)

a. The acceptance criteria for fracture toughness are the requirements
of Appendix G, " Fracture Toughness Requirements," of 10 CFR Part 5(
These criteria satisfy the requirements of GDC 14, GDC 31, and
g50.55a regarding prevention of fracture of the RCPB.

Appendix G requires that the pressure-retaining components of the
RCP3 that are made of ferritic materials shall meet the requirements
for fracture toughness during system hydrostatic tests and any
condition of normal operation, including anticipated operational
occurrencer. With respect to absorbed energy in ft-lbs and lateral
expansion as shown by Charpy V-notch (C ) impact tests, all materialsy

shall meet the at eptance standards of Article NB-2300 of the Code,
Section III, and the requirements of Sections IV.A.2 and IV.A.3 of
Appendix G, 10 CFR Part 50, as fol' es:

O
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(1) The special acceptance requirements for fracture toughness of
reactor vessels are covered by Standard Review Plan Section 5.3.1,

Os " Reactor Vessel Materials."
I

(2) Materials for piping (i.e. , pipes, tubes, and fittings), pumps,
and valves, excluding bolting materials, shall meet the require-
ments of the Code, Section III, Paragraph NB-2332,,and Appendix G,
Paragraph G-3100. The required C values for piping are specified
inTableNB-2332-1oftheCcde,SEctionIII.,

(3) Materials for bolting for which impact tests are required shall
meet the requirements of the Code, Section III, Paragraph NB-2333.

I
(4) Calibration of instruments and equipment shall meet the require-

ments of the Code, Section III, Paragraph NB-2360.

b. The acceptance criteria for control of ferritic steel welding are
based upon the following regulatory guides and ASME Code provisions
to satisfy the quality standards requirements of GDC 1, GDC 30, and
950.55a:

(1) The amount of specified preheat must be in accordarce with the
requirements of the Code, Section III, Appendix D, Paragraph D-1200,
supplem- ed by Regulatory Guide 1.50, " Control of Preheat
Temperature for Welding Low Alloy Steel."

The supplemental acceptance criteria for control of preheat
temperature are as follows:

y/ (a) The welding procedure qualification requires that minimum |
preheat and maximum interpass temperatures be specified
and that the welding procedure be qualified at the minimum
preheat temperature. For production welds, the preheat
temperature should be maintained until a post-weld heat
treatment has been performed.

(b) Production welding should be monitored to verify that the
limits on preheat and interpass temperatures are maintained.
In the event that the above criteria are not met, the weld
is subject to rejection.

The preheat controls described in the Westinghouse Topical
Report WCAP-8577 are an acceptable alternate to compliance with
those of Regulatory Guids 1.50.

(2) The acceptance criteria for electroslag welds are presented in
Regulatory Guide 1.34, " Control of Electroslag Weld Properties."
These criteria specify acceptable solidification patterns and
impact test limits (for qualification of welds in Class 1 and
Class 2. components) and the criteria for verifying conformance
during production welding.

(3) Regulatory Guide 1.71, " Welder Qualification for Areas of
Limited Accessibility," provides the following criteria for
requalification of welders: the performance qualification
should require test;ng of the welder when conditions ofs
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accessibility to a production w ld are less than 30 to 35 cm
(12-14 inches) in any direction from the joint; and requ:llifi-
cation is required for different restricted accessibility
conditions or when any of the essential variables listed in the
Code, Section IX, are changed.

Qualification of the welder or welding operators for limited
accessibility may be waived provided that 100% radiographic
and/.or ultrasonic examination of the completed welded joint is
performed. Examination procedures and acceptance standards
should meet the requirements of the ASME Section III of the
Code. Records of the examination reports and radiographs
should be retained and made part of the Quality Assurance
Documentation for thc completed weld.

(4) Regulatory Guide 1.43, " Control of Stainless Steel Weld Cladding
of Low-Alloy Steel Components," provides criteria to limit the
occurrence of underclad cracking in low-alloy steel safety-related
components clad with stainless steel. These criteria require
that material known to have susceptibility to underclad cracking
not be weld clad by high-heat-input welding processes and be
qualified for use to demonstrate that underclad cracking is not
induced. I

c. For nor destructive examination of ferritic steel tubular products,
the regt.irements of GDC 1, GDC 30, and $50.55a regarding quality
standards are met by compliance with the applicable provisions of
the ASME Code. The acceptance criteria are given in Section III of
the Code, Paragraph NB-2550.

4. Fabrication and Processing of Austenitic Stainless Steel

a. The requirement of GDC 4 relative to compatibility of components
with environmental conditions are met regarding measures to avoid
sensitization in austenitic stainless steels. The acceptance criteria
for testing, alloy compositions, and heat treatment, to avoid sen-
sitization in austenitic stainless steels, are covered in Regulatory
Guide 1.44, " Control of the Use of Sensitized Stainless Steel," and
additional criteria for BWRs are in NUREG-0313. (Applicable to
.naterials reviewed by MTEB as specified in item I.4.a. )

b. The requirements of GDC 4 relative to compatibility of components
with environmental conditions are met regarding additional controls
to avoid stress corrosion cracking in austenitic stainless steels.
These controls consist of acceptance criteria on prevention of
contaminatir.. cleaning, and upper limit on yield strength.

Controls to avoid stress corrosion cracking in austenitic stainless
steels are also covered in Regulatory Guide 1.44. This guide provides
acceptance cri' Aria on the cleaning and protection of the material
against contaminants capable of causing stress corrosion cracking.
Acid pickling is to be avoided on fabricated stain.ess steels.
Necessary pickling is to be done only with appropriate controls.
Pickling should not be performed upon sensitized stainless steels.
(Applicable to materials reviewed by MTEB as specified in item I.4.b.) |

O
5.2.3-8 Rev. 2 - July 1981

_ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ _ _ _ -



'
,

The quality of water used for final cleaning or flushing of finished
surfaces during installation is in accordance with Regulatory Guide 1.37,

O " Quality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water Cooled Nuclear Power Plants." Ventedi

Itanks with deionized or demineralized water are an acceptable source
of water for final cleaning or flushing of finished surfaces. The
oxygen content of the water need not be controlled. (Applicable to

,

water specified in Regulatory Guide 1.44 used for final cleaning or
flushing of finished stainless steel surfaces, and reviewed by
CMEB.)

Laboratory stress corrosion tests and service experience provide the
basis for the criterion that cold-worked austenitic stainless steels
used in the reactor coolant pressure boundary should have an upper
limit on the yield stre nth of 90,000 psi. (Applicable to material
reviewed by MTEB in item I.4.b.)

c. The acceptance criteria for compatibility of austenitic stainless
steel with thermal insulation are based on Regulatory Guide 1.36 to
ratisfy GDC 14 and 31 relative to prevention of failure of the RCPB.
The compatibility of austenitic stainless steel materials with
tnermal insulation is dependent upon the type of insulation. The
thermal insulation is acceptable if either reflective metal insulat-
ion is employed or a nonmetallic insulation which meets the criteria
of Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for Austen-
itic Stainless Steel," is used. The acceptance criteria for nonmetallic
insulation for stainless steel are based on the levels of leachable
contaminants in the material and are presented in position C.2.b and

O Figure 1 of the guide. (Applicable to material reviewed by CMEB in
item I.4.c.)

d. The acceptance criteria for control of welding of austenitic stainless
steels are based on Regulatory Guides 1.31, 1.34, and 1.71 to satisfy
the quality standards requirements of GDC 1, GDC 30, and 950.55a.
(Item II.4.d is applicable to material reviewed by MTEB as specified4

' in item I.4.d.)

The acceptance criteria for delta ferrite in austenitic stainless
i steel welds are given in Regulatory Guide 1.31, " Control of Ferrite

Content in Stainless Steel Weld Metal." These acceptance criteria
cover (1) verification of delta ferrite content of filler metals,
(2) ferrite measurement, (3) instrumentation, (4) acceptability of
test results, and (5) documentat#en of weld pad verification test.

The acceptance criteria for elec roslag welds in austenitic stainless
steel are given in Regulatory Gt,ide 1.34, " Control of Electroslag
Weld Properties." These criterit. specify acceptable solidification1

patterns for qualification of austenitic stainless steel welds and
the basis for verifying conformance during production welding.

Regulatory Guide 1.71, " Welder Qualification for Areas of Limited
Accessibility," provides the following criteria for requalification

| of welders:

(1) The performance 9alification should require testing of the
V welaer when conditions of accessibility to a production weld
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are less than 30 to 35 cm (12-14 inches) in any direction from
the joint.

(2) Requalification is required for different restricted accessibility
concitions or when other essential variables listed in the
Code, Section IX, are changed. An alternate acceptance criterion
is as etated in subsection II.3.b of this SRP section. |

e. For nondestructive examination of austenitic stainless steel tubular
products, the quality standards requirements of GDC 1, GDC 30, ana
50.55a are met by compliance with the applicable provisions of the

ASME Code. The acceptance criteria are given in Section III of the
Code, Paragraph NB-2550. (Item II.4.e. is applicable to material
reviewed by MTEB as soecified in item I.4.e.)

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

For each area of review described in subsection I of this SRP section,the |
fcilowing review procedures are followed:

1. Material Specifications

lhe mate:ial specifications for each major pressure-retaining component
or part used in the RCPB are compared with the acceptable specifications
listed in the Code, Sections II and III, as stated in the acceptance
criteria. Fxceptions to the material specifications of the Code are
clearly idencified, and the basis evaluated. The reviewer judges the
significance of the exceptions and, taking into account precedents set in
earlier cases, determines the acceptability of the proposed exceptions.
In those instances where the Materials Engineering branch takes exception
to the use of a specific material or questions certain aspects tf a
specification, the applicant is advised which material is not acceptable,
and for what reason.

2. Compatibility of Materials with the Reactor Coolant

The reviewer verifies that the following information is provided at each
respective stage of the review process:

a. At the construction permit stage of review:

(1) A list of the materials of construction of the components of
the reactor coolant pressure boundary that are exposed to the
reactor coolant, including a description of material compati-
bility with the coolant, contaminants, and radiolytic products
to which the materials may be exposed in service.

(2) A list of the materials of construction of the RCPB, and a
description of material compatibility with external insulation
and with the environment in the event of reactor coolant leakage.

(3) The fabrication and cleaning controls imposed on stainless
steel components to minimize contamination with chloride and
fluoride ions.
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I
; b. At the operating license stage of the review process:

V) (1) The items listed under subsection III.2.a above, to pro' vide |
assurance that any changes are noted that may have occurred
during the period between the submittal of C Gs.

3. Fabrication and Processing of Ferritic Materials

a. The information submitted by the applicant relative to tests for
fracture toughness is reviewed for conformance with the acceptance
criteria stated in subsection II.3.a. These tests include Charpy
V-notch impact and dropweight tests. A description of the tests is
reviewed, and the locations of the test specimens and their orientation
are verified. Information regarding calibratior of instruments and
equipment is reviewed for conformance with the acceptance criteria
stated in subsection II.3.a.(4) of this SRP section. |

4

In tne event that none of the fracture toughness tests has been
performed, the preliminary safety a.vlysis report (PSAR) must con-
tain a statennt of the applicant's intention to perform this work
in accordam.= with the Code, Section III, Paragraph NB-2300 and
Appendix 0; and the requirements of 10 CFR Fart 50, Appendix G.

i The final safety analysis report (FSAR) is reviewed to assure that
all the impact tests required by Appendix G to 10 CFR Part 50, as
detailed in NB-2300, have been performed.

A b. The control of welding in ferritic steels is reviewed as described
(v) below:

(1) The information submitted by the applicant regarding the control
of preheat temperatures for welding low alloy steel is reviewed
for conformance with the acceptance criteria stated in suboect-
ion II.3.b.(1) of this SRP section.

.

(2) The electroslag~ weld information submitted by the applicant is
reviewed for conformance to the acceptance criteria discussed
in subsection II.3.b.(2) of this SRP section. The information |
in the SAR is reviewed to verify that macroetch tests have been
made (to assure that an acceptable weld solidification pattern

' is obtained) and that impact tests specified in Regulatory
Guide 1.34 meet the acceptance criteria discussed previously in
subsection II.3.b.(2) of this SRP section. |

(3) The ASME Code, Section III, requires adherence to the requirements
of Section IX, " Welding Qualifications." One of the require-
ments is welder qualification for production welds. However,
there is a need for supplementing this section of the Code'

because the as3urance of providing satisfactory welds in locat-
ions of restricted direct physical and visual accessibility can.

be increased significantly by qualifying the welder under
conditions simulating the space limitations under which the

- actual welds will be made.
' q) Regelatory Guide 1.71, " Welder Qualification for Limited Acces-

sibility," provides the necessary supplement to the Code,
|

5.2.3-11 Rev. 2 - July 1981

- ______-_____- _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ - _ - _ - _ _ _ _ _ _ _ _ __-- ___



.

Section IX, in this respect. The information submitted by the
applicant is reviewed for conformance with acceptance criteria
discussed in subsection II.3.b.(3) of this SRP section. |

(4) The information submitted by the applicant regarding controls
to limit the occurrence of underclad cracking in low alley
steel components when weld cladding with austenitic stainless
steel are reviewed for conformance with acceptance criteria
given in subsection II.3.b.(4) of this SRP section.

c. The ASME Code, Section III, NB-2550 specifies the ultrasonic method
for examination of ferritic steel tubuiar products.

4. Fabrication and Processing of Austenitic Stainless Steels

a. The information submitted by the applicant in the following areas is
reviewed for conformance with the acceptance criteria stated in
subsection II.4.a of this SRP section regarding: |

(1) The desirable stage in the sequence of processing for solution
heat treatment, the rates of cooling, and the quenching media.

(2) Controls to prevent sensitization dering welding, as described
in Regulatory Guide 1.44.

(3) Controls to verify non-sensitization, as described in Regulatory
Guide 1.44.

(4) For BWRs, additional processing controls, as described in
NUREG-0313.

In the event that information in the above areas is not supplied,
sufficient justification for the deviation must be presented,

b. The information submitted by the applicant is reviewed for conformance
with the acceptance criteria discussed in subsection II.4.b of this
SRP section as follows:

Verification is sought that process controls are exercised during
'll stages of component manufacture and reactor construction to
,niniraize the exposure of austeniti: stainless steels to contaminants
that could lead to stress corrosion cracking.

Information is also checked to assure that precautions have been
taken to raquire removal of all cleaning solutions, processing
compounds, degreasing agents, and any other foreign aaterial from
the surfaces of the component at any stage of processing prior to
any elevated temperature treatment and prior to hydrotests. The
reviewer verifies that a statement is contained in the SAR that
pickling of sensitized austenitic stainless is avoided and that the
quality of water used for final cleaning or flushing of finished
surfaces during installation is in accordance with acceptance criteria
discussed in subsection II.4.b. of this SRP section.

Because excessive cold work in austenitic stainless steel can render
this material susceptible to stress corrosion cracking, control must
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be exerted by the applicant, by placing an upper limit on the yield
p) strength, in accordance with the acceptance criteria discussed in

subsection II.4.b of this SRP section. Verification is obtained(d that the applicant has such a control measure

c. The information submitted by the applicant is reviewed to determine
the type of insulation used and to determine its compatibility with
the austenitic stain 1.ess steel used in construction of the component.

There are no compatibility concerns with the use of reflective metal
insulation; the chief compatibility concern is with the use of
nonmetallic insulation. A review is performed to assure that any
such material specified by the applicant is in conformance with the
acceptance critetia stated in subsection II.4.c of this SRP section. |Verification is obtained that the material has been chemically.

analyzed by methods equivalent to those prescribed in Regulatory
Guide 1.36 and that evidence is obtained that the levels of leach-
able contaminants are such that stress corrosion of stainless steel
will not result from use of the insulation.,

~

d. The information submitted by the applicant regarding control of
i delta ferrite in austenitic stainless steel welds is reviewed to

determine its conformance with the acceptance criteria stated in
subsection II.4.d of this SRP section. The information submitted |

; must state that appropriate filler metal acceptance tests have been
conducted and that a certified materials test report has been received.
The information should state, also, the applicant's program for

p\ compliance with the staff positions in Regulatory Guide _ 31, " Control
of Ferrite Content in Stainless Steel Weld Metal."s

The information submitted by the applicant regarding control of
electroslag wcid properties for austenitic stainless steel materials
is reviewed for conformance with the acceptance criteria discussed |
in subsection II.4.d of this SRP section. |}

*

; The review of information on the control of electroslag weld properties
j in austenitic stainless steels is essentially the same as that

discussed previously for ferritic steels. However, because electroslag- )
J welded austenitic stainless steels have very high impact resistance

and because the Code, Section III, is not concerned with impact
testing of these welds, the checks are: (1) a macroeich test is
used to provide assurance that the solidification pattern is in ac-
cordance with the requirement of the acceptance criteria shown in
subsection II.4.d of this SRP section, and (2) wrought stainless |
steel parts are solution heat treated after welding.

The review procedure for information submitted on welder qualification
for limited accessibility areas, applicable to austenitic stainless
steels, is the same as that for ferritic steels, which has been
discussed previously under subsection III.3.b.(3) of this SRP section. |

e. The procedures for review of nondestructive examination of tubular
products fabricated from austeritic stainless steel are the same as

O) those discussed for similar ferritic products in subsection III.3.c2

| \ of this SRP section, and the acceptance criteria are as shown in
subsection II.4.e of this SRP section. I

!
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5. General

If the information contained in the safety analysis reports or t.ie plant
Technical Specifications does not comply with the appropriate acceptance
criteria, or if the information provided is inadequate to establish such
compliance. a request for additional information is prepared and transmitted.
Such requests identify not only the necessary additional information but
also the changes needed in the SAR or the Technical Specifications.
Subsequent amendments received in response to these requests are reviewed
for compliance with the applicable acceptance criteria.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient and adequate infarmation has been provided
to sat M 'he requirements of this standard review plan section and that his |
evaluation oopports conclusions of the following type, to be included in the
staf f's safety evaluation report:

The staff concludes that the plant design is acceptable and meets
the requirements of General Design Criteria 1, 4, 14, 30, and 31 of
Appendix A of 10 CFR Part 50; the requirements of Appendices B and G
of 10 CFR Part 50; and the requirements of 650.55a of 10 CFR Part 50.
This conclusion is based on the staff's review of the SAR.

The materials used for construction of components of the reactor
coolant prescure boundary (RCPB) have been identified by specifica-
tion and found to be in conformance with the requirements of
Section III of the ASME Code and [for BWRs only] in conformance with
the requirements of NUREG-0313. Compliance with the above Code
provisions for material specifications satisfies the quality stand-
ards requirements of GDC 1, GDC-30, and $50.55a.

The materials of construction of the RCPB exposed to the reactor
coolant have been identified and all of the materials are compatible ,

with the primary coolant water, which is chemically controlled in
accordance with appropriate technical specifications. This com-
patibility has been proven by extensive testing and satisfactory.
perfcrmance. This includes conformance with the recommendations of
Regulatory Guide 1.44, " Control of Sensitized Stainless Steel," and
[for BWRs only] conformance with the requirements of NUREG-0313.
General corrosion of all materials, except unclad carbon and low
alloy steel, will be negligible. For these materials, conservative
corrosion allowances have been provided for all exposed surfaces in
accordance with the requirements of the Code, Section III. The

above evidence of compatibility with the coolant and compliance with
the Code provisions satisfy the requirements of GDC 4 relative to
compatibility of components with environmental conditions.

The materials of construction for the RCPB are compatible with the
thermal insulation used in these areas and are in conformance with
the recommendations of Regulatory Guide 1.36, " Nonmetallic Thermal
Insulation for Austenitic Stainless Steels." Conformance with the
above recommendations satisfy the requirements of GDC 14 and GDC 31
relative to prcvention of failure of the RCPB.
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1The ferritic steel tubular products and the tubular products fabri-
cated from austenitic stainless steel have been found to be accept-g

t i able by nondestructive examinations in accordance with the provisions
() of the ASME Code, Section III. Compliance with these Code require-

ments satisfies the quality standards requirements of GDC 1, GDC 30
and $50.55a.

The fracture toughness tests required by the ASME Code, augmented by
Appendix G, 10 CFR Part 50, provide reasonable assurance that adequate
safety margins against nonductile behavior or rapidly propagating
fracture can be established f.r all pressure retaining components of
the reactor coolant pressure boundary. The use of Appendix G of the
ASME Code, Section III, and the results of fracture toughness tests
performed in accordance with the Code and NRC regulations in estab-
lishing safe operating procedures, provides adequate safety margins
during operating, testing, maintenance, and postulated accident
conditions. Compliance with these Code provisions and NRC regula-
tions satisfies the requirements of GDC 31 and 650.55a regarding
prevention of fracture of the reactor coolant pressure boundary.

The controls imposed on welding preheat temperatures for welding
ferritic steels are in conformance with the recommendations of
Regulatory Guide 1.50, " Control of Preheat Temperature for Welding
Low Alloy Steels." These controls provide reasonable assurance that
cracking of components made from low alloy steels will not occur
during fabrication and minimize the possibility of subsequent cracking
due to residual stresses being retained in the weldment. These
control satisfy the quality standards requirements of GDC 1, GDC 30,p) and $50.55a.;

v
The controls imposed on electroslag welding of ferritic steels are
in accordance with the recommendations of Regulatory Guide 1.34,
" Control of Electroslag Weld Properties," and provide assurance that
welds fabricated by the process will have high integrity and will
have a sufficient degree of toughness to furnish adequate safety
margins during operating, testing, maintenance, and postulated
accident conditions. Conformance with the recommendations of
Regulatory Guide 1.34 also satisfies the quality standards require-
ments of GDC 1, GDC 30, and 550.55a.

The controls imposed on welding ferritic steels under conditions of
limited accessibility are in accordance with the recommendations af
Regulatory Guide 1.71, " Welder Qual;iication for Areas of Limited
Accessibility," and provide assurance that proper requalification of
welders will be required in accordance with the welding conditions.
These controls also satisfy the quality standards requirements of
GDC 1, GDC E0, and 650.55a. The controls imposed on weld cladding
of low-alloy steel ccmponents by austenitic stainless steel are in
accordance with the recommendations of Regulatory Guide 1.43,
" Control of Stainless Steel Weld Cladding of Low-Alloy Steel
Components." These controls provide assurance that practices that
could result in underclad cracking will be restricted. The controls
also satisfy the quality standards requirements of GDC 1, GDC 30,
and $50.55a.p)

e

V
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The controls to avoid stress corrosion cracking in reactor coolant
pressure bouncary components constructed of austenitic stainless
steels limit yield strength of cold-worked austenitic stainless
steels to 90,000 psi maximum and conform to the recommendations of
Regulatory Guides 1.44, " Control of the Use of Sensitized Stainless
Steel," and 1.37, " Quality Assurar..e Requirements for Cleaning of
Fluid Systems and Associated Components of Water Cooled Nuclear
Plants." The controls followed in accordance with these recommenda-
tions, during material selection, fabrication, examination, and
protection, in order to prevent excessive yield strength, sensitiza-
tion, and contamination, provide reasonable assurance that the RCPB
components of austenitic stainless steels will be in a metallurgical
condition that minimizes susceptibility to stress corrosion cracking
during service. These controls meet the requirements of GDC 4
relative to compatibility of components with environmental conditions
and the requirements of GDC 14 relative to prevention of leakage and
failure of the RCPB.

The controls imposed during welding of austenitic stainless steels
in the RCPB are in accordance with the recommendations of Regulatory
Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld
Metal," Regulatory Guide 1.34, and Regulatory Guide 1.71. These
controls provide reasonable assurance that welded components of
austenitic stainless steel will not develap microfissures during
welding and will have high structural integrity. These controls
meet the quality standards requirements of GDC 1, GDC 30, and
g50.55a and satisfy the requirements of GDC 14 relative to preven-
tion of leakage and failure of the RCPB.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
hereia are contained in the referenced regulatory guides and NUREG.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Plants."
(Criterion 1, " Quality Standards and Records"; Criterion 4, " Environ-
mental and Missile Design Bases"; Criterion 14, " Reactor Coolant Pressure
Boundary"; Criterion 30, " Quality of Reactor Coolant Pressure Boundary";
'd Criterion 31, " Fracture Prevention of Reactor Coolant Pressure
boundary.")

2. 10 CFR Part 50, Appendix G, " Fracture Toughness Requirements."

3. 10 CFR Part 50, Section 50.55a. |
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4. ASME Boiler and Pressure Vessel Code, Section II, Parts A, B, and C,
Section III, and Section IX, American Sot:ety of Mechanical Engineers.

5. ASTM, A-262, Practice E, " Copper-Copper Sulfate-Sulfuric Acid Test for
.

Detecting Susceptibility to Intergranular Attack in Stainless Steels,"
Annual Bock of ASTM Standards, American Society for Testing and Materials. |

6. ASTM E 23, " Notched Bar Impact Testing of Metallic Materials," Annual
Book of ASTM Standards, American Society for Testing and Materials. |

7. ASTM E-208, " Standard Method for Conducting Dropweight Test to Determine
Nil-Ductility Transition Temperature of Ferritic Steels," Annual Book of
ASTM Standards, American Society for Testing and Materials.

8. Regulatory Guide 1.31 " Control of Ferrite Content in Stainless Steel
Weld Metal."

9. Regulatory Guide 1.34, " Control of Electroslag Weld Properties."

10. Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for Austenitic
Stainless Steel."

10. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water Cooled Nuclear Power
Plants."

12. Regulatory Guide 1.43, " Control of Stainless Steel Weld Cladding of
Low-Alloy Steel."

s)( / 13. Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless Steel."

14. Regulatory Guide 1.50, " Control of Preheat Temperature for Welding of
Low-Alloy Steel."

15. Regulatory Guide 1.71, " Welder Qualification for Areas of Limited
Accessibility."4

16. Regulatory Guide 1.85, " Code Case Acceptability ASME Section III Materials."

17. NUREG-0313, " Technical Report on Material Selection and Processing Guide-
lines for BWR Coolant Pressure Boundary Piping." (This document replaces
Branch Technical Position MTEB 5-7, " Material Selection and Processing
Guidelines for BWR Coolant Pressure Boundary Piping.")

18. WCAP-8577, ''The Application of Preheat Temperatures After Welding Pressure
Vessel Steels," Westinghouse Electric Corporation (Sept. 1975, Approved by
Letter J. F. Stolz to C. Eiche1dinger, June 18, 1976).
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BRANCH TECHNICAL POSITION MTEB 5-7
MATERIAL SELECTION AND PROCESSING

GUIDELINES FOR BWR COOLANT PRESSURE BOUNDARY PIPING

(BTP MTEB 5-7 has been superseded by NUREG 0313).
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5.2.4 REACTOR COOLANT PRESSURE B0UNDARY INSERVICE INSPECTION AND TESTING

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

General Design Criterion 32, " Inspection of Reactor Coolant Pressure boundary,"
requires, in part, that components which are part of the reactor coolant pressure
boundary (RCPB) shall be designed to permit periodic inspection and testing of
important areas and features to assess their structural and leaktight integrity.
Inservice inspection programs are based on the general requirements of 10 CFR Part
50, Section 50.55a, as detailed in Section XI of the ASME Code, " Rules for Inservice
Inspection of Nuclear Power Plant Components." Inservice inspection includes a pre-
service baseline inspection prior to initial plant startup. The following areas
relating to the inservice inspection program for NRC Quality Group A components of
the RCPB are reviewed. These components are also ASME Boiler and Pressure Vessel

(n) Code (hereinafter "the Code"), Section III, Code Class 1 components.
L ,)

1. System Boundary Subject to Inspection

The inservice inspection (ISI) program for those portions of the reactor
coolant pressure boundary consisting of Code Class 1 components is reviewed.
The inservice inspection requirements for steam generator tube inspection, ASME
Code Class 2 and 3 components, and high energy fluid system piping between
containment isolation valves are reviewed by MTEB as part of its primary
review responsibility for Standard Review Plan Sections 5.4.2.2 and 6.6.

2. Accessibility

The descriptive information that pertains to the general and specific provi-
sions for access to components covered by the Code, Section XI, is reviewed.
In addition, the remote access equipment needed to perform inspections in a
radiation field or areas not readily accessible to inspection personnel is
reviewed.

Rev. 1 - July 1981
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3. Examination Categories and Methods

The descriptive information that pertains to Section XI, Article IWB-2000
is reviewed.

4. Inspection Intervals

The schedules of examinations and inspections in the applicant's or licensee's
safety analysis report (SAR) and plant Technical Specifications are reviewed.
In addition, those inspecticns which are performed during the inspection
interval, such as during refueling outages, are reviewed.

5. Evaluation of Examination Results

The proposed evaluation methods for any it.dications of structurala.
defects detected during ISI puminations are reviewed.

b. The repair procedures proposed for components that reveal unaccept-
able structural defects during ISI examinations are reviewed.

6. System Leakage and Hydrostatic Pressure Tests

The descriptive information on leak tests and hydrostatic pressure tests
of Code Class 1 components is reviewed.

7. Code Exemptions

The ASME Section XI Code exemptions as permitted by IWB-1220 are reviewed.

8. Relief Requests

Requests for relief from the Code Section XI examination requirements which
are found to be impractical due to the limitations of design, geometry,
or materials of construction of components are evaluated in accordance
with $50.55a, 10 CFR Part 50.

9. Additional Areas of Review

The reactor vessel material surveillance program is reviewed by MTEB as
part of its primary review responsibility for Standard Review Plan
Section 5.3.3, " Reactor Vessel Integrity."

II. ACCEPTANCE CRITERIA

The requirements for periodic inspection and testing of the RCPB required by
General Design Criterion 32 are specified in 10 CFR Part 50, 650.55a, " Codes
and Standards" and detailed in Section XI of the ASME Code. Compliance with
the preservice and inservice examinations of 10 CFR Part 50, f50.55a, as
detailed in Section XI of the Code, constitutes an acceptable basis for satisfy-
ing in part the requirements of General Design Criterion 32. Specific accept-
ance criteria for meeting the ISI requirements of General Design Criterion 32
and 10 CFR Part 50, 650.55a for the areas of review described in subsection I
of this SRP section are as follows:

O
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1. System Boundary Subject to Inspection

[jT The applicant's or licensee's definition of the RCPB is acceptable if it is -
\. in agreement with the following criteria: for pressurized-water-reactor

(PWR) and boiling-water-reactor (BWR) nuclear power systeins, the inspec-
tion requirements of 10 CFR Part 50, 650.55a as detailed in Section XI of
the Code must be met for all Class 1 pressure-containing components (ana
their supports). The system boundary includes all pressure vessels, pip-
ing, pumps, and valves whic5 are part of ine reactor coolant system, or
connected to the reactor coolant system, up to and including:

a. The outermost containment isolation valve in system piping that pene-
trates the primary reactor containment.

b. The second of two valves normally closed during normal reactor operation
ia system piping that does not penetrate primary reactor containment.

c. The reactor coolant system safety and relief valves.

2. Accessibility

The design and arrangement of system components are acceptable if adequate
clearance is provided in accordance with IWA-1500, " Accessibility," of
the Code.

3. Examination Categories and Methods

The examination categories and methods specified in the SAR are acceptable
.) if in agreement with the criteria in IWB-2000 of Section XI of the Code.

v' Every area subject to examination should fall within one or more of the
examination categories in IWB-2000 and must be examined at least to the
extent specified. The methods of examination for the components and parts
of the pressure-retaining boundaries are also listed in the requirements
of IWB-2000 of Section XI of the Code.

The applicant's or licensee's exa'ination techniques and procedures used
for PSI or ISI of the system are acceptable if in agreement with the follow-

*

ing criteria:

a. The methods, techniques, and procedures for visual, surface, or volume-
tric examination are in accordance with IWA-2000 of Section XI of
the Code.

b. Alternative examination methods, combination of methods, or newly
developed techniques to those given above in a. are acceptable pro-
vided that the results are equivalent or superior. The acceptance
standards for these alternate methods are given in Section XI,
IWB-3000, " Acceptance Standards for Flaw Indications."

4. Inspection Ir.tervals

The required examinations and pressure tests must be congleted during each
ten year interval of service, hereinafter designated as the inspection

m-)
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interval. In addition, the scheduling of the program must comply with
the provisions of IWA-2000, concerning inspection intervals of Section XI
of the Code.

5. Evaluation of Examinatien Results

a. The standards for examination evaluation in the program for flaw evalua-
tion are acceptable if in agreement with the requirements of Section XI,
IWB-3000, " Standards for Examination Evaluations."

b. The proposed program regarding repairs of unacceptable indications
or replacement of components containing unacceptable indications is
acceptable if in agreement with the requirements of Section XI,
IWB-4000, " Repair Procedures." The criteria that establish the need
for repair or replacement are described in Section XI, IWB-3000.

6. System Leakage and Hydrostatic P: essure Tests

The pressure-retaining Code Class 1 component leakage and hydrostatic pres-
sure test program is acceptable if the program agrees with the require-
ments of Section XI, IWB-5000, " System Leakage and Hydrostatic Pressure
Tests," and the Technical Specification requirements for operating limita-
tions during heatup, cooldown, and system hydrostatic pressure testing.
In some cases, these limitations may be more severe than those in IWB-5000.

7. Code Exemptions

Exemptions from Code examinations are permitted if the criteria in IWB-1220
are met. The applicant's or licensee's program must list the exemptions
taken in accordance with the code.

8. Relief Requests

Relief requests for Code examintions which are found to be impractical
due to the limitations of desigr., geometry, or materials of construction
of components are reviewed. The staff may grant relief and may impose
such alternative requirements as it determines 's authorized by law and
will not endanger life or property or the common defense and security and
is otherwise in the public interest giving due consideration to the burden
upon the applicant or licensee that could result if the requirements were
imposed on the facility.

III. REVIEW PROCEDURES

The reviewer wilI select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

1. System Boundary Subject to Inspection

The information furnished in the SAR is reviewed for agreement with sub-
section II.1 of this SRP section and to verify that any differences between
the applicant's or licensee's definition of the RCPB and subsection II.1 |

are identified and justified, e.g. , " Pressurizer: not applicable, as plant
is a BWR." or, "no longitudinal welds in beltline region as vessel is con-
structed of forged rings."

Rev. 1 - July 1981
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2. Accessibility

i The descriptive information concerning accessibility furnished in the SAR
j is reviewed for compliance with subsection II.2 of this SRP section. The

reviewer verifies that the clearances supplied for general access to the
system components listed in IWB-2000 of Section XI are adequate.

The reviewer verifies that adequate provisions are made for remote inspec-
tion of those components affected by radiation fields after plant startup.
These components include the beltline welds and reactor vessel nozzle inte-
rior surfaces. The reviewer verifies that remote inspection devices proposed
for periodic inservice inspections will be used for the preservice baseline
inspection program to demonstrate feasibility.

3. Examination Categories and Methods

The reviewer verifies that the examination techniques described by the
applicant or licensee are the same n those in subsection II.3 of this
SRP section. If alternative examina.._ methods are proposed, they are
reviewed to verify that the results are equivalent or superior to those
in IWB-2200 of Section XI, and that the acceptance standa-:is of IWB-3000
of Section XI are met.

4. Inspection Intervals

The Technical Specification program for inservice inspection is reviewed
to establish that the inspection schedule for every area and component in
the program is in agreement with subsection II.4 of this SRP section.

( 5. Evaluation of Examination Results

The criteria statements 9rovided by the applicant or licensee are reviewed
for agreement with subsection II.5 of this SRP section as follows:

a. The reviewer verifies that the applicant's or licensee's criteria
incorporate IWB-3000 of Section XI regarding standards for examina-
tion evaluation.

b. The reviewer verifies that the applicant's or licensee's criteria
incorporate IWB-4000 of Section XI regarding repair procedures.

6. System Leakage and Hydrostatic Pressure Test

The reviewer determines that the Technical Specification on hydrostatic
pressure testing for system leakage of the RCPB adheres to subsection II.6
of this SRP section. The Technical Specification on operating limitations
during heatup, cooldown, and system hydrostatic pressure testing must be
referenced.

> 7. Exemptions

The reviewer verifies that tne exemptions from Code examinations are in
accordance with the criteria in IWB-1220.

O
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8. Relief Requests

The reviewer determines if an applicant or licensee has demonstrated that
a code requirement is impractical due to the limitations of design, geometry,
or materials of construction.

IV. EVALUATION FINDINGS

The reviewer verifies that adequate information is provided in accordance with
the requirements of this SRP section, and that his evaluation supports conclu-
sions of the following type, to be included in the staff's safety evaluation
report:

To ensure that no deleterious defects develop during service, selected
welds and weld heat-affected zones will be inspected prior to plant
startup and periodically throughout the life of of the plant. The
apolicant (licensee) has stated that his inservice inspection (ISI)
prcgram will comply (complies) with the rules published in 10 CFR
Part 50, Section 50.55a. The design of the reactor coolant system
incorporates provisions for access for inservice inspection in accord-
ance with Section XI of the A.Nc Boiler and Pressure Vessel Code, ( )
Edition, including Addendr. +'irough the ( ) Addenda. Suitable equip-
ment will be (has been' 4 loped and installed to facilitate the
remote inspection of tne. areas of the reactor coolant pressure bound-
ary that are not readily accessible to inspectisn personnel. The ISI
program will consist of a 3reservice inspection plan and an inservice
inspection plan. The conduct of periodic inspections and leakage and
hydrostatic testing of pressure-retaining components of the reactor
coolant pressure boundary in accordance with the requirements of
Section XI of the ASME Code provides reasonable assurance that
evidence of structural degradation or loss of leaktight-integrity
occurring during service will be detected in time to permit correc-
tive action before the safety function of a component is compromised.
Compliance with the inservice inspections required by this Code con-
stitutes an acceptable basis for satisfying in part the requirements
of General Design Criterion 32.

The staff concludes that the inservice program is acceptable and meets
the inspection and testing requirements of General Design Criterion 32
and 10 CFR Part 50, Section 50.55a. This conclusion is based on the
applicant's or licensee's meeting the requirements of the ASME Boiler
and Pressure Vessel Code, Se. tion XI, as reviewed by the staff and
determined to be appropriate for this application.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plan for using this SRP section. Except in those cases in
which the applicant or licensee pro,oses an acceptable alternative method forn
complying with the specified portions of the Commission's regulations, the methods
described herein will be used by the staff in its evaluation of conformance
with Commission regulations. Implementation schedules are defined in
Section 50.55a of 10 CFR Part 50.

O
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VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 32, "Ir.< >ection of
; Reactor Coolant Pressure Boundary."

,

! 2. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
! Components," and Section XI, " Rules for Inservice Inspection of Nuclear

Power Plant Components," Division 1, " Rules for Inspection and Testing ofi

Components of Light-Water Cooled Plants," American Society of Mechanical
Engineers.
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Section 5.2.5 REACTOR COOLANT PRESSURE BOUNDARY LEAKAGE DETECTION

REVIEW RESPONS'71LITIES

Primary - Auxiliary Systems Branch (ASB)
Secondary - None

I. AREAS OF REVIEW
The reactor coolant pressure boundary (RCPB) leakage detection systerrs are
designed to provide a means of detecting and to the extent practical, identi-
fying the source of the reactor coolant leakage. The ASB reviews those areas
of the SAR relating to the system design to determine its adequacy to perform
the detection and monitoring function to assure conformance with the require-
ments of General Design Criteria 2 and 30. The ASB reviews the system design
with respect to the following:

1. Tne system is capable of identifying to the extent practical, the source
U of the reactor coolant leakage.

2. The system is capable of separately monite"ing and collecting leakage
from both identifiable and unidentifiable sources.

3. The system is adequately equipped with indicators and alarms for each
leakage detection system in the main control room, and readily permits
qualitative interpretatians of such indicators.

4. The system provides for the monitoring of systems connected to the RCPB
for signs of intersystem leakage.

In addition, the ASB will coordinate other branches' evaluations that inter-
face with the overall review of the system as follows:

The Instrumentation and Control Systems Branch (ICSB) and the Power Systems
Branch (PSB) determine the adequacy of the design, installation, testing and
inspection of electrical components (sensing, control, power) required for

Rev. 1 - July 1981
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proper operation as part of their primary review responsibility for SRP
Sections 7.5 and 8.3 respectively. The Equipment Qualifications Branch
(EQB) reviews the seismic qualification of Category I instrumentation of
mechanical and electrical equipment as part of its primary review responsi-
bility for SRP Sections 3.10 and 3.11 respectively. The Containment
Systems Branch (CSB) reviews the containment isolation c..cability of the
system as part of its primary review responsibility for SRP Section.6.2.4.
The Mechanical Engineering Branch (MEB) determines that the components
and piping are designed in accordance with applicable codes and standards
as part of its primary review responsibility for SRP Sections 3.9.1 through
3.9.3. The MEB, also, determines the acceptability of the seismic and
quality group classifications for system components as part of its primary
review responsibility for SRP Sections 3.2.1 and 3.2.2. The Materials
Engineering Brar.ch (MTEB) verifies that inservice inspection requirements
are met for system components as part of its primary review responsibility
for SRP Section 6.6, and upon request, verifies the compatibility of the
materials of construction with service conditions. The review for Tech-
nical Specifications and Quality Assurance are coordinated and performed
by the Licer. sing Guidance Branch and Quality Assurance Branch as part of
their primary review responsibility for SRP Sections 16.0 and 17.0
respectively.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance criteria
and their methods of application are contained in the SRP sections
corresponding to those branches.

II. ACCEPTANCE CRITERIA

The acceptability of the design of the RCPB Leakage Detection Systems as
described in the applicant's safety analysis report (SAR) is based on
specific general design criteria and regulatory guides. The design of
the system is acceptable if the integrated design of the system is in
accordance with the following criteria:

1. General Design Criterion 2 as it relates to the capability of the
systems to maintain and perform their safety functions following an
earthquake. Acceptance ' based on meeting the guidelines of
Regulatory Guide 1.29, positions C-1 and C-2.

2. General Design Criterion 30 as it relates to the detection, identifi-
cation and monitoring of the source of reactor coolant leakage.
Acceptance is based ou meeting the guidelines of Regulatory Guide 1.45,
positions C-1 through C-9.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review
to determine that the design criteria and bases and the preliminary design
as set forth in the preliminary safety analysis report meet the acceptance
criteria given in subsection II of thi SRP section.

For the operating license (OL) review, the procedures are utilized to verify
that the initial design criteria and bases have been appropriately imple-
mented in the final design as set forth in the final safety analysis report.

1
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Upon request from the primary reviewer, the coordinating review branches
will provide input for the areas of review st.ded in subsection II of thisO SRP section. The primary reviewer obtains and uses such input as required

'

( to assure that the review procedures are complete.

The reviewer will select and emphasize material from the procedures
described below, as may be appropriate for a particular case.

1. The reviewer verifies that identified leakage will be collected in
tanks or sumps where its rate of accumulation will be monitored to
obtain an identified leak rate. The reviewer should establish that
the identified leakage is not only collected and monitored, but also
done in such a fashion as to prevent identified leakages from masking
unidentified leaks.

2. The reviewer verifies that the provisions for collecting, detecting
and monitoring unidentified leakage are separate from identified
leakage. The floor drainage system is reviewed to assure that
leakage will flow readily to the sump or tank where it is collected
without getting held up in any " reservoirs." The containment air
coolers are reviewed to assure that leakage from " hot" systems which
flashes into water vapor is readily condensed and that the condensate
flows directly to the sump.

3. TL reviewer determines that all potential intersystem leakage paths.

have been identified by the applicant. The reviewer determines that
the instrumentation used in each path is appropriate and adequate to
provide positive indicatiqn of intersystem leakage in the affected
system and provides adequate monitoring capability so the limits
assur:.ed in the accident analyses are not exceeded. Intersystem leak
detection methods include radioactivity, pressure, temperature, flow
a".d pressure relief valve actuation indications, and the water inven-
tory balance method. Table I shows some of the systems that require
intersystem leakage monitoring.

4. The reviewer verifies that the leakage detection systems will remain
functional for all seismic events not requiring a shut down and that
the airborne particulate radioactivity monitoring system (APM)
remains functional when subjected to the safe shutdown earthquake
(SSE).

5. The reviewer verifies that all of the leakage detection systems have
readouts in the control room and are provided with alarms. Direct
reading systems, such as sumps, will normally indicate in gpm. The
indirect reading systems, such as the APM, will indicate in counts

' per minute. The reviewer determines that control roam operators will
have a chart or graph that permits rapid conversiv of count rate
into gpm, that conversion procedures take into account the isotope
being monitored and the activity of the primary coolant, and that
the plant will maintain a running record of background leakage, so
that its effect may be factored out from any sudden increases in
leak indication, which may be " unidentified" leakage and require
prompt action. If monitoring is computerized, backup procedures
should be available to the operator.

\'
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6. The reviewer verifies that the sensitivity and response of the
detection :,ystem is acceptable over the entire range of expected plant
operating conditions of which it is monitoring. The reviewer veri-
fies that the instrumentation and methodology used to determine leak
7tes are adequate.

7. The reviewer determines that the radiation monitoring systems have a
radioactive source built into the system (the SAR refers to this
feature as a " check source") to permit operability testint; and celi-
bration during operation. The reviewer determines that provisions
are made to test and calibrate the sump level detection system. He
also determines that a method for calibrating the air cooler conden-
sate flow system exists, wherever the radiation monitors are used,
and that a method to calibrate them to RCPB leakage exists. The
frequency of testing and calibratien should be prc/ided and justified.
The reviewer also determines that periodic testing of the floor
drainage system will be performed to chet.K for blockage and ensure
operability.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and
his review supports conclusions of the following type, to be included in
the staff's safety evaluation report:

The reactor coolant pressure boundary (RCPB) leakage detection system
provides reliable monitoring of reactor coolant leakage from compo-
nents of the reactor coolant pressure, boundary by the use of combina-
tions of atmospheric particulate monitors, radiogas monitors, level
indicators and pressure, humidity and temperature indicators.

The leakage detection systems provided to detect leakage from compo-
nents of the reactor coolant pressure boundary furnish reasonable
assurance that structural degradation, which may develop in pressure-
retaining components of he RCPB and result in coolant leakage during
service, will be detected on a timely basis, so that corrective actions
can be made before such degradation could become sufficiently severe
to jeopardize the safety of the system, or before the leakage could
increcse to a level beyond the capability of the makeup system to
replenish the coolant loss.

The staff concludes that the design of the RCPB leakage detectioi)
systems is acceptable and meets the reauirements of General Design
Criterion 2 with respect to the capability to maintain and perform
their safety functions in the event of earthquakes, and General Design
Criterion 30 with respect to the detection, identification and
monitoring of the cource of reactor coolant leakage. This conclusion
is based on the following:

1. The applicant has met the requirements of 3eneral Design Cri-
terion 2 with respect to the systems capability to maintain and
perform their safety functions in the event of earthquakes by
meeting regulatory positions C-1 and C-2 of Regulatory Guide 1.29,
and
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2. The applicant has met the requiremegts of General Design Cri-
terion 30 with respect to the detection, identification, and
monitoring of the source of reactor conlant leakage by meeting jQ regulatory positions C-1 ihrough C-9 o'. Regulatory Guide 1.45. I

V. IMPLEMENTATION

| The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the mathod discussed
herein as contained is the referenced regulatory guides.

| VI. REFERENCES

1. 10 CFR Part 50, Appendix A, Criterion 2, " Design Basis for Protec- -

tion Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, Criterion 30, " Quality of Reactor
Coolant Pressure Boundary."

3. Regulatory Guide 1.29, " Seismic Design Classifi ation."

j 4. Regulatory Guide 1.45, " Reactor Coolant Pressur: Boundary Leakage
V Detection Systems."

Ov
*

5.2.5-5 Rev. 1 - July 1981

. . . ..

.__ __



Table 1. Systems and Components Connected to Reactor Coolant System
a_nd Require Intersystem Leakage Monitoring

I. In PWRs:

1. Accumulators
2. Safety Injection System: (High and Low Pressure)
3. Pressurizer Relief Tank
4. Secondary Side of Steam Generators
5. Residual Heat Removal System (Inlet and Discharge)
6. Secondary Side of Reactor Coolant Pump Thermal Barriers
7. Secondary Side of Residual or Decay Heat Removal Heat Exchangers
8. Secondary SidT of Letdown Line Heat Exchangerr.
9. Secondary Side of Reactor Coolant Pump Seal Water Heat Exchangers

II. In BWR :

1. Safety Injection Systems (High and Low Pressure Core Spray and Coolant
Injection Systems)

2. Residual Heat Removal System (Inlet and Discharge)
3. Reactor Core Isolation Cooling System
4. Steam Side of High Pressure Coolant Injection (BWR-4)
5. Secondary Sic'e of Reactor Water Cleanup System Heat Exchangers
6. Secondary Side of Reactor Coolant Pump Integral Heat Exchangers
7. Secondary Side of Residual Heat Removal Heat Exchangers

O

O
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U i $, .\.j STANDARD REVIEW PLAN
U.S. NUCLEAR REGULATORY COMMISSIONy,

\ f OFFICE OF NUCLEAR REACTOR REGULATION
**..*

5.3.1 REACTOR VESSEL MATERIALS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

The following areas relating to reactor vessel materials are reviewed:

1. Material Specifications

The material specifications used for the reactor vessel and applicable appur-
tenances, such as the shroud support, studs, control rod drive housings, ves-
sel support skirt, stub tubes, and instrumentation housings, are reviewed and
their adequac for use in the construction of such components is assessed on
the basis of the mechanical and physical properties of the materials, the

(~x effects of irradiation on these materials, their corrosion resistance, and
!, ) their fabricability. Similarly, the specifications for austenitic steel and'' nonferrous metals specified for the above applications are reviewed with

respect to mechanical properties, stress-corrosion resistance, and
fabricability.

2. Special Processes Used for Manufacture and Fabrication of Components

Information submitted by the appiscant for any special process used in the
manufacture of the product forms supplied and for their fabrication into the
reactor vessel or any of its appurtenances is reviewed, and the capability of
these processes to provide components with suitable mechanical and physical
properties is assessed. The effects of such special processes on the stress-
corrosion characteristics of the :naterial, and any aspect of the process which
could cause special requirements for nondestructive examinations, are reviewed.

3. Special Methods for Nondestructive Examination

Nondestructive examination methods differing from those described in the ASME
Boiler and Pressure Vessel Code (hereaf ter "the Code"), Section III, are

Rev. 1 - July 1981
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reviewed. Attention is directed towards calibration methods, instrumen-
tation, methods of application, sensitivity, reliability, and standards
used.

4. Special Controls and Special Processes Used for Ferritic Steels and
Austenitic Stainless Steels

Information on special controls and special processes for welding ferritic
steels and austenitic stainless steels is reviewed, and their adequacy is
assessed. The extent to which the controls and processes deviate from
Code rules is reviewed. Information on welding of safe-ends during the
fabrication of dissimilar metal joints is given particular attention and
details of the methods, processes, and materials used are reviewed.

5. Fracture Toughness

Fracture toughness of the ferritic materials used for reactor vessels and
appurtenances thereto is reviewed to ensure that such components will behave
in a nonbrittle manner and that the probability of rapidly propagating
fracture will be minimized under operating, maintenance, and testing condi-
tions and during anticipated operational occurrences. The review includes
the descriptions of the fracture toughness tests performed on all ferritic
materials used for the reactor vessel and appurtenances thereto, and includes
Charpy V-notch impact test specimens, dropweight test specimens, and any
ether test specimens inc!uded by the applicant.

The test procedures specified by the applicant are reviewed and their ade-
quacy is confirmed.

The composition of ferritic materials employed for the reactor vessel is
reviewed and the amount of residual elements such as copper and phosphorus |
is checked. The results of impact tests performed on base material, weld
metal, and heat-affected zones are reviewed, and the scope of the testing
is checked, particularly in the area of the reactor vessel beltline region,
where radiation effects on the material are most significant.

Fracture toughness of the materials employed is characterized by its ref-
erence te7perature, RT This temperature is the higher value of the

NDT.
nil-ductility temperature (NDT) from the dropweight test, or the temperature
that is 60?F below the temperature at which Charpy V-notch impact test
data meet a specified toughness level. The information submitted is checked
to ensure that the RT of the materials is included with the data and

NDT

test results for impact testing.

6. Material Surveillance

Reactor vessel material surveillance must be performed to monitor changes
in the fracture toughness properties of ferritic materials in the reactor
vessel beltline region of water-cooled power reactors, resulting from
exposure to neutron irradiation and the thermal environment. Under the
surveillance programs, fracture toughness test data are obtained from
material specimens withdrawn periodically from the reactor vessel. These
data will permit the determination of the conditions under which the vessel
can be operated with adequate margins of safety against fracture throughout
its service life.
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|

7. Reactor Vessel Fasteners

The materials for the stud bolts, washers, and nuts, or other
; fasteners used to hold the reactor vessel head, are reviewed to

'.

: determine their adequacy. Mechanical properties, including frac-
! ture toughness, are checked to ensure that all requirements are

,

met. Lubricants or surface treatments used are reviewed to
ensure that the studs will be resistant to stress-corrosion
cracking under the environmental conditions during service and

j shutdowns. The adequacy of the destructive testing procedures
i used to ensure initial integrity is reviewed, along with the

applicable acceptance criteria.,

!
! In addition, the MTEB will coordinate evaluations, of other branches, that

interface with the overall review of the reactor vessel materials as follows:,

! The Chemical Engineering Branch (CMEB) determines the compatibility
'

of the thermal insulation with the austenitic stainless steel of the
reactor vessel 3ppurtenances and determines the acceptability of any
nonmetallic thermal insulation that is employed, as part of its ;

secondary review responsibility for SRP Section 5.2.3. '

The review for Quality Assurance is coordinated and performed by the
Quality Assurance Branch (QAB) as part of its primary review respon-
sibility for SRP Sections 17.1 and 17.2.

For those areas of review identified above as part of the review responsibility
of other branches, the acceptance criteria necessary for the review and their |

method of application are contained in the referenced SRP section of the corre-
sponding branch.

II. ACCEPTANCE CRITERIA |

t

MTEB acceptance criteria are based on meeting the relevant requirements of the !

following Commission regulations:

1. Section 50.55a, as it relates to quality standards for design, and determi-
nation ano monitoring of fracture toughness;

2. General Design Criteria (GDC) 1 and 30, as they relate to quality standards
for design, fabrication, erection, and testing of structures, systems and
components;

I 3. General Design Criterion 4, as it relates to compatibility of components
I with environmental conditions;

4. General Design Criterion 14, as it relates to prevention of rapidly propa-
gating fractures of the RCPB;

5. General Design Criterion 31, as it relates to material fracture toughness;

6. General Design Criterion 32, as it relates to the requirements for a mate-
rials surveillance program;

7. Appendix B, as it relates to onsite material cleaning control;}
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8. Appendix G, as it relates to materials testing and acceptance criteria
for fracture toughness; and

9. Appendix H, as it relates to the determination and monitoring of fracture
toughness.

Specific criteria necessary to meet the relevant requirements of 10 CFR Part 50,
a 50.55a; GDC 1, 4, 14, 30, 31, and 32; and J.ppendices B, G, and H are as follows
for each review described in subsection I of this SRP section:

1. Material Specifications

The requirements of GDC 1 and 30 and 9 50.55a regarding quality standards
are met by compliance with the provisions of the ASME Code, Section III,
for material specifications, as detailed below:

a. Acceptable material specifications for the reactor vessel and its
appurtenances are those listed in the Code, Section III, Appendix I,
and are presented in detail in Code Section II, Parts A, B, and C.
The materials must also meet the specifications requirements of
10 CFR Part 50, Appendix G.

b. The acceptability of materials not specified in the Code are considered |
on an individual basis. Their suitability is evaluated on the basis
of data submitted in accordance with the requirements of Code Section III,
Appendix IV-1400 and 10 CFR Part 50, Appendix G. These data must |
include information on mechanical properties, weldability, and physical
changes of the material.

2. Special Processes Used for Manufacture and Fabrication of Components

The requirements of GDC 1 and 30 and g 50.55a regarding quality standards
are met by compliance with the provisions of the ASME Code, Section III,
for fabrication of components. The reactor vessel and its appurtenances
are fabricated and installed in accordance with Code Section III, Para-
graph NB-4100. The manufacturer or installer of such components is required
to certify, by application of the appropriate Code Symbol and completion
of ar appropriate data report in accordance with Code Section III, Paragraph
NA-8000, that the materials used comply with the requirements of NB-2000,
and that the fabrication or installation comply with the requirements of
NB-4000.

3. Special Methods for Nondestructive Examination

The requirements of GDC 1 and 30 and g 50.55a regarding quality standards
are met by compliance with the ASME Code, Section III, for fabrication
nondestructive testing. The acceptance criteria for examination of the
reactor vessel and its appurtenances by nondestructive examination are
those specified in Code Section III, NB-5000, for normal methods of exam-
ination. When special techniques or procedures are developed, they must
be equivalent or superior to the techniques described in Appendix IX-6000
of Code Section III, and must be proven so, by demonstration on the spe-
cific type of component part.

O
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.
4. Special Controls and Special Processes Used for Ferritic Steels and

'

Austenitic Stainless Steels

The acceptance criteria for special controls and processes in weldiep
austenitic or ferritic steel components are based upon the following
regulatory guides and ASME Code provisions necessary to satisfy the
relevant requirements of GDC 1, 4, 14, and 30; Appendix B; and 9 50.55a.;

a. Only those welding processes capable of producing welds in accordance |
with the weldi g procedure qualification requirements of Code Sections
III and IX may be used. Any process used shall be such that the records
required by NB-4300 of Section III can be made, with the exception
of stud welding, which is acceptable only for minor nonpressure attach-
ments.

b. ASME Code Sections III and IX criteria for welding ferritic steel
are supplemented by the regulatory positions in Regulatory Guides
1.50, " Control of Preheat Temperature for Welding Low-Alloy Steel,"
and 1.34, " Control of Electroslag Weld Properties.

c. The regulatory positions of Regulatory Guide 1.43, " Control of Stainless
Steel Weld Cladding of Low-Alloy Steel Components," provide the accept-
ance criteria to avoid underclad cracking of stainless steel clad
ferritic components.

d. ASME Code Sections III and IX criteria for welding austenitic stain-
less steels are supplemented by the regulatory positions in Regulatory
Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld Metal,"
and Regulatory Guide 1.34.

e. The regulatory positions of Regulatory Guides 1.44, " Control of the
Use of Sensitized Stainless Steel," and 1.37, " Quality Assurance
Requirements for Cleaning of Fluid Systems and Associated Components
of Water-Cooled Nuclear Power Plants," provide the acceptance criteria
to avoid sensitization and contamination of stainless steel.

The referenced regulatory guides are described in detail in the acceptance
criteria of SRP Section 5.2.3, which is reviewed by MTEB.

5. Fracture Toughness

The acceptance criteria for this area of review are the requirements of
Appendix G of 10 CFR Part 50. These criteria satisfy the requirements of
GDC 31 and S 50.55a(i) regarding materials testing and acceptance standards
for fracture toughness.

,

Appendix G requires that the reactor vessel and appurtenances thereto which |
are made of ferritic materials shall meet the following minimum requirements

| for fracture toughness d'uring system hydrostatic tests, during conditions
| of normal operation, and during anticipated operational occurrences:

a. The ferritic materials shall be tested in accordance with the ASME
Code section NB-2300 including:

O
V
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(1) T shall be determined for each material by means of a drop-NDT
weight test.

(2) The materials shall meet the acceptance standards of paragraph |
NB-2330 of the Code, which states that at a temperature not greater
than (TNDT + 60?F) each Charpy C specimen tested shall exhibit |y
at least 35 mils lateral expansion and not less than 50 ft-lbs
of absorbed energy.

(3) When these requirements are met, T is defined as the reference |NDT
temperature, RT In the event.that the above requirements

NDT.
are not met, additional C notch impact tests are performed (iny

groups of three specimens) to determine the temperature T atcv
which they are met. In this case the reference temperature
RTNDT = T - 60 F. Thus the reference temperature RT iscv NDT
the higher of T and (T - 60?F).NDT cv

(4) When a C impact test has not been performed at (TNDT + 60?F), |y

or when the C impact test at (TNDT + 60?F) does not exhibit ay

minimum of 50 ft-lbs and 35 mils lateral expansion, a temperature
representing a minimum of 50 ft-lbs and 35 mils lateral expansion
may be obtained from a full C impact curve developed from they
minimum data points of all the C impact tests performed.y

b. In addition to the above criteria, the requirements of paragraphs IV.A.2
and 3 and IV.B of Appendix G of 10 CFR Part 50 shall b9 met.

(1) Standard Review Plan Section 5.3.2, " Pressure-Temperature Limits,"
discusses the requirements of paragraphs IV.A.2 and 3 of Appendix G
in detail.

(2) The acceptance criteria discussed in paragraph IV.B of Appendix G |
states that reactor vessel beltline materials shall have a minimum
upper-shelf energy as determined from Charpy V-notch impact tests
on unirradiated specimens in accordance with paragraph NB-2322a |
of the Code, Section III, of 75 ft-lbs unless it is demonstrated
to the Commission by appropriate data and analyses based on other
types of tests that lower values of upper-shelf fracture energy
are adequate.

6. Material Surveillance

The material surveillance acceptance criteria are the requirements of
Section II of Appendix H of 10 CFR Part 50. Complying with the acceptance
criteria satisfies the requirements of GDC 32 regarding an appropriate
material surveillance program for the reactor vessel.

Section II of Appendix H requirements are:

a. No material surveillance program is required for reactor vessels for
which it can be conservatively demonstrated by analytical methods
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4

; that have been verified by experimental data and tests performed on
comparable vessels, making appropriate allowances for all uncertain-1

O ties in the measurements, that the peak neutron fluence (E > 1 Mev)\ at the end of the design life of the vessel will not exceed 109
n/cm ,2

b. Reactor vessels constructed of ferritic materials which do not meet |
these conditions shall have their beltline regions monitored by a
surveillance program complying with the American Society for Testing
and Materials (ASTM) standard " Recommended Practice for Surveillance
Tests for Nuclear Reactor Vessels," ASTM Designation E-185, except
as modified by Appendix H to 10 CFR Part 50.

The surveillance program shall meet the following requirements:c.

(1) Surveillance specimens shall be taken from locations alongside
the fracture toughness test specimens required by Section III
of Appendix G of 10 CFR Part 50. The specimen types shall comply
with the requirements of Section III.A of Appendix ', except
that dropweight specimens are not required.

(2) Surveillance capsules containing the surveillance specimens shall
be located near the inside vessel wall in the beltline region,
so that the neutron flux received by the specimens approximates
that received by the vessel inner surface, and the thermal4

environment is as close as practical to that of the vessel inner
surface. If the capsule holders are attached to the vessel walls

1

or cladding, inspection shall be done according to the require-h ments for permanent structural attachments as given in ASME Code
s Sections III and XI. The design and location of the capsules,

shall permit insertion of replaccment capsules. Accelerated
irradiation capsules may be used in addition to the required

i number of surveillance capsules specified in paragraph II.C.3
of Appendix H.

(3) The required number of capsules, which will vary from three to i
five depending upon the adjusted reference temperature at the
end of the service lifetime of the reactor vessel, and their
withdrawal schedules, shall be in accordance with the require-
ments of ,oaragraph II.C.3 of Appendix H.

(4) For multiple reactors ~'cated at a single site, an integrated I
surveillance program maj be authorized by the Commission on an
individual case basis, dependir.q on the degree of commonality
and the predicted severity of irradiation.

7. Reactor Vessel Fasteners

The acceptance criteria for the reactor vessel bolting material are given'

by paragraph IV.A.3 of Appendix G to 10 CFR Part 50 and by the recommen-
dations of Regulatory Guide 1.65, " Materials and Inspections for Reactor
Vessel Closure Studs." These acceptance criteria satisfy the quality
standards requirements of GDC 1, GDC 30, and g 50.55a, and meet the

n requirements of GDC 31 regarding prevention of fracture of the RCPB.
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Regulatory Positions C.1 and C.c of Regulatory Guide 1.65 recommend the
following:

a. Materials for reactor vessel studs (and other fasteners) that are
considered suitable are SA-540 Grades B-23 and B-24, SA-193 Grade
B-7, SA-194 Grade 7, and SA-320 Grade L-43, as presented in Section II
of the ASME Code.

b. The fastener material should not have an ultimate tensile strength
over 170 ksi, and the fracture toughness tests and acceptance levels
of paragraph IV.A.3 of Appendix G to 10 CFR Part 50 must be met as
detailed in paragraph NB-2333 of Section I:I of the Code.

c. Surface treatments, plating, or thread lubricants used must be shown |
to be c(mpatible with the materials, and stable at operating temper-
atures.

d. Nondestructive examination should be performed according to Section
III of the Code, subarticle NB-2580, and including additional recom-
mendations given in Regulatory Position C.2 of Regulatory Guide 1.65.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

For each area of review specified in subsection I of this SRP section, the
review procedure is as follows:

1. Material Specifications |

The material specifications for the reactor vessel and its appurtenances
are compared with the acceptable specifications listed in the Code,
Section III, Appendix I, and Section II, Parts A, B, C.

Materials not lis*ed in the Code, or deviations in a listed spec ~ification,
are clearly identified, and the bases for deviation or nonconformance
evaluated. A study of the suitability of the material and comparisons
with precedents set in earlier cases enable the reviewer to determine the
acceptability of the proposed exceptions. In those instances where the
Materials Engineering Branch has taken exception to the use of a specific
material, or questions certain aspects of a specification, the applicant
is advised which material is not acceptable, and the reason for disapproval.

2. Special Processes Used for Manufacture and Fabrication of Components

Information on special processes used for manufacture and fabrication of
the reactor vessel and its appurtenances is reviewed to (1) identify each
special process, (2) determine whether there are any Code restrictions on
its use, (3) establish the adequacy of the process in providing components
with suitable mechanical and physical properties, (4) establish the effects
of such processes on the stress-corrosion characteristics of the material,
and (5) identify whether special requirements for nondestructive examination
are needed if the process is used.

O
5.3.1-8 Rev. 1 - July 1981

_ _ _ _ _ _ _ _ _



_ ._. _ .

Since there are no specific Code requirements on the use of special processes,
the suitability of a process is assessed on the basis of service experience
with similar parts fabricated by the process being reviewed.

3. Special Methods for Nondestructive Examination
|

Section V of the C' includes methods for performing nondestructive examina-
tions to detect s Tace and internal discontinuities when these methods
are referenced by section III of the Code. They include the following
methods: radiographic, magnetic particle, liquid penetrant, and ultrasonic.
The methods as iescribed are applicable to most geometric configurations

i and materir' .icountered in fabrication, and are applied for nornal condi-
tions. However, special configurations and materials may require nodified
methods and techniques. If such special procedures are developed, she
reviewer must cetermine that they are equivalent or superior to the techni-
ques described in Section V of the Code, and are capable of producing
meaningfui results under the special conditions.

,

Such special procedures may be modifications or combinations of methods
described in Section V, or may be entirely different, but the reviewer
verifies that they have been proven by demonstration to result in an1

examination capable of detecting discontinuities under the special condi-
tions to the same extent that applicable normal techniques which are
included in Section V would result in detection of discontinuities under
normal conditions.

Such special procedures are submitted to the authorized inspector or
inspecting agency for review and approval prior to use.

4. Special Controlt and Special Processes Used for Ferritic Steels and
Austenitic Stainless Steels

The controls on welding of ferritic steels and austenitic stainless steels
discussed in Standard Review Plan Section 5.2.3, " Reactor Coolant Pressure
Boundary Materials," a're considered applicable to welding of the reactor
vessel and its components. The reviewer verifies that any special welding

'control or special welding process is able to conform to the qualification
requirements of the Code, Section IX, or that justification is made for
this deviation.

The reviewer also reviews the controls (before, during, and after welding
of austenitic stainless steel) to avoid contamination and sensitization
that could increase the possibility of stress corrosion cracking in
austenitic stainless steel. Additionally, controls to avoid underclad
cracking during weld cladding of the reactor vessel are reviewed.

5. Fracture Toughness

The information submitted by the applicant relative to tests for fracture
toughness is reviewed for conformance with the Code, Section III,'

paragraph NB-2300, and Appendix G of 10 CFR Part 50.

These tests include Charpy V-notch impact tests and dropweight tests. A

f description of the tests is reviewed, and the location of the test speci-
( mens and their orientation are verified.
,
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Information regarding calibration of instruments and equipment is reviewed
for conformance to Code Section III, paragraph NB-2300.

In the event that none of the fracture toughness tests has been performed,
the preliminary safety analysis report (PSAR) must contain a statement of
the applicant's intention to perform this work in accordance with Code
Section III, NB-2300 and Appendix G of 10 LFR Part 50.

The final safety analysis report (FSAR) is reviewed to ensure that all
the impact tests shown in NB-2300 have been performed. The results of
'he tests shall be in accordance with the acceptance criteria shown in,

subsectir " 5 of this SRP section..

for ants that were designed and constructed prior to the effective
'ai ; ,andix G, 10 CFR Part 50, some of the fracture toughness require-

ments or Appendix G may not be explicitly met. The detailed procedi:ra for
conducting the review of such cases is found in SRP Section 5.3.2, " Pressure-
Temperature Limits," and in MTEB Branch Technical Position 5-2, " Fracture
Toughness Requirements." Exemptions from the regulation can only be granted
when the applicant has demonstrated equivalence to the required margin of
safety.

6. Material Surv6illance |

The reviewer verifies that the information contained in the SAR and the
Technical Specifications is complete eno%h to determine that the surveil-
lance program will comaly with Appendix H, 10 CFR Part 50. The following

,

information must be pro'ided as a minimum:

a. The reviewer verifies that the PSAR states the end-ef-life fluence
calculated for the vessel beltline, the maximum predicted shift in
refere1ce transition temperature (RTNDT), the number of capsules,
and the number and types of specimens to be placed in the capsules,
and that the program is in compliance with ASTM E 185 and Appendix H,
10 CFR Part 50.

b. The reviewer verifies that the FSAR provides the information listed
above and, in addition, includes results of all fracture toughness
tests, chemical analyses of all materials in the beltline region,
and provides the information needed by the reviewer to evaluate the
adequacy of the program.

7. Reactor Vessel fasteners

The reviewer verifies that the information in the SAR covers all requirements
for reactor vessel studs and other fasteners, as described in the previous
section. For FSARs, the results of tensile and fracture toughness tests
performed on the fastener materials are checked to ensure that all require-
ments are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient and adequate information has been provided
to satisfy the requirements of the SRP section, and that his evaluation supports
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the conclusions of the following type, to be included in the staff's safety
m evaluation report.

The staff concludes that the reactor vessel materials are acceptable and meet the i
; requirements of General Design Criteria 1, 4, 14, 30, 31, and 32 of Appendix A of

10 CFR Part 50; the material testing and monitoring requirements of Appendices 8,.

| G, and H of 10 CFR Part 50; and the requirements of $50.55a of 10 CFR Part 50.
] This conclusion is based on the following:
.

1 1. The materials used for construction of the reactor vessel and its appur- |
tenances have been identified by specification and found to be in confor-

i mance with Section III of the ASME Code. Special requirements of the
| applicant with regard to control of residual elements in ferritic materials

have been identified and are considered acceptable. Compliance with the,

! above Code provisions for material specifications satisifies the quality
standards requirements of G9C 1, GDC 30, and $50.55a.

2. Special processes used for manufacture or fabrication of the reactor vessel |
and its appurtenances have been identified, and appropriate data reports
on each process as required by Section III of the ASME Code have been sub-
mitted by the applicant. Since certification has been made by the applicant
that the materials and fabrication requirements of Section III of the Code
have been complied with, the special processes used are considered acceptable.

| Compliance with these Code provisions meets the quality standards require-
! ments of GDC 1, GDC 30, and 650.55a.

3. Special u thods used for nondestructive examination of the reactor vessel

(q and its appurtenances have been identified and have been found equivalent
or superior to the techniques described in Appgndix X of Code Section III.!

Demonstrations have been made using these special techniques and have
satisfied all requirements of the Code. The special methods of nondestruc-

, tive examination are deemed acceptable. This acceptability based on the
j Code provisions satisfies the quality standards requirements of GDC 1,

GDC 30, and 650.55a.

4. Special controls and special welding processes used for welding the reactor |
vessel and its appurtenances have been identified and found to be qualified,

in accordance with the requirements of Code Sections III and IX. Qualifica-
tion in accordance with the Code provisions meets the requirements of GDC 1,
GDC 30, and 650.55a concerning quality standards.

5. When welding components of ferritic steels as identified in Item 4 above,
Code controls are supplemented by conformance with the recommendations of
regulatory guides as follows:

a. The controls imposed on welding preheat tempera;ures are in comformance
with the recommendations of Regulatory Guide 1.50, " Control of Preheat
Temperature for Welding of Low-Alloy Steel," since these controls
provide reasonable assurance that cracking of components made from low
alloy steels will not occur during fabrication and minimize the
potential for subsequent cracking. These controls also satisfy the
quality standards requirements of GDC 1, GDC 30, and g50.55a.

b. The controls imposed on electroslag welding of ferritic steels are-

( in conformance with the recommendations of Regulatory Guide 1.34,
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" Control of Electroslag Weld Properties," because the welds fabricated
by the process will ensure high integrity and will have a sufficient
degree of toughness to furnish adequate safety margins. These controls
satisfy the quality standards requirements of GDC 1, GDC 30, and
650.55a.

c. The controls imposed during weld cladding of ferritic steel components
are in conformance with the recommendations of Regulatory Guide 1.43,
" Control of Stainless Sttel Weld Cladding of Low-Alloy Steel Components,"
because the process used provides reasonable assurance that under clad
cracking will not occur during the weld cladding process. Thess
controls satisfy the quality standards requirements of GDC 1, GDC 30,
and 650.55a.

6. When welding components of austenitic stair.ess steels, Code controls are
supplemented by conformance with the recommendations of regulatory guides
as follows:

a. The controls imposed on delta ferrite in austenitic stainless steel
welds are in conformance with the recommendations of Regulatory
Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld Metal,"
because the controls used provide reasonable assurance that the welds
will not contain micro crac 4 These controls also satisfy the quality
standards requirement of GDC 1, GDC 30, and S50.55a and the require-
ments of GDC 14 regarding fabrication to prevent RCPB rapid propagating
failure.

b. The controls imposed on electroslag welding of austenitic stainless
steels are in conformance with the recommendations of Regulatory
Guide 1.34, for the same reason as stated in item 5b discussed above.

7. The controls (during, all stages of welding) to avoid contamination and
sensitizatiol that could cause stress-corrosion cracking in austenitic
stainless stecis conform with the recommendations of regulatory guides as
follows:

! a. The controls to avoid contamination and sensitizaticn of austenitic
| stainless steel are in conformance with the recommer'iations of

Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless
Steel," because the controls used provide assurance that welded com-
ponents will not be contaminated nor sensitized prior to and during

,

the welding process. These controls satisfy the quality standards'

requirement of GDC 1, GDC 30, and 650.55a and the GDC 4 requirement
relative to material compatibility.

b. The controls regarding onsite cleaning and cleanliness control of
austenitic stainless steel are in comformance with tha recommendations
of Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning
of Fluid Systems and Associated Components of Water-Cooled Nuclear
Power Plants," because the controls used provide assurance that
austenitic stainless steel components will be properly cleaned onsite.
The controls satisfy Appendix B of 10 CFR Part 50 regarding controls
for onsite cleaning of materials and components.

O
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4

8. Fracture toughness of the reactor vessel and its apportenances is controlled
by conformance with Appendix G, 10 CFR Part 50, which specifies ASME Code
provisions and supplementary requirements of Appendix G,10 CFR Part 50.4

The fracture toughness tests required by the ASME Code and by Appendix Gv

of 10 CFR Part 50 provide reasonable assurance that adequate safety margins
against the possibility of nonductile behavior or rapidly propagating
frt:ture can be established for all pressure retaining components of the
reactor coolant boundary. The use of Appendix G of the Code as a guide"

in establishing safe operating procedures, and use of the results of the
!

; fracture toughness tests performed in accordance with the Code and NRC |
! regulations, will provide adequate safety margins during operating, testing,

maintenance, and postulated accident conditions. Compliance with the pro-,

I visions of Appendix G, 10 CFR Part 50, satisfies the requirements of GDC 14,
GDC 31, and $50.55a regarding prevention of fracture of the reactor coolant!

!

pressure boundary.
.

9. Changes in the fracture toughness of material in the reacter vessel beltline |
caused by exposure to neutron radiation have been assessed properly, and iadequate safety margins against the possibility of vessel failure are provided
as the material surveillance requirements of ASTM E 185 and Appendix H, |

,

'

i 10 CFR Part 50, are met. Compliance with these documents assures that
the surveillance program constitutes an acceptable basis for monitoring
radiation-induced changes in the fracture toughness of the reactor vessel;

material and satisfies the requirements of GDC 32 regarding an appropriate ;material surveillance program for the reactor vessel.
I
! 10. Integrity of the reactor vessel studs and fasteners is assured by conformance
; with the recommendations of Regulatory Guide 1.65, " Materials and Inspections

for Reactor Vessel Closure Studs." Compliance with these recommendations
' satisfies the quality standards requirements of GDC 1, GDC 30, and 650.55a;

the prevention of fracture of the RCPB requirement of GDC 31; and the require-
ments of Appendix G, 10 CFR Part 50, as detailed in the provisions of the
ASME Code, Sections II and III.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding
the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative-

method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of

,

conformance with Commission regulations. !

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

'

| VI. REFERENCES

1. 10 CFR Part 50, Section 50.55a, " Codes and Standards."j

[ 2. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Plants."
(Criterion 1, " Quality Standards and Records"; Criterion 4, " Environmental

Q and Missile Design Bases"; Criterion 14, " Reactor Coolant Pressure Boundary";
Q Criterion 30, " Quality of Reactor Coolant Pressure Boundary"; Criterion 31,,
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" Fracture Prevention of React'r Coolant Pressure Coundary"; and Criterion 32,o
" Inspection of Reactor Coolant Pressure Boundary.")

3. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
Plants."

4. 10 CFR Part 50, Append;x G, " Fracture Toughness Requirements."

5. 10 CFR Part 50, Appendix H, " Reactor Vessel Material Surveillance Program
Requirements."

6. ASME Boiler and Pressure Vessel Code, Sections II, III, V, IX, XI, American
Society of Mechanical Engineers.

7. ASTM E-185, " Surveillance Tests on Structural Materials in Nuclear Reactors,"
Annual Book of ASTM StanC rds, Part 30, American Society for Testing and
Materials.

8. Regulatory Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld
Metal."

9. Regulatory Guide 1.34, " Control of Electroslag Weld Properties."

10. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water-Cooled Nuclear Power
Plants."

11. Regulatory Guide 1.43, " Control of Stainless Steel Weld Cladding of Low-
Alloy Steel Components."

12. Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless Steel."

13. Regulatory Guide 1.50, " Control of Preheat Temperature for Welding of Low-
Alloy Steel."

14. Regulatory Guide 1.65, " Materials and Inspections for Reactor Vessel Closure
Studs."
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5.3.2 PRESSURE-TEMPERATURE LIMITS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

1. Pressure-Temperature Limits

The regulations requiring the imposition of pressure-temperature limits on the
reactor coolant pressure boundary are the following:

Paragraph 50.55a of 10 CFR Part 50, " Codes and Standards," requires that
structures, systems, and components be designed, fabricated, erected, con-
structed, tested, and inspected to quality standards commensurate with the
importance of the safety function to be performed. In addition, Generalfm

l 1 Design Criterion 1 of Appendix A of 10 CFR Part 50, " Quality Standards and
V Records," requires that the codes and standards used to assure quality pro-

ducts in keeping with the safety function be identified and evaluated to
determine their adequacy.

General Design Criterion 14 of Appendix A of 10 CFR Part 50, " Reactor Coolant
Pressure Boundary," requires that the reactor coolant pressure boundary be
designed, fabricated,' erected, and tested in order to have an extremely low
probability of abnormal leakage, of rapid failure, and of cross rupture.
Likewise, General Design Criterion 31, " Fracture Prevention of Reactor Coolant
Pressure Boundary," requires, in part, that the reactor coolant pressure
boundary be designed with sufficient margin to assure that when stressed under
operating, maintenance and testing, the boundary behaves in a nonbrittle man-
ner and the probability of rapidly propagating fracture is minimized. Further,
in order to assess the structural integrity of the reactor vessel, General
Design Criterion 32, " Inspection of Reactor Coolant Pressure Boundary," re-
quires, in part, an appropriate materials surveillance program for the reactor
vessel beltline region.

Rev. 1 - July 1981
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The pressure-temperature limits imposed on the reactor coolant pressure
boundary during operation and tests are reviewed in this section of the
Standard Review Plan (SRP) to assure adequate safety margins of structural
integrity for the ferritic components of the reactor coolant pressure
boundary.

II. ACCEPTANCE CRITERIA

The requirements of paragraph 50.55a and General Design Criteria 1, 14, 31 and
32 of Appendix A of 10 CFR Part 50 are met by the assurance that material of
the reactor coolant pressure boundary possess adequate fracture toughness
properties to resist rapidly propagating failure and act in a nonbrittle
manner when stressed under operating, maintenance, testing, and anticipated
operational conditions. The requirement, in part, of General Design Criterion 32
is met by conducting a surveillance program to monitor the change in fracture
toughness properties of the ferritic materials in the reactor vessel.

The fracture toughness requirements for ferritic materials in the pressure-
retaining components of the RCPB are specified for testing and operational
conditions, including anticipated operational occurrences, in Section IV of
Appendix G of 10 CFR Part 50. This appendix requires the acceptance and
performance criteria of Appendix G of Section III of the ASME Boiler and
Pressure Vessel Code. Pressure-temperature calculation procedures are
described in Appendix G of the ASME code; while the detailed technical basis
for the ASME code requirement is provided by the Welding Research Council
(WRC) Bulletin 175, "PVRC Recommendation on Toughness Requirements for Ferritic
Materials." Changes in the fracture-toughness properties of materials in the
beltline region, resulting from neutron irradiation arid the thermal environment,
are monitored by a surveillance program in compliance to the requirements of
Appendix H of 10 CFR Part 50. The effect of neutron fluence on the shift in
the nil-ductility temperature of pressure vessel steel is predicted by Regulatory
Guide 1.99, "Effect of Residual Elements on Predicted Radiation Damage to
Reactor Ves3el Materials."

1. Applicable Regulations, Codes, and Basis Documents

Appendices G and H of 10 CFR Part 50 describe the conditions that reauire
pressure-temperature limits and provide the general basis for these
limits. These appendices specifically require that pressure-temperature
limits must provide safety margins at least as great as those recommended
in the ASME Boiler and Pressure Vessel Code (hereinafter "the Code"),
Section III, Appendix G, " Protection Against Nonductile Failure," during
heatup, cooldown, and test conditions. Appendix G to 10 CFR Part 50 also
requires additional safety margins whenever the reactor core is critical
(except for low-level physics tests).

2. Technical Bases

Since many of the fracture toughness requirements for the ferritic materials
in the pressure-retaining components were not required at the time some

i

of the reactor facilities were designed and constructed, the Materials |

Engineering Branch Technical Position MTEB 5-2, " Fracture Toughness |

Requirements," describe procedures for making estimates and assumptions ,

on the fracture toughness properties of materials in the older plants. I

Calculations are required, and an evaluation is made by the reviewer to
show compliance with the regulations and to show an adequate margin of
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quality and safety for the facility. When it has been determined that
3 certain requirements of Appendices G or H have not been strictly complied

with by these older plants, and when it has been determined that an'

equivalent level of quality and safety, as required by the regulations
exist, then exemption to the specific requirements of these appendices
will be granted by the Commission.

a. The principles of linear elastic fracture mechanics (LEFM) are used
to determine safe operational conditions. The basic parameter of
LEFM is the stress intensity factor, K , which is a function of they

stress state and flaw configuration. An analytical method is used
3

I to determine the effects of real or postulated flaws. The minimum
j K that can cause failure is defined as the critical stress intensity

g

factor, KIc, and is the material parameter used in this method. The

K of the material is either directly measured as a function ofIc
temperature, or is conservatively estimated, using information from
other fracture toughness tests,

b. The Code specifies the maximum KIc, as a function of temperature,
that can be assumed for the specific material, based on results of
tests on the material used. This value is called KIR, reference
stress intensity factor. The Code also provides rules for calculat-
ing K , including definitions of postulated flaws, and specifies they

safety factors to be applied. The acceptance criterion is that the

O K f the material must always be higher than the K calculated.
IR g

c. Direct measurement of the K as a function of temperature is expensiveIc
and time consuming and requires more sample material than is usually
available. Correlations between the K determined directly andIc
results of simpler fracture toughness tests are not exact, but may
be used if appropriate allowances are made for variations in material
behavior and data scatter. The Code gives values of K as a function

IR
of temperature relative to a conservative determination of the
reference temperature of the material. This reference temperature,
RTNDT, is determined for the ferritic materials of components for
which operating and testing limit curves must be calculated. The
effects of radiation on the fracture toughness of the material in
the beltline region of the reactor vessel is accounted for by adjusting
the RT f the affected material upward. The amount of upward

NDT
shift depends on the composition of the steel (especially its copper
and phosphorous content), and the neutron fluence. Conservative

based on data inpredictions of the effect of radiation on the RTNDT
Regulatory Guide 1.99, are factored into the original limit curves.
The continued conservatism of these predictions throughout plant
life is verified by a m M atory material surveillance program described
in Appendix H of 10 CFR -at 50.

d. The Code specifies t:.e stress components that must be used for the
K calculations, and the factors that must be applied to each to

y
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provide adequate safety margins. The Code, by reference to WRC-175,
specifies the expression to use for calculating the K , using theg

applied stresses and the postulated flaw geometry. Although calcu-
lations are usually made by a computer, curves are provided in the
Code to facilitate the use of conservative hand calculations if
desired.

3. Pressure-Temperature Requirements

The requirements for the pressure-temperature limits are as follows:

a. Pressure-Temperature Limits for Preservice Hydrostatic Tests

During preservice hydrostatic tests (if fuel is not in the vessel),
the K must be greater than the K caused by pressure. The

IR g

expression used is:

g = K (pressure) < KIRK g

b. Pressure-Temperature Limits for Inservice Leak and Hydrostatic Tests

During performance of inservice leak and hydrostatic tests, the KIR
must be greater than 2.5 times the K caused by pressure. The

g
expression used is:

g = 1.5 K (pressure) < KIRK g

c. Pressure-Temperature Limits for Heatup and Cooldown Operations

must beAt all times during heatup and cooldown operations, the KIR
greater than the sum of 2 times the K caused by pressure and the Kgg

caused by 'hermal gradients. The expression used is:

2K (pressure) + K (thermal) <KKy= g g IR

d. Pressure-Temperature Limits for Core Operation

At all times that the reactor core is critical (except for low power
physics tests) the temperature must be higher than that required for
inservice hydrostatic testing, and in addition, the pressure-temperature
relationship shall provide at least a 40?F margin over that required
for heatup and cooldown operations.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

1. Preliminary Safety Analysis Report (PSAR)

Information in the PSAR is reviewed for a commitment that the fracture
toughness of the ferritic materials in the reactor coolant pressure
boundary will comply with the requirements of Appendix G of 10 CFR Part 50,
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: as detailed in Section III of the ASME Boiler and Pressure Vessel Code
and that the materials in the beltline region of the reactor vessel will

e comply with the requirements of Appendices G and H of 10 CFR Part 50 and4

( Regulatory Guide 1.99, "Effect of Residual Elements on Predicted Radiation;

Damage to Reactor Vessel Materials."4

2. Final Safety Analysis Report (FSAR)
c

The limits in the plant Technical Specifications will be shown using real
temperature. These curves and their bases are reviewed to determine ;

acceptability in the following areas:

a. The limiting RT has been properly determined, and radiation
NDT

. effects are included in a conservative manner.
i

b. Limits are shown for all required conditions.;

c. The limits proposed are consistent with the acceptance criteria
described in II. above.

d. The procedures for updating the limit curves, in conjunction with
scheduled tests on material surveillance specimens, are well defined
and included in the Technical Specifications.

3. Acceptability Determination Methods

The reviewer evaluates each limit curve for acceptability by performing
check calculations using the simplified methods referenced in the Code
and WRC Bulletin 175 that have been verified by the Materials Engineering
Branch to yield conservative values. These methods are described ins

detail by examples below, and the curves necessary to perform the
calculations are included herein as Figures 1, 2 and 3.

e. Preservice Hydrostatic Tests

The preservice hydrotest at 1.25 design pressure corresponds to the
standard Code component hydrotest usually performed in the shop, but
in this case it is the hydrotest for field welds, so it may involve
the entire reactor coolant system.

The Code recommends that component hydrostatic tests be run at a
temperature no lower than RTNDT + 60 F, but also recommends that
system tests should have more stringent requirements. The MIEB
position is that the minimum temperature for the preservice test, if
fuel is not in the vessel, be determined using the methods of Code'

Section III, Appendix G, using less stringent factors.

First, the RT f the vessel material must be determined. This is
NDT

defined by the Code for new plants, and is essentially a conservative
value of the NDTT as determined by drop weight test. Guidelines for
estimating the RT if the prescribed tests have not been run are

NDT
! given by Branch Technical Position - MTtiB 5-2, " Fracture Toughness

Requirements." Technical justification for all estimates of RT
NDTmust be provided by the applicant.
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The toughness of the material is a function of the difference between
the RT f the material and the temperature of interest. The CodeNDT
provides a curve (Figure G-2210.1) for the allowable calculated
stress intensity factor (KIR) as a function of the temperature
relative to RT Refer to Figure 2 herein.

NDT.

The Code also provides a recommended basis for calculating K ,
y

including recommandations for assumed flaw size and shape, and
appropriate front and back surface correction factors. Because the
assumed flaw size is proportional to the wall thickness, t (flaw
depth = 0.25 t and length = 1.5 t), the K expressions are simpli-

y

fied to multiples that are a function only of wall thickness and
stress level. These factors, M, for membrane stresses and MB fr

bending stresses, are provided in graphical form in Figure G-2214.1
of the Code. Refer to Figure 1 herein.

The criterion recommended by MTEB can be expressed as

Ky<KIR f r the shell region.

To get K , the stress level and wall thickness must be known. They
pressure for the hydrostatic test is 1.25 times the design pressure,
so that the higher of two simple methods described below to
approximate the membrane stress should be accurate enough for this
purpose:

stress = 1.25 times the Code allowable (5,)

stress =h
where P is the test pressure and r is the vessel radius. As an
example, assume a vessel with a design pressure of 2500 psig, made
of steel with an 5, of 26,700 psi, and a minimum yield strength of
50,000 psi. The stress for the preservice hydrotest is then

26,700 y 1.25 = 33,400 psi, or

(1.25) (2500) (95) = 33,400 psi, for a vessel with a
radius of 95 inches and a wall
thickness of 9 inches.

The next step is to determine the factor to apply to this stress to
obtain K . Figure G-2214.1 (reproduced here as Fig. 1) provides

y

several curves, depending on the ratio of the stress level to the
yield strength of the material. In this case, the stress level is
33,400; the yield strength is conservatively assumed to be 50,000 so
the curve for a ratio of .7 should be used. (A ratio equal to or
higher than the actual ratio must be used for conservatism.) For a
9-in. thick vessel ([t = 3), the value of M, from Figure G-2214.1 is
2.94. The K for this case is then:y

O
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i Ky = (M,) (Membrane Stress)

Ky = (2.94) (33,400) = 98,300 psi 5-

From Figure G-2210.1 (reproduced here as Fig. 2), a temperature of
at least RTNDT + 120 F is necessary for a Ky of this level.

If, for example, an original RT f 40 F is assumed, the required
NDT

temperature is then 40 + 120, or 160 F.

b. Inservice Leak and Hydrotest.

The temperatures for the inservice leak and hydrotest, performed at
operating pressure and about 1.1 operating pressure, respectively,

,

are calculated in essentially the same way. The differences are'

that a factor of 1.5 must be applied to the calculated K to providey

extra margin, and the stress levels are lower, so the value of M, is'

taken from a lower ratio curve.

Using the same vessel as an example, with a normal operating pressure
(P ) of 2250 psi, the membrane stress for the leak test can beg
approximated as:-

'

operating pressure x allowable stressdesign pressure

or h x 26,700 = 24,000 psi

This is about half of the minimum yield strength, so the M,is taken
from the 0.5 ratio curve, and is 2.87. The calculated K that musty

be assumed is then:

Ky = (1.5) (M,) (Membrane Stress)

or Ky = (1.5) (2.87) (24,000) = 103,500 psi fi5.

From the K curve, a temperature of about RTNDT + 125?F is required.IR
As this is an inservice test, the RT w uld probably have been

NOT
increased from its original value of + 40 F by some shift caused by
radiation. Assume this shift is 100?F, thus the temperature for the

,
- leak test must be at least:

40 + 100 + 125 = 265?F'

The inservice hydrotest temperature (at 1.1 P ) is determined ing

exactly the same way, and requires a minimum temperature of about
RTNDT + 133?F, or 273?F.

c. Heatup, Cooldown, and Normal Operation
s

For normal operation, which includes upset conditions and startup
and shutdown procedures, operating limit curves must be provided
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that show the maximum permissible pressure at any temperature from
cold shutdown conditions to full pressurization conditions.

Reactor ve wars have developed computer codes to perform the
necessary calculations, because thernp1 stresses must be included,
and hand calculations of even moderate sophistication are very time
consuming. WRC Bulletin 175 includes a set of curves derived from
computer programs that can be used to approximate the K caused by

g

thermal stresses, as a function of wall thickness and rate of tem-
perature change. Pressure-temperature curves developed using thece
approximations agree fairly well with those determined using much
more rigorous procedures, and can be used with confidence to evaluate
the proposed operating limits given in Technical Specifications.
These curves require the calculation of only 3 to 5 points. Either
allowable pressure at a given temperature, or allowable temperature
at a given pressure can be calculated. It is usually more
convenient to calculate allowable minimum temperature, so this
method will be used in the example.

Using the same reactor vessel as in the previous example, and a rate
of temperature change of 50 F per hour, calculations of required
temperatures for several pressures are illustrated. The curves for
thermal effects given in WRC Bulletin 175 are very conservative,
thus no additional margin need by applied to the K from thermal

y

stress, but a factor of 2.0 is used on primary stresses. The basic
expression is then:

K 1 2 K (membrane) + Ky (thermal)IR y

K (membrane) is calculated exactly as in the previous examples.y

K (thermal) for a 9-in. thick wall, at 50 /hr is about 12,000 psiy

Vin. from Figure 4-5, WRC Bulletin 175 (reproduced here as Fig. 3).

Thus, for a pressure of 2250 psig, a membrane stress of 24,000 psi,
and M, of 2.87, the basic expression is given by

KIR > (2)(24,000)(2.87) + 12,000 = 150,000 psi Jin.

From the K curve, a temperature of RTNDT + 158 F is required.IR
With an RT f 140 F (including irradiation effects), the

NDT

temperature required for operating pressure at a heatup or cooldown
rate of 50 /hr is then

140 + 158 = 298 F

For a pressure of 1/2 of operating (1125 psig), the membrane stress
| is 1/2 of that at operating pressure, or 12,000 psi.

The M, can be taken from the 0.5 ratio curve in Figure G-2214.1
(reproduced as Figure 1 herein), so is again 2.87.

K 1 (2)(12,000)(2.87) + 12,000 = 81,000 psi Vin.IR
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!

From the K curve, the minimum temperature is RTNDT + 100 F, orIR
m 140 + 100 = 240 F.

The same calculation for a pressure of 1/5 operating pressure
(450 psig and 4800 psi stress) is similar, but in th:s case the

,

stress is less than .1 of the yield strength, so the M,(from the |
,

.1 ratio curve) is only 2.82. i

K t (2)(4800)(2.82) + 12,000 = 39,000 psi Vin.IR
1

ihe K curve shows that the minimum temperature is RTNDT + 0 F, orIR
140 F.

Three points on a 50*/hr operating limit curve for this vessel at
this time in its service lifetime have thus been calculated:

Pressure Min. Temperature
(psfi (Fahrenheit)

i 450 140
1150 240
2250 298

A smooth curve drawn through these points will very closely
approximate the results using more rigorous methods.

d. Core Operation

Appendix G, 10 CFR Part 50, specifies pressure-temperature limits
for core operation to provide additional margin during actual power

i production.

The pressure-temperature limits for core operation (except for low
power physics tests) are that the reactor vessel must be at a tem-

4 perature equal to or higher than the minimum temperature required '

,

for the inservice hydrostatic test, and at least 40 F higher than
the minimum pressure-temperature curve for heatup and cooldown

; calculated as described in the preceding section. The minimum
'

temperature for the inservice hydrostatic test for the vessel used
in the preceding example was 273 F. A vertical line at 273 F on the
pressure-temperature curve, intersecting a curve 40 F higher than
the pressure-temperature limit curve as determined in the precedingi

' section, constitutes the limit for core operation for this example.
I
'

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to satisfy
the requirements of this SRP section and that the completeness and technical
adequacy of his evaluation will support the following statement in the staff's
safcty evaluation report:

The pressure-temperature limits imposed on the reactor coolant
system for all operating and testing conditions to assure adequateO safety margins against nonductile or rapidly propagating failure are

V
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in conformance with the fracture toughness criteria of Appendix G of
10 CFR Part 50 and Section III, including Appendix G, " Protection
Against Nonductile Failure," of the ASME Boiling and Pressure Vessel
Code. The change in fracture toughness requirements of the pressure
vessel during operation will be determined by Appendix H of 10 CFR
Part 50. The use of operating limits, based upon the criteria defined
in Standard Review Plan Section 5.3.2, provides reasonable assurance
that nonductile or rapidly propagating failure will not occur, and
constitutes an acceptable basis for satisfying the requirements of
paragraph 50.55a of 10 CFR Part 50 and General Design Criteria 1, 14,
31 and 32 of Appendix A of 10 CFR Part 50.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan to using this SRP section.

Except in those cases in which the applicant proposed an acceptable alternative
method for complying with specific partions of the Commission's regulations, the
method described herein will be used by the staff in its evaluation of confor-
mance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed here-
in are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criteria 1,14, 31, and 32.

2. 10 CFR Part 50, Appendix G, " Fracture Toughness Requirements."

3. 10 CFR Part 50, Appendix H, " Reactor Vessel Material Surveillance Program
Requirements."

4. ASME Boiler and Pressure Vessel Code, Section III, including Appendix G,
" Protection Agains.t Nonductile Failure," American Society of Mechanical

| Engineers.

5. WRC Bulletin 175, "PVRC Recommendation on Fracture Toughness," Welding
Research Council.

6. Branch Technical Position - MTEB 5-2, " Fracture Toughness Requirements
for Older Plants," attached to this SRP section.

7. Regulatory Guide 1.99, " Effects of Residual Elements on Predicted Radiation
Damage to Reactor Vessel Materials."

8. 10 CFR Part 50, paragraph 50.55a, " Codes and Standards."

|
\

|

O
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BRANCH TECHNICAL POSITION - MTEB 5-2
FRACTURE TOUGHNESS REQUIREMENTS

A. Background

Current requirements regarding fracture toughness, pressure-temperature limits,
and material surveillance are covered by the ASME Code and Appendices A, G,
and H to 7.0 CFR Part 50. The purpose of this branch technical position is to
summarize these requirements and provide clarification, as necessary.

Since many of these requirements were not in force when some plants were
designed and built, this position also provides guidance for applying these
requirements to older plants. Also included is a description of acceptable
procedures for making the conservative estimates and assumptions for older
plants that may be used to show compliance with the new requirements. It

should be noted that the applicants must present adequate technical justifi-
cations for any estimates of mate. rial properties required by the regulations
befcre exemption to the regulations may be granted.

B. Branch Technical Position

1. Preservice Fracture, Toughness Test Requirements.

The fracture toughness of all ferritic materials used for pressure-
retaining components of the reactor coolant pressure boundary shall
be evaluated in accordance with the requirements of Appendix G,
10 CFR Part 50, as augmented by Section III of the ASME Code. The,

O fracture toughness test requirements for plants with construction
('j permits prior to August 15, 1973 may not comply with the new Codes

and Regulations in all respects. The fracture toughness of the
materials for these plants must be assessed by using the available
test data to estimate the fracture toughness in the same terms as
the new requirements. This must be done because the operating
limitations imposed on old plants must provide the same safety
margins as are required for new plants.

1.1 Determination of RT f r Vessel Materials
NDT

Temparature limitations are determined in relation to a characteristic
temperature of the material, RTNDT, that is established from results
of fracture toughness tests. Both drop veight NDTT tests and Charpy
V-notch tests must be run to determine the RT The NDTT temperature,

NDT.
as determined by drop weight tests (ASTM E-208) is the RT if, at

NDT
60 F above the NDTT, at least 50 ft-lbs of energy and 35 mils lateral
expansion are obtained in Charpy V tests on specimens oriented in
ta weak direction (traverse to the direction of maximum working).

In mest cases, the fracture toughness testing performed on vessel
material for older plants did not include all tests required to
determine the RT in this manner. Acceptable estimation methods

NDT
for the most common cases, based on correlations of data from a

fN large number of haats of vessel material, are provided for guidance.'
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(1) If dropweight tests were not performed, but full Charpy V-notch
curves were obtained, the NDTT for SA-533 Grade B, Class 1
plate and weld material may be assumed to be the temperature at
which 30 ft-lbs was obtained in Charpy V-notch tests, or O''F,
whichever was higher.

(2) If dropweight tests were not perfortced on SA-508, Class II
forgings, the NDTT may be estimated as the lowest of the following
temperatures:

(a) 60 F.

(b) The temperatures of the Charpy V-notch upper shelf.

(c) The temperature at which 100 ft-lbs was obtained on Charpy
V-notch tests if the upper-shelf energy values were above
100 ft-lbs.

(3) If transversely-oriented Charpy V-notch specimens were not
tested, the temperature at which 50 ft-lbs and 35 mils LE would
have been obtained on traverse specimens may be estimated by
one of the following criteria:

(a) Test results from longitudinally-oriented specimens reduced
to 65% of their vaiae to provide conservative estimates of
values expected from transversely oriented specimens.

(b) Temperatures at which 50 ft-lbs and 35 mils LE were obtained
on longitudinally oriented specimens increased 20 F to
provide a conservative estimate of the temperature that
would have been required to obtain the same values on
transversely-oriented specimens.

(4) If limited Charpy V-notch tests were performed at a single
temperature to confirm that at least 30 ft-lbs was obtained,
that temperature may be used as an est* mate of the RTNDT Pro-
vided that at least 45 f t-lbs was obtained if the specimens

were longitudinally oriented. If the minimum value obtained
was less than 45 ft-lbs, the RT may be estimated as 20 F

NDTabove the test temperature.

1. 2 Estimation of Charpy V Upper-Shelf Energies

For the beltline region of reactor vessels, the upper shelf
toughness must be adequate to accommodate degradation by neutron
radiation. The original minimum shelf energy must be 75 ft-lbs for
vessels with an estimatt.d end of life neutron fluence (> 1 MeV) of
1 x 10 " and over. A value of 70 ft-lbs is consicered adequate for
material for vesseis that will be subjected to lower fluences.

If opper-shelf Charpy energy values were not obtained, conservative
est; mates should be made using results of tests on specimens from
the first surveillance capsule removed.

5.3.2-14 Rev. 1 - July 1981
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:

If tests were only made on longitudinal specimens, the values shouldi

r be reduced to 65% of the longitudinal values to estimate the'

( transverse properties,
t *
'

1. 3 Reporting Requirements

Fracture toughness information required by the Code and by Appendix G,i

i 10 CFR Part 50, must be reported in the FSAR to provide a basis for
evaluating the adequacy of the operating limitations given in the
Technical Specifications. In the case of older plants, the data may

j be estimated, using the procedures listed above, or other methods
'

that can be shown to be conservative.

2. Operating Limitations for Fracture Toughness

2.1 Required Pressure-Temperature Operating Limitations

As required by Appendix G, 10 CFR Part 50, the following operating
i limitations shall be determined and included in the Technical

Specifications. The basis for determination shall be reported, and
is the responsibility of the applicant, but in no case shall the
limitatioas provide less safety margin than those determined in:

accordance with Appendix G, 10 CFR Part 50, and Appendix G to
Section III of the Code.

(1) Minimum temperatures for performing any hydrostatic test
involving pressurization of the reactor vessel after installation

; in the system.

] (2) Minimum temperatures f', all leak and hydrostatic tests
"

performed after the plant is in service.

; (3) Maximum pressure minimum teniperature curves for operation,
j including startup, upset, and cooldown conditions.
p

(4) Maximum pressure-minimum temperature curves for core operation.'

| 2.2 Recommended Bases for Operating Limitations
I

. 2.2.1 Leak and Hydrostatic Tests
i

j (1) It is recommended that no tests at pressures higher than design
j pressure be conducted with fuel in the vessel.
;1

,' (2) Tetts at pressures less than design pressure should be conducted
at temperatures calculated according to Appendix G of Section III
of the Code for the beltline region (including conservative
estimates of radiation damage, see Section 3.0 below) if-the
maximum calculated primary stress in no other region of the

; vessel exceeds 1.25 S,during the test, and the RTNDT. f the
j beltline is sesumed to be at least 30 F above that of the

higher stres d regions. If primary stresses are calculated to<

be over 1.25 o in any region during the test, the RT f theg NDT
i ( vessel must be assumed to be at least 50 F higher than that of
4

i
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any region where the calculated primary stresses are over
1.25 S,.

(3) Alternatively, a fracture mechanics analysis, with technical
justification for all assumptions and bases, may be made to
determine the minimum test temperature. In no event shall the
minimum temperature be lower than that resulting from
calculations for the beltline region in accordance with
Appendix G of the Code.

2.2.2 Heatup and Cooldown Limit Curves

Heatup and cooldown pressure-temperature limit curves may be determined

usingsinglefstresscalculations,usingthemethodgivenin
Appendix G of the Code. The effect of thermal gradients may be
conservatively approximated by the procedures in Appendix G of the
Code or from Figure 4-5 in WRC Bulletin 175.

Calculations need only be perforL.ed for the beltline region, if the
RT f the beltline is demonstrated to be adequately higher than

NDT

the RT f r all higher stressed regions.
NDT

Alternatively, more rigorous analytical procedures may be used,
provided that the intent of the Code is met, and adequate technical
justification for all assumptions and bases is provided.

2.2.3 Core Operation Limits

To provide added margins during actual ccre operation, Appendix G,
10 CFR Part 50 requires a minimum temperature during core operation,
and a 40 F margin in temperature over the pressure-temperature
limits as determined for heatup and cooldown in 2.2.2 above. The
minimum temperature, regardless of pressure, is the temperature
calculated for the inservice hydrostatic test according to 2.2.1
above.

2.2.4 Upset Conditions

The pressure-temperature limits described in 2.2.2 and 2.2.3 above
are applicable to upset conditions. Normal operating procedures
must permit variations from intended operation, including all upset
conditions, without exceeding the limit curves.

2.2.5 Emergency and Faulted Canditions

It is recognized that the severity of a transient resulting from an
emergency or faulted condition is not directly related to operating
conditions, and resulting temperature-stress relationships in the
reactor coolant boundary components are primarily system dependent,
and therefore not under direct control of the operator.

For these reasons, operating limits for emergency and faulted
conditions are not a requirement of the Technical Specifications.
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The SAR should present descriptions of the continued integrity of
all vital compenents of the RCPB during postulated faulted conditions..

1 It is recommended that such descriptions be made in as realistic a
Q manner as possible, avoiding grossly overconservative assumptions

and procedures.

2.3 Reporting Requirements

The Technical Specifications must include the operating and test,

limits discussed above, and the basis for their determination. The
Technical Specifications must also include information on the intended
operating procedures, and justify that adequate margins between the
expected conditions and the limit conditions will be provided to
protect against unexpected'or upset conditions.

3. Inservice Surveillance of Fracture Toughness

The reactor vessel may be exposed to significant neutron radiation
during the service life. This will affect both the tensile and
toughness properties. A material surveillance progrem in conformance
with Appendix H, 10 CFR Part 50, must be carried out.

3.1 Surveillance Program Requirements

The minimum requirements for the surveillance program are covered by
Appendix H, 10 CFR Part 50. It is strongly recommended that con-
sideration by given to the desirability of additional surveillance

w methods, such as the inclusion of CT, DWT, DT, or other specimens to
) provide the capability of redundant test methods and analytical

.> procedures, particularly if the estimated neutron fluence is over
2 x 1018, or the toughness of the vessel material is marginal.

The selection of material to be included in the surveillance program
should be in accordance with ASTM E-185-73, unless the intent of the
program is better realized by using more rigorous criteria. For
example, the approach of estimating the actual RT and upper shelf

NDT
toughness of each plate, forging, or weld in the beltline as a
function of service life, and choosing as the surveillance materials
those that are expected to be most limiting, may be preferable in
some cases. This would include consideration of the initial RT

NDT'
the upper shelf toughness, the expected radiation sensitivity of the
material (based on copper and phosphorous content, for example) and
the neutron fluence expected at its location in the vessel.

3.2 SAR Requirements

The adequacy of the surveillance program cannot be evaluated unless
all pertinent information is included in the SAR. Information
requested for beltline materials includes the following:t

(1) Tensile properties.

(2) DWT and Charpy V test results used to determine RT
NDT'
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(3) Charpy V test results to determine the upper shelf toughness.

(4) Composition, specifically the copper and phosphorous content.

(5) Estimated maximum fluence for each beltline material.

(6) List of materials included in the surveillance program, with
basis used for their selection.

3.3 Surveillance Test Procedures

Surveillance capsules must be removed and tested at intervals in
accordance with Appendix H, 10 CFR Part 50. The proposed removal
and test schedule shall be included in the Technical Specifications.

3.4 Reporting Requirements

All information used to evaluate results of the tests on surveillance
materials, evaluation methods, and results of the evaluation should
be submitted with the evaluation report. This should include:

(1) Original properties and compositions of the materials.

(2) Fluence calculations, including original predictions, for both
surveillance specimens and vessel wall.

(3) Test results on surveillance specimens.

and upper shelf(4) Basis for evaluation of changes in RTNDT
toughness.

(5) Updated prediction of vessel properties.

3.5 Technical Specification Changes

Changes in th.e operating and test limits recommended as a result of
evaluating the properties of the surveillance material, together
with the basis for these changes, shall be submitted to the
Division of Licensing for approval.

O
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5.3.3 REACTOR VESSEL INTEGRITY

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

The portions of the applicant's safety analysis report (SAR) listed below are
reviewed. These portions are all related to the integrity of the reactor vessel.
Although most of these areas are reviewed separately in accordance with other
standard review plan (SRP) sections, the integrity of the reactor vessel is of such
importance that a special summary review of all factors relating to the integrity
of the reactor vessel is warranted. The information in each area is reviewed to
ensure that the information is complete, and that no inconsistencies in information
or requirements exist that would reduce the certainty of vessel integrity.

(n) 1. Design
v

The basic design of the reactor vessel is reviewed by MTEB for compatibility
of design with material properties and fabrication methods and by MTEB as
described in SRP Section 5.2.4, " Reactor Coolant Pressure Boundary Inservice
Inspection and Testing."

2. Materials of Construction

The materials of construction are each taken into consideration by MTEB as
described in SRP Section 5.2.3, " Reactor Coolant Pressure Boundary Materials,"
and in SRP Section 5.3.1, " Reactor Vessel Materials."

3. Fabrication Methods

The processes used to fabricate the reactor vessel, including forming,
welding, cladding, and machining, are reviewed by MTEB as described in SRP
Section 5.3.1.
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4. Inspection Requirements

The inspection test methods and requirements are reviewed by MTEB as
described in SRP Section 5.3.1.

5. Shipment and Installation

Protective measures taken during shipment of the reactor vessel and its
installation at the site are reviewed by MTEB to verify that the as-built
characteristics of the reactor vessel are not degraded by improper
handling.

6. Operating Conditions

All the operating conditions as they relate to the integrity of the
reactor vessel are reviewed by MTEB as descriaed in SRP Section 5.3.2,
" Pressure-Temperature Limits."

7. Inserv- > Surveillance

Plans and provisions for inservice surveillance of the reactor vessel are
reviewed by MTEB as described in SRP Sections 5.3.1 and 5.2.4.

In addition, the MTEB will coordinate evaluations of other branches that
interface with the overall review of the reactor vessel as follows:

The Mechanical Engineering Branch (MEB) reviews the reactor vessel
design regarding compliance with 650.55a of 10 CFR Part 50 and
regarding applicable Code Cases, as part of its primary review
responsibility for SRP Sections 5.2.1.1 and 5.2.1.2.

The review for Quality Assurance is coordinated and performed by the
Quality Assurance Branch (QAB) as part of its primary review
responsibility for SRP Sections 17.1 and 17.2.

For those areas of review identified above as part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review anc . heir method of application are contained in the referenced 5RP
section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The basic acceptance criteria for each review area are covered by other
standard review plan sections, so they will be discussed here only in general
terms. References are made to the SRP sections that include detailed criteria.
The acceptance criteria in these SRP sections describe methods to meet the
requirements of the following Commission regulations in 10 CFR Part 50:
General Design Criteria 1, 4, 14, 30, 31, and 32 of Appendix A; Appendices B,
G, and H; and S50.55a. Interrelationships among review areas, and criteria
for consistency, compatability, and technical coherence among review areas,
are emphasized in the following discussion:

1. Lesign

The quality standards requirements of GDC 1 GDC 30, and g50.55a are met,
regarding compatibility of design with matt.aial properties and fabrication
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methoas, by compliance with the provisions of the ASME Code. The basic
acceptance criteria for the design of the vessel are the requirements of

p Section III of the ASME Boiler and Pressure Vessel Code (hereafter "the
Code"). The design of the reactor vessel must be compatible with the

' properties of the materials used, and must permit construction by the use
of standard and well proven fabrication methods. The design details should
nat include new or novel concepts unless they are substantiated by a com-
prehensive justification showing that no aspects of the design will compro-
mise the overall integrity of the vessel in any manner.

The design details must be adequate to permit all required inspectionsu
and to provide required access to all areas requiring inservice inspec-
ticn in conformance with Section XI of the Code, as detailed in SRP
Section 5.2.4, " Reactor Coolant Pressure Boundary Inservice Inspection
and Testing." This satisfies the requirements of GDC 32 and S50.55a
regarding inservice inspection.

If the neutron radiation exposure of the reactor vessel becomes high enough
that the predicted value of the adjusted reference temperature of the mate-
rial exceeds 200 F, the design must be adequate to permit in place annealing
of the vessel to restore ductility and toughness, in accordance with
Appendix G, " Fracture Toughness Requirements," of 10 CFR Part 50. This
satisfies the fracture toughness requirement of GDC 31.

2. Materials of Construction

The basic acceptance criteria for the materials used in the construction
of the reactor vessel, and the regulations that they satisfy, are detailed
in SRP Section 5.2.3, " Reactor Coolant Pressure Boundary Materials," and

(',/ in SRP Section 5.3.1, " Reactor Vessel Materials." These criteria are the
requirements of Appendix G, 10 CFR Part 50, as augmented by Sections III
and IX of the Code.

The materials must be compatible with the design requirements. Accept-
ability is based on standard practice and engineering judgement, with
consideration being given to such factors as material form, size-related
variations in properties, and nonisotropic characteristics.

Although many materials are acceptable for reactor vessels according to
Section III of the Code, the special considerations relating to fracture
toughness and radiation effects effectively limit the basic materials that
are currently acceptable for most parts of reactor vessels to SA 533 Gr B
C1 1, SA 508 C1 2, and SA 508 C1 3. Acceptability criteria for other
grades will have to be developed befo"e they can be used.

The relationships among material conpositions, expected neutron fluence,
and requirements for the material surveillance program must be compatible.
The reviewer uses published data to ensure that the predicted shift in
toughness properties (RT and upper shelf energy) is conservative, based

NDT
on actual material composition and predicted fluence. The predicted shift
in toughness properties must be at least as conservative as that obtained
by use of Regulatory Guide 1.99, " Effects of Residual Elements on Predicted
Radiation Damage to Reactor Vessel Materials." Acceptability of the mate-
rial surveillance program, as specified in Appendix H, " Reactor Vessel

\J
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Material Surveillance Program Requirements," of 10 CFR Part 50, depends
on these relationships.

3. Fabrication Methods

Acceptance criteria for the basic fabrication processes and their quali-
fication and control requirements, and the regulations satisfied by these
criteria, are detailed in SRP Section 5.3.1. These criteria are given in
Sections III and IX of the Code.

Although a particular fabrication process (such as multiple wire-high heat
input welding) may be generally acceptable, it may not be suitable for
reactor vessel fabrication for some materials without further justification
or qualification. The reviewer uses " state-of-the-art" criteria and past

practice to evaluate the acceptability of materials process combinations.

Because fabrication methods, materials, and the effectiveness of nondestruc-
tive evaluation methods are interrelated, the reviewer must rely on state-
of-the-art knowledge and past practice to determine whether the proposed
combinations are compatible and acceptable.

4. Inspection Requirements

The basic requirements for performing nondestructive inspections, the
quality assurance criteria for the reac'1r vessel, and the regulations
that all of these criteria so!isfy, are detailed in SRP Section 5.3.1.
These requirements and criteria are contained in Sections III and V of
the Code.

Acceptance criteria for compatibility with materials and f abrication areas
are discussed in previous sections.

Very important relationships are those among in process and final shop
inspections, and the inservice inspection requirements of Section XI of
the Code. The reviewer must determine that the methods of inspection,
the sensitivity levels, and flaw evaluation criteria are compatible with
Section XI, and that the results of the preservice baseline inspection
can be correlated with the results of later inservice inspections.

5. Shipment and Installation

The basic acceptance criteria for procedures and care to maintain proper
cleanliness and freedom from contamination during all stages of shipping,
storage, and installation of the reactor vessel, and the regulations that
these criteria satisfy, are given in SRP Section 5.2.3.

The purpose of this area of review is to verify that the as-built character-
istics of the reactor vessel are not degraded by improper handling. Accept-
ability in these areas is assured for current designs and materials by
compliance with the basic acceptance criteria. If nonstandard materials
or designs are used, the reviewer must determine that these criteria will
be adequate, based on current technology.

If the basic criteria are not followed, either intentionally or through
error, the reviewer must evaluate, on a case basis, whether the integrity
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of the reactor vessel is compromised, using current technology, past
practice, and experience as applicable.

i

6. Operating Conditions
.

Acceptance criteria for operating limits for the reactor vessel, and the
regulations that they satisfy, are detailed in SRP Section 5.3.2,
" Pressure-Temperature Limits." These acceptance criteria are given in
Appendix G, " Fracture Toughness Requirements," to 10 CFR Part 50.

The criterion for acceptable behavior is that the vessel must remain
leaktight enough to support adequate core cooling. The generally
accepted principles and procedures of linear elastic fracture mechanics
provide the basis for acceptance of analyses that support conformance
with this criterion.

7. Inservice Surveillance
,

The acceptance criteria for adequacy of the reactor vessel materials
surveillance program, and the regulations satisfied by the criteria, are
detailed in SRP Section 5.3.1. The criteria are based on the require-'

ments of Appendix H, " Reactor Vessel Mater:al Surveillance Program
Requirements," to 10 CFR Part 50.

The SAR also provides information regarding the inservice inspections to
j be performed on the reactor vessel. The acceptance criteria for accessi-
i bility and inspection plan details, and the regulations that they satisfy,
l are detailed in Standard Review Plan Section 5.2.4, " Reactor Coolant
j f Pressure Coundary Inservice Inspection and Testing." These criteria are
i \ those of Section XI of the Code.
!

!

; III. REVIEW PROCEDURES
i

i The reviewer will select and emphasize material from the procedures described
} below, as may be appropriate for a particular case. The reviewer initially

determines that the basic criteria are met in each review area covered by this
SRP section. Although he will not normally be responsible for the basic reviews
of all of these areas, he will consult with those responsible for basic review
of the other areas to determine that all areas are individually acceptable."

He then reviews each area again, considering the information presented in'

other areas that interrelate with it, as discussed in subsection II above.

Because the reviewer is familiar with the specific procedures used by the reactor
vendor, he can readily pick out any differences from past practice. He will-

evaluate these in detail, consulting with other MTEB members as appropriate.

IV. EVALUATION FINDINGS
i

| The reviewer verifies that sufficient information is providcJ to satisfy the

requirements of'this SRP section, and that the completeness and technical'

adequacy of his evaluation will support conclusions of the following type, to
be included in the staff's safety evaluation report:4

/ h The staff concludes that structural integrity of the reattor vessel is
,

$[ ,/ acceptable and meets the requirements of General Design Criteria 1, 4,
t-
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14, 30, 31, and 32 of Appendix A of 10 CFR Part 50; the requirements of
Appendices B, G, and H of 10 CFR Part 50; and the requirements of Section
50.55a of 10 CFR Part 50. This conclusion is based on the staff's review
of the safety analysis report (SAR), conducted in accordance with the
following standard review plan sections, and supplemented by the acceptance
criteria of SRP Section 5.3.3:

(1) SRP Section 5.2.3, "RCPB Materials."

(2) SRP Section 5.2.4, "RCPB Inservice Inspection and Testing."

(3) SRP Section 5.3.1, " Reactor Vessel Materials."

(4) SRP Section 5.3.2, " Pressure-Temperature Limits."

We have reviewed all factors contributing to the structural integrity of
the reactor vessel and conclude there are no special coasiderations that
make it necessary to consider potential reactor vessel failure for this
plant. The bases for our conclusion are that the design, materials,
fabrication, inspection, and quality assurance requirements for the plant
will conform to applicable NRC regulations and regulatory guides, and to
the rules of the ASME Boiler and Pressure Vessel Code, Section III. The
stringent fracture taughness requirements of the regulations and ASME Code
Section III will be met, including requirements for surveillance of vessel
material properties throughout service life, in accordance with Appendix H
of 10 CFR Ptrt 50. Also, operating limitations on temperature and pres-
sure will be established for this plant in accordance with Appendix 'i,
" Protection Against Nonductile Failure," of ASME Code Section III, aad
Appendix G, 10 CFR Part~50.

The integrity of the reactor vessel is assured because the vessel

(1) will be designed and fabricated to the high standards of quality
required by the ASME Boiler and Pressure Vessel Code and any pertinent
Code Cases;

(2) will be made from materials of controlled and demonstrated high
quality;

(3) will be subjected to extensive preservice inspection and testing to
provide assurance that the vessel will not fail because of material
or fabrication deficiencies;

(4) will be operated under conditions and procedures and with protective
devices that provide assurance that the reactor vessel design condi-
tions will not be exceeded during normal reactor operation, maintenance,
testing, and anticipated transients;

(5) will be subjected to periodic inspection to demonstrate that the high
initial quality of the reactor vessel has not deteriorated significantly
under service conditions;

(6) may be annealed to restore the material toughness properties if this
becomes necessary; and
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', (7) will be subjected to surveillance to account for neutron irradiation
damage so that the operating limitations may be adjusted.'

Q V. IMPLEMENTATION,

The followino is intended to provide guidance to applicants and licensees regard- |
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guide.

VI. REFERENC S

1. Standard Review Plan Section 5.2.3, "RCPB Materials."

2. Standard Review Plan Section 5.2.4, "RCPB Inservice Inspection and Testing."

3. Standard Review Plan Section 5.3.1, " Reactor Vessel Materials."

4. Standard Review Plan Section 5.3.2, " Pressure-Temperature Limits."

5. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power
Plants." (Criterion 1, " Quality Standards and Records;" Criterion 4,[m,

V) " Environmental and Missile Design Bases;" Criterion 14, " Reactor Coolant
Pressure Boundary;" Criterion 30, " Quality of Reactor Coolant Pressure
Boundary;" Criterion 31, " Fracture Prevention of Reactor Coolant Pressure
Boundary;" and Criterion 32, " Inspection of Reactor Coolant Pressure
Boundary.")

6. 10 CFR Part 50, Appendix B, " Quality Assurance Crit ~ 'a for Nuclear Power
Plants and Fuel Reprocessing Plants."

7. 10 CFR Part 50, Appendix G, " Fracture Toughness Requirements."

i 8. 10 CFR Part 50, Appendix H, " Reactor Vessel Material Surveillance Program
Requirements."

9. 10 CFR Part 50, Section 50.55a, " Codes and Standards."

10. ASME Boiler and Pressure Vessel Code, Section III, especially Appendix G,,

' " Protection Agdinst Nondentile Failure," American Society of Mechanical
Engineers.

11. ASME Boiler and Pressure Vessel Code, Sections II, V, IX, and XI, American
Society of Mechanical Engineers.

12. Regulatory Guide 1.99, " Effects of Residual Elements on Predicted Radiation'

Damage to Reactor Vessel Materials."

'

!

:
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4 ?. U.S. NUCLEAR REGULATORY COMMISSION

C@N.$i$)STANDARD REVIEW PLAN#

....f OFFICE OF iiUCLEAR REACTOR REGULATIONs

PREFACE TO SECTION 5.4 COMPONENTS AND SUBSYSTEM DESIGN

The Standard Format and Contents of Safety Analysis Reports for Nuclear Power
Plants under Section 5.4, " Component and Subsystem Design," contains several
paragraphs that provide examples of principal components and subsystems within or
allied with ;.he reactor coolant system. The technical review of many of these
principal items is conducted under the cognizance of Standard Review Plan (SRP)
sections which have been prepared for other sections of the Standard Format.

An outlint of the material to be reviewed and the SRP section under which it is
covered is presented below for those items reviewed in other sections.

5.4.1 Reactor Coolant Pumps

The RSB reviews the process design parameters and flow coastdown and startup
characteristics under various SRP Sections of Chapter 15.

The ASB reviews the Ancillary Cooling Systems and the potential for pump and
motor missiles under SRP Sections 9.2.2 and 3.5.1.2.

/3 ~ The MEB reviews the structural integrity and the method of analysis , and the(V)
inservice testing of pumps under SRP Sections 3.9.1 through 3.9.3 and 3.9.6.

The EQB reviews the operability of pumps under SRP Section 3.10.

The MTEB reviews the inservice inspection under SRP Section 5.2.4 and the
materials of fabrication under SRP Section 5.2.3.

5.4.2 Steam Generators (PWR)

The RSB reviews the configuration and process design parameters and the response
to various anticipated operational occurrences and postulated accidents under
various SRP Sections of Chapter 15.

The MEB reviews the structural adequacy and the methods of analysis of the steam
generator under SRP Sections 3.9.1 through 3.9.3.
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The MTEB reviews the materials and the inservice inspection program under SRP
Sections 5.4.2.1 and 5.4.2.2.

5.4.3 Reactor Coolant Piping

The RSB reviews the piping and instrumentation diagrams, process flow features,
and equipment arrangements.

The MEB reviews the structural integriiy, the methods of analysis, and the
preoperational testing of the reactor coolant piping under SRP Sections
3.9.1 through 3.9.3.

The MTEB reviews the materials and inservice inspection program under SRP
Sections 5.2.3 and 5.2.4.

5.4.4 Main Steam Line Flow Restrictions

The RSB reviews the functional requirements under varicus SRP Sections of
Chapter 15.

The MEB reviews the mechanical design bases and methods of analysis under SRP
Sections 3.9.1 through 3.9.3.

5.4.5 Main Steam Isolation Valve Leakage Control (MSIVLC) System (BWR)

The ASB reviews the MSIVLC system under SRP Section 6.7.

5.4.6 Reactor Core Isolation C6oling (RCIC) System (BWR)

The RSB reviews the RCIC system under SRP Section 5.4.6.

5.4.7 Residual Heat Removal (RHR) System

The RSB reviews the RHR system under SRP Section 5.4.7.

5.4.8 Reactor Water Cleanup (RCW) System (BWR)

The CMEB reviews the RCW system under SRP Section 5.4.8.

5.4.9 Main Steam !.ine and Feedwater Piping

The ASB reviews the functional and related requirements for feedwater and
auxi . mry feedwater under SRP Sections 10.4.7 and 10.4.9.

The ASB and PSB review the functional and related requirements for the MSL
piping under SRP Section 10.3.

The MEB reviews the structural integrity, methods of analysis, and preoperational
testing under SRP Sections 3.9.1 through 3.9.3.

The MTEB reviews the materials of fabrication under SRP Section 10.3.6.

5.4.10 Pressurizer

The RSB reviews the configuration and process design parameters. Related
safety and relief valve capacities are reviewed by RSB under SRP Section 5.2.2,
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and pressure system performance during anticipated operational occurrences and
('"' postulated accidents is reviewed under various SRP Sections of Chapter 15.

b} The MEB reviews the structural integrity and methods of analysis under SRP
Sections 3.9.1 through 3.9.3.

The MTEB reviews the inservice inspection under SRP Section 5.2.4, and the
materials under SRP Section 5.2.3.

!

5.4.11 Pressurizer Relief Tank (PWR)

The ASB reviews the pressurizer relief tank under SRP Section 5.4.11.

5.4.12 Valves

The RSB reviews the functional aspects of valves within and connected to the
reactor coola'it pressure boundary under SRP Sections 5.4.6, 5.4.7, and 6.3.

The MEB reviews the structural integrity and the methods of analysis of valves
under SRP Sections 3.9.1 through 3.9.3 and 3.9.6.

The EQB reviews the operability of valves under SRP Section 3.10.

The MTEB reviews valve materials under SkP Sections 5.2.3 and 10.3.6, and
inservice inspection under SRP Sections 5.2.5 and 6.6.

The CEB reviews the compatibility of fluids with valve materials under,-

/ SRP Section 6.1.1.
t(,

5.5.13 Safety and Relief Valves

The RSB reviews setpoints and capacities of reactor coolant system safety and
relief valves under SRP Section 5.2.2.

The MEB reviews the structural integrity and methods of analysis under SRP
Sections 3.9.1 through 3.9.3 and 3.9.6.

The EQB reviews the operability of safety and relief valves under SRP
Section 3.10.

The MTEB reviews the inservice inspection program under SRP Sections 5.2.4 and
6.6, and materials under SRP Sections 5.2.3 and 10.3.6.

The CEB reviews the compatibility of fluids with valve materials under SRP
Section 6.1.1.

5.4.14 Component Supports

The MEB reviews the structural integrity and methods of analysis under SRP
Sections 3.9.1 through 3.9.3 and 3.9.6.

'

d
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'"'@y$,j STANDARD REV EW PLAN
gv.....f OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 5.4.1.1 PUMP FLYWHEEL INTEGRITY (PWR)

REVIEW RE SPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

3econdary - None

I. AREAS OF REVIEW

General Design Criterion 4 (Ref. 1) requires that structures, systems, and
components of nuclear power plants important to safety be protected against the
effects of missiles that might result from equipment failures. Because flywheels
have large masses and rotate at speeds of 900 rpm or 1200 rpm during normal
reactcr operation, a loss of flywheel integrity could result in high energy
missiles and excessive vibration of the reactor coolant pump assembly. The
safety consequences could be significant because of possible damage to the
reactor coolant system, the containment, or the engineered safety features.

(g) General Design Criterion 1 (Ref. 1) and 10 CFR Part 50, S50.55a(a)(1) require
' '' that structures, systems, and components important to safety shall be designed,

fabricated, erected and tested to quality standards which shall be identified and
evaluated to determine their adequacy to assure a quality product in keeping with
the required safety function.

The following areas relating to reactor coolant pump flywheel integrity are
reviewed by MTEB:

1. Materials Selection

Reactor coolant pump flywheels are of a simple geometric shape, and are made
of ductile material. Their quality can be closely controlled and their
service conditions are not severe; therefore, the use of suitable c.aterial,
coupled with adequate design and inservice inspection can provide a suffi-
ciently small probability of a flywheel failure that the consequences of
failure need not be protected against.
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Information in the applicant's safety analysis report (SAR) on materials
selection and the procedures used to minimize flaws and improve mechanical
properties is reviewed to establish that sufficient information is pro-
vided to permit an evaluation of the adequacy of the flywheel materials.

2. Fracture Toughness

The fracture toughness of the materials, including materials tests,
correlation of Charpy specimens to fracture toughness parameters, or the
alternate use of a nil-ductility transition reference temperature (RT
arereviewedtoestablishthattheflywheelmaterialswillexhibitadUkua)te

,

fracture toughness at normal operating temperature (Ref. 2).

3. Preservice Inspection

The descriptive information is reviewed to verify that the bore of the
flywheel is machined to final dimensions if it is flame cut, and that
ultrasonic and surface inspections are performed on all finished machined
surfaces.

4. Flywheel Design

The flywheel design information including allowable stresses, design
overspeed considerations, and shaft and bearing design adequacy, is
reviewed.

5. Overspeed Test

The applicant's overspeed test procedures are reviewed to establish their
adequacy.

6. Inservice Inspection

A descriptic of the preservice and postoperational phases of the
inservice inspection program, including types of inspections, areas
inspected, frequencies of inspection, and flaw acceptance criteria, is
reviewed.

The review for quality assurance is coordinated and performed by the Quality
Assurance Branch (QAB) as part of its primary review responsibility for
Standard Review Plan Sections 17.1 and 17.2. The acceptance criteria neces-
sary for the review and the methods of application are contained in the
referenced SRP section.

II. ACCEPTANCE CRITERIA

The MTEB acceptance criteria are based on meeting the relevant requirements of
the following regulations:

A. General Design Criterion 1 and 10 CFR Part 50, 50.55a(a)(1), as they

relate to pump flywheel design, materials selection, fracture toughness,
preservice and inservice inspection programs, and overspeed test
procedures to determine their adequacy to assure a quality product
commensurate with the importance of the safety function to be performed.
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B. General Design Criterion 4, as it relates to protecting safety-related
i structures, systems, and components of nuclear power plants from the

effects of missiles that might result from reactor coolant pump failure.
The following regulatory guide provides positions acceptable to the staff
in meeting the requirements listed above: Regulatory Guide 1.14 which
describes a method of minimizing the potential for failures of the
flywheels of reactor coolant pump motors in light-water-cooled power

j reactors.

I
Specific criteria necessary to meet the relevant requirements of GDC 1 and 4

| and 10 CFR Part 50, S50.55a(a)(1) are as follows:

1. Materials Selection
1

The applicant's selection of flywheel mtterial is acceptable if it
is in accordance with the following criteria:

The flywheel material must be produced by a process (suc.h as vacuum
melting or degassing) that minimizes flaws in the material and
improves its fracture toughness properties. The material must be
examined and tested to meet the following criteria:

a. The nil-ductility transition (NDT) temperature of t;ie flywheel
material, as obtained from dropweight tests (DWT) performed in
accordance with the specification ASTM E-208 (Ref. 3), should
be no higher than 10 F.

b. The Charpy V-notch (C ) upper-shelf energy level in the " weak"
direction (WR orientaY. ion in plates) of the flywheel material

'

should be at least 50 ft-lbs. A minimum of three C specimens
should be tested from each plate or forging, in accordance with

ASTM A-370 (Ref. 4).

2. Fracture Toughness

The following fracture toughness criteria are derived from
Regulatory Guide 1.14, C.l.c, and the ASME Boiler and Pressure
Vessel Code (hereaf ter "the Cooe"), Se.: tion III, Appendix G. The
pump flywheel fracture toughness properties are acceptable if they
are in compliance with the following criteria:

The minimum static fracture toughness of the material at the normal
operating temperature of the flywheel should be quivalent to a
critical stress intensity factor, K , of at least 150 ksi Jin.
CompliancecanbedemonstratedbyeIEherofthefollowing:

a. Testing of the actual material to establish the K v lue atIcthe normal operating temperature.

b. Determining that the nor al operating temperature is at least
100 F above the RT

NDT*

3. Preservice Inspection

'
The following preservice inspection criteria are derived from
Regula tory Guide 1.14, C. l . d , C. l . e , and C.1. f. The applicant's
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preservice inspection program including finish machining and
ultrasonic and surface inspections is acceptable if in compliance
with the following criteria:

a. Each finished flywheel should be subjected to a 100% volumetric
examination by ultrasonic methods using procedures and acceptance
criteria specified in Code Section III, NB-2530 for plates, and
NB-2540 for forgings.

b. If the flywheel is flame cut from a plate or forging, at least
1/2 inch of material should be left on the outer and bore radii
for machining to final dimensions.

c. Finish machined bores, keyways, splines, and drilled holes
should be subjected to magnetic particle or liquid penetrant
examination.

4. Flywheel Design

The followir.g flywheel design criteria are derived from Regulatory
Guide 1.14, C.2. The applicant's flywheel design is acceptable if
in campliance with the following criteria:

The flywheel should be designed to withstand normal conditions,
anticipated transients, the design basis loss of coolant accident,
and the safe shutdown earthquake without loss of structural
integrity.

The design of the pump flywheel should meet the following criteria:

a. The combined stresses at the normal operating speed, due to
centrifugal forces and the interference fit of the wheel on the
shaft, should not exceed 1/3 of the minimum specified yield
strength or 1/3 of the measured yield strength in the weak
direction of the material if appropriate tensile tests have
been performed on the actual material of the flywheel.

b. The design overspeed of a flywheel should be at least 10% above
the highest anticipated overspeed. The anticipated overspeed
should include consideration of the maximum rotational speed of
the flywheel if a break occurs in the reactor coolant piping in
either the suction or discharge side of the pump. The basis
for the assumed design overspeed should be submitted to the
staff for review.

c. The combined stresses at the design overspeed, due to
centrifugal forces and the interference fit, should not exceed
2/3 of the minimum specified yield strength, or 2/3 of the
measured yield strength in the weak direction if appropriate
tensile tests have been performed on the actual material of the
flywheel.

d. The shaft and the bearings supporting the flywheel should be
able to withstand any combination of loads from normal
operation, anticipated transients, the design basis of
loss-of-coolant accident, and the safe shutdown earthquake.
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5. Overspeed Testp)(V The following overspeed test criterion is taken from the Regulatory
Guide 1.14, C.3. The applicant's commitment to perform an overspeed
test is acceptable if each flywheel assembly is to be tested at the
design overspeed of the flywheel.

6. Inservice Inspection (ISI)

The following inservice inspection program criteria are derived from
Regulatory Guide 1.14, C.4. The applicant's ISI program is
acceptable if in compliance with the following:

a. A volumetric examination by ultrasonic methods of the areas of
higher stress concentration at the bore and keyway at approx-
imately 3-1/3 years intervals, during the refueling or
maintenance shutdown coinciding with the inservice inspection
schedule as required by the Code, Section XI. Removal of the
flywheel is not required.

b. A ourface examination by liquid penetrant or magnetic particle
methods of all exposed surfaces, and 100% volumetric examina-
tion by ultrasonic methods at approximately ten year intervals,
during the plant shutdown coinciding with the inservice
inspection schedule as required by the Code, Section XI.
Removal of the flywheel is not required.

c. A preservice baseline inspection incorporating all the
b' procedures of a. and b. above, which should establish initial

flywheel conditions, accessibility, and practicality of the
program.

I d. Examination procedures and acceptance criteria should be in
! conformance with the requirements specified in subsection II.3.a

of this SRP Section.

III. REVIEW PROCEDURES

| The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

For each area of review, the following review procedure is followed:

1. Materials Selection

The materials selection, including the procedures to minimize flaws and
improve mechanical properties described by the applicant, are reviewed
and compared with the requirements of subsection 11.1 of this SRP Section.
If it is a new material not used in prior licensing cases, the materials
selection is reviewed and evaluated to establish its acceptability.
Based on past evaluations, the following materials are suitable for pump
flywheels provided that they meet all the criteria listed in subsection 11.1
and 11.2 of this SRP section: ASME SA-533-B Class 1, ASME SA-508 Class 2,a

y/ and ASME SA-516 Grade 65 (Ref. 2).
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2. Fracture Toughness

The fracture toughness properties of the flywheel materials, including
test data where applicable, are reviewed and compared with the require-
ments of subsection II.2 of this SRP section. Two alternative methods
for deriving the fracture toughness of the flywheel materials are
acceptable. The value of the critical stress intensity factor is based
on fracture mechanics tecting, while the use of the reference temperature
approach is based on the stated normal operating temperature of the
flywheel and the actual reference nil-ductility transition temperature of
the materials, if an operating license review, or as specified, if a
construction permit review.

3. Preservice Inspection

The preservice inspection program, including finish machining, and
ultrasonic and surface inspections described by the applicant is reviewed
and compared with the requirlements of subsection 11.3 of this SRP
section. The extent to which the ultrasonic inspections proposed and the
acceptance criteria in the SAR agree with Code Section III, NB-2530 for
plate materials or NB-2540 for forgings, are reviewed.

4. Flywheel Design

The design and stress analysis procedures used for the flywheel are
reviewed, including the following areas:

a. Load combinations at normal operating speed and allowable stresses.

b. Design overspeed and basis for selection of design overspeed.

c. Load combinations or design overspeed and allowable stresses.

d. Shaft and bearing load combinations.

|
The information given in the SAR is compared and evaluated against
subsection II.4 of this SRP section.'

5. Overspeed Test
1

The applicant should confirm that an overspeed test will be run in
i
| compliance with subsection II.5 of this SRP section.
|

6. Inservice Inspection

The inservice inspection program described by the applicant in the plant
technical specifications, including areas to be inspected, methods of
inspection, frequency of inspection, and acceptance criteria, is reviewed
and compared with the requirements of subsection II.6 of this SRP
section.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in
accordance with the requirements of this SRP section, and that his evaluation
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supports conclusions of the following type, to be included in the staff's
A safety evaluation report:
i !
v' The staff concludes that the precautions taken to assure the integrity of

the reactor coolant pump flywheels are acceptable and meet the require-
ments of General Design Criteria 1 and 4 and 10 CFR Part 50, S50.55a(a)(1).
This conclusion is based on the following:

1. The applicant's selection of materials, fracture toughness tests,
design procedures, preservice overspeed spin testing program, and
inservice inspection program for the reactor coolant pump flywheels
have been '.'eviewed and found to meet the requirements for GDC 1 and
10 CFR Part 50, S50.55a(a)(1) with respect to providing adequate
assurance of a quality product commensurate with the importance of
the safety function.

2. The applicant has met the requirements of GDC 4 complying with the
guidance of Regulatory Guide 1.14 in using suitable materials with
adequate fracture toughness, and conservative design procedures, and
by providing a preservice testing, and inservice inspection program
for flywheels of reactor coolant pump motors which provides reason-
able assurance of the structural integrity of the flywheels in the
event of design overspeed transients on postulated accidents.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
O regarding the NRC staff's plans for using this SRP section.
i !

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

| Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power
Plants," (General Design Criterion 1, " Quality Standards and Records,"
General Design Criterion 4, " Environmental and Missile Design Bases)."

2. ASME Boiler and Pressure Vessel Code, Sections II, III, and XI, American
Society of Mechanical Engineers.

3. ASTM E-208-69, " Standard Method for Conducting Drop-Weight Tests to
Determine Ni1 Ductility Transition Temperature of Ferritic Steels," Annual
Book of ASTM Standards, Part 31, American Socielty for Testing and Materials.

4. ASTM A-370-72, " Methods and Definitions for Mechanical Testing of Steel
Products," Annual Book of ASTM Standards, Part 31, American Society for
Testing and Materials.g

I i
(/ 5. Regulatory Guide 1.14, " Reactor Coolant Pump Flywheel Integrity"

(originally Safety Guide 14).
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5.4.2.1 STEAM GENERATOR MATERIALS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - Chemical Engineering Branch (CMEB)

I. AREAS OF REVIEW

General Design Criteria 1, 14, 15, and 31 of Appendix A of 10 CFR Part 50 require
that components of the reactor coolant boundary be designed, fabricated, erected
and tested so as to have an extremely low probability of abnormal leakage, of rapidly
propagating failure and of gross rupture. Also, that such design will have suffi-
cient margin to assure that design conditions are not exceeded during normal opera-
tion and anticipated operational occurrences.

A review is made of the following areas reported in the applicant's safety analysis
report (SAR). These are all related to the ASME Boiler and Pressure Vessel Code

(N (hereinafter "the Cade") Class 1 and Class 2 components of pressurized water reactor

(") (PWR) steam generators, including all components that constitute part of the reactor
coolant pressure boundary.

MTEB reviews the following areas as part of its primary review responsibility:

1. Selection and Fabrication of Materials

The materials selected for the steam generator are reviewed.

Components of the steam generator are divided into two classes: Class 1, which
includes material for tnose parts exposed to the primary reactor coolant, and
Class 2, which includes materials for parts exposed to the secondary coolant
water.

The selection and fabrication of materials for all Class 1 and Class 2 compo-
nents of pressurized water reactor (PWR) steam generators is reviewed for
adequacy and suitability and for compliance with the requirements of the Code.

Rev. 2 - July 1981
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Examples of materials that are currently being used for Class 1 components
include the following:

Tubing - ASME SB-163, Ni-Cr-Fe, annealed
(Inconel 600)
ASME SA-502, C1 2 and 2a, weld-cladTube Sheet -

with Inconel 600 on the primary
coolant side

Channel Head Casting - ASME SA-216, Grade WCC, Class 1,
'

or weld-clad with austenitic stainless
steel

Channel Head Plate - ASME SA-533, Grade A, B, or C
Forged Nozzles - ASME SA-508, Class 2, and 2a

Examples of materials that are currently being used for Class 2 compone'ts
include the following:

Shell Pressure Plates - ASME SA-533, Grade A, B, or C,
Class 1 and 2

Bolting - ASME SA-193, Grade B-7
ASME SA-540, Grade B 23 or B 24

Tube Support Plates or Grids - ASME SA-240
ASME SA-479

The fracture toughness properties and requirements for ferritic materials
of Class 1 and Class 2 components are reviewed.

2. Steam Generator Design

The design and the fabrication procedures are reviewed to determine that
the evtent of crevice areas are minimized in the completed steam generators.
A " tube denting" phenomenon has occurred in a number of steam generators.
Based on operating experience and laboratory testing, it is believed that
the denting is associated with the growth of a corrosion product (principally

0 ) in the crevice. The corrosion is caused by the concentration ofFe3 4
steam generator water impurities in the annulus. The growth of corrosion
product puts inward pressure on the tube resulting in radial deformation
of the tube. As corrosion proceeds and in plate forces accumulate, there
are a number of secondary effects in the steam generator. These include
(a) tube support plate hole dilation; (b) tube support plate flow hole
distortion, flow slot hour glassing; (c) tube support plate expansion with
cracking between hcle ligaments; (d) wrapper distortion; (e) leg displace-
ment of the smallest radius U-bend heat tube, and (f) tube leakage.

The extent of the tube to tube sheet contact and the contact area of the
tube / tube support are of particular interest. The reviewer will evaluate
the design and material selection used to minimize the support plate
corrosion.

The tubes are commonly welded to the tube-sheet cladding and expanded into
the tube sheet by rolling or explosive-expanding (explanding). Full depth
expansion is the preferred design.

A secondary review is performed by CHEB and the results are used by MTEB
to complete the overall evaluation for the steam generator materials.
CMEB will review the following areas the results of its evaluation are
transmitted to MTEB for incorporation into the SER:

Rev. 2 - July 1981
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1

1. Compatibility of the Steam Generator Components with the Primary and
Secondary Coolant

The possibility of stress-corrosion cracking, denting, pitting, and wastage
of the tubes as determined by the chemistry of both the primary and secondary
coolants, are reviewed. The methods to be used in monitoring and maintaining
the chemistry of the secondary coolant within the specified ranget are
reviewed. The compatibility of austenitic and ferritic stainless steels,

i ferritic low alloy steels and carbon steels with the primary and secondary

|
coolants is reviewed.

"

2. Cleanup of Secondary Side

The provisions for access to, as well as the procedures and methods for,
the removal of surface deposits, sludge, and corrosion products from the
secondary side of the steam generator are reviewed. These provisions are

.

to supplement the removal of sludge by blowdown.

II. ACCEPTANCE CRITERIA
4

The acceptance criteria for the areas of review described in subsection I of
this SRP section are based on meeting the following relevant requirements of
General Design Criteria 1, 14, 15, and 31, and Appendix B to 10 CFR Part 50:

1. GDC 1 - Quality Standards and Records

Structures, systems, and components important to safety shall be designed,
fabricated, erected, and tested to quality standards, commensurate with
the importance of the safety functions to be performed. Where generally
recognized codes and standards are used, +.ney shall be identified and-

evaluated to determine their applicability, adequacy, and sufficiency,
and shall be supplemented in order to provide adequate assurance that these
structures, systems, 1d components, will perform their safety functions
and that records shall 'e maintained.

i 2. GDC 14 - Reactor Coolant Pressure Boundary

| The reactor coolant pressure boundary shall be designed, fabricated, erected,
4

and tested so as to have an extremely low probability of abnormal leakage,
of rapidly propagating failure, and of gross rupture.

3. GDC 15 - Reactor Coolant System Design

The reactor coolant system, and associated auxiliary control, and protection
systems shall be designed with sufficient margin to assure that design
conditions of the reactor coolant boundary are not exceeded during any
condition of normal operation, including anticipated operational occurrences.

4. GDC 31 - Fracture Prevention of Reactor Coolant Pressere Boundary

The reactor coolant pressure boundary shall be designed with sufficient
margin to assure that when stressed under operating, maintenance, testing,
and postulated accident conditions, (1) the boundary behaves in a nonbrittle
manner, and (2) the probability of rapidly propagating fracture is minimized.

,

V
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5. Appendix B, 10 CFR Part 50 " Quality Assurance Criteria for Nuclear Power |
Plants and Fuel Reprocessing Plants." '

-

This regulation states that measures be established to control the cleaning
of material and equipment in accordance with work and inspection procedures
to prevent damage or deterioration.

Specific criteria necessary to meet the relevant requirements of the Commission
regulations identified above are:

A. Primary Review Criteria

1. Selection and Fabrication of Materials

a. To meet the requirements of GDC 1, the acceptable materials for
steam generator components are those identified and permitted
in the ASME Code, Appendix I of Section III, and specified in
detail in the Code Parts A, B, and C of Section II. Any materials
specified in the design to meet code-case requirements must also
meet the requirements given in Regulatory Guide 1.85, " Code Case
Acceptability - Materials." Any materials selected for the tube
support structure should be justified on the basis of minimizing
the denting and corrosion of the tubes.

b. To meet the requirements of GDC 1, 14, and 31, the fracture
toughness of ferritic materials used for Class 1 components in
the steam generator must meet the requirements of Appendix G of
10 CFR Part 50, as augmented by Subarticle NB-2300, Section III
of the Code and Appendix G, Article G-2000 of the Code.

The f racture toughness properties of the ferritic materirls
selected for Class 2 components in the steam generator must meet
the requirements of Subarticle NC-2300 of the Code.

c. To meet the requirements of GDC 1, the welding qualification,
weld fabrication processes and inspection during fabrication
and assembly of the steam generator must be conducted in
conformance with the requirements of Section III and IX of the
Code.

d. To meet the requirements of GDC 1, the corrosion-resistant
weld-deposited cladding on the tube sheet and on otner primary
side components must be fabricated and inspected according to
the requirements given in Articles I, II, III, and IV, Part QW
of Section IX of the Code.

e. To meet the requirements of GDC 1, the welds between the tubes
and the tube sheet must meet the requirements of Section III
and Section IX of the Code,

f. To meet the requirements of GDC 14, the processing and heat
treatment of the steam generator tubing will be evaluated on a
case basis. Special heat trenment to improve the corrosion
resistance of the tubing should have supporting data.

O
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2. Steam Generator Det'3n

O To meet the requirements of GDC 14, 15, and 31, the steam generato ,"

\j must be designed to avoid extensive crevice areas where the tubes
pass through the tube sheet, and where the tubes pass through tubing,

supports, as indicated in Branch Technical Position MTEB 5-3, "Moni-
toring of Secondary Side Water Chemistry in PWR Steam Generators."

At the tube / tube sheet interface, the tubes should be rolled or
expanded for the full depth of the tube sheet to avoid the presence
of a crevice. The tube support structure should be designed to promote
high velocity flow along the tubes. This will minimize the buildup
of corrosion product and sludge in the crevices of the tube / tube support
structure.

B. Secondary Review Criteria
:

1. Compatibility of the Steam Generator Tubing with the Primary and
-

Secondary Coolant

The requirements of GDC 14, 15, and 31 are met if the acceptance
criteria for primary coolant chemistry given in Standard Review Plan
Section 5.2.3, "RCPB Materials," are used and if the secondary coolant
purity are monitored as described in Branch Technical Position MTEB
5-3.

2. Cleanup of Secondary Side'

To meet the requirements of GDC 14 and 15, the steam generators must
be designed to provide adequate access to the internals so that tools
may be inserted to inspect and clean up deposits, on the tube sheet
and on the tube / tube support. Procedures, such as lancing to remove
deposits, should be described.

3. To meet the requirements of GDC 1 and Appendix B to 10 CFR Part 50,
onsite cleaning and cleanliness control should be in accordance with
the position given in Regulatory Guide 1.37, " Quality Assurance
Requirements for Cleaning of Fluid Systems and Associated Components
of Water-Cooled Nuclear Power Plants," and in ANSI N45.2.1-1973,
" Cleaning of Fluid Systems and Associated Components During Construc-
tion Phase of Nuclear Power Plants."

.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

For each area of review, the following review procedure is used by the:

A. Primary Reviewer

1. Selection and Fabrication of Materials

The reviewer examines the materials and fabri.ation procedures asp
given in the SAR for Class 1 and Class 2 components of the steam

4

( generators, to determine the degree of conformance with the acceptanceA
,

Rev. 2 - July 1981
5.4.2.1-5

_ . _ _ _ . . _ _ _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ . _ , . . _ . _ _ . . . _ _ _ - _ . , _ .



criteria stated in subsection II.1 of this SRP section, and verifies
that information relative to toughness tests is in conformance with
the acceptance criteria stated in subsection II.A.1.b, above. The
reviewer verifies that the tubes are properly welded and expa..ded
into the tube sheet, and that proper care is taken to maintain clean-
liness during fabrication, assembly, and installation of the unit.

2. Steam Generator Design

The reviewer examines the design of the steam generators to verify
that tight crevice areas where tubes pass through the tube supports
and tube plate (s) are minimized, as discussed in subsection II.2 of
this SRP section.

B. Secondary Reviewer

1. Compatibility of the Steam Generator Tubing with the Primary and
Secondary Coolant

The reviewer examines the controls to be placed on the composition
of the primary and secorda y coolants to determine that they meet
the acceptance criteria cited in subsection II.B.1 of this SRP section.

2. Cleanup of Secondary Side

The reviewer examines the design provisions that allow implementation
of the procedures and methods to be used for removal of surface
deposits, sludge, and corrosion products from the tube sheet and the
tube / tube support areas.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information is provided in accordance
with the requirements of this SRP section and that his evaluation supports
conclusions of the following type, which are to be included as applicable in
the staff's safety evaluation report:

The sta'f concludes that the steam generator materials specified are acceptable
and meet 'he requirments of GDC 1, 14, 15, and 31, and Appendix B to 10 CFR
Part 50. nis conclusion is based on the following:

1. The applicant has met the requirements of GDC 1 with respect to codes and
standards by assuring that the materials selected for use in Class 1 and
Class 2 components will be fabricated and inspected in conformance with
codes, standards, and specifications acceptable to the staff. WeL|ing
qualification, fabrication, and inspection during manufacture and assembly
of the steam generator will be done in conformance with the requirements
of Sections III and IX of the ASME Code.

2. The requirements of GDC 14 and 15 have been met to assure that the reactor
coolant boundary and associated auxiliary systems have been designed,
fabricated, erected, and tested so as to have an extremely low probability
of abnormal leakage, of rapid failure and of gross rupture, during normal
operation and anticipated operational occurrences.

O
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The primary side of the steam generator is designed and fabricated to comply
O with ASME Class 1 criteria as required by the staff. (The secondary side
( pressure boundary parts of the steam generator will be designed,,manufac-
\ tured, and tested to ASME Class 1 criteria although the staff required

classification is ASME Class 2.)*

The crevice between the tube sheet and the inserted tube will be minimal |
because the tube will be expanded to the full depth of insertion of the
tube in the tube sheet. The tube ' expansion and subsequent positive contact
pressure between the tube and the tube sheet will preclude a buildup of
impurities from forming in the crevice region and reduce the probabili'ty
of crevice boiling.

(The tube support plates will be manufactured from ferritic stainless steel
material, which has been shown in laboratory tests to be cerrosion resistant
to the operating environmcat.)* (The tube support plates will be designed
and manufactured with broached holes rather than drilled holes. The broached
hole design promotes high velocity flow along the tube, sweeping impurities
away from the support plates locations.) (The tube support structure will
be manufactured to the egg crate design. The egg crate design eliminates
the narrow annular gap at the tube supports, because the support may contact
the tube at only four lines on the tube circumference, and provides almost
complete washing of the tube surface with steam generator water.)*

3. The requirements of GDC 31 have been met with respect to the fracture
toughness of the ferritic materials since the pressure boundary materials

,

of ASME Class 1 components of the steam generator will comply with the
fracture toughness requirements and tests of Subarticle NB-2300 of
Section III of the Code. The materials of the ASME Class 2 components of'

the steam generator will comply with the fracture toughness requirements'

of Subarticle NC-2300 of Section III of the Code.

4. The requirements of Appendix B of 10 CFR Part 50 *. ave been met since the
onsite cleaning and cleanliness controls during fabrication (will)* conform
to the recommendations of Regulatory Guide 1.37, " Quality Assurance Require-
ments for Cleaning.of Fluid Systems and Associated Components of Water-Cooled
Nuclear Power Plants." The controls placed on the secondary coolant chemistry
are in agreement with staff technical positions.

1

Reasonable assurance of the satisfactory performance of steam generator
tubing and other generator materials is provided by (a) the design provi-
sions and the manufacturing requirements of the ASME Code, (b) rigorous
secondary water monitoring and control, and (c) the limiting of condenser
in-leakage. The controls described above combined with conformance with
applicable codes, standards, staff positions, and regulatory guides
constitute an acceptable basis for meeting in part the twquirements of
General Design Critcria 1, 14, 15, and 31, and Appendix B, 10 CFR Part 50.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

(_,/ " Include material within parentheses as applicable. i
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Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulati]ns.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCp

1. 10 CFR Part 50, Appendix A, General Design Criteria 1, " Quality Standards
and Records," 14, " Reactor Coolant Pressure Boundary," 15, " Reactor Coolant
System Desigr," and 31, " Fracture Prevention of thE Reactor Coolant Pressure
Boundary."

2. ASME Boiler and Pressure Vessel Code, Parts A, B, and C of Section II,
Section III, and Section IX, American Society of Mechanical Engineers.

3. ANSI N45.2.1-1973, " Clearing of Fluid Systems and Associated Components
During Construction Phase of Nuclear Power Plants," American National
Standards Institute.

4. Regulatory Guide 1.37, " Quality Assurance Requirements of Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants."

5. Regulatory Guide 1.85, " Code Case Applicability-Material."

6. Standard Review Plan Sec.i.;oo 5.2.3, "RCPB Materials."

7. Branch Technical Position MTEB 5-3, " Monitoring of Secondary Side Water
Chemistry in PWR Steam Generators," attached to this SRP section.

8. Appendix B, 10 CFR Part 50, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants."

6
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BRANCH TECHNICAL POSITION MTEB 5-3

; MONITORING OF SECONDARY SIDE WATER
CHEMISTRY IN PWR STEAM GENERATORS

i I. BACKGROUND

Effective long-term reliable operation of PWR steam generators requires that
operational procedures, design, and selection of materials be such that there
is no leakage across the steam generator tubes and that the barrier between
the primary and secondary fluids maintains its integrity under operating, main-
tenance or testing conditions as stated in General Design Criteria 14, 15, and
31 of Appendix A of 10 CFR Part 50.

These objectives are generally met by providing water treatments to remove
impurities from the secondary side water, operation procedures to remove accumu-
lated sluuges and insoluble impurities from generators, design of equipment to
prevent impurities from entering the system with makeup water and design factors
to prevent the impurities from concentrating and forming sludges or deposits,
especially in crevices.

Less than thoroughly effective water treatment, operational procedures, and
design factors have led to the degradation of steam generator tubing, as docu-
mented by an extensive history of stress corrosion cracking, wastage, and denting'

s
of steam generator tubing in operating PWRs, has developed. Therefore we
recommend the following criteria.

II. Branch Technical Position

1. Crevices between the tubing and the tube sheets or tubing supports should
be minimized to prevent concentration of impurities or solids in these
areas. To achieve this goal the tubes at the tube / tube sheet interface
should be expanded for the full depth of the tube sheet.

To minimize the deposition of corrosion products and sludge between the
tubes and the supporting structure, the tube / tube support interface should
be designed to promote high velocity water flow at the interface. This
would improve the " washing" of this area.

2. Regulatory Guide 1.37 endorses ANSI N45.2.1 and states in part, "The surface
(of components) shall appear metal clear. Scattered areas of rust are
permissible provided the aggregate area of rust does not exceed two square
inches in any one square foot area." Experimental work has shown that a
porous packing of oxide in the tube support annulus is one of the conditions
resulting in the concentration of contaminants which leads to runaway corro-
sion of the tube support plate. Nuclear plant operators should start up
the steam generators with " metal clean" surfaces. A method of confirmation
such as photographing the inside of the steam generator should be undertaken
after hot functional testing to confirm the " metal clean" condition.

o
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3. a. In the FSAR, the applicant should describe implementation of a second-
ary water chemistry and monitoring program (in accordance with refer-
ence nuclear steam system supplier's recommended procedure) to inhibit
steam generator corrosion and tube degradation. This program should
cover the following operational modes: (1) power operation (normal),
(2) startup, (3) hot standby, (4) hot shutdown, and (5) cold
shutdown / cold wet layup.

Each of the above modes should be defined with regards to percent
rated thermal power and approximate temperature range, *F.

b. The secondary water chemistry monitoring and control program should
include the following:

(1) Identification of a sampling schedule for critical parameters
during each mode of operation and of acceptance control criteria
for these parameters. The program should include as a minimum
the control of pH, cation conductivity, free sodium, and dissolved
oxygen. However, other parameters such as specific conductivity,
chlorine, fluorine, su:, pended solids, silica, total iron, copper,
ammonia, and residual hydrazine merit consideration. In plants
having more than one steam generator, additives to each steam
generttor should be controlled separately.

c. The Nuclear Regulatory Commission will review the secondary water
chemistry control and monitoring program of each individual plant.
The applicant should incorporate the technical recommendations of
the steam generator supplier. Any significant deviation from the
supplier's recommendations should be noted and justified technically.

Records should be made of the monitored item values, and in accordance
with 10 CFR Part 50, 650.71(a) they shall be made available for audit
and inspection when deemed necessary.

Each licensee as part of his annual operating report should include
an evaluation.of the secondary side water chemistry program with an
evaluation of the trends and a summary of the total time during the
reporting period the various chemistry parameters were
out-of-specification.

d. For plants utilizing volatile chemistry:

(1) The composition, quantities, and addition rates of additives
should be recorded. Routine changes in these items should be
reported under biannual FSAR update as required by 10 CFR Part 50,
S50.71. However, nonconservative changes, i.e., relaxation in
sample frequency, or changes in impurity limits shall be submitted
to NRC for approval before the change is implemented.

(2) The electrical conductivity and the pH of the bulk steam generator
water and feedwater should be measured continuously. Assurance
should be provided that the sample taken at the blowdown is
typical of the bulk steam generator water and that there is a
minimum bypass between the feedwater inlet and the blowdown
sampling point.

Rev. 2 - July 1981
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(3) For once-through steam generators, the pH and electrical conduc-
tivity at the coolant inlet should be measured continuously.

(4) Free hydroxide concentration and impurities (particularly
chloride, ammonia and silica) in the steam generator water should
be measured at least three times per week.

e. For plant zing phosphate treatment:

(1) The c. * ion, quantity, and addition rate of each additive.

should ? corded initially and thereafter whenever a change
is made.

(2) The Na/P04 molar ratio of the secondary coolant should be recorded
initially and whenever a change is made. Na/P0 ratio must be4

ratio is to be held > 2.3 5,2.6.rigidly controlled. (Na/P04

(3) The electrical conductivity and pH of the bulk steam generator
water and feedwater should be measured continuously. Assurance
should be provided that the sample taken at the blowdown is
typical of the bulk steam generator water and that there is a

: minimum bypass between the feedwater inlet and the blowdown'

sampling point.

(4) The con:entration of suspended / dissolved solids and impurities
(particularly free caustic, chloride, and silica) in the steam
generator water should be measured daily.

O (5) The concentration of dissolved solids (particularly sodium and
U phosphate) in the blowdown liquid should be measured once each

week.

(6) The rate of blowdown should be recorded initially and whenever
a change in rate is made.

(7) The hideout and reverse hideout of phosphate should be recorded.
The phosphate concentration in each steam generator (or in one
steam generator if this is shown to be representative of all)
and in the blowdown liquid should be measured before and after

! each planned power level change of 10% or greater, and should
I be measured after each unplanned power level change of 20% or

greater.

| f. For All PWR Plants
i

|
(1) Condenser cooling water in-leakage to the condensate has been

identified as the major source of impurity ingress in the PWR
|

|
secondary feedwater. The combination of impurity ingress with
corrosion of copper containing alloys and corrosion product!

NiO , etc.) in the secondary water systemtransport (Fe3 4,0'
2

produces sludge that is difficult to remove and is reactive toj

steam generator materials.'

( p In reporting the program the following guidelines should be
t

observert:Q,
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(a) Monitor the condensate water quality at the condensate pump
discharge as a minimum. Supplement as necessary by samples
from the condenser hot well and condenser discharge.

(b) Measure the cation conductivity and oxygen.

(c) Maintain condensate impurity level at 0.1 ppm 1 0.05 ppm,
oxygen at < 5 ppb.

_

(d) A cation conductivity increase of 0.05 to 0.10 pmho/cm
justifies on-line investigation of possible contamination.

(e) An increase of 0.10 to 0.20 pmho/cm is considered an indica-
tion of condenser leakage.

(f) When a condenser leak is confirmed, the leak should be
repaired or plugged within 96 hours, or before the total
integrated conductivity increase reaches 20 pmho/cm hrs.
The staff will consider other impurity-time limit proposals
for limiting the quantity of impurities entering the steam
generator.

(2) Identify the procedures used to measure the value of each of
the critical parameters. Provide the procedure title, the
applicant / licensee's procedure number, and the basis (i.e.,
ASTM No.).

(3) Identify sampling points. The program should consider sampling
the steam generator blowdown, the hot well discharge, the feed-
water, and demineralizer effluent as a minimum of sampling points.

(4) State the procedure for recording and management of data.

(5) State the procedures defining corrective action for various
out-of-specification parameters. The procedures should define
the allowable time for correction of out-of-specification
chemistry.

(6) Identify (a) the authority responsible for the interpretation
of the data, and (b) the sequence and timing of administrative
events required to initiate corrective action.

(7) Identify major components of the secondary water system and
materials in contact with secondary water coolant.

O
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SECTION 5.4.2.2 STEAM GENERATOR TUBE INSERVICE INSPECTION |

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

General Detign Criterion 32 of Appendix A of 10 CFR Part 50 requires, in part, that
components which are part of the reactor coolant pressure boundary (RCPB) or other
components important to safety be designed to permit periodic inspection and testing
of critical areas for structural and leaktight integrity. Thy inservice inspection
program for steam generator tubes, which constitute part of the reactor coolant
pressure boundary, is based on the detailed positions of Regulatory Guide 1.83,
" Inservice Inspection of Pressurized Water Reactor Steam Generator Tubes," and the
applicable Standard Technical Specifications for each nuclear steam system supplier
(nUREG-0103, 0212, or 0452). The design of the steam generators as described in

7 the preliminary safety analysis report (PSAR) is reviewed to establish that use of
(7'") the specified inspection techniodes is feasible.The provisions made for baseline

inspec. ion prior to startup, tha methods to be used for the inspections, and the
inservice inspection program cre reviewed in the final safety analysis report
(FSAR) and plant Technical Specifications.

The requirement of General Design Criterion 32 concerning the reactor vessel mate-
~

rial surveillance program is reviewed by MTEB in Standard Review Plan Section 5.3.3,
" Reactor Vessel Integrity." The inservice inspection of other areas of the reactor
coolant pressure boundary and steam generator are also reviewed by MTEB in Standard
Review Plan Sections 5.2.4 and 6.6.

II. ACCEPTANCE CRITERIA*

l
.

The guidelines for periodic inspection and testing of the steam generator tube por-
tion of the reactor coolant pressure boundary are specified in Regulatory Guide 1.83
and the applicable Standard Technical Specifications, NUREG-0103, 0212, or 0452.
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Compliance with the guidelines for inservice inspection in Regulatory Guide
1.83 and the applicable Standard Technical Specification NUREG constitutes an
acceptable basis for meeting, in part, the inservice inspection requirements
of General Design Criterion 32. Specific acceptance criteria for meeting the
inservice inspection requirements of General Design Criterion 32 are listed
below.

The design of the steam generators to provide access for an inservice inspection
(ISI) program, and the proposed ISI program should follow the recommendations
given in Regulatory Guide 1.83. The steam generators should be designed to
permit inspection of every tube. The tube examination equipment and procedures
should be capable of detecting and locating defects with a penetration of 20%
or more of the wall thickness. A permanent record of test data should be
provided. A baseline tube inspection should be scheduled prior to startup.
The sample selection and testing of tubes, the inspection intervals, the
actions to be taken if defects are identified, and reporting requirements
should follow the recommendations in the applicable Standard Technical
Specifications.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedtres described
below, as may be appropriate for a particular case. He determines that the
design of the steam generators, as described in the PSAR, will permit access
for the specified inspection techniques. He also evaluates the design of the
steam generator as described in the FSAR and the Technical Specification
inservice inspection program to determine the degree to which the recommenda-
tions of Regulatory Guide 1.83 have been followed. He determines that the
inspe' tion techniques for the tubes, the selected number of tube samples, the
inspecticn intervals, and the actions to be taken in the event defects are
observed are in accordance with the positions stated in the regulatory guide
and applicable NUREG. He determines that a baseline inspection will be made
prior to startup of the plant.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in accord-
ance with the requirements of this SRP section, and that his evaluation supports
conclusions of the following type, to be included in the staff's safety evalua-
tion report:

To ensure that no deleterious defects develop during service, steam
generator tubes will be inspected prior to plant startup and periodi-
cally throughout the life of the plant. The applicant (licensee)
has stated that his inservice inspection program will comply (complies)
with the recommendations in Regulatory Guide 1.83, " Inservice Inspec-
tion of Pressurized Water Reactor Ster Generator Tubes," and the
applicable Standard Technical Specifications, NUREG ( ),
concerning the inspection methods to be used, access for inservice
inspection, provisions for a baseline inspection, selection and sam-
pling of tubes, i.apection intervals, actions to be taken in the event
defects are idercified, and reporting requirements.

The staff coacludes that the inservice inspection program of steam
generator tubes is acceptable and meets the inspection and testing

Rev. 1 - July 1981
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requirements of General Design Criterion 32. This conclusion is based on
the applicant's (licensee's) following the recommendations in Regulatory
Guide 1.83, " Inservice Inspection of Pressurized Water Reactor Steam
Generator Tubes," and the Standard Technical Specifications, NUREG
( ), as reviewed by the staff and determined to be appropriate
for this application.

1

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative>

method for complying with specified portions of the Commission's regulations,,

the method d_;:-ibed herein will be used by the staff in its evaluation of
conformance with ',ommission regulations.

.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides, NUREGs, and in 10 ,

i CFR Part 50, 650.36.

1 VI. REFERENCES

1
'

1. 10 CFR Part 50, Appendix A, General Design Criterion 32, " Inspection of
Reactor Coolant Pressure Boundary."

2. Regulatory Guide 1.83, " Inservice Inspection of Pressurized Water Reactor
Steam Generator Tubes."

3. NUREG-0103, " Standard Technical Specifications for Babcock and Wilcox
Pressurized Water Reactors."

4. NUREG-0212, " Standard Technical Specifications for Combustion Engineering
Pressurized Water Reactors."

5. NUREG-0452, " Standard Technical Specifications for Westinghouse Pressurized
Water Reactors."

!

I

|
|

t

,
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5.4.6 REACTOR CORE ISOLATION COOLING SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primacy - Reactor Systems Branch (RSB)

Secondary - None |

I. AREAS OF REVIEW

The reactor core isolation cooling (RCIC) system in a boiling water reactor (BWR)
is a safety system which serves as a standby source of cooling water to provide a
limited decay heat removal capability whenever the main feedwater system is
isolated from the reactor vessel. Abnormal events which could cause such a
situation to arise include an inadvertent isolation of all main steam lines, loss
of condenser vacuum, pressure regulator failures, loss of feedwater, and the loss
of offsite power. Each of these transients is analyzed in Chapter 15 of the
applicant's safety analysis report (SAR). For each of these events, the high
pressure part of the emergency core cooling system (ECCS) provides a backup
function to the RCIC system. This review of the RCIC is performed to assure

( ] conformance with the requirments of General Design Criteria 5, 29, 33, 34 and 54. |
\ /

The RCIC system consists of a steam-driven turbine pump unit and associated
valves and piping capable of delivering makeup water to the reactor vessel and
supplying steam to and removing condensate from the RCIC steam turbine where
applicable. Fluid removed from the reactor vessel following a shutdown from
power operation is normally made up by the feedwater ;ystem, supplemented by
inleakage from the control rod drive system. If the feedwater system is
inoperable, the RCIC turbine pump unit starts automatically or is started by

the operator from the control room. The water supply for the RCIC system
comes from the condensate storage tank, with a secondary supply from the
suppression pool.

| The review of the RCIC system includes the system design bases, design criteria,
i description, and the points noted below.
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The RSB is responsible for performing the technical review of the RCIC system
in the following areas:

1. The piping and instrumentation diagrams are reviewed to determine that
the system is capable of performing its intended function and of being
preoperationally and operationally tested.

2. The degree of separation of the RCIC system from the nigh pressure core
spray (HPCS) system, or high pretsure coolant injection (HPCI) system is
reviewed for protection against common mode failure of redundant systems.

3. The process flow diagram is reviewed to confirm that the RCIC system
design parameters are consistent with expected pressures, temperatures
and flow rates.

4. The complete sequence of operation is reviewed to determine that the
system can function as intended and that the system is capable of manual
operation.

5. The system is reviewed for compliance with the applicable requirements of
NUREG-0737 (Ref. 1).

In addition, the RSB will coordirate other branch evaluations that interface
with the overall review of the system as follows: Auxiliary Systems Branch
(ASB) reviews the RCIC and HPCI (or HPCS) systems for protection against
common mode failures from missiles as part of its primary review responsibility
for Standard Review Plan (SRP) Sections 3.5.1.1 and 3.5.1.2. Protection
against flooding of RCIC and redundant equipment is reviewed by ASB as part of
its primary review responsibility for SRP Section 3.4.1. Protection against
damage from pipe whip and jet impingement is reviewed by the Mechanical Engi-
neering Branch (MEB) as part of its primary review responsibility for SRP
Sections 3.6.1 and 3.6.2. The Licensing Guidance Branch (LGB) reviews the
proposed technical specifications as part of its primary review responsibility
for SRP Section 16.0. The Procedure and Test Review Branch (PTRB) reviews the
proposed preoperational and critical startup test programs as part of its
primary review responsibility for SRP Section 14.2. The MEB reviews the RCIC
system to assure that it has the proper seismic and quality group classification
as part of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2.
The RCIC is to be enclosed in a seismic Category I structure or building. The

i design adequacy of this structure or building is evaluated by the Structural
| Engineering Branch (SEB) as part of its primary review responsibility for SRP

Sections 3.3, 3.4, 3.5, 3.7, and 3.8. The Containment Systems Branch (CSB)
reviews the RCIC system, as part of its primary review responsibility for SRP
Sections 6.2.4 and 6.2.6 to confirm that the design is compatible with the
containment system and can be isolated. The Instrumentation and Control
Systems Branch (ICSB), as part of its primary review responsibility for SRP
Section 7.4, evaluates the adequacy of controls and instrumentation of the
RCIC system with regard to the required features of automatic actuation,
remote sensing and indication, and remote control. The Power Systems Branch
(PSB), as part of its primary review responsibility for SRP Section 8.3,'

evaluates the adequacy of emergency onsite power, sufficiency of battery
capacity, and the use of d-c power only. T1e MEB, as part of its primary
review responsibility for SRP Section 3.9.3, ensures + hat the design and
installation of the RCIC system meet applicable codes and are adequate for its

| proper functioning. The Equipment Qualification Branch (EQB) reviews RCIC

1
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system equipment to determine that it is seismically and environmentally
i qualified for its intended use as part of its primary review responsibility

for SRP Sections 3.10 and 3.11.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

11. ACCEPTANCE CRITERIA

RSB acceptance criteria are based on meeting the relevant requirements of
General Design Criteria 5, 29, 33, 34 and 54. Specific criteria to meet the
requirements of the above GDCs are as follows:'

A. General Design Criterion 5 as it relates to structures, systems and
components important to safety not being shared among nuclear power units
unless it can be demonstrated that sharing will not impair its ability to
perform its safety function.

B. General Design Criterion 29 as it relates to the system being designed to
have an extremely high probability of performing its safety function in
the event of anticipated operational occurrences.

C. General Design Criterion 33 as it relates to the system capability.to
provide reactor coolant makeup for protection against small breaks in the
reactor coolant pressure boundary so the fuel design limits are not
exceeded.

d D. General Design Criterion 34 as it relates to the system design being
capable of removing fission product decay heat and other residual heat
from the reactor core to preclude fuel damage or reactor coolant pressure
boundary overpressurization.

.

E. General Design Criterion 54 as it relates to piping systems penetrating
primary containment being provided with leak detection and isolation'

capabilities.

Specific acceptance criteria, Regulatory Guides, and Task Action Plan items
that provide information, recommendations and guidance and in general describe
a basis acceptable to the staff that may be used to implement the requirements
of the Commission regulations identified above are as follows:

1. The general objective of the review is to determine that the RCIC system,
in conjunction with the HPCS (or HPCI) system, the safety / relief valves,
and the suppression pool cooling mode of the residual heat removal system
meets the requirements of General Design Criterion 34 (Ref. 2) by providing
the capability for decay heat removal to allow complete shutdown of the
reactor under conditions requiring its use. It must maintain the reactor
water inventory abova the top of the active fuel until the reactor is
depressurized sufficiently to permit operation of the low pressure cool-
ing systems. The RCIC system, in conjunction with the HPCS (or HPCI)
system, the safety /relie1' valves, and the suppression pool cooling mode
of the RHR system must be capable of removing fission product decay heat

f- and other residual heat from the reactor core following shutdown so as toe

(
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preclude fuel damage or reactor coolant pressure boundary overpressurization,
since RCIC in conjunction with HPCS (or HPCI) is used to provide makeup
inventory in some modes of residual heat removal, these systems should
jointly meet the guidelines of BTP RSB 5-1, attached to SRP Section 5.4.7.

2. The RCf; system is also used to supply teactor coolant makeup for small
leaks. Accordingly, the systems must meet the requirements of General
Design Criterion 33 (Ref. 4) in this regard.

3. Historically, credit has been taken for RCIC system capability to mitigate
the consequences of certain sbnormal events; however, since the cooling
function is redundant to the HPCI or HPCS system, the RCIC system itself
is not required to meet the single failure criterion, but in conjunction
with HPCS (or HPCI) must satisfy the single failure criterion in this
regard. In addition, the RCIC system is to perform its function without
the availability of any a-c power per the requirements of General Design
Criterion 34 (Ref. 2), and in conjunction with HPCS (or HPCI) must be
designed to assure an extremely high probability of accomplishing its
safety function as required by General Design Criterion 29 (Ref. 6).

4. As a system which must respond to certain abnormal events, the RCIC
system must be designed to seismic Category I standards (discussed in
SRP Section 3.2.1) and must not be shared among nuclear power units
except as permitted by General Design Criterion 5 (Ref. 7).

5. The RCIC and HPCS (or HPCI) systems must be protected against natural
phenomena, external or internal missiles, pipe whip, and jet impingement
forces so that such events cannot fail both systems simultaneously.
Acceptance criteria for these are discussed in SRP Sections 3.3.1 through
3.6.2. Acceptance criteria for RCIC instrumentation are described in SRP
Section 7.4.

6. The RCIC system must meet the requirements of General Desian Criterion 54
(Ref. 8) with regard to leak detection and isolation provisions for lines
passing through the primary containment. Other containment isolation
criteria for RCIC are' described in SRP Sections 6.2.4 and 6.2.6.

7. The RCIC system must meet the recommendations of Task Action Plan
items II.K.1.22, II.K.3.13, II.K.3.15, II.K.3.22, II.K.3.24, and III.D.1.1
of NUREG-0737 (Ref. 1) and NUREG-0718 (Ref. 11) with regard to actions
needed for operation, system initiation setpoint and automatic restart
capability, break detection provisions, automatic suction switchover to
the suppressio.1 pool, adequacy of space cooling, and leakage minimization,
respectively.

8. If the RCIC system is used to control or mitigate the consequences of an
accident, either by itself or as a backup to another system, it must meet
the requirements of an engineered safety feature. The RCIC system must
meet the guidelines of Regulatory Guide 1.1 (Ref. 9) regarding net positive
suction head.

III. REVIEW PROCEDURES |

The procedures below are used during the cc truction permit (CP) review to
assure that the design criteria and bases and the preliminary design as set
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forth in the preliminary safety analysis report meet the acceptanc4 criteria |given in subsection II.
t

! O For the operating license (0L) review, the procedures are used to verify that
,

!
' the initial design criteria and bases have been appropriately implemented in
; the final design as set forth in the final safety analysis report. The OL
; review also includes the proposed technical specifications, to assure that
' they are adequate in regard to limiting conditions of operation and periodic

surveillance testing.
|

I 1. Using the RCIC operating requirements specified in SAR Section 5.4.6 and
j Chapter 15, the reviewer confirms that the RCIC system can maintain ,

j coolant inventory in the reactor vessel to keep the core covered and
j assure cladding integrity. This determination is based on engineering
; judgment and independent calculations (where deemed necessary), using
i information as spe:ified in steps 2 and 3 below. The reviewer consults

with the CPB to assure that the decay heat loads used in the RCIC analyses
; are applicable and suitably conservative.

|
1

| 2. Using the description given in Section 5.4.6 of the SAR, including
- component lists and performance specifications, the reviewer determines
j that the RCIC sys:.am piping and instrumentation are such as to allow the
! system to operate as intended. This is accomplished by reviewing the :
1 piping and instrumentation diagrams to confirm that piping arrangements -

: permit the required flow paths to be achieved and that sufficient process
| sensors are available to measure and transmit required information.
4 i

: 3. Using the comparison tables of SAR Section 1.3, the RCIC system is
'

! compared to designs and capacities of such systems in similar plants to
! see that there are no unexplained departures from previously reviewed :

plants. Where possible comparisons should be made with actual -

performancedatafromsImilarsystemsinoperatingplants.
'

4. The reviewer checks the piping and instrumentation diagrams and equipment
! layout drawings for the RCIC and HPCS (or HPCI) systems to see that the
| systems are physically separated and can function independently. |
|
i 5. The reviewer examines the system design in SAR Section 5.4.6 to verify
! that the capability for automatic switchover of suction from the conden-

sate storage tank to the suppression pool has been provided per the
requirements of item II.K.3.22 of NUREGs-0737 and 0718 (Ref. I and 11).
The reviewer also judges whether adequate control and monitoring infor-
mation is available to allow the operator.to actuate the system manually
or to realign the RCIC system manually within the time allowed (i.e.,
change the RCIC system suction from the condensate storage tank to the

| suppression pool, or to the steam condensing mode of the residual heat
removal system).

6. The reviewer contacts ICSB to confirm that automatic actuation and
remote-manual valve controls are capable of performing the functions
required and that sensor and monitoring provisions are adequate. The |
instrumentation and controls of the RCIC system, in conjunction with the
HPCS (or HPCI) system are to have sufficient redundancy to satisfy the
single failure criterion.

| l
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7. The reviewer contacts PSB to ascertain that the RCIC system operation is
not dependent on a-c power sources, and that there is sufficient battery
capability to permit operation of the RCIC for a period of two hours
without the availability of a-c power.

8. The reviewer checks with MEB to verify that essential RCIC system
components are designated seismic Category I.

9. The reviewer contacts PTRB to verify that the applicant's proposed
preoperational and initial startup test programs are in compliance with
Regulatory Guide 1.68 (Ref. 10). At the OL stage, the reviewer confirms
with PTRB that sufficient information is provided by the applicant tc
identify the test objectives, methods of testing, anJ test acceptance
criteria (see par. C.2.b of Regulatory Guide 1.68). PTRB also verifies
that the proposed test programs will provide reasonable assurance that
the RCIC system will perform its safety function. As an alternative to
this detailed evaluation, the reviewer may compare the RCIC system design
to that of previously reviewed plants. If the design is essentially
identical and if the proposed test programs are essentially the same, the
reviewer may conclude that the proposed test programs are adequate for
the RCIC system. If the RCIC system differs significantly from that of
previously reviewed designs, the impact of the proposed changes on the
required preoperational and initial startup testing programs are reviewed
at the CP stage. This effort should particularly evaluate the need for
any special design features required to perform acceptable test programs.

10. The LGB is contacted in regard to the proposed plant technical
specifications to:

Confirm the suitability of the limiting conditions of operatim,a.
including the proposed time limits and reactor operating restrictions
for periods when system equipment is inoperable due to repairs and
maintenance.

b. Verify that the frequency and scope of periodic surveillance testing
is adequate.

| 11. The reviewer confirms that the RCIC is housed in a structure whose design
| and design criteria have been reviewed by other branches (i.e., ASB, SE3,

MEB) to assure that it provides adearste protection ag' inst wind,'

tornadoes, floods, and missiles, as appropriate.

12. Upon request from the primary reviewer, other branches will provide inputt

for the areas of review stated in subsection I. The primary reviewer
obtains and uses such input as required to assure that this review
procedure is complete.

13. The reviewer checks the automatic and manual actions necessary for proper
functioning of the RCIC system (in conjunction with the HPCS or HPCI, the
safety relief valves and the suppression pool cooling mode of RHR) for,

'

completeness and practicality when used for residual heat removal per the
requirements of item II.K.1.22 of NUREGs-0737 and 0178 (Ref. 1 and 11).

14. The reviewer checks the RCIC system break detection provisions to see
that the system is protected against spurious trip signals per the
requirements of item II.K.3.15 of NUREGs-0737 and 0718 (Ref. 1 and 11).
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15. Thereviewerconfirms,inconjunctionwithASBasnecessary,thatthe
RCIC system can withstand a loss of offsite power to its support systems,

ON
including space coolers, for at least two hours pec the requirement of
item II.K.3.24 of NUREGs-0737 and 0718 (Ref. 1 and 11).

16. The reviewer confirms per the requirements of item II.K.3.13 of NUREGs-0737
and 0178 (Ref. I and 11) that analyses have been provided or referenced
to determine the need to separate the RCIC and the HPCS (or HPCI) initiation
levels. Based on these study results, the reviewer checks the RCIC
design for appropriate provisions. In addition, the reviewer checks to
see that automatic restart capability is provided for RCIC.

17. The reviewer checks (by calculation as necessary) to see that adequate
net positive suction head is available for RCIC suction from all potential
sources (i.e., condensate storage tank, suppression pool, or RHR steam
condensing mode discharge).

18. The reviewer examines the RCIC in conjunction with the HPCS or HPCI, the
safety / relief valves and the suppression pool cooling mode of RHR for
conformance to the recommendations of BTP RSB 5-1 to SRP Section 5.4.7
regarding residual heat removal.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his
review supports the following kinds of statements and conclusions, which
should be included in the staff's safety evaluation report:

O The reactor core isolation cooling (RCIC) system includes the piping,
valves pumps, turbines, instrumentation, and controls used to maintain
water Inventory in the reactor vessel whenever it is isolated from the
main feedwater system. Certain engineered safety features (HPCS or HPCI)
provide a redundant backup for this function. The scope of review of the
RCIC system for the plant included piping and instrumentation
diagrams, equipment laycut drawings, and functional specifications for
essential components. The review has included the applicant's proposed
design criteria and design bases for the RCIC system, his analysis of the
adequacy of the criteria and bases, and the conformance of the design to
these criteria and bases.

The staff concludes that the reactor core isolation cooling system design is
acceptable and meets the requirements of General Design Criteria 5, 29, 33,
34 and 54. This conclusion is based on the following:

1. The applicant has met the requirements of (cite Reg.) with respect to
(state limits of review) by: (Use one or more of the following as
applicable)

a. meeting the regulatory position in Regulatory Guide ,

b. providing and meeting an alternative method to the regulatory
position in Regulatory Guide , that the staff has reviewed
and found to be acceptable,

'

c. meeting the regulatory position in BTP .
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d. The calculational method used by the applicant for (state) has been
previously reviewed by the staff and found acceptable; the staff has
reviewed the key parameters in this case and found them to be
suitably conservative.

e. The applicant has met the requirements of (industry standard - number
and title) that has been reviewed by the staff and determined to be
appropriate for this application.

2. Repeat the above discussion for each GDC listed.

In addition, conformance with General Design Criterion 55, 56, and 57 regarding
containment isolation is discussed in Section 6.2 of this report. Conformance
with General Design Criterion 2 and 4 for protection against natural phenomena,
environmental hazards and potential missiles is discussed in Sections 3.3
through 3.6 of this report.

The RCIC and HPCS (or HPCI) systems, in conjunction with the safety / relief
valves and the suppression pool cooling mode of the residual heat removal
system, have been found capable of removing core decay heat following feed-
water system isolation and reactor shutdown so that sufficient coolant
inventory is maintained in the reactor vessel to keep the core covered and
ensure cladding integrity. This capability has been found to be available
even with a loss of offsite power and with a single active failure.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
| herein are contained in the referenced regulatery guides and NUREGs. !

VI. REFERENCES

1. NUREG-0737, "Clariffation of TMI Action Plan Requirements," November 1980. |

2. 10 CFR Part 50, Appendix A, General Design Criterion 34, " Residual Heat
Removal."

3. Branch Technical Position RSB 5-1, " Design Requirements of the Residual
Heat Removal System," attached to SRP Section 5.4.7.

1

4. 10 CFR Part 50, Appendix A, General Design Criterion 33, " Reactor Coolant
Makeup."

5. Regulatory Guide 1.53, " Single Failure Criterion."

6. 10 CFR Part 50, Appendix A, General Design Criterion 29, " Protection
Against Anticipated Operational Occurrences."
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7. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

i 8. 10 CFR Part 50, Appendix A, General Design Criterion 54, " Piping Systems '

! Penetrating Containment."
;

; 9. Regulatory Guide 1.1, " Net Positive Suction Head for Emergency Core
j Cooling and Containment Heat Removal Systems."

j 10. Regulatory Guide 1.68, " Initial Test Programs for Water-Cooled Reactor
- Power Plants."

11. NUREG-0718, " Licensing Requirements for Pending" Applications for
Construction Permits and Manufacturing License.
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OFFICE OF NUCLEAR REACTOR REGULATION

5.4.7 RESIDUAL HEAT REMOVAL (RHR) SYSTEM

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

The residual heat removal (RHR) system is used in conjunction with the main steam
and feedwater systems (main condenser), or the reactor core isolation cooling
(RCIC)systeminconjunctionwiththesafety/reliefvalvesinaboilingwater
reactor (BWR), or auxiliary feedwater sytem in conjunction with the atmospheric
dump valves in a pressurized water reactor (FWR) to cool down the reactor coolant
system following shutdown. Parts of the RHR system also act to provide low pres-
sure emergency core cooling and are reviewed as described in SRP Section 6.3. |
Some parts of the RHR system also provide containment heat removal capability and
are reviewed as described in SRP Section 6.2.2. The review by RSB is to ensure

Q (Ref. 1), 5 (gn of the RHR system is in conformance with General Design Criteria 2
|

(3 that the desi
Ref. 2), 19 (Ref. 3), and 34 (Ref. 4).

Both PWRs and BWRs have RHR systems which provide long-term cooling once the
reactor coolant temperature has been decreased by the main condenser, RCIC, or
auxiliary feedwater systems. In both types of plants, the RHR is typically a low
pressure system which takes over the shutdown cooling function when the reactor
coolant system (RCS) temperature is reduced to about 300 F. Although the RHR
system function is similar for the two types of plants, the system design are
different.

The RHR system in PWRs takes water from the RCS hot legs, cools it, and pumps
it back to the cold legs or core flooding tank nozzles. The suction and
discharge lines for the RHR pumps have appropriate valving to assure that the
low pressure RHR system is always isolated from the RCS when the reactor
coolant pressure is greater than the RHR system design pressure. The heat
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removed in the heat exchangers is transported to the ultimate heat sink by the
component cooling water or service water system. In PWRs, the RHR system is
also used to fill, drain, and remove heat from the refueling canal during
refueling cperations, to circulate coolant through the core during plant |
startup prior to RCS pump operation, and in some to orovide an auxiliary
pressurizer spray.

The RHR system in BWRs is typically composed of four subsystems. The contain-
ment heat removal and low pressure emergency core cooling subsystems are
discussed in SRP Sections 6.2.2 and 6.3. The shutdown cooling and steam
condensing (via RCIC) subsystems are covered by this SRP section. These
subsystems make use of the same hardware, consisting of pumps, piping, heat
exchangers, valves, monitors, and controls. In the shutdown cooling mode, the
BWR RHR system can also be used to supplement spent fuel pool cooling. As in
the PWR, the low pressure RHR piping is protected from high RCS pressure by
isolation valves.

The steam condensing mode of RCIC operation in BWRs (when included in the
plant design) provides an alternative to the main condenser or normal RCIC
mode of operation during the initial cooldown. Steam from the reactor is
transferred to the RHR heat exchangers where it is condensed. The condensate
is piped to the suction side of the RCIC pump. The RCIC pump returns the
condensate to the reactor vessel. The heat removed in the heat exchangers is
transported to the ultimate heat sink by the service water system.

Other means of removing decay heat in the event that the RHR system is inoper-
able have been proposed for some BWRs. These approaches use some of the
piping that is used for the steam condensing mode of RCIC. These approaches s
are also covered by this SRP section. |
The reactor coolant temperatures and pressure must be decreased before the low
pressure RHR system can be placed in operation; therefore, the review of the
decay heat removal function must consider all conditions from shutdown at normal
reactor operating pressure and temperature to the cold depressurized condition.
RSB reviews the requirements for reliability and capability of removing decay
heat identified in NUREG-0660 (II.E.3.2 and II.E.3.3), NUREG-0718 (II.B.7), and
NUREG-0737 (III.D.1.1). With respect to the staff review for compliance with
Branch Technical Position RSB 5-1 (Ref. 5), the Auxiliary Systems Branch (ASB),
Chemical Engineering Branch (CMEB), and RSB effort is divided as follows:

g

1. For BWRs, the RSB reviews the processes and systems used in the cooldown
of the reactor for the entire spectrum of potential reactor coolant
system pressures and temperatures during decay heat removal.

2. For PWRs, the RSB review'. the approach used to meet the functional require-
ments of BTP RSB 5-1 wi'h respect to cooldown to the conditions permitting
operation of the RHR rystem. Since an alternate approach to that normally
used for cooldown may be specified, the reviewers identify all components
and systems used. The CMEB has primary review responsibility for the
review of the pertinent portions of the CVCS (SRP Section 9.3.4). The
ASB, as part of its primary review responsibility for SRP Sections 10.3
and 10.4.9 reviews the atmospheric dump valves and the source for auxiliary
feedwater, respectively, for conformance to BTP RSB 5-1. The RSB reviews
the pressurizer relief valve and ECCS, if used. In addition, the RSB
reviews the tests and supporting analysis concerning mixing of borated
water and cooldown under natural circulation as required in BTP RSB 5-1.

5.4.7-2 Rev. 2 - July 1981
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3. For both PWRs and BWRs, the ASB reviews the component cooling or service
water systems that transfer decay heat from the RHR system to the ulti-

1

mate heat sink as part of its primary review responsibility for SRPJ

' Sections 9.2.1 and 9.2.2.

4. The RSB reviews the design and operating characteristics of the RHR
system with respect to its shutdown and long-term cooling function.
Where the RHR system interfaces with.other systems (e.g., RCIC system,
component cooling water system) the effect of these systems on the RHR
system is reviewed. Overpressure protection provided by the valving
between the RCS and RHR system is also reviewed.

In addition, the Reactor Systems Branch will cnordinate evaluations of other
branches that interface with the overall review of the RHR system as follows:
The Containment Systems Branch verifies that portions of the RHR system pene-
trating the containment barrier are designed with acceptable isolation features
to maintain containment integrity for all operating conditions including acci-
dents as part of its primary review responsibility for SRP Section 6.2.4; The
Structural Engineering Branch (SEB) determines the acceptability of the design
analysis, procedures and criteria used to establish the ability of seismic
Category I structures housing the system and supporting systems to withstand
the effects of natural phenomena such as safe shutdown earthquake (SSE), the
probable maximum flood (PMF), and tornado missiles as part of its primary
review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 thru 3.7.4,
3.8.4 and 3.8.5. The Materials Engineering Branch (MTEB) verifies that inser-
vice inspection requirements are met for system components as part of its

'

primary review responsibility for SRP Section 6.6 and, upon request, verifies
the compatibility of the materials of construction with service conditions as

Q part of its primary review responsibility for SRP Section 6.1. The Mechanical
Engineering Branch (MEB) determines that the components, piping and structures
are designed and tested in accordance with applicable codes and standards as
part of its primary review responsibility for SRP Sections 3.9.1 through
3.9.3. The MEB also determines the acceptability of the seismic and quality
group classifications for system components as part of its primary review
responsibility for SRP Sections 3.2.1 and 3.2.2 The effects of pipe breaks
inside and outside of containment, such as pipe whip and jet impingement, are
reviewed by MEB and ASB as part of their primary review responsibilities for
SRP Sections 3.6.2 and 3.6.1, respectively. The MEB also reviews adequacy of
the inservice testing program of pumps and valves as part of its primary;

! review responsibility for SRP Section 3.9.6. The Procedure and Test Review
Branch (PTRB) reviews the proposed preoperational and startup test programs to

,

i confirm that they are in conformance with the intent of Regulatory Guide 1.68
as part of its primary review responsibility for SRP Section 14.2. The PTRB,

also has primary review responsibility for Task Action Plan items II.K.1
(C.1.10) of NUREG-0737 (0Ls only) and I.C.6 of NUREG-0718 (cps only) regarding
procedures to ensure that system operability status is known. The ASB reviews
flood protection as part of its primary review responsibility for SRP
Section 3.4.1. The ASB identifies the structures systems and components to be
protected against externally generated missiles and reviews the adequacy of
protection against such missiles as part of its primary review responsbility
for SRP Section 3.5.1.4 and 3.5.2. The ASB also reviews protection against*

interna 17y generated missiles both inside and outside of containment as part
of its primary review responsibility for SRP Sections 3.5.1.1 and 3.5.1.2.1

U
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The Power Systems Branch (PSB) identifies the safety-related electrical loads
and determines that power systems supplying motive or control power for the
RHR system meet acceptabic criteria and will perform these intended functions
during all plant operating and accident conditions as part of its primary
review responsibility for SRP Sections 8.1, 8.2, 8.3.1, and 8.3.2. The Instru-
mentation and Control Systems Branch (ICSB), as part of its primary review
responsibility for SRP Sections 7.1 and 7.4 reviews the instrumentation and
control systems for the RHR system to determine that it will perform its
design function as required and conform to all applicable acceptance criteria.
The ICSB also reviews the provisions taken to meet GDC 19 with respect to
equipment outside of the control room for hot and cold shutdown. The Radio-
logical Assessment Branch (RAB) has primary review responsibility for SRP,

Section 12.1 through 12.5 including Task Action Plan items II.B.2 of NUREG-0737
and NUREG-0718 which involve a radiation and shielding design review and
corrective actions taken to ensure adeq < e access to vital areas and protec-
tion of safety equipment (cps and OLs). The review for Fire Protection,
Technical Specifications, and Quality Asurance are coordinated and performed
by the CMEB, Licensing Guidance Branch (LGB) and Quality Assurance Branch
(QAB) as part of their primary review responsibility for SRP Sections 9.5.1,
16.0 and 17.0, respectively.

For those areas of review idontified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP Section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The Reactor Systems Branch acceptance criteria are based on meeting the require-
ments of the following regulations:

A. General Design Criterion 2 with respect to the seismic design of systems,
structures and components whose failure could cause an unacceptable
reduction in the capability of the residual heat removal system. Accept-
ability is based on meeting position C-2 of Regulatory Guide 1.29 or its
equivalent.

B. General Design Criterion 5 which requires that any sharing among nuclear
power units of structures, systems and components important to safety
will not significantly impair their safety function.

C. General Design Criterion 19 with respect to control room requirements for
normal operations and shutdown, and;

D. General Design Criterion 34 which specifies requirements for a residual
heat removal system.

Specific criteria necessary to meet the requirements of General Design
Criteria 2, 5,19, and 34 are as follows:

1. The system or systems are to satisfy the functional, isolation, pressure
relief, pump protec tion and test requirements specified in Branch Technical
Position RSB 5-1.

2. Interfaces between the RHR system and RCIC and component or service water
systems should be designed so that operation of one does not interfere
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with, and provides proper support (where required) for, the other. In
relation to these and other shared systems (e.g., emergency core cooling

3 and containment heat removal systems), the RHR system must conform to
'

GDC 5.

3. The requirements for the reliability and capability of removing decay
heat under the following Task Action Plan items must also be satisfied:

a. Meeting Task Action Plan item II.E.3.2 of NUREG-0660 which involves
systems reliability. NRR will conduct a generic study to assess the
capability and reliability of shutdown heat removal systems under
various transients and degraded plant conditions including complete
loss of all feedwater. Deterministic and probabilistic methods will
be used to identify design weaknesses and possible system modifica-
tions that could be made to improve the capability and reliability
of these systems under all shutdown conditions. (cps and Ols).
Specific requirements will be based on the results of this study.

b. Meeting Task Action Plan item II.E.3.3 of NUREG-0660 which involves
'a coordinated study of shutdown heat removal requirements. An

effort to evaluate shutdown heat removal requirements in a comprehen-
sive manner is required, thereby permitting a judgment of adequacy
in terms of overall system requirements. As part of this project,
NRR will conduct a study to assess the desirability of and possible
requirement for a diverse heat-removal path, such as feed and bleed,
particularly if all secondary-side cooling is unavailable. The NRC
staff will work with the recently established ACRS Ad Hoc Subcommit-
tee on this matter to develop a mutually acceptable overall study

/~N program. (cps and Ols). Specific requirements will be based on the
Q results of this study.

c. Meeting Task Action Plan item II.B.8 of NUREG-0718 (Ref. 7) which
involves description by the applicants of the degree to which the
designs conform to the proposed interim rule on degraded core
accidents. (cps only)

d. Meeting Action Plan ite:n II'.D.1.1 of NUREG-0737 (Ref. 8) and
NUREG-0718 (Ref. 7) which involves primary coolant sources outside
of containment (cps and Ols).

4. When the RHR system is used to control or mitigate the consequences of an
accident, it must meet the design requirements of an engineered safety
feature system. This includes meeting the guidelines of Regulatory
Guide 1.1 regarding net positive suction head.

III. REVIEW PROCEDURES4

The procedures below are used during the construction permit (CP) review to
assure that the design criteria and bases and the preliminary design as set
forth in the Preliminary Safety Analysis Report meet the acceptance criteria
given in subsection II.

For operating license (OL) reviews, the procedures are utilized to verify that
the initial design criteria and bases have been appropriately implemented in

h the final design e.: set forth in the Final Safety Analysis Report. The OL
,

J
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review also includes the proposed technical specifications, to assure that
they are adequate in regard to limiting conditions of operation and periodic
surveillance testing.

As noted in subsections I and II, the P.SB review for PWRs is limited to the
low pressure - low temperature RHR system. For BWRs, the review is to include
all of the systems used to trar- fer residual heat from the reactor over the
entire range of potential reactor coolant temperatures and pressures. The
following steps are to be applied by the reviewer for the appropriate systems,
depending on whether a PWR or BWR is being reviewed. These steps should be
adapteG to CP or OL reviews as appropriate.

1. Using the description given in the applicant's Safety Analysis Report
(SAR), including component lists and performance specifications, the
reviewer determines that the system (s) piping and instrumentation are
such to allow the system (s) to operate as intended, with or without
offsite pover and given any single active component failure. This is
accomplished by reviewing the piping and instrumentation diagrams (P& ids)
to confirm that piping arrangements permit the required flow paths to be
achieved and that sufficient process sensors are available to measure and
transmit required information. A failure modes and effects analysis (or
similar system safety analysis) provided in the SAR is used to deterrrine
conformance to the single failure criterion.

2. Using the comparison tables of SAR Section 1.3 the RHR system is compared
todesignsandcapacitiesofsuchsystemsinsImilarplantstoseethat
there are no unexp'ained departures from previously reviewed plants.
Where possible, comparisons should be made with actual performance data
from similar systems in operating plants.

3. From the system description and P& ids, the reviewer determines that the
isolation requirements of Branch Technical Position RSB 5-1 (Ref. 5) are
satisfied.

4. The reviewer determines that the RHR system design has provisions to
prevent damage to the RHR pumps in accordance with Branch Technical
Position RSB 5-1 (Ref. 5). The reviewer checks the isolation valves in
the suction line for potential closure, NPSH requirements, pump runout,
and potential loss of miniflow line during pump testing. If operator
action is required to protect the pumps, the reviewer evaluates the
instrumentation required to alert the operator and the adequacy of the
time frame for operator action.

5. Using the system process diagrams, P& ids, failure modes and effects
analysis, and component performance specifications, the reviewer deter-
mines that the system (s) has the capacity to bring the reactor to
conditions permitting operation of the RHR system in a reasonable period
of time, assuming a single failure of an active component with only
either onsite or offsite electric power available. For the purposes of
this review, 36 hours is considered a reasonable time period. The ASB is
responsible for the review of the initial cooldown phase for PWRs.
Therefore, this review effort is to be coordinated with that branch. For
the purposes of the review of both PWRs and BWRs, only the operation of
safety grade equipment is to be assumed.

O
5.4.7-6 Rev. 2 - July 1981

_ _ _ _ _ _ _ _ _ _ _



.. ._ _- .-. . _ _ - _ . . . - -.

6. The cooldown function is to be reviewed to determine if it can be per-
formed from the control room assuming a single failure of an active

J w component, with only either onsite or offsite electric power available.
Any operation required outside of the control room is to be justified by
the applicant. Like Item 5, the initial cooldown for PWRs is to be
reviewed by ASB.

7. By reviewing the system description and the P& ids the reviewer confirms
theRHRsystemsatisfiesthepress~urereliefrequIrementsofBranch
Technical Position RSB 5-1 (Ref. 5). |

.

8. By reviewing the piping arrangement and system description of the RHR
system, the reviewer confirms that the RHR system meets the requirements
of GDC 5 (Ref. 2) concerning shared systems.

,

9. The RSB reviewer contacts the ASB reviewer in conjunction with his review
of the RHR system heat sink and refueling system interaction to inter-

; change information and assure that the reviews are consistent with regard
' to the interfacing parameters. For example, the ASB review determines

the maximum service or component cooling water temperature. The RSB
reviewer then reviews the RHR system description to determine that this
maximum temperature has been allowed for in the RHR system design.

10. The RSB reviewer contacts his counterpart in the ICSB to obtain any
needed information from their review. Specifically, ICSB confirms that,

automatic actuation and remote-manual valve controls are capable of
performing the functions required, and that sensor and monitoring pro-
visions are adequate. The instrumentation and controls of the RHR system,

{'N are to have sufficient redeadancy to satisfy the single failure criterion.1

'

11. The RSS reviewer contacts his counterpart in CSB so that the information
needed concerning their reviews will be interchanged.

12. The RSB reviewer contacts his counterpart in PTRB to discuss any,special
test requirements and to confirm that the proposed preoperational test
program for the RHR system is in conformance with the intent of Regulatory
Guide 1.68.

13. The proposed plant technical specifications are reviewed to:

a. Confirm the suitability of the limiting conditions of operation,
including the proposed time limits and reactor operating restric-

i tions for periods when system equipment is inoperable due to repairs
j and maintenance.

b. Verify that the frequency and scope of periodic surveillance testing
is adequate.

14. The reviewer contacts the SEB reviewer to confirm that the systems employed
to remove residual heat are housed in a structure whose design and design
criteria provide adequate protection against wind, tornadoes, floods, and
missiles, as appropriate.

;

15. For PWRs, the reviewer confirms that the auxiliary feedwater supply, mi satisfies the requirements of Branch Technical Position RSB 5-1.
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16. The RSB reviewer provides information to other branches in those areas
where the RSB has a review responsibility that is not explicitly covered
in steps 1-15 above. These additional areas of review responsibility
include:

a. Identification of engineered safety features (ESF) and safe shutdown
electrical loads, and verification that the minimum time intervals
for the connection of th ESF to the standby power systems are
satisfactory.

b. Identification of vital auxiliacy systems associated with the RHR
system and determination of cooling load functional requirements and
minimum time intervals.

Identification of e'ssential components associated with the mainc.
steam supply and the auxiliary feedwater system that are required to
operate during and following shutdown.

17. The RSB review evaluates the applicant responses to the following Task
Action Plan items:

a. II.E.3.2 of NUREG-0660 (cps and Ols)

b. II.E.3.3 of NUREG-0660 (cps and Ols)

II.B.8 of NUREG-0718 (cps only)c.

d. II.D.1.1 of NUREG-0737 and NUREG-0718 (cps and OLs)

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his
review supports the following ki.sds of statements and conclusions, which
should be included in the staff's Safety Evaluation:

For PWRs

The residual heat removal function is accomplished in two phases:
the initial cooldown phase and the residual heat removal (RHR
system) operation phase. In the event of loss of offsite power, the
initial phase of cooldown is accomplished by use of the auxiliary
feedwater system and the atmospheric dump valves. This equipment is
used to reduce the reactor coolant system temrerature and pressure
to values that permit operation of the RHR system. The review of
the initial cooldown phase is discussed in Section of the SER.
The review of the RHR system operational phase is discussed below.
The residual heat removal (RHR) system removes core decay heat and
provides long-term core cooling following the initial phase of
reactor cooldown. The scope of review of the RHR system for the

plant included piping and instrumentation diagrams, equipment
layout drawings, failure modes and effects analysis, and design
performance specifications for essential components. The review has
included the applicant's proposed design criteria and design bases
for the RHR system and his analysis of the adequacy of those criteria
and bases and the conformance of the design to these criteria and
bases.
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The staff concludes that the design of the Residual Heat Removal
System is acceptable and meets the requirements of General Design

i Criteria 2, 5, 19, and 34. This conclusion is based on the(q following:.

(1) The applicant has cet the General Design Criterion 2 with
respect to position C-2 of Regulatory Guide 1.29 concerning the
seismic design of systems, structures and components whose
failure could cause an unacceptable reduction in the capability
of the residual heat removal system.

(2) ihe applicant has met the requirements of General Design
Criterion 5 with respect to sharing of structure, systems and
components by demonstrating that such sharing does not signifi-

,

i

cantly impair the ability of the Residual Heat Removal System
to perform it safety function including in the event of an
accident to one unit, an orderly shutdown and cooldown of the
remaining units.

(3) The applicant has met General Design Criterion 19 with respect
to the main control room requirements for normal operations and
shutdown and General Design Criterion 34 which specifies require-
ments for the residual heat removal system by meeting the
regulatory position in Branch Technical Position RSB 5-1.

In addition, the Itplicant has met the requirements of the following
Task Action Plan Items:

O (1) Task Action Plan item II.E.3.2 of NUREG-0660 (Ref. 10) as it
Q relates to systems capability and reliability of shutdown heat

removal systems under various transients.

(2) Task Action Plan item II.E.3.3 of NUREG-0660 (Ref. 10) as it
relates to a coordinated st:Jdy of shutdown heat removal
requirements.

(3) Task Action Plan item II.B.8 of HUREG-0718 (Ref. 7) as it
| relates to description by the applicants of the degree to which

the designs conform to the proposed interim rule on degraded
core accidents (cps only).

(4) Task Action Plan item III.D.1.1 of NUREG-0737 (Ref. 8) and
NUREG-0718 (Ref. 7) as they relata to primary coolant sources
outside of containment (cps and OLs).'

For BWRs

The residual heat removal function is accomplished in two phases:
the initial cooldown phase and a low pressure-temperature operation
phase. In the event of loss of offsite electrical power, the initial'

the reactor core isolation
cooldown phase is accomplished using/ relief valves.cooling (RCIC) system and the safety The low
pressure-temperature mode of operation is usually accomplished by
the residual heat removal (RHR) system. However, certain single-m

\ failures can render the RHR system inoperative. In that event, two(d alternate systems that use components of the RCIC and RHR system are
>

available to bring the reactor to cold shutdown conditions.
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The scope of review of these systems for the plant included
piping and instrumentation diagrams, equipment layout drawings,
failure mcdes and i- Sts analysis, and design performance specifica-
tions for essential components. The review has included the applicant's
proposed design criteria and design bases for these systems and his
analysis of the adequacy of those criteria and bases and cf the
conformance of the design to these criteria and bases.

The staff concludes that the design of the Residual Heat Removal
System is acceptable and meets the requirements of General Design
Criteria 2, 5,19, and 34. This conclusion is based on the following:

(1) The applicant has met General Design Criterion 2 with respect
to position C-2 of Regulatory Guide 1.29 concerning the seismic
design of systems, structures and components whose failure
could cause an unacceptable reduction in the capability of the
residual neat removal system.

(2) The applicant has met the requirements of General Design
Criterion 5 with respect to sharing of structures, systems, and
components by demonstrating that such sharing does not signifi-
cantly impair the ability of the Residual Heat Removal System
to perform its safety function including in the event of an
accident to one unit, an orderly shutdown and cooldown of the
remaining units.

(3) The applicant has met General Design Criterion 19 with respect
to the main control room requirements for normal operations and
shutdown and General Design Criterion 34 which specifies require-
ments for the residual heat removal system by meeting the
regulatory position in Branch Technical Position R58 5-1.

In addition, the applicant has met the requirements of the following
Task Action Plan Items:

(1) Task Action Plan item II.E.3.2 of NUREG-0660 as it relates to
systems capability and reliability of shutdown heat removal
systems under various transients.

(2) Task Action Plan item II.E.3.3 of NUREG-0660 as it relates to a
coordinated study of shutdown Seat removal requirements.

(3) Task Action Plan item II.B.8 of NUREG-0718 (Ref. 7) as it
relates to description by the applicants of the degree to which
the designs conform to the propcsed interim rule on degraded
core accidents (cps only).

(4) Task Action Plan item III.D.1.1 of NUREG-0737 (Ref. 8) and
NUREG-0718 (Ref. 7) as they relate to primary coolant sources
outside of containment (cps and Ols).

In addition to the above criteria, the acceptability of the RHR
system may be based on tb. degree of design similarity with previously
approved plants. Deviations from these criteria from other types of
RHR systems (e.g. , systea's that are designed to withstand reactor
coolant system operating, pressure or systems located entirely inside
contair,mnt) wili be considered on an individual basis.
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V. IMPLEMENTATION

O The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced BTP RSB 5-1, regulatory guides, and
NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection ngainst Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems and Components."

3. 10 CFR Part 50, Appendic A, General Design Criterion 19, " Control Room."

4. 10 CFR Part 50, Appendix A, General Design Criterion 34, !' Residual Heat
Removal."*

5. Branch Technical Position RSB 5-1, " Design Requirements of the Residual

(~] Heat Removal System," attached to SRP Section 5.4.7.
'

6. Reglatory Guide 1.29, " Seismic Design Classification."

7. NUREG-0718, " Licensing Requirements for Pending Applications for Construc-
tion Permits and Manufacturing License."i

8. NUREG-0737, " Clarification of TMI Action Plan Requirements."

9. Regulatory Guide 1.1, " Net Positive Suction Head for Emergency Core
Cooling and Containment Heat Removal Systems."

10. NUREG-0660, "NRC Action Plan Developed as a Result of the THI-2 Accident."

O
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BRANCH TECHNICAL POSITION RSB 5-
DESIGN REQUIREMENTS OF THE RESIDUAL HEAT ret' VAL SYSTEM

BACKGROUND

GDC 19 states that, "A control room shall i;e provided from which actions can
be taken to operate the nuclear power unit under normal conditions. . ."

Normal operating conditions including the shutting dowa of a reactor; therefore,
since the residual heat removal (RHR) system is one of several systems involved
in the normal shutdown of all reactors, this system must be operable from the
control room.

GDC 34 states that " Suitable redundance. . .shall be provided to assure that
for onsite electrical power system operation (assuming offsite power is not
avaiiable) and for offsite electrical power system operation (assuming onsite
power is not available), the system safety function can be accomplished,
assuming a single failure."

In most current plant designs the RHR system has a lower design pressure than
the reactor coolant system (RCS), is located outside of containment aad is
part of the emergency core cooling system (ECCS). However, it is possible for
the RHR system to have different design characteristics. For example, the RHR
system might have the same design pressure as the RCS, or be located inside of
containment. Plants which may have RHR systems that deviate from current
designs will be reviewed on a case-by-case basis. The functional, isolation,
pressure relief, pump protection, and test requirements for the RHR system are
included in this position.

BRANCH POSITION

A. Functional Requirements

The system (s) which can be used to take the reactor frem normal operating
conditions to cold shutdown * shall satisfy the functional requirements listed
below.

1. The design shall be such that the reactor can be taken from normal
operating conditions to cold shutdown using only safety grade systems.
These systems shall satisfy General Design Criteria 1 through 5.

2. The system (s) shall have suitable redundancy in components and
features, and suitable interconnections, leak detection, and isolation
capabilities to assure that for onsite electrical power system
operation (assuming offsite power is not available) and for offsite
electrical power system ope ation (assuming onsite power is not
available) the system function can be accomplished assur.ing a single
failure.

" Processes involved in cooldown are heat removal, depressurization, flow
circulation, and reactivity control. The cold shutdown condition, as
described in the Standard Technical Specifications, refers to a sub<
critical reactor with a reactor coolant temperature no greater than 200 F
for a PWR and 212 F for a BWR.
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3. The system (s) shall be capable of being operated from the control
room with either only onsite or only offsite power available. In

O demonstrating that the system can perform its function assuming a
U single failure, limited operator action outside of the control room

would be considered acceptable if suitably justified.<

4. The system (s) shall be capable of bringing the reactor to a cold !
; shutdown condition, with only offsite or onsite power available,

within a reasonable period of time following shutdown, assuming the
most limiting single failure.

8. RHR System Isolation Requirements

The RHR system shall satisfy the isolation requirements listed below.

1. The following shall be provided in the suction side of the RHR
system to isolate it from the RCS.

(a) Isolation shall be provided by at least two power-operated
valves in series. The valve positions shall be indicated in
the control room.

(b) The valves shall have independent diverse interlocks to prevent
the valves from being opened unless the RCS pressure is below
the RHR system design pressure. Failure of a power supply
shall not cause any valve to change position.

(c) The valves shall have independent diverse interlocks to protect(p against one or both valves being open during an RCS increasej
V above the design pressure of the RHR system.

2. One of the following shall be provided on the discharge side of the
RHR system to isolate it from the RCS:

(a) The valves, position indicators, and interlocks described in
item 1(a) thru 1(c) above,

,

(b) One or more check valves in series with a normally closed
power operated valve. The power-operated valve position shall
be indicated in the control room. If the RHR system discharge
line is used for an ECCS function, the power-operated valve is
to be opened upon receipt of a safety injection signal once the
reactor coolant pressure has decreased below the ECCS design
pressure.

(c) Three check valves in series, or

(d) Two check valves in series, provided that there are design
provisions to permit periodic testing of the check valves for
leak tightness and the testing is performed at least annually.

m
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C. Pressure Relief Requirements

The RHR system shall satisfy the pressure relief requirements listed below.

1. To protect the RHR system against accidental overpressurization when
it is in operation (not isolated from the RCS), pressure relief in
the RHR system shall be provided with relieving capacity in accordance
with the ASME Boiler and Pressure Vessel Code. The most limiting
pressure transient during the plant operating condition when the RHR
system is not isolated from the RCS shall be considered when selecting
the pressure relieving capacity of the RHR system. For example,
during shutdown cooling in a PWR with no steam bubble in the pres-
surizer, inadvertent operation of an additional charging pump or
inadvertent opening of an ECCS accumulator valve should be considered
in selection of the design bases.

2. Fluid discharged through the RHR system pressure relief valves must
be collected and contained such that a stuck open relief valve will
not:

(a) Result in flooding of any safety-related equipment.

(b) Reduce the capability of the ECCS below that needed to mitigate
the consequences of a postulated LOCA.

(c) Result in a non-isolatable situation in which the water provided
to the RCS to maintain the core in a safe condition is discharged
outside of the containment.

3. If interlocks are provided to automatically close the isolation
valves when the RCS pressure exceeds the RHR system design pressure,
adequate relief capacity shall be provided during the time period
while the valves are closing.

D. Pump Protection Requirements

The design and operating procedures of any RHR system shall have provisions to
nrevent damage to the RHR system due to overheating, cavitation or loss nf
adequate pump suction fluid.

E. Test Requirements

The isolation valve operability and interlock circuits must be designed so as
to permit on line testing when operating in the RHR mode. Testability shall
meet the requirements of IEEE Standard 338 and Regulatory Guide 1.22.

The preoperational and initial startup test program shall be in conformance
with Regulatory Guide 1.68. The programr for PWRs shall include tests with
supporting analysis to (a) confirm that adequate mixing of borated water added
prior to or during cooldown can be achieved under natural circulation conditions
and permit estimation of the times required to achieve such mixing, and
(b) confirm that the cooldown under natural circulation conditions can be
achieved within the limits specified in the emergency operating procedures.
Comparison with performance of previously tested plants of similar design may
be substituted for these tests.
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F. Operational Procedures

O The operational procedures for bringing the plant from normal operating power
V to cold shutdown shall be in conformance with Regulatory Guide 1.33. For

pressurized water reactors, the operational procedures shall include specific
procedures and information required for cooldown under natural circulation
conditions.

G. Auxiliary Feedwater Supply

The seismic Category I water supply for the auxiliary feedwater system for a
PWR shall have sufficient inventory to permit operation at hot shutdown for at
least 4 hours, followed by cooldown to the conditions permitting operation of
the RHR system. The inventory needed for cooldown shall be based on the
longest cooldown time needed with either only onsite or only offsite power
available with an assumed single failure.

I H. Implementation

For the purposes of implementine the requirements for plant heat removal
capabilitity for compliance with this position, plants are divided into the
following three classes:

Class 1 - Full compliance with this position for all plants (custom or
standard) for which CP or PDA applications are docketed on or .

after January 1,1978. See Table 1 for possible solutions for
full compliance.

Class 2 - Partial implementation of this position for all plants (customO or standard) for which CP or PDA applications are docketed
before January 1, 1978, and for which an OL issuance is expected
on or after January 1,1979. See Table 1 for-recommended
implementation for Class 2 plants.

Class 3 - The extent to which the implementation guidance in Table 1 will
be backfitted for all operating reactors and all other plants
(custom or standard) for which issuance of the OL is expected
before January 1, 1979, will be based on the combined I&E and
00R review of related plant features for operating reactors.

5.4.7-15 Rev. 2 - July 1981
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TABLE 1. POSSIBLE SOLUTION FOR FULL COMPLIANCE WITH BTP RSB 5-1
AND RECOMMENDED IMPLEMENTATION FOR CLASS 2 PLANTS

Design Requirements Process and [5ystem Possible Solution for Recommended Implementation for
of BTP RSB 5-1 or Component] Full Compliance Class 2 Plants (see Note 1)

I. Functional Requirement for Long-term cooling [RHR drop Provide double drop line (or valves Compliance will not be required if
Taking to Cold Shutdown line) in parallel) to prevent single valve it can be shown that correction for

failure from stopping RHR cooling single failure by manual actions
a. Capability Using Only Safety function. (Note: This requirement inside or outside of containment or |

Grade Systems in conjunction with meeting effects eturn to hot standby until manual
of single failure for long-term actions (or repairs) are found to

b. Capability with either only cooling and isolation requirements be acceptable for the individual
onsite or only offsite power involve increased number of plant.
and with single failure independent power supplies and
(limited action outside CR to possibly more than four valves).
meet SF)

c. Reasonable time for cooldown
assuming most limiting SF andm

) only offsite or only onsite
y power.
-

Heat removal and RCS circulation Provide safety grade dump valves, Compliance required.*

during cooldown to cold shutdown operators, and power supply, etc. so
(Note: Need SG cooling to main- that manual action should not be
tain RCS circulation even after required after SSE except to meet
RHR in operation when under single failure.
natural circulation [ steam
dump valves].) |

Depressurization (Pressurizer Provide upgrading and additional Compliance will not be required ifm

? auxiliary spray or power- valves to ensure operation of aux- a) dependence on manual actions
operated relief valves), iliary pressurizer spray using only inside containment after SSE or

safety grade subsystem meeting single single failure or b) remaining at"

[
failure. Possible alternative may hot standby until manual actions
involve using pressurizer power- or repairs are complete are foundc

7 operated relief valves which have to be acceptable for the individual
been upgraded. Meet SSE and single plant.-

E failure without manual operation
inside containment.~
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) TABLE 1. POSSIBLE SOLUTION FOR FULL COMPLIANCE WITH BTP RSB 5-1

j AND RECOM9 ENDED IMPLEMENTATION FOR CLASS 2 PLANTS

Design Requirements Processand[ System Possible Solution for Recommended Implementation for,

of BTP RSB 5-1 or Component] Full Compliance Class 2 Plants (see Note 1)3

!

j Boration for cold shutdown Provide procedure and upgrading where Same as above.
: [CVCS and boron sampling]. necessary such that boration to cold
J shutdown concen ration meets the
i requirements of I. Solution could

range from (1) agrading and adding
valves to have both letdown and charg-

| ing paths safety grade and meet single
failure to (2) use of backup procedures.

involving less cost. For example, bor-,

ation without letdown may be acceptable4

i and eliminate need for upgrading let-
down path. Use of ECCS for injection
of borated water may also be accept-.,

! able. Need surveillance of baron
! .m concentration (boronometer and/or
i .a sampling). Limited operator action
j y inside or outside of containment
; ; ifjustified.
r

! II. AM isolation RHR System Comply with one of allowable Compliance required. (Plants

}
arrangements given. normally meet the requirement

,
under existing SRP Section 5.4.7).

III. RHR Pressure Relief
1

j Collect and contain relief RHR System Determine piping, etc., needed to Compliance will not be required, |,
; ; discharge meet requirement to provide in if it is shown that adequate

design. alternate methods of disposing of4 -

;

discharge are available.; m
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TABLE 1. POSSIBLE SOLUTION FOR FULL COMPLIANCE WITH BTP RSB 5-1
AND RECOMMENDED IMPLEMENTATION FOR CLASS 2 PLANTS

Design Requirements Process and [5ystem PossibleSoldtionfor Recommended Implementation for

of BTP RSB 5-1 or Component] Full Compliance Class 2 Plants (see Note 1)

V. Test Requirement

Meet R.G. 1.68. For PWRs, Run tests confirming analysis to Compliance required.
test plus analysis for cooldown meet requirement.
under natural circulation to
confirm adequate mixing and
cooldown within limits
specified in E0P.

VI. Operational Procedure

Meet R.G. 1.33. For PWRs, Develop procedures and information Compliance required.
Include specific procedures and from tests and analysis.
information for cooldown under
natural circulation.

911. Auxiliary Feedwater Opply

Seismic Category I supply for Emergency feedwater Supply From tests and analysis obtain Compliance will rot be required,"

auxiliary FW for at least four conservative estimate of auxiliary if it is shown that an adequate

hours at hot shutdown plus FW supply to meet requirement and alternate seismic Category I
cooldown to RHR cut-in based provide seismic Category I supply. source is available,

on longest time for only
onsite or only offsite power
and assumed single failure.

p Note 1: The implementatinn for Class 2 plants does not result in a major impact
while providing additional capability to go to cold shutdown. The major.<
impact results from th= requirement for safety grade steam dump valves.
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5.4.8 REACTOR WATER CLEANUP SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primary - Chemical Engineering Branch (CMEB) |

Secondary - None

I. AREAS OF REVIEW

At the construction permit (CP) stage of review, the CMEB reviews the information I

in the applicant's safety analysis report (SAR) in the specific areas that follow.
At the operating license (0L) stage of review, the CMEB review consists of con- |
firming the design accepted at the CP stage and evaluating the adequacy of the
applicant's technical specifications in these areas.

1. The design of components, design features which influence system availability
and reliability, and interconnections with the reactor primary coolant and
radwaste systems are reviewed. Removal of chemical impurities and fission

/7 products by the reactor water cleanup system (RWCS) is considered. The provi-
( ) sions for isolating the RWCS from the reactor system following liquid poison
' ' ' injection, holding filter and demineralizer beds in place if system flow is

decreased, straining resins from return flows to the primary system, ccmponent
venting, and resin transfer are reviewed.

2. The component design parameters for flow, temperature, pressure, heat removal
capability, and impurity removal capability to assure the system capacity will
meet the reactor coolant specifications are reviewed.

3. The quality group and seismic design criteria are reviewed.

4. The instrumentation and process controls provided to ensure proper system
operation and system isolation when necessary, including instrumentation for
(a) automatic system isolation to prev.:nt removal of liquid poison in the event
of standby liquid control system actuation and to prevent damage to the filter /
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demineralizer resins, and (b) monitoring impurity removal (conductivity
measurements), differential pressure across pressure-sensitive components,
and temperature control prior to demineralization, are reviewed. In addi-
tion, the process controls responding to these measurements to maintain
operation within the established system parameters are reviewed.

5. The review for fire protection is performed as part of the primary review
for SRP Section 9.5.1.

In addition, the CMEB will coordinate other branches' evaluations that interface
with the overall review of the RWCS as follows:

The Auxiliary Systems Branch (ASB) evaluates the effects of high and moderate
energy piping failures outside the primary containment in the RwCS design, to
ensure that the other safety-related systems and equipment will not be made
inoperable, as part of its primary review responsibility for SRP Section 3.6.1.
The ASB also evaluates the capability of safety-related systems to withstand
the effects of internally generated missiles, both inside and outside the
primary containment, as part of its primary review responsibility for SRP
Sections 3.5.1.1 and 3.5.1.2. The ASB also evaluates the capability of the
safety-related systems to withstand the effects of missiles generated by
natural phenomena and externally generated missiles, as part of its primary
review responsibility for SRP Sections 3.5,1.4 and 3.5.2, respectively. The
ASB also evaluates the capability of structures housing the RWCS to withstand
external and internal flood conditions, as part of its primary review responsi-
bility for SRP Sections 3.4.1 and 9.3.3. The Materials Engineering Branch
(MTEB) reviews the material properties, material compatibility, and the inservice
inspection requirements of the portions of the RWCS that comprise the reactor
coolant pressure boundary, as part of its primary review responsibility for
SRP Sections 5.2.3 and 5.2.4. The MTEB also verifies that inservice non-
destructive examination requirements are met for the RWCS Class 2 and 3
components, as part of its primary review responsibility for SRP Section 6.6.
The Instrumentation and Ce trol Systems Branch (ICSB) reviews the instrumenta-
tion and components of tt2 RWCS with respect to their capabilities, reliability,
and conformance to the acceptable criteria in SRP Sections 7.1 and 7.6 and branch
technical positions in SRP Appendix 7-A, as part of its primary review responsi-
bility for these sections. Upon request from the CMEB, the Power Systems Branch
(PSB) will evaluate the adequacy of the design, installation, inspection, and
testing of all electrical systems for the RWCS, as part of its primary review
responsibility for SRP Section 8.3.1. The Effluent Treatment Systems Branch
(ETSB) reviews the liquid, gaseous, and solid waste management of the RWCS in
SRP Sections 11.2, 11.3, and 11.4, respectively, and the process and effluent
radiological monitoring aspect of the RWCS in SRP Section 11.5, as part of its
primary review responsibility for these S.iP sections. The Radiological Assess-
ment Branch (RAB) reviews the RWCS with respect to maintaining occupational
radiation exposure to as low as reasonably achievable and to provide radiation
protection design features as part of its primary review responsibility for
SRP Sections 12.1 and 12.3, respectively. The Equipment Qualification Branch
(EQB) reviews the seismic qualification of Category I instrumentation and
electrical equipment, and the environmental qualification of mechanical and
electrical equipment, as part of its primary review responsibility for SRP
Sections 3.10 and 3.11. The Structural Er gineering Branch (SEB) determines
the acceptability of the design analysis, procedures, and criteria used to
establish the ability of seismic Category 1 structures housing the RWCS and
the supporting systems, to withstand the ef fects of natural phencinem, such as
the safe shutdown earthquake, the probable maximum flood, and tornado missiles,
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as part of its primary review responsibility for SRP Sections 3.3.1, 3.3.2,
3.4.2, 3.5.3, 3.7.1, 3.7.2, 3.7.3, 3.8.4, and 3.8.5. The Mechanical Engineering

O Branch (MEB) determines the acceptability of the seismic and quality group clas-
( sifications for the RWCS componente, 6: part of its primary review responsibility
V fer SRP Sections 3.2.1 and 3.2.2. The MEB also determines that the piping,

components, and structures of the RWCS are assigned in acccr%nce with the
applicable codes and standards, as part of its primary review responsibility
for SRP Sections 3.9.1, 3.9.2, and 3.9.3. The MEB also reviews the adequacy
of the functional testing programs of the isolation valves in the RWCS, as part
of its primary review responsibility for SRP Section 3.9.6. The Contair'ent
Systems Branch (CSB) resiew:, the design of the isolation provisions of those
portions of the RWCS that penetrate the primary containment, as part of its
primary review responsibility for SRP Section 6.2.4. The reviews of technical
specifications, and quality assurance of the RWCS are coordinated and performed
by the Licensing Guidance Branch (LGB) and Quality Assurance Branch (QAB), as
part of their primary review responsibilities for SRP Sections 16.0 and 17.0,
respectively.

For those areas of review identified above as being eviewed as part of the
primary review responsibility of other branches, the acceptance criteria neces-
sary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary Nanch.

II. ACCEPTANCE CRITERIA

The CMEB acceptance criteria are bac-d on meeting the relevant requirements of
the following regulations:

A. General Design Criterion 1 as it relates to the design of the RWCS and
components to standards commensurate with the impnrtance of its safety
function.

B. General Design Criterion 2 as it relates to the RWCS being able to .vith-
stand the effects of natural phenomena.

C. General Design Criterion 14 as it relates to assuring the reactor coolant
pressure boundary integrity.

D. General Design Criterion 60 as it relates to the capability of the RWCS
to control the release of radioactive effluents to the environment.

E. General Design Criterion 61 as it relates to designing the RWCS with
appropriate confinement.

Specific criteria and the positions of Regulatory Guides 1.26, 1.29, and 1.56
are used to meet the relevant requirements of GDC 1, 2, 14, 60, and 61 as
follows:

1. The system should be capable of maintaining acceptable reactor water
purity in normal operation and during anticipated operational occurrences,
e.g., reactor startup, refueling, and condensate demineralizer breakthrough
to assure reactor coolant pressure boundary material integrity in accordance
with the requirements of General Design Criterion 14. The following points
should be included in the system design:

,

I \'_' The system should be designed to maintain reactor water purity withina.
the guidelines of Regulatory Guide 1.56 (reference 3) and the Technical |
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Specifications for Water Chemistry of Reactor Coolant System for
Boiling Water Reactors. The system should provide demineralization
of reactor water through mixed bed t. sins (beads or powdered) at
approximately 1% of the main steam t!ow rate.

b. The nonregenerative heat exchangers should be designed to reduce the
cleanup 1 low temperature to the demineralizer operating tempe'-ature
when the regenerative heat exchanger cooling capacity is redrced as
a result of partially bypassing a portion of the return flon to the
main condenser or radwaste system.

c. The RWCS shoul have the capability to permit processing of excess
reactor water during startups, shutdowns, and hot standby conditions.
Interconnections between the reactor water cleanup and liquid waste
and condensate storage systems to share the processing burden are
acceptable.

d. The RWCS should be designed to permit processing of reactor water
during periods of single active component failures or equipment i
downtime.

2. The reactor water cleanup system should include the following:

a. Provisions for automatically isolating the RWCS fror, the reactor
coolant system in the event the liquid poison system is actuated for
reactor shutdown.

b. Provisions for automatically isolating the RWCS in the event the
nonregenerative heat exchanger effluent temperature exceeds the
prescribed resin operating temperature for the cleanup demineralizer
resins.

c. Means for automatically maintaining flow through filter /demineralizer
beds in the event of low process flow or loss of process flow through
the system, to prevent bed loss. The recirculation loop and holding
pump subsystem provided for precoating can serve this purpose if it
is acti;ated on loss of flow or low flow conditior.s.

d. Means of transferring resins. Sight glass provisions (bull's eyes),

' are acceptable for monitoring resin transfers. Systems should be
| designed to prevent " resin traps" in sluice lines. A statement

indicating that consideration will be given in the design to avoid:

I resin traps, e.g., a statement that resin transfer lines will be
designed to avoid resins collecting in valves, low points, or
stagnant areas, will be acceptable for transfer line designs.

e. Provisions for draining and venting RWCS components through a closed
system, i e., not to the immediate atmosphere, in accordance with
the rr..arements of General Design Criteria 60 and 61. The SAR
shou.J state that Vent lines run to a ventilation duct exhausting

from the plan .

f. Provision, #n return lines to the reactor system or condensate system,
of resin s'.rainers capable of removing resin particles contained in
demineralizer effluents.
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3. To meet the requirements of General Design Criteria 1 and 2, the regulatory
position C.2.c in Regulatory Guide 1.26 (reference 1) and regulatory posi-

(' tions C.1, C.2, C.3, and C.4 in Regulatory Guide 1.29 (reference 2), are
g' applicable so that the portion of the RWCS extending from the reactor vessel

and recirculation loops to the outermost drywell isolation valves should
be designed to seismic Category I and Quality Group A. The remainder of
the system outside the primary containment should be designed to Quality
Group C and need not be seismic Category I. The precoating unit for
demineralizers need not be designed to Quality Group C and need not be
seismic Category I.

4. The RWCS should include provisions for monitoring:

a. System effluent conductivity. Instrumentation should be consistent
with the regulctory positions on instrumentation in Regulatory Guide

! 1.56 (reference 3).

b. Temperature upstream of the demineralizer, to assure the ion exchange
resin temperature limits are not exceeded.

c. Differential pressure, to assure the design limits on filter /
demineralizer septums and resin strainers are not exceeded.

III. R_EVIEW PROCEDURES
I

The reviewer will select and emphasize material from this SRP section, as may |
be appropriate for a particular case.

1. CMEB reviews the sy dem description and piping and instrumentation diagrams i

n ,/ (P& ids) to determine the processing sequence, interconnections with other '

systems, and similarity to systems previously evaluated, and establishes
that the following are considered in the applicant's design:

a. Provisions to automatically terminate flow to the RWCS following
liquid poison injection in:o the reactor water.

b. Provisions to automdtically terminate flow to the cleanup deminera-
lizers if the nonregenerative heat exchanger effluent temperature
exceeds the resin operating temperature limits.

,

c. Provisions for automatically maintaining flow through filter /
demineralirer units in the event system flow decreases to a point

i'
where the lad may drop from the septum.

d. Provisions for monitoring resin transfers to assure transfers are
complete and design considerations are incorporated to eliminate
resin traps.

i e. Provisions for venting cleanup system components during drain, fill,
and air mixing operations.

f. Provisions for removing resin particles from cleanup system product
water to prevent resins from entering the reactor system.

-
.

| }2. CMEB reviews the system capacity and processing flexibility and considers |
the following:

|
v
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a. The process equipment, resin types, and bed volumes compared to those
for similar reactors and the RWCS capability compared to the guide-
lines of Regulatory Guide 1.56 (reference 3). |

b. The design flows and temperatures through the system to assure the
criteria for outlet temperature relative to resin temperature are
met.

c. The RWCS capability to process surplus refueling water prior to storage
in the refueling water storage tanks or the condensate storage tanks. |

d. Redundant or parallel components which will permit cleanup, if required,
during periods of equipment downtime or single active component failures. |

3. CMEB coordinates with MEB in the review of the quality group and seismic
design classification of the system, and compares the design to the guide-
lines of Regulatory c ides 1.26 (reference 1) and 1.29 (reference 2) to
assure conformance with acceptance criterion II.3 above.

4. CMEB reviews the instrumentation and controls for the reactor water cleanup |
rystem to assure that monitors are provided for:

a. Conductivity of demineralizer effluent.

b. Temperature and conductivity of demineralizer influent.

c. Differential pressure across the demineralizer and across the resin
strainers.

CMEB assures that system controls are responsive to the monitor indications ,

to maintain the required temperature and flow and that conductivity meters
cover the entire range up to mandatory shutdown as delineated in the plant
technical specifications in the final safety analysis report (FSAR).

IV. EVALUATION FINDINGS

CMEB verifies that sufficient information has been provided and that the review i
is adequate to support conclusions of the following type, to be included in
the staff's safety evaluation report:

The reactor water cleanup system (RWCS) will be used to aid in main-
taining the reactor water purity and to reduce the reactor water
inventory as required by plant operations. Our review has includec |
piping and instrumentation diagrams and process diagrams along with
descriptive information concerning the system design and operation.

The staff concludes that the proposed design of Reactor Water Clealup
System (RWCS) is acceptable and meets the relevant requirements of
General Design Criteria 1, 2, 14, 60, and 61. This conclusion is
based on the following:

1. The applicant has met the requirements of General Design
Criterion 1 by designing, in accordance with the guidelines of
Regulatory Guide 1.26, the portion of the RWCS extending from
the reactor vessel and recirculation loops to the outermost

primary containment isolation valves to Quality Group A and by
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designing, in accordance with position C.2.c of Regulatory
Guide 1.26, the remainder of the RWCS outside the primary
containment (excluding the precoating unit) to Quality Group C.,

I 2. The applicant has met the requirements of General Design
Criterion 2 by designing in accordance with positions C.1,
C.2, C.3 and C.4 of Regulatory Guide 1.29, the portion of the'

RWCS extending from the reactor vessel and recirculation loops
to the outermost primary containment isolation valves to seismic
Category I.

3. The applicant has met the requirements of General Design
Criterion 14 by meeting the positions of Regulatory Guide 1.56

! in maintaining reactor water purity and material compatibility
to reduce corrosion probabilities, and thus reducing the prob-1

ability of reactor coolant pressure boundary failure.

4. The applicant has met the requirements of General Design
Criteria 60 and 61 by designing a system containing radio-
activity with confinement, by venting and collecting drainage,

from the RWCS components through closed systems.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using the SRP section.

Except in those cases in which the applicant proposes an acceptable alternative

O.methodforcomplyingwithspecifiedportionsoftheCommission'sregulations,the method described herein will be used by the staff in its evaluation of
'

conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

2. Regulatory Guide 1.29, " Seismic Design Classification."

3. Regulatory Guide 1.56, " Maintenance of Water Purity in Boiling Water
Reactors.".

4. 10 CF' Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and R! cords."

5. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

;

6. 10 CFR Part 50, Appendix A, General Design Criterion 14, " Reactor Coolant
Pressure Boundary."

U
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7. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of
Releases of Radioactive Materials to the Environment."

8. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

|

|

t
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|
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5.4.11 PRESSURIZER RELIEF TANK

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The pressurizer relief tank is a pressure vessel provided in typical pressurized
water reactor (PWR) primary systems to condense and cool the discharge from the
pressurizer safety and relief valves. Discharges from small relief valves located
inside the containment may also be piped to the tank. Tank capacity is based on a
requirement to absorb the pressurizer discharge during a specified step load
decrease.

The review of the pressurizer relief tank, as described in the applicant's Safety
Analysis Report (SAR), includes the tank, the piping connections from the tank to

( Q" / piping, the nitrogen supply piping, and piping leaving the tank to the cover gas
the pressurizer relief and safety valves, the tank spray system and associated

analyzer and to the reactor coolant drain tank. Thr. pressurizer relief tank system
is nonsafety related; the review is primarily direcced toward assuring that its
operation is consistent with transient analyses of related systems and that failure
or malfunction of the system could not adversely affect essential systems or compo-
nents in accordance with applicable criteria.

The review covers the following specific areas:

1. The seismic design classification of the pressurizer relief tank and its
supporting systems.

2. The quality standards to which the tank and its supporting systems will be
designed, fabricated, erected, and tested.

| 3. The measures taken in the design to prevent system performance degradation
below acceptable levels as a result of failures of other nearby systems or as'

a result of the tank failure during an anticipated abnormal occurrence.

|
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4. The steam condensing capacity of the tank compared to the largest antici-
pated plant step load decrease.

5. The instrumentation provided to measure and indicate pressurizer relief
tank pressure, temperature, and liquid level, and to signal the operator
in the event of abnormal parameters.

6. The tank rupture disk relief capacity compared to the capacity of the
pressurizer relief and safety valves.

The review of the pressurizer relief tank system will involve reviews performed
by other branches. The results of these reviews will be coordinated by ASB to
complete the overall evaluation of the system. The evaluations performed by
others are as follows: the Reactor Systems Branch (RSB) will determine that
the anticipated and maximum pressurizer relief and safety valve discharge
rates are acceptable based on a review of the limiting transient and will
determine that the piping between the valves and the tank is adequately sized
as part of its primary review responsibility for SRP Section 5.2.2. The
Materials Engineering Branch (MTEB) will verify that inservice inspection
requirements are met for system components as part of its primary review
responsibility for SRP Section 6.6 and, upon request, will verify the
compatability of the materials of construction with service conditions. The
Mechanical Engineering Branch (MEB) will confirm that the system is designed
in accordance with applicable codes and standards as part of its primary
responsibility for SRP Sections 3.9.1 through 3.9.3. The MEB, also, deter-
mines the acceptability of the seismic and quality group classifications for
system components as part of its primary review responsibility for SRP
Sections 3.2.1 and 3.2.2.

The review for fire protection, technical specifications, and quality assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0 respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other brar,ches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

Since the pressurizer relief tank system is located inside containment, possibly
in close proximity to essential systems and components, acceptance is based on
a failure or malfunction of the system not having an adverse effect on equipment
necessary to bring the plant to a safe shutdown condition, to prevent accidents
or to mitigate the consequences of an accident. Therefore, the design of the
pressurizer relief tank system is acceptable if the integrated system design
is in accordance with the following criteria:

1. General Design Criterion 2, as it relates to the protection of essential
systems from the effects of earthquakes. Acceptance is based on meeting
the guidelines of Regulatory Guide 1.29, position C.2, with regard to the
location of the tank in relation to other plant systems should be such
that the plant safety-related systems would not be endangered in the
event of a tank failure and position C.3 regarding the extension of
seism : Category I boundaries.i
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2. General Design Criterion 4, as it relates to a failure of the system
resulting in missiles or adverse environmental conditions that could

i result in unnecessary damage to safety related systems or components.
V The following specific criteria are used to determine if the requirements

of GDC 4 are met:

a. The rupture disks have a relief capacity at least equal to the
combined capacity of the pressurizer relief and safety valves with
sufficient allowance for rupture disk tolerance,

b. The pressurizer relief tank volume and the quantity of water initially
stored in the tank should be such that no steam or water will be
releaseo t.o containment under any normal operating conditions or
anticipated abnormal occurrences. The initial temperature of water
inside tank should be assumed to be no lower than 120 F.

c. The pressurizer relief tank and rupture disk should be designed for
full vacuum so that the collapse of the tank will not occur if the
contents are cooled following a discharge of steam without the
addition of nitrogen.

d. High temperature, high pressure, high and low liquid level alarms
for the pressurizer relief tank have been provided.

e. The tank should be located in such a manner that the rupture discs
are not a missile threat to safety-related equipment.

III. REVIEW PROCEDURES

The procedures below are used in the construction permit (CP) review to deter-
mine that the design criteria and bases and the preliminary design described
in the SAR meet the acceptance criteria given in subsection II of this SRP
section. For operating license (0L) reviews, the procedures are used to
verify that the initial design criteria and bases have been appropriately
implemented in the final design.

Upon request from the primary reviewer, the coordinating review branches will |
provide input for the areas of review stated in subsection I of this SRP section.
The primary reviewer obtains and uses such input as required to assure that
this review procedure is complete.

The reviewer selects and emphasizes material from this SRP section, as may be
appropriate for a particular case. A determination will be made as to whether
the p essurizer relief tank system or portions thereof are safety related. In
confirming this design aspect, an analysis is made in which it is assumed that
any system pipe fails or component malfunctions or fails in such a manne. as
to cause maximum damage to other equipment located nearby. The system will be,

I considered nonsafety related if its failure does not affect the ability of the
reactor facility to achieve and maintain safe shutdown conditions.

1. The SAR is reviewed to establish that the pressurizer relief tank system
description and related diagrams clearly delineate system operation and

,

! the system capability to accept the steam flow released from the pressurizer
h for step load decreases.'

o
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2. The SAR is reviewed to determine that the rupture disks on the relief tank
have a relief capacity at least equal to the combined capacity of the pres-
surizer relief and safety valves. The reviewer determines that the tank
design pressure provides a conservative margin above the calculated pressure
resulting from the maxi.um design relief and safety valve discharge, i.e.,
the maximum surge resulting from complete loss of load. The reviewer
verifies that the tank and rupture disks are designed for full vacuum, so
as to prevent tank collapse if the contents are cooled following a discharge
without nitrogen being added.

3. The pressure suppression capability of the system is reviewed to assure
proper system operation. The RSB will verify the mass and energy blowdown
data including rate of energy release to evaluate the above effects.

4. The piping and instrumentation diagrams are reviewed to verify that high
temperature and pressure alarms and high and low liquid level alarms have
been provided for the pressurizer relief tank.

5. The reviewer verifies that the system will function following anticipated
abnormal occurrences. The reviewer evaluates the failure modes and effects
analysis presented in the SAR to assure function of required components,
traces the availability of these components on system drawings, and checks
that the SAR information contains verification that minimum system flow
and heat transfer requirements are met for each degraded situation over
the required time spans. For each case, the design will be acceptable if
minimum system requirements are met.

6. The reviewer determines that failure of the pressurizer relief tank system
or portions of the system not designed to seismic Category I, and which
are located close to safety-related systems, will not as a result of their
failure preclude essential operations of these safety systems. Reference
to the general arrangement and layout drawings for structures and systems
will be necessary.

7. The reviewer determines that other systems inside containment are protected
from the effects of high-energy line breaks and moderate-energy leakage
cracks in the pressurizer relief system. Layout drawings are reviewed to
assure that other systems are not located close to the pressurizer relief
system, or that protection from the effects of failure will be provided.

IV. EVALUATION F'NDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
Safety Evaluation Report:

The pressurizer relief tank system includes components and piping such
as the pressurizer relief and safety valve connections to the tank, the
relief tank spray system piping, the nitrogen supply piping, and piping
leaving the tank to the cover gas analyzer and reactor coolant drain tank.
The pressurizer relief tank system is designed to nonnuclear safety and
Quality Group D requirements since it is not necessary for safe shutdown,
accident prevention or accident mitigation.

O
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The staff concludes that the design of the pressurizer relief tank system
meets the requirements of General Design Criteria 2 and 4, and is accept-p able. This conclusion is based on the following:

s
\ 1. The applicant's design meets the requirements of General Design Cri-

terion 4 as it relates to protection against the effects of earthquakes
by meeting positions C.2 and C.3 of Regulatory Guide 1.29 regarding
the failure of nonsafety-related systems having no adverse affects
on safety-related systems and the extension of seismic Category I
design requirements to the first seismic restraint beyond the defined
boundaries.(i.e., the piping from the safety and relief valves to
the first downstream restraint).

2. The applicant's design meets the requirements of General Design Cri-
terion 4 as it relates to protection of safety-related equipment from
adverse environmental affects and from missiles generated by rupture
disc failure. This criterion is met since the system is designed to
prevent steam or water release to containment under any normal operat-
ing conditions or anticipated abnormal occurrencee and the tank is
orientated in such a manner that the rupture discs do not become a
missile hazard to safety-related equipment.

V. IMPLEMENTATION
.

The following is intended to provide guidance to applicants and licensees
regarding the staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
[. \ method for complying with specified portions of the Commission's regulations,
(~) the method described herein will be used by the staff on its evaluation of

conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, "En/ironmental
and Missile Design Bases."

3. Regulatory Guide 1.29, " Seismic Design Classification."

A)(
U
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5.4.12 REACTOR COOLANT SYSTEM HIGH POINT VEN'S

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

Reactor coolant system high point vents are provided to exhaust noncondensible
gases from the primary system that could inhibit natural circulation core cooling.
The vent system consists of remotely operated valves at high points in the reactor
coolant system to vent gases from the primary system into containment. Since the
vents form part of the reactor coolant pressure boundary, design of the vent system
shall conform to the requirements of Appendix A te in CFR Part 50, " General Design
Criteria." In addition, the vent system shall be designed with sufficient redun-
dancy to assure a low probability of inadvertent or irreversible actuation. The
vent system's safety function may be required to maintain core coolability
following an accident, therefore the system is designed as a safety-related system.p) RSB review of reactor coolant system high point vents will include the followingg
specific areas:

1. The location, size, discharge capacity, functions, and discharge area (s) of
the vent system.

2. Supporting LOCA analyses for breaks in the vent line to demonstrate com-
pliance with 10 CFR Part 50, 550.46.

3. Redundancy and failure modes of the valve train.

4. Procedures for using and not using the vent system, and the bases for these
procedures.

5. Information available to the operator for initiating and terminating vent
system operation. |

|

Rev. 0 - July 1981
i

l
USNRC STANDARD REVIEW PLAN

Star.dard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
I applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
[N Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review

,

4 ) plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them it ' tot required. The
/ standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nurbar Power Plants.

,U Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered anj should be sent to the U.S. Nuclear Regulatory Commission.
Office of Nuclear Reactor Regulation, Washington, D.C. 20555.

- - . - -- .- .
- - _.



In addition, the RSB will coordinate other branch evaluations that interface
with the overall review of the system as follows: The Structural Engineering
Branch (SEB) determines the acceptability of the design analyses, procedures,
and criteria used to establish the ability of seismic Category I structures
housing the system and supporting systems to withstand the effects of natural
phenomena such as the safe shutdown earthquake (SSE), as part of its primary
review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through
3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) determines
that the components, piping, and structures are designed in accordance with
applicable codes and standards as part of its primary review responsibility
for SRP Sections 3.9.1 through 3.9.3. The MEB also determines the accept-
ability of the seismic and quality group classifications for system components
as part of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2.
In addition, MEB reviews the adequacy of the inservice testing program of
valves as part of its primary review responsibility for SRP Section 3.9.6.
The Materials Engineering Branch (MTEB) verifies that 'nservice inspection
requirements are met for system components as part of its primary review
responsibility for SRP Section 6.6, and, upon request, verifies the compati-
bility of the materials of construction with service conditions. The
Instrumentation and Control Systems Branch (ICSB) and the Power Systems Branch
(PSB) determine the adequacy of the design, installation, inspection, and
testing of all essential electrical components (sensing, control, and power)
required for proper operation as part of their primary rev Sw responsibility
for SRP Sections 7.1 and 8.1, respectively. The Containment Systems Branch
(CSB) reviews the acceptability of mixing of discharged gases within the
containment atmosphere and assures that containment design limits will not be
exceeded by ventinj during an accident condition as part of its primary respon-
sibility for SRP Sections 6.2.1 through 6.2.6. The Equipment Qualification
Branch (EQB) rev m s the acceptability of the environmental qualification of
all vent system components as part of its primary review responsibility for
SRP Sections 3.10 and 3.11. The Procedure and Test Review Branch (PTRB)
reviews the vent systems testability, operability, and the procedures for
operator use during accident conditions as part of its primary review
responsibility for SRP Section 14.2. The review of technical specifications
is coordinated and performed by the Licensing Guidance Branch (LGB) as part of
its primary review responsibility for SRP Section 16.0.

For those areas of review identified above as being the responsibility of
other branches, the acceptance criteria and their methods of application are
contained in the SRP sections identified as the primary review responsibility
of those branches.

II. ACCEPTANCE CRITERIA

The objective of the review is to determine that the vent system is capable of
removing noncondensible gases from the primary coolant system with a minimal
probability of inadvertent or spurious actuation.

RSB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

A. 10 CFR Part 50, S50.55a and General Design Criteria 1 and 30 as they
relate to the vent system components which are part of the reactor
coolant pressure boundary being designed, fabricated, erected, and tested
and maintained to high quality standards.

5.4.12-2 Rev. 0 - July 1981
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GeneralDesignCriterion14}gned, fabricated,erectedandtestedtohave
as it relates to the reactor coolantB.

pressure boundary being des(n) an extremely low probability of abnormal leakage, of rapidly propagating
V failure, and of gross rupture.

C. 10 CFR Part 50, 650.46(b) as it relates to the long-term cooling of the
core following any calculated successful initial operation of the ECCS to
remove decay heat for an extended period of time.

Specific criteria necessary to meet the regulations identified above and |
necessary to imr.lement task action plan Item II.B.1 of NUREG-0718 and -0737
are as follows:

1. Vent paths shall be provided on high points of the reactor coolant system
(including the pressurizer on PWRs) to vent gases which may inhibit core
cooling. For reactors with U-tube steam generators, procedures shall be
developed to remove gases from the U-tubes since it is impractical to
individually vent the thousands of U-tubes.

2. A single failure of a vent valve, power supply, or control system shall
not prevent isolation of the vent path. On BWRs, block valves are not i

required in lines with safety valves used for venting. |

3. Sufficient redundancy in the design shall be incorporated to minimize the i

probability of inadvertent actuation. Other methods to reduce the chances
of inadvertent actuation, such as removing power or administrative controls,
may be considered.

O) 4. Since the reactor coolant system vent will be part of the reactor coolant;
V system pressure boundary, all requirements for the reactor pressure

boundary must be met.

5. The size of the vent line should be kept smaller than the size
| corresponding to the definition of a LOCA (10 CFR Part 50, Appendix A) to

avoid unnecessary challenges to the ECCS.

6. Vent paths to the containment should discharge into areas that provide
good mixing with containment air and are able to withstand steam, water,
noncondensibles, and mixtures of the above.

7. The vent system shall be operable from the control room and provide
positive valve position indication. Power shall be supplied from
emergency buses.

8. It is important that the displays and controls added to the control room
as a result of this requirement not increase the potential for operator
error. A human-factor analysis should be performed taking into
consideration:

(a) the use of this information by an operator during both normal and
abnormal plant conditions,

(b) integration into emergency procedures,

C/ (c) integration into operator training, and

5.4.12-3 Rev. 0 - July 1981
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(d) other alarms during emergency and need for prioritization of alarms.

9. Provisions to test for operability of the reactor coolant vent system
should be a part of the design. Testing should be performed in accordance
with subsection IW of Section XI of the ASME Code for Category B valves.

10. The reactor coolant vent system (i.e., vent valves, block valves, position
indication devices, cable terminations, and piping) shall be seismically
and environmentally qualified in accordance with IEEE 344-1975 as supple-
mented by Regulatory Guide 1.100, 1.92 and SEP 3.92, 3.43, and 3.10.
Environmental qualifications are in accordance with the May 23, 1980
Commission Order and Memorandum (CLI-80-21).

11. Procedures to effectively operate the vent system must consider when
venting is needed and when it is not needed. A variety of initial
conditions from which venting may be required shall be considered.
Operator actions and the necessary instrumentation shall be identified.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
assure that the design criteria and bases and the preliminary design as set
forth in the Preliminary Safety Analysis Report meet the acceptance criteria
given in subsection II.

For operating licence (0L) reviews, the procedures are utilized to verify that
the initial design criteria and bases have been appropriately implemented in
the final design as set forth in the Final Safety Analysis Report. The OL
review also includes the proposed technical specifications, to assure that
they are adequate in regard to limiting conditions of operation and periodic
surveillance testing.

The reviewer will select and emphasize material from this SRP section, as may
be appropriate for a particular case.

1. RSB reviews the vent system description to determine that the vent paths
are capable of venting reactor coolant system high points. For areas
that may be impractical to vent, such as the U-tubes in steam generators,
the resiewer determines that adequate procedures have been developed to
assure coolability.

2. At RSB request, ICSB reviews the instrumentation, vent controls, and
power source to establish that a single failure will not prevent
isolation of the vent system.

3. RSB examines valve redundancy and other methods to minimize inadvertent
actuation. Comparisons of the methods to prevent inadvertent actuation
should be made with other safety-related systems.

4. MTEB evaluates the vent system to determine that all requirements for the
reactor pressure boundary are met.

5. RSB examines the size of the vent line and orifices to see that they are
smaller than the LOCA definition. If vent path capacity is of LOCA size,
a LOCA analysis shall be provided.

.
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6. R58 determines that the areas of discharge for the vent system are capable
of withstanding all substances which may be vented. In addition CSB

O examines these areas to see that adequate mixing with the containment
<

atmosphere is provided.

7. RSB examines the description and P& ids to assure that the vents are
operable from the control room and that power is supplied from emergency
ency buses.

8. HFEB determines that the displays and controls added to the control room
as a result of this requirement do not increase the potential for operator

A human-factor analysis will be evaluated taking into consideration:error.

(a) the use of this information by an operator during bott.1ormal and
abnormal plant conditions,

(b) integration into emergency procedures,

(c) integration into operator training, and

(d) other alarms during emergency and need for prioritization of alarms.

9. PRTB examines provisions to test for operability of the reactor coolant
vent system. Testing should be performed in accordance with subsection IW
of Section XI of the ASME Code for Category B valves. >

10. EQB reviews the reactor coolant vent system (i.e., vent valves, block
valves, position indication devices, cable terminations, and piping) toO assure that it is seismically and environmentally qualified in accordance
with IEEE 344-1975 as supplemented by Regulatory Guide 1.100, 1.92 and
SEP 3.92, 3.43, and 3.10.

11. RSB evaluates the procedures necessary to operate the vent system. The
operating procedures shall consider the following:

a. When venting is needed and when it is not needed.

b. The method for determining the size of a noncondensible bubble.

c. A variety of initial conditions , snich venting may take place.

d. Operator actions and necessary instrumentation.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the review supports conclusions of the following type, to be included in the
staff's Safety Evaluation Report:<

The staff concludes that the design of the reactor coolant system high
point vents is acceptable and meets the relevant requirements of 10 CFR
Part 50, g50.46 and 950.55a, General Design Criteria 1, 14, and 30. This
conclusion is based on the following:

C
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The reactor coolant system high point vents includes components and
piping to remotely relieve noncondensible gases from the primary coolant
system and vent the gases to the containment atmosphere or to holdup
tanks within containment. [The review has included the applicant's
proposed design criteria and design bases, and these meet the requirements
for the Construction Permit Stage.] [The review has included the
applicant's analysis of the vent system design with the design criteria
and design bases and has included operating procedures for the vents.]
(Operating License Stage)

In addition, the basis for acceptance in the staff review is conformance
of the applicant's designs, design criteria, and design bases for the
reactor coolant system vents and supporting systems to applicable
regulatory guides, branch technical positions, and industry standards
[ identify each document and describe how the applicant has implemented
each].

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, @50.46, " Acceptance Criteria for Light Water Nuclear
Power Reactors."

2. 10 CFR Part 50, @50.55a, " Codes and Standaras."

3. 10 CFR Par * 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

4. 10 CFR Part 50, Appendix A, General Design Criterion 14, " Reactor Coolant
Pressure Boundary."

5. 10 CFR Part 50, Appendix A, General Design Criterion 30, " Quality of
Reactor Coolant Pressure Boundary."

| 6. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses."

7. NUREG-0737, " Clarification of TMI Action Plan Requirements."

O
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6.1.1 ENGINEERED SAFETY FEATURES MATERIALS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - Chemical Engineering Branch (CMEB)

I. AREAS OF REVIEW

Engineered safety features (ESF) are provided in nuclear plants to mitigate the
consequences of design basis or loss-of-coolant accidents, even though the occur-
rence of these accidents is very unlikely. The General Design Criteria (GDC) 1,
4, 14, 31, 35, 41 and Appendix B of 10 CFR Part 50, and 10 CFR Part 50, 650.55a
require that certain systems be provided to serve as Engineered safety features
(ESF). To meet GDC 14 the fluids used in ESF systems when interacting with the
reactor coolant pressure boundary should have a low probability of causing abnormal
leakage, rapidly propagating failure and of gross rupture. Containment systems,
residual heat removal system, emergency core cooling systems, containment heat

(7 removal systems, containment atmosphere cleanup systems, and certain cooling water
! ) systems are typical of the systems that are required to be provided as ESF. They
'' materials and fluids compatibility for these systems are reviewed in this Standard

Review Plan (SRP) section. The General Design Criteria (GDC) establish functional
requirements for specific systems. Specific acceptance criteria identified in
subsection II of this SRP section establish the basis for acceptance of materials
and fluids compatibility of the ESF systems.

The emergency core cooling system, the containment heat removal system, the con-
tainment cleanup systems and other ESF systems are described in Section 6 of the
SAR and are reviewed in accordance with the SRP sections for the individual sys-
tems. The fluids compatibility and materials for these systems are reviewed in
tnis SRP section.

The fluid and material compatibility for the auxiliary systems that directly sup-
I port the ESF systems identified above, include systems such as the CCW, SW, ESF

vertilation. These systems are reviewed in this SRP section upon request of the
respective primary branch.
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A. MTE8 as primary reviewer uses the evaluations by CMEB to complete the
overall review of ESF mateHals. MTE8 review areas include the materials
and fabrication prncedures used in the design engineered safety features.
The specific areas of review and review procedures are similar to those
in SRP Section 5.2.3, " Reactor Coolant Pressure Boundary Materials," and
to those in SRP Section 10.3.6, " Steam and Feedwater System Materials."
The purpose of the review is to assure compatibility of the materials with
the specific fluids to which the materials are subjected. The review is
performed to assure compliance with the Commission regulations stated in
the General Design Criteria and with the positions of applicable Regulatory
Guides and Branch Technical Positions, and also with the ASME Boiler and
Pressure Vessel Code (hereinafter "the Code"), Section II, parts A, B,
and C, Section III, Division 1 and 2, and Section IX. Areas that are
reviewed include: mechanical properties of materials (including fracture
toughness), use of cold worked stainless steels, control of ferrite content
in austenitic stainless steel welds, and control of ferritic steel welding.

B. CMEB reviews areas relating to ESF fluid chemistry, component and system
cleaning, and thermal insulation used in the containment. The fluid
chemist y , cleaning and insulation evaluations are furnished to MTEB for
incorporat|on into the final SER. These are further described as follows:

1. Composition and Compatibility of Engineered Safety Features Fluids

The compo:ition of the containment and core spray coolants must be
controlled to ensure their compatibility with materials in the con-
tainment building, including the reactor vessel, reactor internals,
piping, and structural and insulating materials. The methods and
procedures to control the chemical composition of solutions recircu-
lated within the containment after design basis accidents (DBA) must
be selected (a) to maintain the integrity of the reactor coolant
pressure boundary, by preventing stress corrosion cracking of safety-
related components, (b) to insure that adequate solution mixing of
ESF fluids will occur, and (c) to prevent evolution of excessive
amounts of hydrogen within the containment in the unlikely event of
a design basis accident.

The time history of the pH of the fluids, including the source and
quantity of all soluble acids and bases in the containment after a
design basis accident, is reviewed.

Containment and core spray solutions must be stable under long-term
storage conditions and during prolonged operation of the sprays.
Some of these solutions contain boron for reactivity control and
other additives for reacting with gaseous fission products. Long-term
storage of these solutions are reviewed under SRP Section 6.5.2 by
CMEB as part of its secondary review responsibility.

In rany instances the ESF coolant solutions are stored in more than
one form (such as boric acid solution and a sodium hydroxide solution)
and mixed only when the ESF are called upon to operate during an emer-
gency. In some plants, the coolant is stored as a boric acid solution
that is neutralized by (dry) sodium phosphates mounted in baskets
inside the containment after the ESF sprays are activated.
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The controls on contaminants, such as chlorides, lead, zinc, sulfur,
or mercury, in the ESF fluids are reviewed. Nonmetallic thermal
insulation, that will be exposed to ESF fluids in DBA environments
is evaluated as a potential source of these contaminants.

CMEB reviews corrosion rates as related to hydrogen generation upon
request of the Containment Systems Branch (CSB),

Compatibility of ESF fluids th organic materials (coatings) is
reviewed by CMEB as part of tus primary review responsibility for
SRP Sect %n 6.1.2.

2. Componen, and Systems Cleaning

CMEB reviews the requirements for the cleaning (shop and on-site) of
materials and components, cleanliness control, and preoperational

|

system cleaning and the procedures for lay-up of nuclear plant fluid
isystems. Requirements for the maintenance of system cleanliness of '

fluid systems and associated components during the operational phase
of the nuclear power plant are also reviewed.

3. Thermal Insulation

1EB reviews the composition of the non-metallic insulation and the
ntrol of leachable contaminants from the insulation. The branch

also reviews the use of inhibitors to reduce the probability of stress
corrosion cracking of automatic stainless steel components.

4. Coatings
\

CJEB reviews the use, and qualifications of the protective coatings
| used in containment as part of SRP Section 6.1.2. Peeling, flaking

or delamination of coatings can result in clogging of ESF system
strainers and spray nozzles and thereby stop or slow down the flow
rates of the ESF fluids.

II. ACCEPTANCE CRITERIA

The aceptance criteria for the areas of review describt.1 in subsection I of
this SRP section are based on meeting the relevant requirements of General Design
Criteria (GDC) 1, 4, 14, 31, 35, 41 and Appendix B, 10 CFR Part 50, and 10 CFR
Part 50, S50.55a as described below:

General Design Criterion 1, and 650.55a, " Quality Standards and Records," and
" Codes and Standards" - as they relate to quality standards being used for
design, fabrication, erection and testing of ESF components and the identifica-
tion of applicable codes and standards.

General Design Criterion 4, " Environmental and Missile Design Bases" - as 't
relates to compatibility of ESF components with environmental conditions asso-
ciated with normal operation, maintenance, testing and postulated a cidents,
including loss-of-coolant accidents.

General Design Criterion 14, " Reactor Coolant Pressure Boundary - as it relates
) to design, fabrication, erection, and testing of the reactor coolant pressures

%./
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boundary so as to have an extremely low probability of abnormal leakage, of
rapidly propagating failure, and of gross rupture.

General Design Criterion 31, " Fracture Prevention of Reactor Coolant Pressure
Boundary" - as it relates to extremely low probability of rapidly propagating
fracture and gross rupture of the reactor coolant pressure boundary.

General Design Criterion 35, " Emergency Core Cooling" - as it relates to assur-
ance that the clad metal-water reaction is limited to negligible amounts.

General Design Criterion 41, "Contain s t Atmosphere Cleanup" - as it relates
to control of the concentration of hyc. ogen in the containment atmosphere
following postulated accidents to assure that containment integrity is maintained.

Appendix B to 10 CFR Part 50, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants" - as it relates to the requirement that
measures be established to control the cleaning of material and equipment in
accordance with work and inspection instructions tc prevent damagc or
deterioration.

Specific criteria necessary to meet the relevant requirements of GDC 1, 4, 14,
31, 35, 41, and Appendix B to 10 CFR Part 50 and 10 CFR Part 50, S50.55a for
the review areas identified in subsection I of this SRP section are as follows.

A. Criteria for Primary Review Arefss

1. Materials and Fabrication

To meet the requirements of General Design Criterion 1 and 950.55a
to assure that structures, systems and components important to safety
shall be designed, fabricated, erected, and tested to quality stand-
ards commensurate with the importance of the safety functions to be
performed, Codes and standards should be identified and records main-
tained. The materials specified for use in these systems must be as
given in Appendix 1 to Section III of the Code, and parts A, B and C
of Section II of the Code.

Regulatory Guide 1.85, " Code Case Acceptabilit ASME Section III
Materials," describes accer*/ble Code cases the.t may be used in
conjunction with the above specifications. Fracture toughness of
the materials shall be as stated in SRP Section 10.3.6, subsection 11.1.

a. Austenitic Stainless Steels

To meet the requirements of GDC 4 relative to compatibility of
components with environmental conditions; GDC 14 with respect
to fabrication and testing of the reactor coolant pressure
boundary so as to have an extremely low probability of abnormal
leakage, of rapidly propagating failure, and of gross rupture;
and the quality assurance requirements of Appendix B of 10 CFR
Part 50 the following guidelines should be used:

1. Cold worked austenitic stainless steels must have a maximum
0.2% offset yield strength of 90,000 psi to reduce the
probability of stress corrosion cracking in ESF systems.
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Laboratory stress corrosion test and service experience
provide the basis for this criteria.;

2. Regulatory Guide 1.44, " Control of the Use of Sensitized
Stainless Stee',' describes accaptable criteria for prevent-'

ing intergranular corrosion of Aainless steel components
of the ESF. Furnace-sensitized material should not be
allowed in the ESF, and methods described in this guide
should be followed for testing the materials prior to
fabrication, and for ensuring that no deleterious sensiti-

'

zation occurs during welding.

3. Branch Technical Position MTEB 5-7, " Material Selection
and Processing Guidelines for BWR Coolant Pressure Boundary

| Piping," describes acceptable criteria for the use of
austenitic stainless steel piping in boiling water reactors.
(See SRP Section 5.2.3.)

4. Regulatory Guide 1.31, " Control of Ferrite Content in Stain-
less Steel Weld Metal," describes acceptable criteria for
assuring the integrity of welds in austenitic stainless
steel ESF components. The control of delta ferrite content

! of weld filler metal is specified in this guide, which sets
forth an acceptable basis for delta ferrite content of weld
filler metal.

|

b. Ferritic Steel Welding

O To meet the requirements of General Design Criterion 1 related
to general quality assurance and Codes and Standards, Appendix B
to 10 CFR Part 50, related to control of special processes; and
10 CFR Part 50, 650.55a, " Codes and Standards," the following
acceptance criteria for ferritic steel welding should be used:

,

1. The amount of minimum specified preheat must be in accord-
ance with the recommendations of the Code, Section III,

. Appendix D, Article 0-1000, and Regulatory Guide 1.50,
' " Control of Preheat Temperature for Welding Low-Alloy Steel,"

unlessanalternateprocedureisjustified.

2. Moisture control on low hydrogen welding materials shall
conform to the requirements of the Code, Section III, Arti-
cles NB, NC, ND-2000 and 4000, and AWS D1.1, " Structural
Welding Code," unless alternate procedures are justified.

3. For areas of limited accessibility, the criteria of SRP
Section 10.3.6, subsection II.2.c shall apply.

B. Criteria for Secondary Review Areas

1. Composition and Compatibility of Engineered Safety Feature Fluids

In meeting the requirements of General Desigr. Criteria 4 and 41,
that structures, systems, and components important to safety are,

designed to accommodate the effects of and to be compatible with
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environmental conditions associated with normal operation, maintenance,
testing and postulated accident conditions, including loss of coolant
accidents and to assure that the concentration of hydrogen in the
containment atmosphere following postulated accidents is controlled
to maintain containment integrity, the hydrogen generation resulting
from the corrosion of metals by the containment sprays during design
basis accident should be centrolled as described in Regulatory
Guide 1.7, " Control of Combustible Gas Concentrations in Containment
Following a loss-of-Coolant Accident."

a. Pressurized Water Reactors (PWRs)

To meet the requirement of GDC 4, 14, and 41, the composition
of containment spray and core cooling water should be controlled
to ensure a minimum pH of 7.0 as given in Branch Technical Posi-
tion MTEB 6-1 which is appended to this SRP section. Experience
has shown that maintaining the pH of borated solutions at this
level will help to inhibit initiation of stress corrosion cracking
of austenitic stainless steel components.

The hydrogen generation from the corrosion of materials within
containment, such as aluminum and zinc, depends upon the corro-
sion rate which in turn depends upon such factors as the coolant
chemistry, the coolant pH, the metal and coolant temperature,
and the surface area exposed to attack by the coolant.

The reviewer compares the assumed corrosion rates of materials
in containment with standard corrosion rate data.

b. Boiling Water Reactors (BWRs)

To meet the requirements of GDC 4, 14, and 41, the water used
in the engineered safety feature systems should be controlled
to provide assurance against stress corrosion cracking of
unstabilized austenitic stainless steel components. Water used
for emergency core cooling systems and spray systems should be
controlled to ensure the following limits:

Conductivity = 3 to 10 phos /cm @ 25?C

Chloride (Cl-) < 0.50 ppm

pH = 5.3 to 8.6 @ 25?C

Hydrogen generation in BWR containments is assumed to follow
the same characteristics as in PWRs in that the rates of hydrogen
generation will rise with increasing zinc corrosion as the
temperature rises, and will change with any change in pH.

*

2. Component and Systems Cleaning

To meet the requirements of Appendix B to 10 CFR Part 50, measures
should be established to control the cleaning of material and equip-
ment in accordance with work and inspection instructions to prevent
damage or deterioration.
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!

Componer.ts and systems are to be cleaned in conformance with the
positions of Regulatory Guide 1.37, " Quality Assurance Requirements i;

for Cleaning Fluid Systems and Associated Components of Water Cooled L

Nuclear Power Plants."
i
! 3. Thermal Insulation

To meet the requirements of General Design Criteria 1, 14, and 31 so
that the reactor coolant pressure boundary is designed, fabricated,,

erected, and tested so as to have extremely low probability of abnormal,

: leakage, of rapidly propagating failure, and gross rupture, the follow-
ing guidelines should be used:

f

i

, a. The composition of nonmetallic thermal insulation for components
!of ESF should be controlled as described in Regulatory Guide 1.36,

" Nonmetallic Thermal Insulation for Austenitic Stainless Steel."
.

b. The use of nonmetallic insulation on nonaustenitic strinless
steel components should be controlled as above. The moisture
dripping from wet insulation on any component can affect'

austenitic stainless steel that is at a physically lower elevation.

c. Concentrations of leachable contaminants and added inhibitors
should be controlled as specified in position C.2.b and Figure 1
of Regulatory Guide 1.36 to reduce the probability of stress
corrosion cracking of austenitic stainless steel components. |

,

4. Coatings

Appendix B to 10 CFR Part 50, " Quality Assurance Criteria for Nuclear
Power Plants and Fuel Processing Plants," establishes overall quality;

assurance program requirements for the design, fabrication, construc-
tion, and testing of safety-related nuclear power plant structures,

' systems, and components.

Section IX of Appendix B relates to the control of special processes.
Coating systems are deemed to fall in this category.

The qualification program for coating systems should confirm that
; the systems used on ESF will not possibly stop or slow down the flow
,

rates of the ESF fluids during a design basis accident.

Identified quantities of soluble acids and bases within the contain-'

ment must not be great enough to cause excessive hydrogen generation
or deleterious corrosion.

The criteria for coatings to be used in containments are described
in Regulatory Guide 1.54, " Quality Assurance Requirements for

j Protective Coatings Applied to Water-Cooled Nuclear Pcwer Plants."

I This guide describes an acceptable means for meeting the requirements
of Appendix B to 10 CFR Part 50 stated above, with regard to protective
coatings applied to ferritic steels, aluminum, stainless steel,'

zinc-coated (galvanized steel) concrete or masonry surfaces of water
cooled nuclear power plants.

;

,
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III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

To ascertain that the acceptance criteria given in subsection II of this SRP
section are met, the reviewer examines each of the review areas given in
subsection I of this SRP section for the required information, using the
following procedure:

A. Primary Review Area

The MTEB reviewer verifies that the materials proposed for the ESF are in
conformance with Appendix I of Section III of the Code, and with pLrts A,
B, and C of Section II of the Code. He verifies that cold-worked austenitic
stainless steels used in fabrication of the ESF are in conformance with
subsection II.A.1.a of this SRP section.

The methods of controlling sensitized stainless steel in the ESF systems
are examined by the reviewer who verifies that the methods are in conform-
ance with Regulatory Guide 1.44. This applies especially to the verifica-
tion of nonsensitization of the materials, ar.d to the qualification of
welding procedures using ASTM A262. If alternative methods of testing
the qualification welds for degree of sensitization are proposed by the
applicant, the reviewer determines if these are satisfactory, based on
the degree to which the alternate methods provide the needed results.

The methods for controlling the amount of delta ferrite in stainless steel
weld deposits are examined by the MTEB reviewer in accordance with Regula-
tory Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld Metal."

The reviewer verifies that the controls of ferritic steel welding are in
conformance with subsection II.A 1.b of this SRP section. The reviewer
verifies that the fracture toughness of the materials is in accordance
with the requirements of the Code.

B. Secondary Review Area

1. Composition and Compatibility of Engineered Safety Features Fluids

The reviewer (CMEB) considers the composit.on of the spray solutions
and any mixing processes that might occur during operation of the
sprays.

| The reviewer (CMEB) examines the information on the compatibility of
the ESF materials of construction with the ESF fluids to verify that
all materials used are compatible.

The reviewer (CMEB) verifies that components and systems are cleaned
in accordance with Regulatory Guide 1.37.

The reviewer (CMEB) determines whether non-metal!'c tnerm-1 insulationi

I will be used on components of the ESF, and if it is, the reviewer
verifies that the amount of leachable impurities in the specified
insulation will be within the " acceptable analysis area" of Figure 1

1
i
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of Regulatory Guide 1.36, as discussed in subsect - II.B. 3 of this |
SRP section.

( The reviewer (CMEB) verifies that the coatings used in tae containment<

V conform with Regulatory Guide 1.54.

a. Pressurized Water Reactors (PWRs)

The reviewer determines that the coolant spray will have a
minimum pH of 7.0 and reviews the methods of ascertaining that
the pH will remain above this minimum during the operation of
the sprays. The reviewer examines the control of pH of such
coolants to evaluate the short-term (during the mixing process)
compatibility and long-term compatibility of these sprays with

; all safety-related components within the containment.

The reviewer examines the methods of storing the ESF fluids to
determine whether deterioration will occur either by chemical
insstability or by corrosive attack on the storage vessel. The

'.

reviewer determines what effects st:4 deterioration could have
on the com atibility of these ESF coolants with both the SSF
materials of construction and the other materials within the
containment.

I CMEB further verifies that hydrogen release is controlled in
accordance with Regulatory Guide 1.7.

.

The reviewer also compares the assigned corrosion rates ofs

}
materials in containment, as stated in the SAR, with standard
corrosion rate data. In accordance with the procedures in SRP
Section 6.5.8 the reviewer examines the paths that the solutions
would follow in the containment from sprays and emergency core
cooling systems to the sump, for both injection and recirculation
phases to verify that no areas accumulate very high or low pH
solutions and that any assumptions regarding pH in the modeling
of containment spray fission product removal are valid.

b. Boiling Water Reactors (BWRs)

The reviewer verifies that the chemistry of the water used for
- the emergency core cooling systems and the containment spray

systems is controlled to the limits given in subsection II.B.1.b.
The reviewer further verifies that hydrogen release is controlled
in accordance with Regulatory Guide 1.7. The reviewer also
compares the assumed corrosion rates of materials in containment
with standard corrosion rate data.

IV. EVALUATION FINDINGS

; The staff concludes that the engineered safety features materials specified
are acceptable and meet the requirements of GDC 1, 4, 14, 31, 35, and 41 of
Appendix A of 10 CFR Part 50; Appendix 8 of 10 CFR Part 50, and 10 CFR Part 50,
S50.55a. This conclusion is based on the following:

v
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1. General Design Criteria 1, 14, and 31, and 10 CFR Part 50, 950.55a have
been met with respect to assuring an extremely low probability of leakege,
of rapidly propagating failure and of gross rupture. This is shown since
the materials selected for the engineered safety features satisfy Appendix I
of Section III of tu ASME Code, and Parts A, B, and C of Section II of
the Code, and the staff position that the yield strength of cold-worked
stainless steels shall be less than 90,000 psi. Fracture toughness of
the ferritic materials meets the requirements of the Code.

The controls on the use and fabrication of the austenitic stainless steel
of the systems satisfy the requirements of Regdlatory Guide 1.31, " Control
of Ferrite Content of Stainless Steel Weld Metal," and Regulatory Guide 1.44,
" Control of the Use of Sensitized Stainless Steel." Fabrication and heat
treatment practices performed in accordance with these requirements prcvide
added assurance that the probability of stress corrosion cracking will be
reduced during the postulated accident time interval.

Conformance with the Codes and Regulatory Guides and with the staff posi-
tions mentioned above, constitute an acceptable basis for meeting the
requirements of General Design Criteria 1, 4, 14, 35, and 41; Appendix B
to 10 CFR Part 50, and 10 CFR Part 50, S50.55a, in which the systems are
to be designed, fabricated, and erected so that the systems can perform
their function as required.

2. General Design Criteria 1, 14, and 31 and Appendix B to 10 CFR Part 50
have been met with respect to assuring that the reactor coolant boundary
and associated auxiliary systems have an extremely low probability of
leakage, of rapidly propagating failures and of gross rupture. The controls
placed on concentrations of leachable impurities in non-metallic thermal
insulation used on components of the Engineered Safety Features are in
accordance with the requirements of Regulatory Guide 1.36, " Nonmetallic
Thermal Insulation for Austenitic Stainless Steels." Compliance with the
requirements of Regulatory Guide 1.36 form a basis for meeting the require-
ments of GDC 1, 14 and 31.

The protective coating systems have been qualified by tests acceptable to
the staff. This qualification provides reasonable assurance that the
coating systems will not degrade the operation of the ESF by delaminating,
flaking or peeling.

The coatings applied are in accordance with Regulatory Guide 1.54, " Quality
Assurance Requirements for Protective C tings Applied to Water-Cooled
Nuclear Power Plants."

Conformance with this Regulatory Guide provides a basis for meeting the
requirements of Appendix B to 10 CFR Part 50, " Quality Assurance Criteria
for Nuclear Power Plants and Fuel Reprocessing Plants."

3. The requirements of GDC 4, 35, and 41 and Appendix B, 10 CFR Part 50 have
been met with respect to compatibility of ESF components with environmental
conditions associated with normal operation, maintenance, testing and
postulated accidents, including loss-of-coolant accidents since the controls
on the pH and chemistry of the reactor containment sprays and the emergency
core cooling water following a loss-of-coolant or design basis accident,
are adequate to reduce the probability of stress corrosion cracking of
the austenitic stainless steel components and welds of the enaineered safety
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features systems in containment throughout the duration of the postulated
accident to completion of cleanup.

Also, the control of the pH of the sprays and cooling water, in conjunction
with controls on selection of containment materials, is in accordance with
Regulatory Guide 1.7, " Control of Combustible Gas Concentrations in Contair
ment Following a Loss-of-Coolant Accident," and provides assurance that
the sprays and cooling water will not give rise to excessive hydrogen gas
evolution resulting from corrosion of containment metal or cause serious
deterioration of the materials in containment.

The controls placed upon component and system cleaning are in accordance
with Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning
of Fluid Systems and Associated Components of Water-Cooled Nuclear Power
Plants," and provide a basis for the finding that the components and systems
have been protected against damage or deterioration by contaminants as
stated in the cleaning requirements of Appendix B, 10 CFR Part 50.

V. IMPLEM:NTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternate
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
Commission regulations.

Ohereinarecontainedinthereferencedregulatoryguides.Implementation schedules for conformance to parts of the methods discussed

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, " General Design Criteria," and Appendix B,
" Quality Assurance Requirements for Nuclear Power Plants and Fuel
Reprocessing Plants."

2. ASME Boiler and Pressure Vessel Code, Section II, Parts A, B, and C,
Section III, Division 1, including Appendix I, Section III, Division 2,
and Section IX, American Society of Mechanical Engineers.

3. ASTM A-262, " Detecting Susceptibility to Intergranular Attack in Stainless
Steel," Annual Book of ASTM Standards, Part 3, American Society for lesting
and Materials.

4. AWS D1.1, " Structural Welding Code," American Welding Society.

5. Regulatory Guide 1.7, " Control of Combustible Gas Concentrations in
Containment Following a Loss-of-Coolant Accident."

6. Regulatory Guide 1.31, " Control of Ferrite Content in Stainless Steel Weld
Metal."

O
. Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for Austenitic7

Stainless Steel."
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8. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of
FluidSystemsandAssociatedComponentsofWater-CooledNuclearPower
Plants

9. Regulatory Guide 1.44, " Control of the Use of Sensitized Steel."

10. Regulatory Guide 1.50, " Control of Preheat Temperature for Welding
Low-Alloy Steel."

11. Regulatory Guide 1.54, " Quality Assurance Requirements for Protective
Coatings Applied to Water-Cooled Nuclear Power Plants."

12. Standard Review Plan Section 3.11, Appendix, " Chemical and Radiological
Environment in Containment During Postulated Accidents."

13. Standard Review Plan Section 5.2.3, " Reactor Coolant Pressure Boundary
Materials."

14. Standard Review Plan Section 6.2.5, " Combustible Gas Control in Containment."

15. Standard Review Plan Section 6.5.2, " Containment Spray as a Fission Product
Cleanup System."

16. Standard Review Plan Section 10.3.6, " Steam and Feedwater Systems Materials."

17 Branch Technical Position MTEB 5-7, " Material Selection and Processing
Guidelines for BWR Coolant Pressure Boundary Piping" (attached to SRP
Section 5.2.3).

18. Branch Technical Position MTEB 6-1, "pH for Emergency Coolant Water For
PWRs," attached to this SRP section.

O
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BRANCH TECHNICAL POSITION MTEB 6-1

[ pH FOR EMERGENCY COOLANT WATER FOR PWRs

A. Background

To establish the minimum value of pH in post-accident containment sprays in
pressurized water reactors, the Chemical Engineering Branch has reviewed the
available information and recommended the criteria lis,ted in the Branch Tech-

nical Position below.

The minimum pH value of 7.0 follows from the Westinghouse report (Ref. 1)
conclusion that, in ECCS solutions adjusted with NaOH to pH 7.0* or greater,
no cracking should be observed at chloride concentrations up to 1000 ppm during
the time of interest. Figure 7 of the Westinghouse report shows that the time
for initiation of cracking of sensitized and nonsensitized U-bend specimens of
Type 304 austenitic stainless steel in solutions of 7.0 pH having 100 ppm
chloride was 7-1/2 months and 10 months, respectively.

The great majority of tests reported in the Oak Ridge report, Reference 2, were
performed with pH of 4.5, and only two tests were conducted with pH values other
than 4.5. Some cracking was observed at pH 7.5 in the sensitized 304 stainless
steel U-bend specimens after 2 months exposure to Mi 7.5 and chloride concentra-
tio of 200 ppm. All of the 316 stainless steel specimens showed no evidence
of cracking. Considering the fact that in U-bond specimens the material was
sensitized, stressed beyond yield, and plastically deformed, we conclude that
the reported test conditions were much more severe than the stress conditions

(J-) likely to exist in the postaccident emerge,cy coolant systems.

We agree with the Oak Ridge conclusion that absolute freedom from failure of
any complex system such as a spray system can never be guaranteed, but, by
proper design, fabrication, and control of the corrosive environment, the
probability of failure can be significantly reduced. Our recommended minimum
pH is somewhat higher than the Oak Ridge recommendation of a minimum of 6.5.

B. Branch Technical Position

CMEB criteru for pH level of postaccident emergency coolant water to reduce
the probability of stress-corrosion cracking of austenitic stainless steel4

components, nonsensitized or sensitized, nonstressed or stressed, are as follows:

1. Minimum pH should be 7.0.

2. For the spray water recirculated from the containment s1mp, the higher I
the pH in the '.0 to 9.5 range, the greater the assurance that no stress
corrosion cracking will occur. See SRP Section 6.5.2 for additional water
chemistry requirements related to fission product removal.

3. If a pH greater than 7.5 is used, consideration should be given to the
hydrogen generation problem from corrosion of aluminum in the containment.

/O |'

Q "All pH values are at 25 C.i
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C. Evaluation Findings

The controls on the pH and chemistry of the reactor containment sprays and ECCS
solutions meet the staff positicos on postaccident chemistry requirements for
PWR emergency coolant water. It also meets the requirements of GDC 14 for
assuring the low probability of abnormal leakage or failure of the reactor
coolant pressure boundary and sifety-related structures. We conclude that the
proposed pH for emergency coolant water is acceptable.

D. References

1. D. D. Whyte and L. F. Picone, " Behavior of Austenitic Stainless Steel in
Post Hypothetical loss of Coolant Environment," WCAP-7798-L, Westinghouse
Nuclear Energy Systems, November 1971 (NES Proprietary Class 2).

2. J. C. Griess and E. E. Creek, " Design Considerations of Reactor Containment
Spray Systems - Part X, The Stress Corrosion Cracking of Types 304 and
316 Stainless Steel in Boric Acid Solutions," ORNL-TM-2412, Part X, Oak -

Ridge National Laboratory, May 1971.

O

O
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6.1.2 PROTECTIVE C0ATING SYSTEMS (PAINTS) - ORGANIC MATERIALS |

REVIEW RESPONSIBILITIES

Primary - Chemical Engineering Branch (CMEB) |

Secondary - None

I. AREAS OF REVIEW

1. The protective coating systems (paints) uf,ed inside the containment are |
evaluated as to suitability for design basis accident (DBA) conditions.

2. The stability of materials including protective coatings and organics are
examined to determine the potential formation of decomposition products under
DBA conditions. Radiation and chemical effects are considered.

CMEB will coordinate other branches evaluations that interface with the overall
review of organic materials protective coating systems as follows: The Equipment

n) Qualification Branch reviews the radiation and chemical environments of equipmentunder DBA conditions as part of its primary review responsibility for SRP(V Section 3.11, the Accident Evaluation Branch (AEB) as part of its primary review
responsibility for SRP Section 6.5.2 reviews the fission product removal effective-
ness of the containment protective coating systems as well as the containment spray
system, the Containment Systems Branch reviews the control of combustible gases
that can potent:211y be generated from the coating systems and organic materials and
reviews the consequences of solid debris that can reach the containment recircula-
tion sump as part of its primary review responsibility for SRP Sections 6.2.5 and
6.2.2 respectively, the Reactor Systems Branch as part of its primary review
responsibility for SRP Sections 5.4.7 and 6.3 reviews the effects of solid debris
on operations of fluid systems during post-accident conditions.

For those areas of review identified above as being reviewed as part of the primary
review responsibility of other branches, the acceptance criteria necessary for
the review and their methods of application are contained in the referenced SRP
section(s) of the corresponding primary branch.

Rev. 2 - July 1981
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II. ACCEPTANCE CRITERIA

CMEB acceptance criteria are based on meeting the relevant requirements of
Appendix B to 10 CFR Part 50 as it relates to the quality assurance require-
ments for the design, fabrication and construction of safety-related
structures, systems and components.

A coating system to be applied inside a containment is acceptable if it meets
the regulatory positions of Regulatory Guide 1.54 and the standards of
ANSI PC91.2.

II'. REVIEW PROCEDURES

(he reviewer telects and emphasizes aspects of the areas covered by this
review plan section as may be appropriate for a particuiar case. The judgment
on the areas to be given attention and emphasis in the review is based on an
inspection of the material presented to see whether or not it is similar to
that recently reviewed on other plants and whether items of special safety
significance are involved.

At the construction permit review stage, the reviewer verifies that the
applicant has committed to using protective coating systems which meet the
acceptance criteria.

At the operating license review stage, the reviewer determines the types and
quantities of radiation and chemical decomposition products that can be
produced from all the paints and organic materials which are exposed to the
containment atmosphere. The paints and organic materials to be considered
include those paints that are specified in the Safety Analysis Report (SAR),
unspecified protective coatings on small machinery and equipment, and organic
materials such as cable insulation. The determination is based on documented |
test data provided by the applicant. If test data are unavailable, a conserva-
tive analysis is required. The environmental ce9ticions for the test and
analysis must be comparable to those specified in Section 3.11 of the SAR. In
the absence of test data on specific coating systems and organic materials,
the data in Reference 3 may be used to estimate the rat ^s of hydrogen
formation from zinc priners and from zinc primers plus topcoats. Cable
insulation is assumed to generate hydrogen by radiolysis with a yield
comparable to that of polyethylene (Reference 4). Unqualified paints (organic
or inorganic), those that do not meet the acceptance criteria of this
Standard Review Plcn section, are assumed to form solid debris under DBA
conditions. Unqualified paints that contain only organic materials and that
do not meet the acceptance criteria of this Standard Review Plan section, are
assumed to generate hydrogen by radiolytic decomposition with a yield
comparable to that of organic polymers (Reference 4).

If combustible gases such as hydrogen and methane can be generated, the
reviewer notifies the Containment Systems Branch if this source is not
included in Section 6.2.5 of the SAR. If a system to control combustible
vapors is not provided, then the release of volatile alkanes to form organic
iodides is of additional concern. The yield of urganic iodides relative to
the total iodine released after a C > is estimated using the data of Reference 5
and any applicable experimental re. o'. ts submitted by the applicant. The
Accident Evaluation Branch chould be notified of the estimated organic iodide
formation.
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If solid debris can be produced, the Containment Systems Branch and Reactor
Systems Branch should be notified of the quantity of debris that can result

[]/ determines that the solid debris can reach the containment recirculation sump,
from decomposition of unqualified materials. If the Containment Systems Bracch

\
the Reactor Systems Branch determines the effects of the debris on the
operation of post-accident fluid systems.

Any exception to Regulatory Guide 1.54 involving quality assurance and quality
control requirements should be referred to the Quality Assurance Branch for
review and resolution.

Adver:;a interactions, if any, under DBA conditions, between the potential
decomposition products, namely hydrogen and solid debris, and the engineered
safety features are evaluated under SRP Sections 6.2.5 and 6.2.2,
respectively.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and the
review and calculations support conclusions of the following types, to be
included in the staff's safety evaluation report:

The staff concludes that the protective coating systems and their applications
are acceptable and meet the requirements of Appendix B to 10 CFR Part 50.
This conclusion is based on the applicant having met the quality assurance
requirements of Appendix B to 10 CFR Part 50 since the coating systems and
their applications meet the positions of Regulatory Guide 1.54, " Quality
Assurance Requirements for Protective Coatings Applied to Water-Cooled Nuclear

(nV)
Power Plants" and the quality assurance standards of ANSI N101.2, " Protective
Coatings (Paints) for Light Water Nuclear Reactor Containment Facilities".
Also, the containment coating systems have been evaluated as to their suita-
bility to withstand a postulated design basis accident (DBA) environment. The
coating systems chosen by the applicant have been qualified under conditions
which take into account the postulated DBA conditions.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licersees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff .n its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide.

VI. REFERENCES

1. Regulatory Guide 1.54, " Quality Assurance Requirements for Protective
Coatings Applied to Water-Cooled Nuclear Power Plants."

2. ANSI N101.2, " Protective Coatings (Paints) for Light Water NuclearA) Reactor Containment Facilities," American National Standards Institute!
V (1972).
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3. H. E. Zittel, " Post-Accident Hydrogen Generation from Protective Coatings
in Power Reactors," Nuclear Technology, Volume 17, pp. 143-146 (1973).

4. R.d.BoltandJ.G. Carroll,"RadiationEffectsonOrganicMaterials,"
Academic Press, New York (1963).

5. A. K. Postma and R. W. Zavadoski, " Review of Organic Iodide Formation
Under Accident Conditions in Water-Cooled Reactors," WASH-1233 (1972).

6. 10 CFR Part 50, Appendix B, Quality Assurance Criteria For Nuclear
Power Plants and Fuel Reprocessing Plants.
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6.2.1 CONTAINMENT FUNCTIONAL DESIGN

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - See secondary review responsibilities of the seven SRP sections
listed below for the various containment types and aspects.

INTRODUCTION

The CSB reviews information regarding the functional capability of the reactor con-
tainment presented in Section 6.2.1 of the applicant's safety analysis report (SAR).
The containment encloses the reactor system and is the final barrier against the
relecce of significant amounts of radioactive fission products in the event of an
accident. The containment structure must be capable of withstanding, without loss
of function, the pressure and temperature conditions resulting from postulated loss-
of-coolant, steam line or feedwater line break accidcats. The containment structure
must also maintain functional integrity in the 1(my term following a postulated

j accident; i.e., it must remain a low leakage barrier against the release of fis-
L/ sion products for as long as postulated accident conditions require.

The design and sizing of containment systems are largely based on the pressure and
temperature conditions which result from release of the reactor co&n* in the
event of a loss of-coolant accident (LOCA). The containment design basis includes
the effects of stored energy in the reactor coolant system, decay energy, and ener-
gy from other sources such as the secondary system, and metal-water reactions in-
cluding the recombination of hyc'rogen and oxygen. The containment system is not
required to be a complete and independent safeguard against a LOCA by itself, but
functions to contain any fission products released while the emergency core cooling
system cools the reactor core.

!

The evaluation of a containment functional design includes calculation of the
various effects associated with the postulated rupture in the primary or secondary
coolant system piping. The subsequent thermodynamic effects in the containment
resulting from the release of the coolant mass and energy are determined from a
solution of the incremental space and time-dependent energy, mass, and momentum

Rev. 2 - July 1981
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Standard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and coerate nuclear power plants. These documer'ts are made available to the public as part of the
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| Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

I Comments ano suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation, Washington, D.C. 20565.
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equations. The basic functional design requirements for containment are given
in General Design Criteria 16 and 50 in Appendix A to 10 CFR Part 50. General
Design Criterion 50, among other things, requires that consideration be given
to the rotential consequences of degraded engineered safety features, such as
the containment heat removal system and the emergency core cooling system, the
limitations in defining accident phenomena, and the conservatism of calculational
models and input parameters, in assessing containment design margins.

General Design Criteria 52 and 53 provide design requirements to assure that
the design can accommodate a peilodic integrated leakage rate testing at design
pressures, and to assure that the design permits periadic inspections and appro-
priate surveillance programs. The basic fLictional design requirements for a
leak tight containment barrier for piping systems peretrating the primary reactor
containment are given in General Design Criteria 54 thru 57. The General Design
Criteria provide design requirements for the installation of containment isola-
tion valves on piping lines that penetrate the containment barrier.

There are a number of different containment types and designs, and several aspects
of containment functional design that are within the scope of SAR Section 6.2.1.
The various containment types and aspects te be reviewed under this SRP section
have been separated and assigned to a set of other SRP sections as follows:

1. Pressurized water reactor (PWR) dry containments, including sub-atmospheric
containments (SRP Section 6.2.1.1.A).

2. Ice condenser containments (SRP Section 6.2.1.1.B).

3. Mark I, II, and III boiling water reactor (BWR) pressure-suppression type
containnents (SRP Section 6.2.1.1.C).

4 Subcom;artment analysis (SRP Section 6.2.1.2).

5. Masr and energy release analysis for postulated loss-of-coolant accidents .

(SRP Section 6.2.1.3).

; 6. Mass and energy release analysis for postulated secondary system pipe
i ruptures (SRP Section 6.2.1.4).

7. Minimum containment pressure analysis for emergency core cooling system,

I (ECCS) performance capability studies (SRP Section 6.2.1.5).
1

A separate SRP section has been prepared for each of these areas.

Areas releted to the evaluation cf the containment functional capability are
treated in other SRP sections; e.g., Containment Heat Removal (SRP Section 6.2.2),
Containment Isolation System (SRP Section 6.2.4), Combustible Gas Control (SRP
Section 6.2.5), and Containment Leakage Testing (SRP Section 6.2.6). In addition,

the evaluation of the secondary containment functional design capability is
reviewed in SRP Section 6.2.3.

I. AREAS OF REVIEW

The items reviewed are described in the " Areas of Review" subsections of the
seven SRP sections listed above.

6.2.1-2 Rev. 2 - July 1981
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i

II. ACCEPTANCE CRITERIA

+p The acceptance criteria are given in the " Acceptance Criteria" subsections of
the seven SRP sections listed above.

.

III. REVIEW PROCEDURES

Review procedures are given in " Review Procedures" subsections of the seven
SRP sections listed above.

IV. EVALUATION FINDINGS

The results of the reviews under the seven SRP sections listed above are '

consolidated into a single set of findings. The reviewer verifies that suffi-
cient information has been provided and that the evaluation is adequate to
support conclusions of the following type, to be included in the staff's,

| safety evaluation report:

Containment Functional Design

j The scope of review of the functional design of the contr.inment for the
nuclear power plant has included a review of plant arrangement

; drawings, system drawings, and descriptive information for the containment
' building, subcompartments, and associated systems, components, and struc-

tures that are essential to the functional capability and integrity of
,

i the containment. The review has included the applicant's proposed design
" bases for the containment building and internal structures, and associated

structures and systems upon which the containment function depends, and
; ) the applicant's analysis of postulated accidents and operational occurrences

which support the adequacy of the design bases.

The basis for the staff's acceptance has been conformance of designs and
design bases for the containment building, internal structures, and
associated systems, components, and structures to the Commission's regula-
tions as set forth in the general design criteria, and to applicable

'

regulatory guides, branch technical positions, and industry codes andi

standards. (Special problems or exceptions that the staff takes to the
design or functional capability of containment structures, systems, and
components should be discussed.)

To support the basis for the staff's acceptance of the containment system, .

the reviewer of the containment system should include in the staff's !

safety evaluation report, as necessary, the results of the reviews for
the seven SRP sections above. The SER writeup should demonstrate con-
formance with the Commission regulations in the manner indicated. The
staff concludes that the containment functional design is acceptable and
meets the requirements of General Design Criteria 16, 50, 52 and 53. The
conclusion is based on the following: [The reviewer should discuss each
item of the regulations or related set of regulations as indicated.]

1. The applicant has met the requirements of (cite regulation) with
respect to (state limits of review in relation to regulation) by (for
each item that is applicable to the review, state how it was met and

a why acceptable with respect to regulation being discussed):

' (Vi
'
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meeting the regulatory positions in Regulatory Guidea.
or Guides;

b. providing and meeting an alternative method to regulatory posi-
tions in Regulatory Guide , that the staff has reviewed
and found to be acceptable;

c. meeting the regulatory position in BTP;

d. using calculational methods for (stete what was evaluated) that
has been previously reviewed by the staff and found acceptable;
the staff has reviewed the impact parameters in this case and
found them to be suitably conservative or performed independent
calculations to verify acceptability of their analysis; and/or

meeting the provisions of (industry standard number and title)e.
that has been reviewed by the staff and determined to be
appropriate for this application.

2. Repeat discussion for each regulation cited above.

3. The temperature / pressure profiles provided in the Final Safety Analysis
Report for the spectrum of LOCA and main steam line break accidents
are acceptable for use in equipment qualification, i.e., there is
reasonable assurance that the actual temperatures and pressures for
the postulated accidents will not exceed these profiles anywhere
within the specified environmental zones, except in the break zone.

V. IMPLEMENTATION

The implementation schedules are given in the " Implementation" sections of the
seven SRP sections listed above.

VI. RE[_ERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases"; Criterion 13, " Instrumentation and Control";
Criterion 16, " Containment Design"; Criterion 38, " Containment Heat
Removal"; Criterion 39, " Inspection of Containment Heat Removal System";

1 Criterion 40, "Te:. ting of Containment Heat Removal System"; Criterion 50,
" Containment Design Basis"; Criterion 52, " Capability for Containment
Leakage Rate Testing"; Criterion 53, " Provisions for Containment Testing
and Inspection"; Criterion 54, " Systems Penetrating Containment";
Criterion 55, " Reactor Coolant Pressure Boundary Penetiating Containment";
Criterion 56, " Primary Containment Isolation"; Criterion 57, " Closed System
Isolation Valves"; and Criterion 64, "Menitoring Radioactivity Release."

2. 10 CFR 950.46, " Acceptance Criteria for Emergency Core Cooling Systems
for Light Water Nuclear Power Reactors," and 10 CFR Part 50, Appendix K,
"ECCS Evaluntion Models."

3. ASME Boiler and Pressure Vessel Code, Section II, Division 1, Subsection
NE, " Class MC Components," American Society of Mechanical Engineers.

4. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential Radio-
logical Consequences of a Loss-of-Coolant Accident for Boiling Water Reactors."
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5. Regulatory Guide 1.4, "Assuinptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Pressurized
Water Reactors."

6. C. F. Carmichael and S. A. Marks, " CONTEMPT-PS, A Digital Computer Code
for Predicting the Pressure-Temperature History Within a Pressure-
Suppression Containment Vessel in Response to a Loss-of-Coolant Accident,"

|

! 100-17252, Phillips Petroleum Company, April 1969.

7. L. C. Richardson, L. J. Finnegan, R. J. Wagner, and J. M. Waage,
; " CONTEMPT, A Computer Program for Predicting the Containment Pressure-

Temperature Response to a Loss-of-Coolant Accident," 100-17220, Phillips
Petroleum Company, June 1967.

!

8. R. J. Wagner and L. L. West, " CONTEMPT-LT Users Manual," Interim
Report I-214-74-12.1, Aerojet Nuclear Company, August 1973.

9. R. I. Miller, " Evaluation of the Predictive Capabilities of the
CONTEMPT-PS Computer Code by Comparison of Calculated Results with the
Humboldt Bay and Bodega Bay Pressure Suppression Tests," Interim
Report 4.2.1.1, Idaho Nuclear Corporation, September 1970.

.i 10. T. Tagami, " Interim Report on Safety Assessments and Facilities
i Establishment Project in Japan for Period Ending June 1965 (No. 1),"

prepared for the National Reactor Testing Station, February 28, 1966|
-

(unpublished work).

n 11. H. Uchida, A. Oyama, and Y. Toga, " Evaluation of Post-Incident Cooling
) Systems of Light-Water Power Reactors," Proc. Third International
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6.2.1.1.A PWR DRY CONTAINMENTS, INCLUDING SUBATMOSPHERIC CONTAINMENTS

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

For pressurized water reactor (PWR) plants with dry containments, the CSB review
covers the following areas:

1. The temperature and pressure conditions in the containment due to a spectrum
(including break size and location) of postulated loss-of-coolant accidents
(i.e., reactor coolant system pipe breaks) and secondary system steam and feed-
water line breaks.

2. The maximum expected external pressure to which the containment may be
} subjected.

[O
3. The minimum containment pressure that is used in analyses of emergency core

cooling system capability.

4. The effectiveness of static and active heat removal mechanisms.

5. The pressure conditions within subcompartments that act on system components
and supports due to high energy line breaks.

6. The range and accuracy of instrumentation that is provided to monitor and
record containment conditions during and following an accident.

CSB will coordinate the primary review responsibilities of other branches that
interface with the CSB evaluation of the containment functional design. These
interfaces include the following: The Instrumentation and Control Systems Branch
(ICSB), under SRP Section 7.5, evaluates (1) the electrical design of the instru-
mentation provided to monitor and record containment conditions during and following
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an accident; and (2) the effectiveness of the administrative controls and the

instrumentation and control provisions to prevent inadvertent operation of the
containment heat removal systems or system trains. The Structural Engineering
Branch (SEB), under SRP Section 3.8.3, evaluates the design adequacy of the con-
tainment and its internal structures. The Mechanical Engineering Branch (MEB).
under SRP Section 3.9.3, evaluates the design adequacy of mechanical components
and their supports. The Licensing Guidance Branch (LGB), under SRP Section 16.0,
reviews proposed technical specifications at the operating license stage of
review that pertains to the surveillance requirements for spring or weight loaded
check valves used in subatmospheric containments and vacuum relief devices.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria neces-
sary for the review and '. heir methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

CSB acceptance criteria are based on meeting the following regulations:

1. General Design Criterion (GDC) 16, as it relates to the reactor containment
and associated systems being designed to assure that containment design
conditions important to safety are not exceeded for as long as postulated
accident conditions require. Since the primary reactor containment is the
final barrier of the defense-in-depth concept to protect against the
uncontrolled release of radioactivity to the environs, preserving contain-
ment integrity under the dynamic conditions imposed by postulated loss of
coolant accidents is essential.

2. General Design Criterion 50, as it relates to the reactor containment struc-
ture and associated heat removal system (s) being designed so that the contain-
ment structure and its internal compartments can accommodate the calculated
pressure and temperature conditions resulting from any loss-of-coolant acci-
dent without exceeding the design leakage rate and with sufficient margin.

3. General Design Criterion 38, as it relates to the containment heat removal
system (s) function to rapidly reduce the containment pressure and tempera-
ture following any loss-of-coolant accident and maintain them at acceptably
low levels.

4. General Design Criterion 13, as it relates to instrumentation ara control,
requires instrumentation be provided to monitor variables and systems over
their anticipated ranges for normal operation and for accident conditions
as appropriate to assure adequate safety.

5. General Design Criterion 64, as it relates to monitoring radioactivity
releases, requires means be provided for monitoring the reactor containment
atmosphere for radioactivity that may be released from normal operations
and from postulated accidents.

Specific criterion or criteria that pertain to design and functional capability
of PWR dry containment, including subatmospheric containments that are used to
meet the relevant requirements of the regulations are as follows:

a. To satisfy the requirements of GDC 16 and 50 regarding sufficient design
margin, for plants at the constructio., permit (CP) stage of review, the
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containment design pressure should provide at least a 10% margin above
the accepted peak calculated containme'it pressure following a loss of-'

coolant accident, or a steam or feedwater line break. For plants at the
operating license (0L) stage of review, the peak calculated containment
pressure following a loss-of-coolant accident, or a steam or feedwater
line break, should be less than the containment design pressure. In
general, the peak calculated containment pressure should be approximately4

{ the same as at the construction permit stage of review. However, revised
j or upgraded analytical models or minor changes in the as-built design of

the plant may result in a decrease in the margin.'

b. To satisfy the requirements of GDC 38 to rapidly reduce the containment
pressure, the containment pressure should be reduced to less than 50% of
the peak calculated pressure for the design basis loss-of-coolant acc.ident1

within 24 hours after the postulated accident. If analysis shows that the
calculated containment pressure may not be reduced to 50% of the peak
calculated pressure within 24 hours, the Accident Evaluation Branch (AEB).

should be notified.

To satisfy the requirement of GDC 38 to rapidly reduce the containmentc.j
-

pressure, the containment pressure for subatmospheric containments should
; be reduced to below atmospheric pressure within one hour after the
; postulated accident, and the subatmospheric condition maintained for at
j least 30 days.

d. To satisfy the requirements of GDC 38 and 50 with respect to the'

containtant heat removal capability and design margin, the loss-of-
coolant accident analysis should be based on the assumption of loss of
offsite power and the most severe single failure in the emergency power
system (e.g., a diesel generator failure), the containment heat removal
systems (e.g., a fan, pump, or valve failure), or the core cooling:

systems (e.g., a pump or valve failure). The selection made should,

result in the highest calculated containment pressure.,

,

To satisfy the requirements of GDC 38 and 50 with respect to thee.;

containment heat removal capability and design margin, the containment
response analysis for postulated secondary system pipe ruptures should be
based on the most severe single active failure in the containment heat
removal systems (e.g. , a fan, pump, or valve failure) or the secondary

i system isolation provisions (e.g., a fan, pump, or valve failure) or the
i secondary system isolation provisions (e.g. , main steam isolation valve

failure or feedwater line isolation valve failure). The analysis should
also be based on a spectrum of pipe break sizes and reactor power levels.,

The accident conditions selected should result in the highest calculatedi

| containment pressure or temperature depending on the purpose of the
analysis. Acceptable methods for the calculation of the containment
environmental response to main steam line break accidents are found in
NUREG-0588 (Ref. 35).

:

f. To satisfy the requirements of GDC 38 and 50 with respect to the
functional capability of the containment heat removal systems and
containment structure under loss-of-coolant accident conditions,
provisions should be made to protect the containment structure against
possible damage from external pressure conditions that may result, for
example, from inadvertent operation of containment heat removal systems.

| The provisions made should include conservative structural design to

;
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assure that the containment structure is capable of withstanding the maximum
expected external pressure; or interlocks in the plant protection system
and administrative controls to preclude inadvertent operation of the systems.
If the containment is designed to withstand the maximum expected external
pressure, the external design pressure of the containment should provide
an adequate margin above the maximum expected external pressure to account
for uncertainties in the analysis of the postulated event.

g. In accordance with the requirements of GDC 13 and 64, instrumentation
capable of operating in the post-accident environment should be provided
to monitor the containment atmosphere pressure and temperature and the
sump water level and temperature following an accident. The instrumentation
should have adequate range, accuracy, and response to assure that the above
parameters can be trackad and recorded throughout the course of an accident.
Item II.F.1 of NUREG-0737 and NUREG-0718, and Regulatory Guide 1.97,
" Instrumentation For Light Water Cooled Nuclear Power Plants to Assess
Plant Conditions During and Following An Accident," should be followed.

h. The minimum calculated containment pressure should not be less than that
used in the analysis of the emergency core cooling system capability (See
SRP Section 6.2.1.5, " Minimum Containment Pressure Analysis for Emergency
Core Cooling System Performance Capability Studies").

i. Containment internal structures and system components (e.g., reactor vessel,
pressurizer, steam generators) and supports should be designed to withstand
the differential pressure loadings that may be imposed as a result of pipe
breaks within the containment subcompartments (See SRP Section 6.2.1.2,
"Subcompartment Analysis").

III. R_EVIEW PROCEDURES

The following procedures are for the review of PWR dry containments. The
reviewer selects and emphasizes material from these procedures as may be
appropriate for a particular case. Portions of the review may be carried out
on a generic basis for aspects of functional design common to a class of dry
containments or by adopting the results of previous reviews of plants with
essentially the same containment functional design.

Upon request from the primary reviewer, the coordinated review branches will
provide input for the areas of review stated in subsection I of this SRP
section. The primary reviewer obtains and uses such input as required to
assure that this review procedure is complete.

The CSB reviews the containment response analyses to determine the acceptability
of the calculated containment design pressure and temperature, and in addition,
the containment depressurization time. The AEB must be notified if the contain-
ment depressurization time does not meet the acceptaace criterion. The CSB
reviews the assumptions made in the analyses to maximize the calculated contain-
ment pressure and temperature. The CSB determines the conservatism of the
respective containment response analyses by comparing the analytical models,
and the assumptions made, with the acceptance criteria in subsection II of this
SRP section and by performing appropriate confirmatory analyses. It is not

necessary to perform accident pressure calculations for every plant. The CSB
will ascertain, however, that the adequacy of the applicant's calculational
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model has been demonstrateac The CSB determines that the applicant has identi-
fied the pipe break (s) resulting in the highest containment pressure and tempera-
ture. Hot leg, cold leg (pump suction), and cold leg (pump discharge) pipe
breaks of the reactor coolant system, and secondary system steam and feedwater, g
line breaks, should be analyzed by the applicant. The CSB reviews the assump-

'

tions used to determine that the analyses are acceptably conservative.

The CSB performs confirmatory' containment response analyse; when necessary using
the CONTEMPT-LT computer code (References 6 and 7). The purpose of these analyses
is to confirm the applicant's predictions of the response of the containment
to loss-of-coolant accidents and main steam and feedwater line breaks. In general,
only the limiting pipe breaks, i.e., the pipe breaks which establish the contain-

j ment design pressure and containment depressurization time, are analyzed. However,
,

,

if in the judgment of the CSB the worst break has not been identified, other;

pipe breaks will be analyzed.'

The CSB reviews analyses of the ' external pressure of the containment structure
! caused by pressure and temperature changes inside the containment due to

inadvertent' operation of containment heat removal systems. The CSB determines
whether the most severe condition has been identified and whether the analysis,

i was done in a conservative manner. If the primary containment is not designed
: to withstand the maximum external pressure, the CSB will evaluate the accepta-

bility of the provisions made in the plant design to mitigate or withstand the
consequences of the above postulated events, and will evaluate in conjunction
with the ICSB, the administrative controls and instrumentation and control

~

provisions to preclude these events.

The CSB reviews the accuracy and range of the instrumentation provided to
)monitorthepcst-accidentenvironment. The ICSB, under SRP Section 7.5, and"-

j the EQB, under SRP Section 3.11, have review responsibility for the accepta-
bility of, and the qualification test program for the sensing and actuation
instrumentation of the plant protection system and the post-accident monitoring

Q'- instrumentation and recording equipment.
ik.
| IV. EVALUATivN FINDINGS

The conclusions reached on completion of the review of this SRP section are
presented in SRP Section 6.2.1.

,
'

: ' ( V. IMPLEMENTATION
y

The following is intended to provide guidance to applicants and licensees
, regarding the NRC staff's plan for-using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,,

. the method described herein will be used by the staff in its evaluation of
; conformance with Commission regulations.

'

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

<,

VI. REFERENCES
t

I The references for this SRP W . . a listed in SRP Section 6.2.1.

6.2.1.1.A-5 Rev. 2 - July 1981, s
,

. . , ______ _ _ _ . _ . _ _ _ . - - _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ - _ _ - _ - - _ _ - - - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ .



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

.

NU REG-0800
(FcrmIrly NUREG-75/087)

hp AEGg$>
p

p gw ,s U.S. NUCLEAR REGULATORY COMMISSION

U if; v/)/OFFICE OF NUCLEAR REACTOR REGULATIONfj |STANDARD REV EW PLAN
,

's
eee.e

6.2.1.1.B ICE CONDENSER CONTAINMENTS

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

The CSB review of ice condenser containments includes the following areas:

1. The pressure and temperature conditions in the containment due to a spectrum
(including break size and location) of loss-of-coolant accidents (i.e. , reactor
coolant system pipe breaks) and steam and feedwater line breaks.

2. The maximum expected external pressure to which the containment may be
subjected.

p) 3. The design of the ice condenser system.g
m

4. The pressure conditions within containment internal struc Nres that act on
system components and supports due to high energy line breaks.

5. The maximum allowable operating deck steam bypass area for a full spectrum pf
reactor coolant system pipe breaks.

6. The design provisions and proposed surveillance program to assure that '.he 'ce
condenser will remain operable for all plant operating conditions.

7. The design of the return air fan systems.

8. The effectiveness of static and active heat removal mechanisms.

9. The minimum containment pressure that is used in the analyses of emergency
core cooling system capability.

Rev. 2 - July 1981
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10. The range and accuracy of instrumentation that is provided to monitor and
record containment conditions during and following an accident.

CSB will coordinate the primary review responsibilities of other branches that
interface with the CSB evaluation of the containment functional design. These
interfaces include the following:

The Instrumentation and Control Systems Branch (ICSB), as part of its primary
responsibility under SRP Section 7.5, evaluates the instrumentation provided to
monitor and record containment conditions during and following an accident.
The Equipment Qualification Branch (EQB), as part of its primary review
responsibility under SRP Section 3.11, will review the acceptability of, and
the qualification test program for, the ice condenser components, sensing and
actuation instrumentation of the plant protection system and the post-accident
monitoring instrumentation and recording equipment. The review of the design
adequacy of the containment and its internal structures is coordinated and
performed by the Structural Engineering Branch (SEB) as part of its primary
review responsibility under SRP Section 3.8. The review of mechanical components
and their supports is coordinated and performed by the Mechanical Engineering
Branch (MEB), as part of its primary review responsibility under SRP Section 3.9.
The Mechanical Engineering Branch (MEB) will review the seismic design and
quality group classification of systems and components as part of its primary
review responsibility under SRP Section 3.2. The fission product removal
capability of the ice condenser is evaluated by the Accident Evaluation Branch
(AEB), as part of its primary review responsibility under SRP Section 6.5.
The review of proposed technical specifications at the operating license
stage of review, pertaining to the surveillance requirements for steam bypass
area, return air fan system operability, ice condenser operability, and vacuum
relief devices is performed by the Lit :nsing Ggidance Branch (LGB) as part of
its primary review responsibility under SRP Section 16.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

CSB acceptance criteria are based on meeting the following regulations:

| 1. General Design Criterion (GDC) 16, as it relates to the reactor containment
and associated systems being designed to assure that containment design
conditions important to safety are not exceeded for as long as postulated
accident conditions require. Since the primary reactor containment is the
final barrier of the defense-in-depth concept to protect against the
uncontrolled release of radioactivity to the environs, preserving
containment integrity under the dynamic conditions imposed by postulated
loss-of-coolant accidents is essential.

. 2. General Design Criterion 50, as it relates to the reactor containment
| structure and associated heat removal system (s) being designed so that the

containment structure and its internal compartments can accommodate the
calculated pressure and temperature conditions resulting from any loss-of-

i coolant accident without exceeding the design leakage rate and with
| sufficient margin.
|
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3. General Design Criterion 38, as it relates to the containment heat
q removal system (s) function to rapidly reduce the containment pressure and<

I I temperature following any loss-of-coolant accident and maintain them atV acceptably low levels.

4. General Design Criterion 39, as it relates to the containment heat
removal system (s) being designed to permit periodic inspection of
important components to assure their integrity and capability.

5. General Design Criterion 40, as it relates to the appropriate periodic
testing to assure system operability. |

,

6. General Design Criterion 13, as it relates to instrumentation and i

control, requires instrumentation be provided to monitor variables and
systems over their anticipated ranges for normal operation and for,

accident conditions as appropriate to assure adequate safety.'

7. General Design Criterion 64, as it relates to monitoring radioactivity
releases, requires that means be provided for monitoring the reactor
containment atmosphere for radioactivity that may be released from normal
operations and from postulated accidents.

Specific criterion or criteria that pertain to design and functional
capability of PWR ice condenser containment that are used to meet the relevant
requirements of the Commission regulations identified above are as follows:

1. In meeting the requirements of General Design Criteria 16, 38, and 50
regarding the functional capability of the containment and associated(p) heat removal system to preserve containment integrity under postulated>

high-energy line break accident conditions, the containment pressure andv
i

i temperature response should be calculated using the LOTIC-1 (or an
equivalent) computer code (Ref. 25).'

For plants under review for construction permits, the containment design
pressure should provide at least a 20% margin above the highest calcu-
lated accident pressure. For plants under review for operating licenses,
the highest calculated accident pressure should not exceed the design
pressure of the containment.

The containment pressure and temperature response to postulated secondary
system pipe ruptures should be based on the most severe single active ,

failure of the isolation provisions in the secondary system (e.g., main
steam isolation valve failure or feedwater line isolation valve failure).
The analysis should also be based on a spectrum of pipe break sizes and
reactor power levels. The accident conditions selected should result in
the highest calculated containment pressure or temperature, depending on
the purpose of the analysis. Acceptable methods for the calculation of
the containment environmental response to main steam line break accidents
are found in NUREG-0588 (Ref. 35).

2. In meeting the requirements of General Design Criterion 50 regarding the '

integrity of containment internal structures, the containment subcompart-
ment or control volume differential (internal) pressures should be

O calculated using the Transient Mass Distribution (TMD) computer code( (Ref. 22), without the augmented critical flow correlation. TMD should;

incorporate the heat transfer correlation developed from the 1974
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full scale ice condenser tests and should include the compressibility
factor "Y" in the incompressible flow equation.

For plants being reviewed for construction oermits, the design differen-
tial pressures for all ice condenser control volumes or subcompartments,
and system components (e.g., reactor vessel, pressurizer, steam generators)
and supports, should provide at least a 40% margin above the highest
calculated differential pressures. For plants being reviewed for operating
licenses, the highest calculated differential pressures for all ice condenser
control volumes or subcompartments should not exceed the corresponding
design differential pressures.

The operating deck, steam generator and pressurizer enclosures, and ice
condenser lower inlet doors should be designed to withstand the maximum
calculated reverse differential pressures between the upper and lower
compartments using the LOTIC-2 computer code (Ref. 26). To account for
uncertainties in the analysis of reverse differential pressures, an
adequate margin should be provided above the maximum calculated reverse
differential pressure.

3. In meeting the requirements of General Design Criteria 16 and 38 regarding
the functional capability of the containment heat removal system to reduce
rapidly, and without exceeding containment design conditions, the contain-
ment pressure and temperature under postulated accident conditions, the
maximum allowable area for steam bypass of the ice condenser should be
greater than the identifiable bypass area for the plant (e.g., the drain-
oge provisions to allow containment spray water to return from the upper
compartment to the sumps in the lower compartment). The bypass area capa-
bility of the plant should be based on analyses of the spectrum of
postulated reactor coolant system pipe breaks, and should be about 35 square
feet or greater.

4. In meeting the requirements of General Design Criteria 39 and 40 regarding
the inspection and testing of containment heat removal systems, the design
of the ice condenser system and reteen fan system should incorporate pro-
visions for periodic inservice inspect m and testing of essential system
components; e.g., the ice baskets and doors, the ice condenser temperature
monitoring system, the available mass of ice, and return air fan performance
and controls.

5. In meeting the requirements of General Design Criterion 16 regarding the
containment design conditions important to safety, inadvertent operation
of engineered safety features (e.g., the return air fan system or the
containment spray system) should not cause the external design pressure
of the primary containment to be exceeded. This may be accomplished
through conservative containment design, use of vacuum relief devices, or
electrical interlocks that preclude inadvertent operation of the spray
and fan systems.

In meeting the requirements of General Desi |
mentation capable of operating in the post'gn Criteria 13 and 64, instru-

6.
-accident environment should be

provided to monitor the containment atmosphere pressure and temperature
and the sump water level and temperature following an accident. The instru-
mentation should have adequate range, accuracy, and response to assure
that the above parameters can be tracked and recorded throughout the course
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of an accident. Item II.F.1 of NUREG-0737 and NUREG-0718, and Regulatory
Guide 1.97, " Instrumentation For Light-Water-Cooled Nuclear Power Plants
to Assess Plant Conditions During and Following an Accident," should bep
followed.

7. The minimum calculated containment pressure as determined by the LOTIC-2
Code (Ref. 26) should not be less than that used in the analysis of the
emergency core cooling system capability (see SRP Section 6.2.1.5,
" Minimum Containment Pressure Analysis for Emergency Core Cooling System;

Performance Capability Studies").

III. REVIEW PROCEDURES

The procedures described below are followed for the review of ice condenser
containments. The reviewer selects and emphasizes material from these
procedures as may be appropriate for a particular case. Portions of the;

review may be carried out on a generic basis for aspects of functional design'

common to a class of ice condenser containments or by adopting the results of
previous reviews of plants with essentially the same containment functional
design.*

<

Upon request from the primary reviewer, the coordinated review branches will
provide input for the areas of review stated in subsection I=of this SRP

| section. The primary reviewer obtains and uses such input as required to
assure that this review procedure is complete.

1. The CSB evaluates the design of the ice condenser type containment by
comparing it to the design information presented in Appendices M and N to

( the D. C. Cook FSAR, and discussed in the staff's safety evaluation

_( report on the plant (Ref. 21). The CSB has reviewed the design of the
Cook ice condenser as reported in these documents and has found that it
satifies the acceptance criteria stated in subsection II of this SRP
section. Any differences from the design reported in the Cook documents
are evaluated. The CSB determines that all design changes have been
justified.

2. The CSB reviews the analysis of the containment pressure and temperature
i response to postulated loss-of-coolant accidents. The CSB has reviewed
j the LOTIC-1 code which is used to determine the containment pressure and
I temperature response, and has determined that the code is acceptable for
' containment analysis. The CSB assures that the LOTIC-1 code has been

used and that the input assumptions to the code are conservative. Code
revisions and improvements will also be considered.

i The CSB reviews the analysis of the containment temperature and pressure
response to postulated secondary system pipe ruptures. The NRC staff has
reviewed the LOTIC-3 code and has determined that it is acceptable for
the calculation of ice condenser containment analysis for steam line
break accidents. The CSB assures that the LOTIC-3 code has been used and
that plant-sensitive input assumptions used in the analysis of the
containment response are conservative.4

CSB determines from the results of analyses of postulated loss-of-coolant
accidents and secondary system pipe ruptures that the peak calculated;

,
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containment pressure does not exceed the design pressure of the contain-
ment, for plants at the operating license stage of review. For plants at
the construction permit stage of review, the CSB will ascertain from the
results of analyses reported in the safety analysis report that the design
pressure provides a margin of at least 20% above the maximum calculated
pressure.

Upon request of the EQB, the CSB will (a) determine the maximum
temperature transients calculated for postulated loss-of-coolant
accidents and secondary system pipe ruptures have been considered in
establishing the environmental qualification requirements for equipment
and components required to mitigate the consequences of loss-of-coolant
accidents and secondary system pipe ruptures, respectively; and (b) review
the analytical methods and assumptions used in the thermal analysis, if
thermal analysis is used to establish the qualification of instrumentation
and components for use in superheated steam envircnments.

The CONTEMPT-4 code is being developed to provide improved capability to
analyze the long-term response of an ice condenser containment to a
loss-of-coolant accident. When the CONTEMPT-4 code is available, the CSB
will perform confirmatory analyses using this code.

3. The TMP code is used to evaluate the transient pressure responses
(internal) of the ice condenser containment subcompartments. The code is
described in the proprietary report WCAP-8077 (Ref. 22). The TMD code
utilizes an ice condenser heat transfer coefficient obtained from the
1974 full-scale section tests of the ice condenser. The TMD code also
utilizes a compressibility factor "Y" to account for compressible flow
effects. As stated in the D. C. Cook Safety Evaluation Report, the CSB
has reviewed tha assumptions and equations used in the TMD code and with
the exception of the critical flow model used to predict subcompartment
vent mass flow rates, has concluded that the TMD code conservatively
calculates transient pressure response.

The TMD code calculates the critical flow of a two-component, two phase
fluid (air, steam, and water) assuming a thermal equilibrium condition.
However, a correction factor is then applied to the calculated critical
flow. The CSB has not accepted the use of this corrected critical flow,
referred to as " augmented flow," and has required that the short-term
transient responses of subcompartments be determined using the TMD code
without applying a correction factor to the critical flow; i.e., without
the " augmented flow" correlation.

| Before accepting the containment transient responses calculated by the
| TMD code, the CSD reviews the modeling of the containment subcompart-

ments, the size and area of assumed vents between nodes, volumes of
nodes, the ficw loss coefficients for each vent modeled, and the heat
transfer coefficients within the ice condenser.

The CSB will determine from the safety analysis report that thu ) code,
without the " augmented flow" correlation, has been utilized to determine
the transient pressure response in each subcompartment that contains a
high energy line, and in adjoining subcompartments.

O
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The CSB reviews the maximum calculated differential pressures and pressure
profiles for each subcompartment. For plants at the construction permit
stage of review, the CSB will ascertain that it is the applicant's intent
to design all internal structures with a margin of 40% between the maximum
calculated differential pressure and the design differential pressure of
the structure or component. At the operating license stage of review,
the CSB will ascertain that an appropriate margin exists. Howere , changes
in technology and calculational methods may affect the margin. The CSB
will then determine that the maximum calculated differential pressures do
not exceed the design differential pressures for the internal structures.
When maximum calculated differential pressures which exceed the pressures
used in the design of the internal structums are identified, the CSB will
request the SEB to evaluate the adequa:.y of the affected internal structures.
The loads on components or their supports installed within the compartment
due to possible pressure gradients will be evaluated by MEB. The CSB will
coordinate the review of dynamic pressure loads for components and equipment
supports, and when the design basis loads have been identified the CSB
will request the MEB to evaluate the design adequacy of the components
and supports.

Modification to the RELAP4 code to include two phase, two-component mixtures
and ice condenser modeling nave been made. This will improve the capability
of the code for use in short-term response analysis of ice condenser plants.
The CSB will use the RELAP4 code to conduct confirmatory analyses. The
COMPARE code is also being modified to permit the short term response

.

analysis of ice condenser plants.

O
. The CSB reviews the methods, input assumptions, and results of the appli-4

cant's steam bypass analysis. The applicant's analysis shculd show con-
siderable margin between the maximum tolerable bypass leakage area and
the identifiable bypass area required to allow spray water drainage back
to the containment sump. The CSB determines the adequacy of the margins
provided for the full spectrum of reactor coolant pipe ruptures. Factors
affecting the determination include the proposed inspections and tests to
determine bypass leakaar area and whether the design of the plant will
permit access to se'als oetween the upper and lower compartments for
inspection.

5. The CSB reviews the initial programs for ice loading and subsequent veri-
fication of individual ice basket and total ice loads. In addition, it

reviews design provisions for monitoring the status of the ice condenser
during plant operation to assure that the ice condenser retains its full
capability. The CSB also reviews the aspects of the ice condenser design
which will allow inspection and functional testing of ice condenser ;

components during various modes of plant operation. Specific areas to be
evaluated are the ice condenser temperature instrumentation system, lower
inlet door position monitoring system, proposed ice ba:,ket inspection
programs to determine total ice weight, proposed inspection and testing
programs for intermediate and top deck doors, floor drains, lower inlet
doors, ice condenser flow passages, divider barrier seals, and access
hatches. The CSB determines that the proposed surveillance programs and

; attendant design provisions fulfill the intent of General Design Criteria 39
and 40.'

6. The CSB reviews the environmental conditions used in the qualification
testing of the return air fan system components. The CSB determines! s

i
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whether the test conditions are representative of post-accident conditions
to which the equipment may be subjected. The CSB reviews analyses demon-
strating that, where required, the return air fan system and its components
are designed to withstand the transient differential pressures to which
the systems would be subjected following a loss of-coolant accident.

The CSB reviews the provisions mode in the design of the return air fan
system and the proposed program for periodic inspection and functional
testing of the system and components for compliance with the intent of
General Design Criteria 39 and 40. The CSB determines the acceptability
of the proposed periodic surveillance prcgram for the return air fan system,
taking into account the extent and freauency of testing proposed and the
practices established for previous 'ce condenser plants.

7. The CSB reviews the analysis of the maximum depressurization transient
due to inadvertent operation of the containment sprays or return air fans.
The CSB reviews the assumed containment initial conditions, methods of
calculation, and spray system efficiency to determine whether the contain-
ment depressurization analysis is conservative.

8. The CSB reviews the accuracy and range of the instrumentation provided to
monitor the post-accident environment. The ICSB, under SRP Section 7.5,
and the EQB, under SRP Section 3.11, have review responsibility for the
acceptability of, and the qualification test program for, the sensing and
actuation instrumentation of the plant protection system and the post-
accident monitoring instrumentation and recording equipment.

9. The CSB reviews the minimum containment pressure analysis fo" the emer-
gency core cooling system performance evaluation in accordance with SRP
Section 6.2.1.5, " Minimum Containment Pressure Analysis for Emergency
Core Cooling System Performance Capability Studies."

IV. EVALUATION FINDINGS

The conclusions reached on completion of the review of this section are 9 resented
in SRP Section 6.2.1.

V. IMPLEMENTATION

The foilowing is intended to provide guidance to applicants and licensees
regardino the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative !
method for complying with specified portions of the Commission's regulations, !
the method deicribed herein will be used by the staff in its evaluation of
conformance vith Commission regulations.|

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

The references for this SRP section are listed in SRP Section 6.2.1.

O
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b.2.1.1.C PRESSURE-SUPPRESSION TYPE BWR CONTAINMENTS

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

For Mark I, II, and III pressure-suppression type boiling water reactor (BWR) plant
containments, the CSB review covers the following areas:

1. The temperature and pressure conditions in the drywell and wetwell due to a
spectrum (including break size and location) of postulated loss-of-coolant
accidents.

2. The differential pressure across the operating deck of Mark II plants for a
spectrum of loss-of-coolant accidents (including break size and location).

(m') 3. Suppression pool dynamic effects during a loss-of-coolant accident or
(/ following the actuation of one or more reactor coolant system pressure relief

valves, including vent clearing, vent interactions, pool swell, pool strati-
fication, and dynamic and asymmetrical loads on suppression pool and other
containment structures.

4. The consequences of a loss-of-coolant accident occurring within the
containment (wetwell); i.e. , outside the drywell (Mark III containments only).

5. The capability of the containment to withstand the effects of steam bypassing
the suppression pool.

6. The external pressure capability of the drywell and wetwell, and systems that
may be provided to limit external pressures.

7. The effectiveness of static and active heat removal mechanisms.
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8. The pressure conditions within subcompartments and acting on system
components and supports due to high energy line breaks, e.g., the
sacrificial shield structure.

9. The range and accuracy of indrumentation that is provided to monitor and
record containment condit.'ons during and following an accident.

10. The evaluatien if analytical models used for containment analysis is the
responsibilit, of the CSB.

The CSB will coordinate other branch evaluations that interface with the
overall review of the containment as follows:

Instrumentation and Control Systems Branch (ICSB), as part of its
primary responsibility for SRP Section 7.3, will evaluate the func-
tional capability of the post-accident monitoring instrumentation
and recording equipment. The Equipment Qualification Branch (EQB),
as part of its primary review responsibility for SRP Section 3.11,
will review the qualification test progra.a for the plant protection
system and the post-accident monitoring instrumentation and recording
equipment. The Mechanical Engineering Branch (MEB), as part of its
primary review responsibility for SRP Section 3.6.2, will evaluate
the postulated pipe break sizes and locations and guard pipe designs.
The MEB will review the design of piping and other components for
the appropriate combination of 0001 dynamic loads and other loads in
SRP Sections 3.9.2, 3.9.3, and 3.10. The MEB will review the seismic
design and quality group classification as part of its primary
review "esponsibility for SRP Sections 3.2.1 and 3.2.2, respectively.
The Structural Engineering Branch (SEB), as part of its primary
responsibility for SRP Section 3.8.3, will evaluate the structural
design of unique flow limiting devices used in subcompartments and
certain aspects of guard pipe designs. Accident Evaluation Branch
(AEB) will review fission product control features of containment
heat removal systems as part of its primary review responsibility
for SRP Section 6.5.2. The review of proposed technical specifi-
cations at the operating license stage of review pertaining to the
bypass leakage surveillance is performed by Licensing Guidance
Branch (LGB) as part of its primary review responsibility for SRP
Section 16.0.

For those areas of review identified above as being reviewcd as part of the
primary review responsibility of other branches, the acceptance criteria and

|

their methods of application are contained in the SRP sections identified as
the primary review responsibility of those branches.

1
; II. ACCEPTANCE CRITERIA

The acceptance criteria given below applies to the desiga and functional
capability of BWR pressure-suppression type containments. CSB accepts the

| containment design if the relevar t requirements of General Design Criterion 4,
16, 50, and 53 are complied with. The relevant requirements are as follow:

1

! 1. General Design Criterion 4, as it relates a the environmental and
missile protection design, requires that structures, systems, and I

components important to safety be designed to accommodate the dynamic
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effects (e.g., effects of missiles, pipe whipping, and discharging fluids
that may result from equipment failures) that may occur during normal

p plant operation or following a loss-of-coolant accident.

2. General Design Criteria 16 and 50, as they relate to the containment
being designed with sufficient margin, require that the containment and
its associated systems can accommodate, without exceeding the design
leakage rate and with sufficient margin, the calculated pressure and
temperature conditions resulting from any loss-of-coolant accident, and

3. General Design Criterion 53 as it relates to the containment design capa-
bilities provided to assure that the containment design permits periodic
inspection, an appropriate surveillance program, and periodic testing at
containment design pressure.

Specific criterion or criteria that pertain to design and functional capability
of BWR pressure-suppression type containments are indicated below:

1. In meeting the requirements of General Design Criteria 16 and 50 regarding
the design margin for Mark I, II and III plants at the operating license
stage of review, the peak calculated values of pressure and temperature
for the drywell and wetwell should not exceed the respective design values.
Also, the peak deck differential pressure for Mark II plants should not
exceed the design value. Acceptable methods for the calculation of Mark I,
II and III containment environmental response to loss-of-coolant accidents
are found in NUREG-0588 (Ref. 35).

For Mark III plants, the calculated results for drywell pressure and
temperature, containment pressure and temperature, and differential pres-

! sure between the drywell and containment should be based on the General
' Electric Mark III analytical model (Ref. 23) that was used in the Grand

Gulf analysis and evaluated by CSB. The use of this model at the construc-
tion permit stage is acceptable if an anpropriate margin (see below)
between the calculated and design differential pressures is used. The
Mark '- analytical model will be verified by the large-scale Mark III
test results prior .to the operating license staar i f review for a Mark III
plant. If an analytical modei other than the Gene al Electric Mark III
analytical model identified above is used, the mcdel should be demon-
strated to be physically appropriate and conservative to the extent that
the General Electric model has been found acceptable. In addition, it
will be necessary to demonstrate its performance with suitable test data
in a manner similar to that described above.

Additional analytical efforts are needed to further confirm the Mark III
cesign. These matters were discussed in the ACRS letters issued on
December 12, 1974, following its review of the Perry and Allens Creek
facilities. The areas of concern relate to vent interaction, pool
stratification, and dynamic and asymmetric loadings. These would also
include an evaluation of osci!!atory behavior.

For Mark 11I plant.s at the construction permit stage, the containment
design pressure should provide at least a 15% margin above the peak
calculated containment pressure, and the de:ign differential pressure
between drywell and containment should provide at least a 30% margin

, above the peak calculated differential pressure.
;

,

s
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For Mark III plants at the operating license stage, the peak calculated
containment pressure and differentid pressure should be less than the
design values. In general, it is expected that the peak calculated pres-
sures will be about the same as at the construction permit stage. However,
it is possible that the margins may be affected by revised or improved
analytical models, test results, or minor changes in the as-built design
of the plant.

2. In meeting the requirement of General Design Criterion 4, regarding the
dynamic effects associated with normal and accident conditions, calcula-
tion of dynamic loads should be based on appropriate analytical models
and supported by applicable test data. Consideration should be given to
ioads on suppression pool retaining structures and structures which may
be located directly above the pool, as a result of pool motion during a
loss-of-coolant accident or following actuation of one or more primary
system pressure relief valves.

The acceptability of pool dynamic loads for plants with %rk II contain-
ments is based on confermance with NRC acceptance criteria. These criteria
are provided in references 36, 37 and 38 and are to be revised at the
conclusion of the Long Te- Mark II Pool Dynamic Load Program. The accept-
ability of pool dynamic ~ for plants with Mark I containments is based
on conformance with NRC a, aptance criteria found in references 36, 37,
38 and 39.

3. In meeting the requirements of General Design Criteria 16 and 50 regarding
the containment design margin, high energy lines passing through the con-
tainment should be provided with guard pipes or enclosed in other types
of protective structures to assure that the suppression pool is not bypassed.
If guard pipes are used, they should be designed in accordance with accept-
ance criteria established by the MEB as set forth in 7 aection 3.6.2.
The allowable leakage areas for steam bypass of the suppression pool should
be determined for a spectrum of postulated reactor coolant system pipe
breaks. The maximum allowable bypass area of the plant should be based
on conservative analyses which consider available energy removal mechanisms
and the containment design pressure.

4. In meeting the requirement of General Design Criterion 53 regarding periodic
testing at containment design pressure for Mark I, II, and III containments,
the maximum allowable leabce area for steam bypass of the suppression
pool should be greater ' nan the technical specification limit for leakage
measured in periodic drywell-wetwell leakage tests. Specific acceptance
criteria for the three types of containments are as follows:

a. Mark I containments should have a monthly surveillance program along
with a testing program to be conducted during each refueling outage
for the vacuum breakers.

b. Mark II containmeats should be designed to have a steam bypass capa-
bility as discussed in Appendix I to this SRP section.

c. Mark III containments should be designed to au 11odate, for the
spectrum of postulated reactor coolant system p ,.e breaks reviewed
and approved in SRP Section 3.6.2, without exceeding containment design
pressure, a minimum bypass leakage area of the order of one square
foot. A leakage test of the drywell at about the design pressure
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should be performed prior to plant operation but as near to startup
as feasible. The high pressure test will impose loads on the drywellIm i which are a substantial fraction of the accident loads and will provide

b the necessary assurance that the drywell, as constructed, conforms
to the design bases. Low pressure leakage tests of the drywell should
be done periodically thereafter. The acceptance criterion for these
tests should be that the measured leakage is less than the leakage

2corresponding _to an cquivalent 0.1 ft leakage area in terms of the
parameter A/JK at the test pressure, where K is the resistance factor
of the actual flow area, A. Since the test conditions at a given
pressure are representative of a substantial fraction of the loss-of-
coolant accident loads, the acceptance criterion will be 10% of the
bypass capability at the given pressure. Test conditions for the
drywell should not exceed the conditions assumed for the structural
design of the drywell. Structural design of the drywell is evaluated
by the SEB in accordance with the acceptance criteria set forth in
SRP Section 3.8.3. Testing methods and procedures should be described
at the operating license stage of review.

5. In meeting the requirement of General Design Criterion 50 with respect to
the design leakage rate for Mark III containments, justification should
be provided for any reduction in the containment leak rate claimed for
times less than 30 Jg= after a postulated pipe break accident. This
also includes meeting the regulatory position C.1.e of Regulatory Guide 1.3.

6. !n meeting the requirement of General Design Criterion 16, provisions should
be mcde in one of the following ways to protect the drywt end wetwell
(or containment) of Mark I, II, and III plants, and the op ating deck ofp)(" Mark II plants, against loss of intergrity from negative pressure transients
or post-accident atmosphere cooldown:

a. Structures should be designed to with-/.and the maximum calculated
external pressure.

b. Vacuum relief devices should be provided in accordance with the
requirements of the ASME Boiler and Pressure Vessel Code, Sect'on III,
Subsection NE, to assure that the external design pressures of '.he
structures are not exceeded.

7. In meeting the requirements of General Design Criterion 50, with respect
to design margin for item 6 above, the external design pressures of the
structures, including the design upward deck differential pressure for
Mark II plants, should provide an adequate margin above the maximum

' calculated external pressures to account for uncertainties in the
analyses.

) 8. In meeting the requirements of General Design Criteria 13 and 64, instru-
mentation capable of operating in the post-accident environment should
be provided to monitor the containment atmosphere pressure and temperature
and the suppression pool water levP and temperature following an accident.
The instrumentation should have a6quate range, accuracy, and response to
assure that the above parameters can be tracked and recorded throughout
the course of an accident. Item II.F.1 of NUREG-0737 and NUREG-0718, and

O Regulatory Guide 1.97, " Instrumentation for Light Water Cooled Nuclear
C/ Power Plants to Assess Plant Conditions During and Following An Accident,"

should be followed.
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III. REVIEW PROCEDURES

The procedures described below are follnwed for the review of BWR pressure-
suppression containments. The reviewer selects and emphasizes material from
these procedures as may be appropriate for a particular case. Portions of the
review may be carried out on a generic basis for aspects of functional design
common to a class of BWR pressure-suppression type containments or by adopting
the results of previous reviews of plants with essentially the same containment
functional design.

Upon request r~ rom the primary reviewer, the secondary review branches will
provide inpr.t for the areas of review stated in subsection I of this SRP section.
u n. primary reviewer obtains and usec such input as required to assure that this
review procedure is complete.

1. The CSB reviews the enalyses of the drywell and wetwell temperature and
pressure response for Mark I and II containments. The CSB rerforms con-
firmatory analyses, when necessary, using the CONTEMPT-LT computer code.
Input data for the code, including mass and energy release data, are
cenerally taken from the safety analysis report.

he CSB normally analyzes only the design basis loss-of-coolant accident,
Mich has been found from previous reviews to be the recirculation line
break for Mark I and II plants. For Mark III plants, the steam line break
has been determined to be the design basis loss-of-coolant accident.
However, mass and energy releases from the recirculation line break will
be evaluated using various flow correlations.

The CSB evaluates analyses of both the short-term and long-term pressure
and temperature responses of Mark III containment plants. For Mark III
plants, the peak contair. ment pressure following a loss-of-coolant accident
is independent of tha postulated pipe break size. The CSB reviews the
containment response analysis presented in the safety analysis report to
determine that the acceptance criteria in subsection II have been satisfied.

The CSB and its consultants have reviewed the General Electric Park III
analytical model and have determined that the code appears to calculate
the drywell pressJre response in an acceptable manner. The code has been
verified by the General Electric Mark III test program.

The CSB verifies from the safety analysis report that the General Electric
code has been utilized and that the input assumptions to the code are
conservative. If analytical methods other than the General Electric model
are used, the CSB, in conjunction with its consultants, will initiate a
detailed review of the methods. In this case, the CSB reviews the proposed
modeling, analytical methods and assumptions, correlation of results with
applicable test data, and comparison with other similar analyses, to deter-
mine the acceptability of the proposed model.

The CSB reviews analyses of the drywell response to either a recirculation
line rupture or a steam line rupture, as presented in the safety analysis
report. The CSB determines from the results of these analyses that the

O
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" worst" break has been identified in establishing the drywell-wetwell dcsign
differential pressure as well as the design pressure for subcompartments
and equipment supports.

Modifications to the CONTEMP-LT computer code have been made which
provide the capability to perform confirmatory analyses of the Mark III
drywell pressure response.

2. The CSB reviews analyses of the dynamic loads associated with suppression
pool motion during loss-of-coolant accident or following actuation of one,

or more primary system pressure relief valves. The CSB evaluates the
analytical methods, input assumptions, and results and determines the
acceptability of the analyses by comparing the analytical results to
applicable test data (e.g., from the General Electric large-scale

Mark III tests).

3. For Mark III plants, the CSB verifies from the safety analysis report
that high enerJy lines which pass through the containment outside the
drywell are p;evided with guard pipes or enclosed in other types of,

protective structures. If guard pipes are used, the design must meet the'

acceptance criteria established in SRP Sections 3.6.2 and 3.8.3. For
unguarded lines, the CSB reviews analyses of the consequences of
postulated ruptures in these lines. The CSB bases its acceptance of the
analyses on the conservatism of the methods and assumptions and on the
margin provided to assure against exceeding the design pressure of the
containment. If leakage detection and isolation equipment are provided,
the ICSB evaluates the effectiveness of the detection instrumentation and

/"'N isolation devices to mitigate the consequences of a pipe rupture and the
electrical design criteria for these systems under SRP Section 7.3.

4. The CSB evaluates analyses of bypass leakage capability. The CSB
determines the adequacy of proposed bypass leakage tests and surveillance
programs based on the results of previous reviews, operating experience |
at similar plants, and engineering judgment. CSB will advise the AEB of

3

the bypass leakage.'

5. The CSB evaluates the conservatism of potential depressurization ;

transients. In evaluating surveillance and test programs for vacuum
relief systems, the CSB uses the results of previous reviews and
operating experience with similar systems to determine their adequacy.
At the operating license stage, the LGB reviews the proposed technical
specifications to assure that adequate surveillance and administrative;

j control will be maintained over the vacuum relief devices.

6. Upon request, the SEB will review the design of unique flow limiting
devices which are identifieu during the CSB review of the containment
subcompartments.

7. The CSB reviews the accuracy and range at the instrumentation provided to
monitor the post-accident environment. The ICSB, under SRP Section 7.5
and the EQB, under SRP Section 3.11, have review responsibility for the
acceptability of, and the qualification test program for the sensing
and actuation instrumentation of the plant protection system and the

! O post-accident monitoring instrumentation and recording equipment.
V'

.

'
t
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IV. EVALUATION FINDINGS

The conclusions reached on completion of the review of this SRP section are
presented under SRP Section 6.2.1.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discusseu
herein are contained in the referenced regulatory guides and NUREGS.

VI. REFERENCES

The references for this SRP section are those listed in SRP Section 6.2.1,
together with the following:

la. SRP Section 3.6.2, " Determination of Break Locations and Dynamic Effects
Associated with the Postulated Rupture of Piping."

O

O
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Appendix I to SRP Section 6.2.1.1.C
,

. Containment Systems Branch
'

Steam Bypass for Mark II Containments

A. Background

This appendix pertain., to steam bypass from the drywell to the suppression
pool air volume in the Mark II containment design. In a pressure suppression-
type containment, steam released from the primary system following a postu-
lated LOCA signal is collected in the containment drywel? volume and directed
through connecting vents to the suppression pool in the containment wetwell'

volume ~and steam is condensed as it enters in the suppression pool. Thus noi steam enters the wetwell air volume. The potential exists for steam to bypass
the suppression pool by leakage through the vacuum breakers or directly from
leak paths in the drywell-to-suppression chamber vent pipes, the diaphragm-
wall seal around diaphragm penetrations or cracks in the concrete diaphragm.

The capability for steam bypass for small primary system breaks in the Mark II
containment design in considerably less than that found in either the Mark I
or the Mark III designs. The Mark III design has a capability of A/JK = 1 ft ,2

the Mark I design is of the order of 0.02 ft . The capability of the Mark II2

containment is approximately 1/3 that for a Mark I containment and 1/143 that
for a Mark III contair. ment. Recognizing the low capability for steam bypass'

in the Mark II design, we required at the CP stage that several of the later
,. - s Mark II plants investigate additional means to mitigate the consequences of

(V) steam bypass leakage.

Thic Mark II steam bypass position was developed considering our previous
pr.,itions for the Mark I and Mark III containment designs on the premise that,

bypass capability for the Mark II design should either be the same or exceed
the capability of the Mark I containment. This can be achieved by upgrading
the wetwell spray to an engineered safety feature and requiring automatic

: actuation of the wetwell spray 10 minut.es following a break, consistent with
.

our position for Mark III containments. The overall capability of the Mark II
I containment to accommodate bypass leakage is improved by making the wetwell'

spray system automatic. This gives further assurance of maintaining contain-
ment integrity in the event of a small break. We base our recommendation on
this improvement and not on firm criteria as to precise values of spray
actuation time and leakage areas, i.e., our engineering judgment. However, to
give guidance on spray capacity, we believe that the Mark II containfrant
should be designed to accommodate leakage of the order of 0.05 ft2 (A/JK).,

!

| To provide assurance that the bypass leakage is not substantially increased
over the life of a plant, this position includes requirements for leakage
tests. The leakage tests include both periodic low pressure leak tests and a
preoperational high pressure leak test. The acceptance criterion for the
high-and low pressure test is a measured leakage not to exceed 1/10th of
capability at the test pressure. This is consistent with the test
requirements and acceptance criteria for Mark III containments.

i

The Mark II bypass capability, including the additional capability resulting'

from the actuation of the wetwell spray system, is still considerably lower
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than that for a Mark III containment. Therefore, in addition to the above
requirements for leakage test and reliance on the wetwell spray system, this
position includes surveillance and instrumentation requirements for the vacuum
breakers. This is similar to our requirements for Mark I containment.

B. . Position

The system used to quench steam bypassing the suppression pool should be
designed such that the steam bypass capability for small breaks is on the
order 0.05 ft2 (A/8 ) for the Mark II containments. This objective can be
satisfied by conformance with the criteria described below. Any proposed
alternative criter.a must be suitably justified by tae applicant and reviewed
by the NRC staff.

1. Bypass Capability

The Mark II containment should have a steam bypass capability for small
breaks of the order of 0.05 ft2 (A/8).

a. Containment Wetwell Sprays

The wetwell spray system, including the electrical instrumentation
and controls, should meet the standards appropriate to engineered
safety features; i.e., quality, redundancy, testability, and other
appropriate criteria. The wetwell spray should be automatically
actuated 10 minutes following a LOCA signal and an indication of
pressurization of the wetwell. In adaition, the instrumentation and
control systems provided to actuate the wetwell spray should be
actuated by diverse parameters.

If the existing wetwell spray system is to be used to improve the
bypass capability, the consequences of actuation of the wetwell
spray system on ECCS function and long-term pool cooling considera-
tions should be evaluated to show that minimum ECCS and pool cooling
requirements are met.

b. Transient Bypass Capability Analyses

Transient analyses should be provided to establish the capability
for a small break. A normal plant shutdown time of 6 hours should
be assumed. The results and bases for the analyses should be
provided i..;luding the following: the pressure history in the
drywell and the wetwell; identification and quantification of the
static heat sinks and the condensing heat transfer coefficient;
spray capacity, efficiency, coverage, start time and temperature
history; identification and quantification of heat sources.

2. Leakage Tests and Surveillance Requirements

a. High-Pressure Leak Test

A single preoperational high pressure leakage test should be
performed on each Mark II unit. The purpose of this test is to
detect leakage in the drywell to suppression chamber vent piping,
penetrations, downcomers, vacuum breakers, floor seals, vent seals,
and the diaphragm. This test should be performed at approximately
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the peak drywell to wetwell differential pressure following the
high pressure structural test of the diaphragm.

) b. Qw-PressureLeakTests

Post-operational low pressure leakage test should be performed on
each Mark II unit to detect leakage in the drywell to suppression
chamber vent piping, penetration downcomers, vacuum breakers, floor
seals, vent seals, and the diaphragm. This test should be performed
at each refueling outage at a differential pressure corresponding to
approximately the submergence of the vents.

Acceptance Cri g ia for Leakage Testsc.

The acceptance criteria for both the high and low pressure leakage
tests shall be a measured leakage less than 10% of the capability of
the containment to accommodate bypass leakage at the test pressure.

d. Survei11ance Requirements

A visual inspection should be conducted to detect possible leak
paths at each refueling outage. Each vacuum relief valve and asso-
ciated piping should be checked at this time to determine that it.is
clear of foreign matter.

3. Vacuum Relief Valve Requirements

a. Position Indicators and Alarms

( Redundant position indicators should be placed on all vacuum
breakers with redundant indication and an alarm in the control room.
The vacuum breaker position indicator system should be designed to
provide the plant operators with continuous surveillance of the
vacuum breaker position. The indicatore should have adequate sensi-
tivity to detect a total valve opening, for all valves, that is less
than the bypass capability for a small break. The detectable valve ,

opening should be based on the assumption that the valve opening is
evenly divided among all the vacuum breakers.

b. Vacuum Valve Operability Tests
.

All vacuum breakers should be 09erability tested at monthly
intervals to assure free movement of the valves.

C. Implementation

This position will be applied in the review of all CP and OL applications with
Mark II containments (see also subsection V of this SRP section).

O
J

|
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6.2.1.2 SUBCOMPARTMENT ANALYSIS

REVIEW RESPONSIBILITIES
<

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

The CSB reviews the information presented by the applicant in the safety analysis
report concerning the determination of the design differential pressure values for
containment subcompartments. A subcompartment is defined as any fully or partially
enclosed volume within the primary containment that houses high energy piping and
would limit the flow of fluid to the main containment volume in the event of a
postulated pipe rupture within the volume. A short-term pressure pulse would exist
inside a containment subcompartment following a pipe rupture within the volume.
This pressure transient produces a pressure differential across the walls of the
subcompartment which reaches a maximum value generally within the first second

[m} after blowdown begins. The magnitude of the peak value is a function of several
K.j parameters, which include blowdown mass and energy release rates, subcompartment

volume, vent area, and vent flow behavior. A transient differential pressure

response analysis should be provided for each subcompartment or group of
subcompartments that meets the above definition.

The CSB review includes the distribution of the mass and energy released into the
break compartment, nodalization of subcompartments, subcompartment vent flow
behavior, and subcompartment design pressure margins.

The CSB review of the subcompartment model includes the basis for the nodalization
within each subcompartment, the initial thermodynamic conditions within each sub-
compartment, the nature of each vent flow path considered, and the extent of
entrainment assumed in the vent flow mixture. The review may also include an
analysis of the dynamic characteristics of components, such as doors, blowout
panels, or sand plugs, that must open or be removed to provide a vent flow path,
and the methods and results of components tests performed to demonstrate the
validity of these analyses. The analytical procedure to determine the loss
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coefficients and inertia terms (L/A, ft 1) for each vent flow path, and to
predict the vent mass flow rates, is reviewed. The design pressure chosen for
each subcompartment is also reviewed.

The CSB will coordinate other branch evaluations that interface with the
overall review of the containment subcompartments. The Mechanical Engineering
Branch (MEB) and the Structural Engineering Branch (SEB), as part of their
primary review responsibility for SRP Sections 3.6.2 and 3.8.3, respectively,
will review the mechanical and structural design of movable and stationary
devices provided for vent flow control in containment subcompartments.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria and
their methods of applications are contained in the SRP sections identified as
the primary review responsibility of those branches.

II. ACCEPTANCE CRITERIA

The acceptance criteria given below apply to the design and functional
capability of subcompartments in the primary containment. CSB accepts the
containment design of subcompartments if the relevant requirements of General
Design Criteria 4 and 50 are complied with. The relevant requirements are as
follows:

A. General Design Criterion 4, as it relates to the environmental and
missile protection provided to assure that structures, systems and
components important to safety be designed to accommodate the dynamic
effects (e.g., effects of missiles, pipe whipping, and discharging fluids
that may result from equipment failures) that may occur during plant
normal operations or during an accident.

B. General Design Criterion 50, as it relates to the subcompartments being
designed with sufficient margin to prevent fracture of the structure due
to pressure differential across the walls of the subcompartment. In meeting
the requirements of GDC 50, the following specific criterion or criteria
that pertain to the design and functional capability of containment
subcompartments are used as indicated below:

1. The initial atmospheric conditions within a subcompartment should be
selected to maximize the resultant differential pressure. An
acceptable model would be to assume air at the maximum allowable
temperature, minimum absolute pressure, and zero percent relative
humidity. If the assumed initial atmospheric conditions differ from
these, the selected values should be justified.

Another model that is also acceptable, for a restricted class of
subcompartmeats, involves simplifying the air model outlined above.
For this model, the initial atmosphere within the subcompartment is
modeled as a homogeneous water-steam mixture with an average density
equivalent to the dry air model. This approach should be limited to
subcompartments that have choked flow within the vents. However,
the adequacy of this simplified model for subcompartments having
primarily subsonic flow through the vents has not been established.

O
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2. Subcompartment nodalization schemes should be chosen such that there
is no substantial pressure gradient within a node, i.e., the'nodaliza-

.

tion scheme should be verified by a sensitivity study that incluaes
Q increasing the number of nodes until the peak calculated pressures

converge to small resultant changes. The guideline of Section 3.2
of NUREG-0609 should be followed and a nodalization sensitivity study
should be performed which includes consideration of spatial pressure
variation, e.g., pressure variations circumferentially, axially and
radially within the subcompartment, for use in calculating the tran-
sient forces and moments acting on components.

3. If vent flow paths are used which are not immediately available at .

the time of pipe rupture, the following criteria apply:

a. The vent area and resistance as a function of time after the ',
break should be based on a dynamic analysis of the subcompartment .

pressure response to pipe ruptures.

b. The validity of the analysis should be supported by experimental
ddta or a testing program should be proposed at the construction
permit stage that will support this analysis.

c. In meeting the requirements of GDC 4, the effects of missiles
that may be generated during the transient should be considered
in the safety analysis.

,

4. The vent flow behavior through all flow paths within the nodalized
compartment model should be based on a homogeneous mixture in thermal

n) equilibrium, with the assumption of 100% water entrainment. In addi-(
v tion, the selected vent critical flow correlation should be conserva-

tive with respect to available experimental data. Currently acceptable
vent critical flow correlations are the " frictionless Moody" (Ref.16)
with a multiplier of 0.6 for water-steam mixtures, and the thermal
homogeneous equilibrium model for air-steam-water mixtures.

5. At the construction permit stage, a factor of 1.4 should be applied
to the peak differential pressure calculated in a manner found accept-
able to the CSB for the subcompartment, structure and the enclosed
components, for use in the design of the structure and the component
supports. At the operating license stage, the peak calculated dif-
ferential pressure should not exceed the design pressure. It is
expected that the peak calculated differential pressure will not be
substantially different from that of the construction permit stage.
However, improvements in the analytical models or changes in the
as-built subcompartment may affect the available margin.

III. REVIEW PROCEDURES

The procedures described below are followed for the subcompartment analysis
.

review. The reviewer selects and emphasizes material from these procedures as
may be appropriate for a particular case. Portions of the review may be carried
out on a generic basis or by adopting the results of previous reviews of plants
with essentially the same subcompartment and high pressure piping design.

OV
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Upon request from the primary reviewer, the other review branches will provide
input for the areas of review stated in subsection I of this SRP section. The
primary reviewer obtains and uses such input as required to assure that this
review procedure is complete.

The CSB may perform confirmatory analyses of the blowdown mass and energy
profiles within a subcompartment. The analysis is done using the RELAP-4
computer program (Reference 15) or the COMPARE computer program (Reference 14).
The purpose of the analysis is to confirm the predictions of the mass and
energy release rates appearing in the safety analysis report, and to confirm
that an appropriate break location has been considered in this analysis.

The CSB determines the adequacy of the information in the safety analysis
report regarding subcompartment volumes, vent areas, vent resistances, and
inertia terms. If a subcompartment must rely on doors, blowout panels, or
equivalent devices to increase vent areas, or unique flow limiting devices to
control vent flows, the CSB reviews the analysis and testing programs that
substantiate their use. The MEB and SEB will evaluate the mechanical and
structural design of such flow control devices as part of their review
responsibility under SRP Sections 3.6.2 and 3.8.3.

The CSB reviews the nodalization of each subcompartment to determine the
adequacy of the calculational model. As necessary, CSB performs iterative
nodalization studies for subcompartments to confirm that sufficient nodes have
been included in the model.

The CSB compares the initial subcompartment air pressure, temperature, and
humidity conditions to the criteria given in subsection II, above, to assure
that conservative conditions were select?d.

The CSB reviews the bases, correlations, and computer codes used to predict
subsonic and sonic vent flow behavior and the capability of the code to model
compressible and incompressible flow. The bases should include comparisons of
the correlations to both experimental data and recognized alternate
correlations that have been accepted by the staff.

Using the nodalization of each subcompartment as specified in the safety
analysis report, the CSB performs analyses using one of several available
computer programs to determine the adequacy of the calculated peak differential
pressure. The computer program used will depend upon the subcompartment under
review as well as the flow regime. At the present time, the two programs used
by the CSB are RELAP-4 (Ref. 15) and COMPARE (Ref. 14).

At the construction permit stage, the CSB will ascertain that the subcompartment
design procedures include appropriate margins above the calculated values, as
given in subsection II, above.

IV. EVALUATION FINDINGS

The conclusions reached on completion of the review of this SRP section are
presented in SRP Section 6.2.1.

O
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V. IMPLEMENTATION ;

O,'Thefollowingisintendedtoprovideguidancetoapplicantsandlicensees
1

I
regarding the NRC staff's plans for using this SRP section.

|

i
Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

The references for this SRP section are those listed in SRP Section 6.2.1.

_-

i

i
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6.2.1.3 MASS AND ENERGY RELEASE ANALYSIS FOR POSTULATED LOSS-0F-COOLANT ACCIDENTS

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

The CSB reviews the analyses of the mass and energy release to assure that the data
used to evaluate the containment and subcompartment functional design are acceptable
for that purpose. The review includes the following areas:

1. The energy sources that are available for release to the containment.

2. The mass and energy release rate calculations for the initial blowdown phase
of the accident.

O

C)'3.
For pressurized water reactor (PWR) plants, because of the additional steam+

generator stored energy available for release, the mass and energy release
rate calculations for the core reflood and post reflood phases of the
accident.

The Mechanical Engineering Branch (MEB) is responsible for reviewing the accepta-
bility of piping design criteria, selected break locations and break sizes based on
the provisions made to limit pipe motion, for breaks postulated to occur within sub-
compartments (see Standard Review Plan Section 3.6.2).

II. ACCEPTANCE CRITERIA

The acceptance criteria given below applies to the mass and energy release analysis
for postulated loss-of-coolant accidents. CSB accepts the muss and energy analysis
if the relevant requirements of General Design Criterion 50 and 10 CFR Part 50,
Appendix K, paragraph I.A are complied with. The relevant requirements are as
follows:

Rev. 1 - July 1981
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A. General Design Criterion 50, as it relates to the containment and subcom-
partment being designed with sufficient margin, requires that the contain-
ment and its associated systems can accommodate, without exceeding the
design leakage rate, and the containment and subcompartment design can
withstand the calculated pressure and temperature conditions resulting
from any loss-of-coolant accident.

B. 10 CFR Part 50, Appendix K, as it relates to sources of energy during the
LOCA, provides requirements to assure that all the energy sources have been
considered.

In meeting the requirements of General Design Criterion 50 the following
specific criterion or criteria that pertain to the mass and energy analysis
are used as included below:

1. Sources of Energy

The sources of stored and generated energy that should be considered
in analyses of loss-of-coolant accidents include: reactor power;

decay heat; stored energy in the core; stored energy in the reactor
coolant system metal, including the reactor vessel and reactor vessel
internals; metal-water reaction energy; and stored energy in the
secondary system (PWR plants only), including the steam generator
tubing and secondary water.

Calculatic7s of the energy available for release from the above sources
should be cone in general accordance with the requirements of 10 CFR
Part 50, Appendix K, paragraph I.A (Ref. 2). However, additional
conservatism should be included to maximize the energy release to
the containment during the blowdown and reflood phases of a LOCA.

The requirements of paragraph I.B in Appendix K to 10 CFR Part 50,
concerning the prediction of fuel clad swelling and rupture should
not be considered. This will maximize the energy available for
release from the core.

2. Break Size and Location

a. The staff's review of the applicant's choice of break locations
and types is discussed in SRP Section 3.6.2.

b. Of several breaks postulated on the basis of a. , above, the break
selected as the reference case for subcompartment analysis should
yield the highest mass and energy release rates, consistent with
the criteria for establishing the break location and area.

c. Containment design basis calculations should be performed for a
spectrum of possible pipe break sizes and locations to assure
that the worst case has been identified.

3. Calculations

In general, calculations of the mass and energy release rates for a
loss-of-coolant accident should be performed in a manner that conserva-
tively establishes the containment internal design pressure (i.e.,
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maximizes the post-accident containment pressure and the containment
subcompartment response). The criteria given below for each phase
of the accident indicate the conservatism that should exist.

t
V a. Subcompartment Analysis

the analytical approach used to compute the mass and energy
release profile will be accepted if both the computer program
and volume noding of the piping system are similar to those of
an approved emergency core cooling system (ECCS) analysis. The
computer programs that are currently acceptable include SATAN-V
(Ref. 18), CRAFT-2 (Ref. 17), CE FLASH-4 (Ref. 19), and RELAP4
(Ref. 15), when a flow multiplier of 1.0 is used with the
applicable choked flow correlation. An alternate approach,
which is also acceptable, is to assume a constant blowdown
profile using the initial conditions with an acceptable choked
flow correlation.

b. Initial Blowdown Phase Containment Design Basis

The initial mass of water in the reactor coolant system should
be based on the reactor coolant system volume calculated for
the temperature and pressure conditions existing at 102% of
full power (Ref. 2).

Mass release rates should be calculated using a model that has
been demonstrated to be conservative by comparison to experimental
data.

j Calculations of heat transfer from surfaces exposed to the primary
coolant should be based on nucleate boiling heat transfer. For
surfaces exposed to steam, heat transfer calculations should be
based on forced convection.

Calculations of heat transfer from the secondary coolant to the
steam gen'erator tubes for PWRs should be based on natural con-
vection heat transfer for tube surfaces in.mersed in water and
condensing heat transfer for the tube surfaces exposed to steam.

c. PWR Core Reflood Phase (Cold Leg Breaks Only)

Following initial blowdown of the reactor coolant system, the
water remaining in the reactor vessel should be assumed to be
saturated. Justification should be provided for the refill
period. An acceptable approach is to assume a water level at
the bottom of the active core at the end of blowdown so there
is no refill time.

Calculations of the core flooding rate should be based on the
emergency core cooling system operating condition that maximizes
the containment pressure either during the core reflood phase
or the post-reflood phase.

Calculations of liquid entrainment; i.e., the carryout rate

[j
s

T fraction, which is the mass ratio of liquid exiting the core to
\
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the liquid entering the core, should be based on the PWR FLECHT
experiments (Ref. 20). Liquid entrainment should be assumed to

f continue until the water level in the core is 2 feet from the
top of the core. An acceptable approach is to assume a carryout
rate fraction (CRF) of 0.05 to the 18-inch core level, a linearly
increasing CRF to 0.80 at the 24-inch level, and a constant CRF
of 0.80 until the water level 'l c feet from the top of the core.
Above this level, a CRF of 0.05 may be used.

The assumption F steam quenching should 5e justified by compari-
son with applit ble expt.-imental data. Liquid entrainment cal-
culations should consider the effect on the carryout rate fraction
of the increased core inlet water temperature caused by steam
quenching assumed to occur from mixing with the'ECCS water.

Steam leaving the steam generators should be assumed to be super-
heated to the temperature of the secondary coolant.

d. FVR Post-Reflood Phase

All remaining stored energy in the primary and secondary systemi
should be removed during the post-reflood phase.

Steam quenching should be justified by ccmparison with applicable
experimental data.

The results of post-reflood analytical models should be compared
to applicable experimental data.

e. PWR Decay Heat Phase

The dissipation of core decay heat should be considered during
this phase of the accident. The fission product decay energy
model is acceptable if it is equal to or more conservative than
the decay energy model giver in Branch Technical Position ASB
9-2 in SRP Section 9.2.5.

Steam from decay heat boiling in the core should be assumed to
flow to the containment by the path which produces the minimum
amount of mixing with ECCS injection water.

The following computer models are acceptable for calculating
mass and energy releases for containment design basis calculations:
the Westinghouse model (Ref. 18), the B&W model (Ref. 17), the
C.E. model (Ref. 19), and the G.E. blowdown model (Ref. 23).
Other methods will be acceptable if they are found by CSB to be
conservative for these calculations.

III. REVIEW PROCEDURES

Ine procedures described below are followed for the review of the mass and
energy release analysis for loss-of-coolant accidents. The reviewer selects
and emphasizes material from these procedures as may be appropriate for a
particular case. Portions of the review may be carried out on a generic L 'is
or by applying the results of previous reviews of similar plants.
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The CSS confirms with (ne MEB, the validity of the applicant's analysh of pipe
. break size, type and locations for subcompartments containing high energ lines

M by using elevation and plan drawings of the containment showing the routing of
lines containing high energy fluids. The CSB determines '. hat an appropriat9
reference case for subcompartment analysis has been identified. In the event
a pipe break other than a double ended pipe rupture is postulated by the
applicant, the MEB will evaluate the applicant's justification for assuming a
limited displacement pipe break.

The CSB compares t M surces of energy considered in the loss-of-coolant analysis
and the methods and assumptions used to calculate the energy available for release
from the various sources with the acceptance criteria listed in section II,
above. The CSB determines the acceptability of the analytical models and the
assumptions used to calculate the rates of mass and energy release during the
initial blowdown, core reflood, and post reflood phases of a loss-of-coolant
accident. The CSB also compares energy inventories at various times during a
loss-of-coolant accident to ensure that the energy from the various sources
has been accounted for and has been transferred to the containment on an
appropriate t le scale.

The CSB reviews comparisons made by the applicant to experimental data and
makes comparisons to other available experimental data to determine the amount
of conservatism in the mass and energy release models.

The CSB may perform confirmatory analyses of the mass and energy profiles.
The purpose of the analysis is to confirm the predictions of the mass and
energy release rates appearing in the safety analysis report, and to confirm
that an appropriate break location has been considered in these analyses.

IV. EVALUATION FINDINGS

The conclusions reached on completion of the review of this SRP section are
presented in SRP Section 6.2.1.

V. IMPLEMENTATION

The following is intended to provide guidanca to applicants and licensees
reoarding the NRC staff's plan for using this SRP Section.

Except in those cases in which the applicant propost.: an acceptable alternative
method for complying with specified portions of the Commis,29n's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

! The references for this SRP section are listed la Standard Review Plan
Section 6.2.1.:

I

1

O
i

j 6.2.1.3-5 Rev. 1 - July 1981



NUREG 0800
(Ferm:rly NUREG-75/087)

ja aseg
Pe U.S. NUCLEAR REGULATORY COMMISSIONn +

U(Uff} STANDARD REVIEW PLAN
\v / OFFICE OF NUCLEAR REACTOR REGULATION

e.ee e

6.2.1.4 MASS AND ENERGY RELEASE ANALYSIS FOR POSTULATED SECONCARY SYSTEM
PIPE RUPTURES

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

The CSB reviews the analyses of the mass and energy release to assure that the data
used to evaluate the containment and subcompartment functional design are accept-
able for that purpose. The CSB review includes the following areas:

1. The energy sources that are available for release to the containment.

2. The mass and energy release rate calculations.

/m\ The CSB also reviews the single-failure analyses performed for steam and feedwaterh line isolation provisions which would limit the flow of steam or feedwater to the
assumed pipe rupture.

The Mechanical Engineering Branch (MEB) is resoonsible for reviewing the seismic
classification and system quality group classification of steam and feedwater line
isolation valves to determine the acceptability of these valves in limiting the mass
and energy releases from the steam and feedwater system (see Standard Review Plan
Sections 3.2.1 and 3.2.2).

The Auxiliary Systems Branch (ASB) reviews the time assumed for operator action to
close manual valves in the auxiliary feedwater system. (See Standard Review Plan
Section 10.4.9.)

II. ACCEPTANCE CRITERIA

The CSB acceptance criteria is based on meeting the requirements of General Design
Criterion (GDC) 50, with respect to providing sufficient conservation in the mass

Rev.1 - July 1981
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and energy release analysis for postulated PWR secondary system pipe ruptures
to assure that the containment design margin is maintained.

Specific criteria necessary to meet the relevant requirements of GDC 50 are as
follows:

1. Sources of Energy

The sources of energy that should be considered in analyses of steam and
feedwater line break accidents include: the stored energy in the
affected steam generator's metal, including the vessel tubing, feedwater
line, and steam line; the stored energy in the water contained within the
affected steam generator; the stored energy in the feedwater transferred
to the affected steam generator prior to closure of the isolation valves
in the feedwater line; the stored energy in the steam from the unaffected
steam generator (s) prior to the closure of the isolation valves in the
steam generator crossover lines; and the energy transferred from the
primary coolant to the water in the affected steam generator during
blowdown.

The steam line break accident should be analyzed for a spectrum of pipe
break sizes and various plant conditions from hot standby to 102% of full
power. Only the 102% power condition need be analyzed provided the
applicant can demonstrate that the feedwater flows and fluid inventory
are greatest at full power.

2. Mass and Energy Release Rate Calculations

In general, calculations of the mass and energy release rates during a
steam or feedwater line break accident should be done in a manner that is
conservative from a containment response standpoint; i.e., that maximizes
the post-accident containment pressure and temperature. The following
criteria indicate the degree of conservatism that is desired.

Mass release rates should be calculated using the Moody model (Ref. 16)
for saturated conditions, or a model that is demonstrated to be equally
conservative.

Calculations of heat transfer to the water in the affected steam
generator should be based on nucleate boiling heat transfer.

Calculations of mass release should consider the water in the affected
steam generator and feedwater line, the feedwater transferred to the
affected steam generator prior to the closure of the isclation valves in
the feedwater lines, the steam in the affected steam generator, and the
steam coming from the unaffected steam generator (s) as the secondary
system is being depressurized prior to the closure of the isolation
valves in the steam generator crossover lines.

If liquid entrainment is assumed in the steam line breaks, experimental
data should support the predictions of the liquid entrainment model. The
effect on the entrained liquid of steam separators located upstream from
the break should be taken into account. A spectrum of steam line breaks
should be analyzed, beginning with the double-ended break and decreasing
in area until no entrainment is calculated to occur, to allow selection
of the maximum release case.

6.2.1.4-2 Rev. 1 - July 1S81
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If no liquid entrainment is assumed, a spectrum of the steam line breaks
'

should be analyzed beginning with the double ended break and decreasing'

| in area until it has been demonstrated that the maximum release rate has
; been considered.
,

{ A single active failure in the steam or feedwater line isolation provisions
or feedwater pumps, such that the containment peak pressure and temperature
are maximized, should be assumed to occur in steam and feedwater line break
analyses. For the assumed failure of a safety grade steam or feedwater

; line isolation valve, operation of nonsafety grade equipment may be relied I

upon as a backup to the safety grade equipment. In this event, the CSB
'

reviewer will confer with the ASB and MEB reviewers to ensure a consistent
j staff position regarding the acceptability of the design criteria for the
! nonsafety grade equipment.
i

Feedwater flow to the affected steam generator should be calculated
j considering the diversion of flow from the other steam generators, feed-

water flashing and increased feedwater pump flow caused by the reduction
in steam generator pressure. An acceptable method for computing feedwater
flow is to assume all feedwater travels to the affected steam generator
at the pump runout rate before isolation. After isolation, the unisolated
feedwater mass should be added to the affected steam generator. The RELAP4
code may also be used to compute feedwater flow.

| Operator action to terminate auxiliary feedwater flow will be reviewed by
| ASB. (See SRP Section 10.4.9.)

Acceptable cocuter codes for calculating mass and energy releases for
I steam line breaks are SGN-III (Ref. 19) and TRAP-2 (Ref. 31). Other methods

will be acceptable if they are found by CSB to be conservative for these
calculations.

III. REVIEW PROCEDURES

The procedures described below are followed for the review of the mass and energy
release analysis of secondary coolant systems pipe breaks. The reviewer selects
dnd emphasizes material from these procedures as may be appropriate for a particu-
lar case. Portions of the review may be carried out on a generic basis or by
applying the results of previous reviews of similar plants.

'The CSB reviews the secondary coolant system pipe breaks analysis assumptions
to determine whether the " worst" pipe break accident case has been identified
by the applicant, and whether the analysis was done in a conservative manner

; from the standpoint of containment pressure and temperature.

i This review involves the proposed methods and models used for blowdown analyses.
The acceptability of the approach used by the applicant is evaluated based on the
acceptance criteria in subsection II of this SRP section. The CSB also reviews
analyses of postulated single failures of active components in the secondary
systems, such as steam and feedsater line isolation valves and feedwater pumps,
to determine whether the single failure has been selected which maximizes
containment pressure and temperature,

g The CSB will request MEB to review the acceptability of nonsafety valves in
limiting the mass and energy releases from the steam and feedwater systems.
The CSB will request the ASB to review the rationale for determining the time

| 6.2.1.4-3 Rev.1 - July 1981
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at which operator action can be relied upon to terminate auxiliary feedwater
flow to the affected steam generator. The CSB will review the applicant's calcu-
lations for main feedwater flow into the affected steam generator to determine
that the flow rate is conservatively maximized.

If liquid entrainment is calculated in the applicant's steam line break model,
the CSB will determine the validity of the experimental data provided to support
the entrainment calculation. The CSB will also ascertain that the effect of
steam separators located upstream from the postulated steam line break have
been taken into account in the analysis. The CSB reviews comparisons to experi-
mental data made by the applicant and makes comparisons to other available experi-
mental data to determine the amount of conservatism in the mass and energy release
models.

The CSB reviews the results of a spectrum of steam line breaks, beginning with
the double-ended break and decreasing in area until no entrainment occurs, to
be sure that the steam line break size producing the highest containment tempera-
ture and pressure has been identified.

The CSB performs confirmatory analyses of the containment pressure and temperature
response to steam and feedwater l'1e breaks inside the containment using the
CONTEMPT-LT computer code.

.

IV. EVALUATION FINDINGS

The conclusions reached on completion of the review of this SRP section are
presented in Standard Review Plan Section 6.2.1.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staf f's plans for using this SRP section.

Except in those cases in which the applicant propates an acceptable alternative
method for complying with specified portions of tne Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

The references for this SRP section are listed in Standard Review Plan
Section 6.2.1.

O
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6.2.1.5 MINIMUM CONTAINMENT PRESSURE ANALYSIS FOR EMERGENCY CORE COOLING SYSTEM
PERFORMANCE CAPABILITY STUDIES

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

Following a loss-of-coolant accident in a pressurized water reactor (PWR) plant,
the emergency core cooling system (ECCS) will supply water to the reactor vessel to
reflood, and thereby cool the reactor core. The core flooding rate is governed by
the capability of the ECCS water to displace the steam generated in the reactor
vessel during the core reflooding period. For PWR plants, there is a direct depend-
ence of core flooding rate on containment pressure; i.e., the core flooding rate
will increase with increasing containment pressure. Therefore, as part of the
overall evaluation of ECCS performance, the CSB reviews analyses of the minimum
containment pressure that could exist during the period of time until the core is,o

(V) reflooded following a loss-of-coolant accident to confirm the validity of thecontainment c essure used in ECCS performance capability studies. The CSB reviews
the assumptions made regarding the operation of engineered safety feature heat
removal systems; the effectiveness of structural heat sinks within the containment
to remove energy from the containment atmosphere, and other heat removal proc (mses,
such as steam in the containment mixing with ECCS water spilling from the break in
the reactor coolant system; and in the case of ice condenser containments, mix!iig
with water from melted ice that drains into the lower containment volume. The
review is done for all PWR containment types, i.e., dry, subatmospheric, and ice
condenser containments.

The CSB will coordinate the review with the Reactor Systems Branch (RSB), which is
responsible for determining the acceptability of the mass and energy release data
used in the minimum containment pressure analysis (see SRP Section 6.3). This
information is derived from the applicant's evaluation of ECCS performance capa-
bility in accordance with 10 CFR Part 50, S50.46 and Appendix K to 10 CFR Part 50.
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It should be noted that the minimum containment pressure analysis done in con-
nection with ECCS performance evaluation differs from the containment functional
performance analysis, in that the conservatisms and margins are taken in opposite
directions in the two cases. Thus, the minimum containment pressure analysis
required by the regulations for ECCS performance evaluation is not conservative
with regard to peak containment pressure in the event of a loss-of-coolant
accident and cannot be used to determine the containment design basis.

II. ACCEPTANCE CRITERIA

CSB acceptance criteria is based on meeting the relevant requirements of 10 CFR
Part 50, g50.46 and paragraph I.D.2 of Appendix K to 10 CFR Part 50 which
requires that the containment pressure used to evaluate the performance capa-
bility of a PWR emergency core cooling system shall not exceed a pressure
calculated conservatively for that purpose.

The guidelines given below indicate the conservatism that analyses of the
containment response to loss of-coolant accidents should have for determining
the minimum containment pressure for ECCS performance capability studies:

1. Calculations of the mass and energy released during postulated loss-of-
coolant accidents should be based on the requirements of Appendix K to 10
CFR Part 50 (Ref. 2).

2. Branch Technical Position CSB 6-1, " Minimum Containment Pressure Model
for PWR ECCS Performance Evaluation," delineates the calculational
approach that should be followed to assure a conservative prediction of
the minimum containment pressure.

III. REVIEW PROCEDURES

The review procedures described below are followed for the review of the minimum
containment pressure analysis. The reviewer selects and emphasizes material
from these procedures as may be appropriate for a particular case. Portions
of the review may be carried out on a generic basis or by applying the results
of previous reviews of similar plants.

The CSB reviews the analyses in the safety analysis report of the minimum con-
tainment pressure following a loss-of-coolant accident. The RSB confirms the
validity of the applicant's mass and energy release data. The CSB evaluates
the conservativeness of the assumptions used by the applicant regarding the
operation of containment heat removal systems and the effectiveness of structural
heat sinks, by comparing the applicant's calculational approach to the method
outlined in Branch Technical Position CSB 6-1. In certain cases, the CSB may
perform confirmatory containment pressure response analyses using the CONTEMPT-LT
computer code. In these cases, containment pressure calculated by the CSB is
compared to that used in the applicant's evaluation of the performance capability
of the emergency core cooling system, to assure that an appropriately conserva-
tive value has been used. The CSB advises the RSB of the acceptability of the
containment backpressure used in the ECCS performance evaluation.

IV. EVALUATION FINDINGS

The conclusions reached on completion of the review of this SRP section are
presented in SRP Section 6.2.1.
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V. IMPLEMENTATION

\
The following is intended to provide guidance to applicants and licensees ,

3

regarding the NRC staff's plans for using this SRP section.'-

Except in those cases in which the applicant proposes an acceptable alternative i
j method for complying with specified portions of the Commission's regulations, j
i the method described herein will be used by the staff in its evaluation of '

i conformance with Commission regulations. i
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BRANCH TECHNICAL P0SITION CSB 6-1
,

MINIMUM CONTAINMENT PRESSURE MODEL
FOR PWR ECCS PERFORMANCE EVALUATION

A. BACKGROUND

Paragraph I.D.2. of Appendix K to 10 CFR Part 50 (Ref. 1) requires that
the containment pressure used to evaluate the performance capability of a
pressurized water reactor (PWR) emergency core cooling system (ECCS) does
not e.~.ceed a pressure calculated conservatively for that purpose. It

further requires that the calculation include the effects of operation of
all installed pressure reducing systems and processes. Therefore, the
following branch technical position has been developed to provide guidance
in the performance of a minimum containment pressure analysis. The approach
described below applies only tc the ECCS-related containment pressure
evaluation and not to the containment functional capability evaluation
for postulated design basis accidents.

B. BRANCH TECHNICAL POSITION

1. Input Information for Model

a. Initial Containment Internal Conditions

The minimum containment gas temperature, minimum containment
pressure, and maximum humidity that may be encountered under
limiting normal operating conditions should be used. Ice
condenser plants should use the maximum containment gas
temperature.

b. Initial Outside Containment Ambient Conditions

A reasonably low ambient temperature external to the containment
should be used.

c. Cuntainment Volume

The maximum net free containment volume should be used. This
maximum free volume should be determined from the gross contain-
ment volume minus the volumes of internal structures such as
walls and floors, structural steel, major equipment, and piping.
The individual volume calculations should reflect the uncertainty

in the component volumes.

d. Purge Supply and Exhaust Systems

If purge system operation is proposed during the reactor operating
modes of startup, power operation, hot standby and hot shutdown,
the system lines should be assumed to be initially open.

O
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2. Active Heat Sinks

a. Spray and Fan Cooling Systems

The operation of all engineered safety feature containment heat
removal systems operating at maximum heat removal capacity; i.e.,
with all containment spray trains operating at maximum flow condi-
tions and all emergency fan cooler units operating, should be
assumed. In addition, the minimum temperature of the stored

.

water for the spray cooling system and the cooling water supplied
to the fan coolers, based on technical specification limits,
should be assumed.

Deviations from the foregoing will be accepted if it can be shown
that the worst conditions regarding a single active failure,
stored water temperature, and cooling water temperature have
been selected from the standpoint of the overall ECCS model.

b. Containment Steam Mixing With Spilled ECCS Water

The spillage of subcooled ECCS water into the containment provides
an additional heat sink as the subcooled ECCS water mixes with
the steam in the containment. The effect of the steam-water
mixing should be considered in the containment pressure
calculations.

c. Containment Steam Mixing With Water from Ice Melt

O The water resulting from ice melting in an ice condenser con-
Q tainment provides an additional heat sink as the subcooled

water mixes with the steam while draining from the ice
condenser into the lower containment volume. The effect of the
steam-water mixing should be considered in the containment
pressure calculations.

3. Passive Heat Sinks

a. Identification

The passive heat sinks that should be included in the containment
evaluation model should be established by identifying those
structures and components within the containment that could
influence the pressure response. The kinds of structures and
components that should be included are listed in Table 1.

Data on passive heat sinks have been compiled from previous
reviews and have been used as a basis for the simplified model
outlined below. This model is acceptable for minimum containment
pressure analyses for construction permit applications, and until
such time (i.e., at the operating license review) that a complete
identification of available heat sinks can be made. This simpli-
fied approach has also been followed for operating plants by
licensees complying with Section 50.46(a)(2) of 10 CFR Part 50.
For such cases, and for construction permit reviews, where a
detailed listing of heat sinks within the containment often

6.2.1.5-5 Rev. 2 - July 1981
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cannot be provided, the following procedure may be used to model
the passive heat sinks within the containment:

(1) Use the surface area and thickness of the primary containment
steel shell or steel liner and associated anchors and concrete,

as appropriate.

(2) Estimate the exposed surface area of other steel heat sinks
in accordance with figure 2 and assume an average thickness
of 3/8 inch.

(3) Model the internal concrete structures as a slab with a
2thickness of one foot and exposed surface of 160,000 ft ,

The heat sink thermophysical properties that would be acceptable
are shown in Table 2.

Applicants should provide a detailed list of passive heat sinks,
with appropriate dimensions and properties.

b. Heat Transfer Coefficients

The following conservative condensing heat transfer coefficients
for heat transfer to the exposed passive heat sinks during the
blowdown and post-blowdown phases of the loss-of-coolant accident
should be used (see Figure 2):

(1) During the blowdown phase, assume a linear increase in the
2condensing transfer coefficient from h. . 8 Btu /hr-ft .op,

att=0,toapeakvaluefourtimesgMdkkk=thanthemaximum
calculated condensing heat transfer coefficient at the end
of blowdown, using the Tagami correlation (Ref. 2),

0.62
h = 7.25

max t
P

2where h = maximum heat transfer coefficien'., Btu /hr-ft op
max

Q = ,,rimary coolant energy, 8tu
3

V = net free containment volume, ft

t = time interval to end of blowdown, sec.
p

(2) During the long-term post-blowdown phase of the accident,
characterized by low turbulence in the containment atmosphere,
assume condensing heat transfer coefficients 1.2 times greater
than those predicted by the Uchida data (Ref. 3) and given
in Table 3.

(3) During the transition phase of the accident, between the
end of blowdown and the long-term post-blowdown phase, a
reasonably conservative exponential transition in the
condensing heat transfer coefficient should be assumed
(See Figure 2).

6.2.1.5-6 Rev. 2 - July 1981
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the calculated condensing heat transfer coefficients based on
the above method should be applied to all exposed passive heat

(']j sinks, both metal and concrete. And for both painted and
unpainted surfaces.

Heat transfer between adjoining materials in passive heat sinks
should be based on the assumption of no resistance to heat flow
at the material interfaces. An example of this is the containment
liner to concrete interface.

(4) Variations from the above guidelines may be found acceptable
if the overall ECCS performance ev:luation model results
in an acceptable peak calculated fuel cladding temperature.

C. REFERENCES

1. 10 CFR Part 50, 650.46, " Acceptance Criteria for Emergency Core Cooling
Systems for Light Water Nuclear Power Reactors," and 10 CFR Part 50,
Appendix K, "ECCS Evaluation Models."

2. T. Tagami, " Interim Report on Safety Assessment and Facilities
Establishment Project in Japan for Period Ending June 1965 (No. 1),"
prepared for the Naticnal Reactor Testing Station, February 28, 1966
(unpublished work).

3. H. Uchida, A. Oyama, and Y. Toga, " Evaluation of Post-Inciden Cooling
Systems of Light-Water Power Reactors," Proc. Third International

m Conference on the Peaceful Uses of Atomic Energy, Volume 13, Session
3.9, United Nations, Geneva (1964).

4. Schmitt, R. C., Bingham, G. E., and Manberg, J. A., " Simulated Design
Basis Accident Tests of the Carolinas Virginia Tube Reactor Containment -
Final Report," IN-1403, Idaho Nuclear Corporation, December 1970.
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TABLE 1

hIDENTIFICATION OF CONTAINMENT HEAT SINKS

1. Containment Building (e.g., liner plate and external concrete walls,
floor, sump, and linear anchors).

2. Containment Internal Structures (e.g., internal separation walls and
floors, refueling pool and fuel transfer pit walls, and shielding walls)

3. Supports (e.g., reactor vessel, steam generator, pumps, tanks, major
components, pipe supports, and storage racks)

4. Uninsulated Systems and Components (e.g., cold water systems, heating,
ventilation and air conditioning systems, pumps, motors, fan coolers,
recombiners, and tanks)

5. Miscellaneous Equipment (e.g., ladders, gratings, electrical cables.
trays, and cranes)

TABLE 2

HEAT SINK THERM 0 PHYSICAL PROPERTIES

Specific Thermal
Density Heat Conductivity

Material lb/fta Btu /lb- F Btu /hr-ft- f-

Concrete 145 0.156 0.92

Steel 490 0.12 27.0

TABLE 3

UCHIDA HEAT 1RANSFER COEFFICIENTS

Mass Heat Transfer Mass Heat Transfer
Ratio Coefficient Ratio Coefficient

{_1b air /lb steam) (Stu/hr-f t -F ) (lb air /lb steam) (Btu /hr-ft _po)22

50 2 3 29

20 8 2.3 37

18 9 1.8 46

14 10 1. 3 63

10 14 0.8 98

7 17 0.5 140

5 21 0.1 280

4 24

6.2.1.5-8 Rev. 2 - July 1981
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Figure 2

Condensing Heat Transfer Coefficients for Static Heat Sinks
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6.2.2 CONTAINMENT HEAT REMOVAL SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None |

I. AREAS OF REVIEW

The CSB reviews the information in the applicant's safety analysis report (SAR) con-
cerning containment heat removal under post-accident conditions to assure confor-
mance with the requirements of General Design Criteria 38, 39, and 40. The types
of systems provided to remove heat from the containment include fan cooler systems,
spray syst3ms, and residual heat removal systems. These systems remove heat from
the containment atmosphere and the containment sump water, or the water in the con-
tainment wetwell. The CSB review includes the following analyses and aspects of

/ O containment heat removal system designs:
\ )''

l. Analyses of the consequences of single component malfunctions.

2. Analyses of the available net positive suction head (NPSH) to the containment
heat removal system pumps.

3. Analyses of the heat removal capabil:ty of the spray water system.

4. Analyses of the heat removal capability of fan cooler heat exchangers.

5. The potential for surface fouling of fan cooler, recirculation, and residual
heat removal heat exchangers, and the effect on heat exchanger performance.

I
6. The design provisions aid proposed program for periodic inservice inspection

and cperability testing of each system or component.
I

7. The design of sumps for emergency core cooling and containment spray systems.
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8. The effects of debris such as thermal insulation on recirculating fluid
systems.

The CSB will coordinate other branch evaluations that interface with the over-
all review of the containment heat removal systems as follows: the Auxiliary

Systems Branch (ASB) wil review the secondary cooling systems, which provide
cooling water to the heat exchangers in the containment heat removal systens,
as part of its primary review responsibility for SRP Section 9.2.2. The Instru-
mentation and Control Systems Branch (ICSB) will review the sensing and actua-
tion instrumentation provided for the containment heat removal systems as part
of its primary review responsibility for SRP Section 7.3. The Equipment Qualifi-
cation Branch (EQB) will review the qualification test program for the active
components of the fan cooler system, and the sensing and actuation instrumenta-
tion for the containment heat removal system as part of its primary review
responsibility for SRP Section 3.11. The Chemical Engineering Branch (CMEB)
will evaluate the quantity of unqualified paint that can potentially reach the
emergency sump (s) under design basis pipe break accident review responsibility
for SRP Section 6.1.2. The Accident Evaluation Branch (AEB) will review fission
product control features of containment heat removal systems as part of its
primary review respcosibility for SRP Section 6.5.2. The Mechanical Engineerir.g
Branch (MEB) will review the system seismic design and quality group classifica-
tion as part of its pr; mary review responsibility for SRP Section 3.2.1 and
SRP Saction 3.2.2, respectively. The Licensing Guidance Branch (LGB) will review
the proposed technical specifications for each system at the operating license
stage of review as part of the primary review responsibility for SRP Section
16.0.

For those areas of review identified above being reviewed as part of the primary
review responsibility of other branches, the acceptance criteria necessary for
the review ano their methods of ap,,lication are contained in the referenced
SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

CSB acceptance criteria for the design of the containment heat removal system
is based on meeting the relevant requirements of General Design Criterion 38,
39, and 40. The relevant requirements are as indicated below.

1. General Design Criterion 38 as it relates to:

a. Containment heat removal system being capable of reducing rapidly
the containment pressure and temperature fc!)owing a LOCA, and main-
taining them at acceptably low levels.

b. The containment heat removal system performance being consistent with
the function of other systems.

c. The containment heat removal system being safety grade design; i.e. ,
have suitable redundancy of components and features, and interconnec-
tions, to assure that for either a loss of onsite as a loss of off-
site power, the system function can be accomplished assuming a single
failure.

d. Leak detection, isolation and containment capabilities being incor-
porated in the design of the containment heat removal system.

6.2.2-2 Rev. 3 - July 1981
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i

! 2. General Design Criterion 39, as it relates to the containment heat removal
system being designed to permit periodic inspecton of components.

3. General Design Criterion 40, as it relates to the containment heat removal
! system being designed to permit periodic testing to assure system inte-
i grity, and the operability of the system, and active components.

Specific acceptance criteria necessary to meet the relevant requirement of GDC
38, 39, and 40 are as follows:

L

j 1. The containment heat removal systems should meet the redundancy and power
source requirements for an engineered safety feature; i.e. , the systems
should be designed to accommodate a single active failure. The results

] of failure modes and effects analyses of each system should assure that
the system is capable of withstanding a single failure without loss of
function. This is conformance. with the requirements of General Design
Criterion 38.

2. With regard to General Design Criterion 38 as it relates to the capa-
bility of containment system to accomplish its safety function, the spray
system should be designed to accomplish this without pump cavitation occur-
ring. Therefore, the net positive suction head available to the pumps ini

both the injection and recirculation phases of operation should be greater
! than the required NPSH. A supporting analysis should be presented in

sufficient detail to pcrmit the staff to determine the adequacy of the
i

| analysis and should show that the available NPSH is greater than the
required NPSH.

In the recirculation phase; i.e., in the long term (after about one hour)
following a LOCA, the containment spray system is required to circulate
the water in the containment. The NPSH analysis will be acceptable if it
is done in accordance with the guidelines of Regulatory Guide 1.1 (Ref.
4), i.e., is based on maximum expected temperature of the pumped fluid
and with atmospheric pressure in the containment. For clarification, the

analysis should be based on the assumption that the containment pressures

i equals the vapor pressure of the sump water. This ensures that credit is
not taken for containment pressurization during the transient.

! The recirculation spray system for a subatmospheric containment is designed
! to start about five minutes after a loss-of-coolant accident, i.e., during

the injection phase of spray system operation. For subatmospheric contain-
! ments, the guidelines of Regulatory Guide 1.1 as defined above will apply ;

after the injection phase has terminated, which occurs about one hour after
'

the accident. Prior to termination of the injection phase the NPSH analyses
should include conservative predictions of the containment atmosphere pres-
sure and sump water temperature transients.

3. In evaluating the performance capability of the containment spray system,
to satisfy GDC 38, analyses of its heat removal capability should be based

; on the following considerations:

a. The locations of the spray headers relative to the internal structures.

b. The arrangement of the spray nozzles on the spray headers and then expected spray pattern.

6.2.2-3 Rev. 3 - July 1981
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c. The type of spray nozzles used and the nozzle atomizing capability,
i.e., the spray drop size spectrum and mean drop size emitted from
each type of nozzle as a function of differential pressure across
the nozzle.

d. The effect of drop residence time and drop size on the heat removal
effectiveness of the spray droplets.

The spray systems should be designed to assure that the spray header and
nozzle arrangements produce spray patterns which maximize the containment
volume covered and minimize the overlapping of the sprays.

4. In evaluating the performance capability of the fan cooler system, to
satisfy GDC 38, the design heat removal capability (i.e., heat removal
rate vs. containment temperature) of fan coolers should be established on
the basis of qualification tests on production units or acceptable
analyses that take into account the expected post-accident environmental
conditions and variations in ma,ior operating parameters such as the con-
tainment atmosphere steam-air ratio, condensation on finned surfaces, and
cooling water temperature and flow rate. The equipment housing and duct-
ing associated with the fan cooler system should be analyzed to determine
that the design is adequate to withstand the effects of containment pres-
sure following a loss-of-coolant accident (see SRP Section 6.2.5). Fan
cooler system designs that contain components which do not have a post-
accident safety function should be designed such that a failure of non-
safety-related equipment will not prevent the fan cooler system from
accomplishing its safety function.

5. In evaluating the heat removal capability of the containment heat removal
system, to satisfy GDC 38, the potential for surface fouling of the
secondary sides of fan cooler, recirculation, and residual heat removal
heat exchangers by the cooling water over the life of the plant and the
effect of surface fouling on the heat removal capacity of the heat
exchangers should be analyzed and the results discussed in the SAR. The
analysis will be acceptable if it is shown that provisions such as closed
cooling water systems are provided to prevent surface fouling or surface
fouling has been accounted for in establishing the heat removal capability
of the heat exchangers.

6. To satisfy the requirement of GDC 38 regarding the long-term safety func-
tions of the containment spray system, provisions should be made to allow
drainage of spray and emergency core cooling water to the sumps (recircula-
tion piping suction points). The design of protective screen assemblies
around recirculation piping suction points will be acceptable if it is
capable of preventing debris from entering the recirculation piping which
could impair the performance of system pumps, valves, heat exchangers, or
spray nozzles. Regulatory Guide 1.82 (Ref. 8) provides guidance on the
design of sumps for emergency core cooling and containment spray systems.

7. In meeting the requirements of GDC 39 and 40, regarding inspection and
testing, provisions should be made 'n the design of containment heat
removal systems for periodic inspection and operability testing of the
systems and system components such as pumps, valves, duct pressure-
relieving devices, and spray nozzles.

g
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f

' 8. To satisfy the system design requirements of GDC 38, instrumentation
should be provided to monitor containment heat removal system and system

i t component performance under normal and accident conditions. The instru-
| mentation should be capable of determining whether a system is performing

its intended function, or a system train or component is malfunctioning
and should be isolated.,

.

i |III. REVIEW PROCEDURESj

i The procedures described below provide guidance for the review of containment
) heat removal systems. The reviewer selects and emphasizes material from the
i review procedures as may be appropriate for a particular case. Portions of
i the review may be done on a generic basis for aspects of heat removal systems

common to a class of containments, or by adopting the results of previous reviews
of plants with essentially the same system.

Upon request from CSB, the secondary review branches will provide input for
i

the areas of review stated in subsection I of this SRP rection. CSB obtains
and uses such input as required to assure that this review procedure is complete.
CSB assures that the design and functional capability of the containment heat
removal system conform to the requirements of General Design Criteria 38, 39,

1 and 40.
1

! CSB determines the acceptability of a containment heat removal system design
j by reviewing failure modes and effects analyses of the system to be sure that
j all potential single failures have been identified and no single failure could

incapacitate the entire system; verifying that engineered safety feature design'

standards have been applied; reviewing the system design provisions for periodic
inservice inspection and operability testing to ensure that the system and compo-
nents are accessible for inspection and all active components can be tested;i

' and reviewing the capability to monitor system performance and control active
components frcm the control room so that the operator can exercise control over
system functions or isolate a malfunctioning system component.

,

i

CSB reviews analyses of the net positive suction head available to the spray ;

system pumps. CSB assures that the analyses for the recirculation phase are
done in accordance with the guidelines of Regulatory Guide 1.1, i.e., are based
on maximum expected temperature of the pumped fluid and with atmospheric pressure
in the containment. For clarification, the analyses should be based on the
assumption that the containment pressure equals the vapor pressure of the sump

; water. This ensures that credit is not taken for containment pressurization
during the transient. CSB assures that calculations of the available NPSH are
based on transient values of the suction head and the friction head. The CSB
reviews information provided by the applicant to identify and justify the con-i

servatisms applied in determining the water level in the containment and the
friction losses in the recirculation system suction piping. For example, the
uncertainty in determining the free volume in the lower part of the containment
that may be occupied by water, and the quantity of water that may be trapped by
the reactor cavity and the refueling canal, should be factored into the calcula-
tion of the suction head.

The CSB reviews analyses of the available NPSH for subatmospheric containments
for the period prior to termination of the injection phase of containment spray
to dei. ermine that containment pressure and sump water temperature transientss

6.2.2-5 Rev. 3 - July 1981
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have been conservatively used in the NPSH calculations. The CSB reviews informa-
tion provided by the applicant to identify and justify the conservatisms in
the analysis of the containment atmosphere pressure and sump water temperature
transients. The CSB also reviews the conservatisms used in determining the
water level in the containment and the f riction losses in the recirculation
system piping.

The CSB compares the NPSH requirements for the containment heat removal system
pumps to the minimum calculated NPSH available to the pumps to assure that a
positive margin is maintained. The CSB also reviews the preoperational test
programs, and periodic inservice inspection and test programs, to verify that
adequate NPSH is available to the pumps and the continuing operability of the
pumps during the lifetime of the plant.

If in the judgment of the CSB, the NPSH analyses were not done in a sufficiently
conservative manner, confirmatory analyses are performed using the CONTEMPT-LT
computer code.

The CSB also reviews the evaluation of the volume of the containment covered
by the sprays and the extent of overlapping of the sprays with respect to heat
removal capabilities. A judgment will be made regarding the acceptability of
the spray coverage and extent of overlapping; the volume of the containment
covered by the sprays should be maximized and the extent of overlapping kept
to a minimum. Elevation and plan drawings of the containment showing the spray
patterns are used to determine coverage and overlapping.

In general, the desiga requirements for the spray systems with respect to spray
drop size spectrum and mean drop size, spray drop residence time in the contain-
ment atmosphere, containment coverage by the sprays, and extent of overlapping
of the sprays are more stringent when the acceptability of the system is being
considered from an iodine removal capability standpoint rather than from a heat
removal capaoility standpoint. Consequently, when the iodine removal capability
of the system is satisfied, the heat removal capability will be found acceptable.
The Accident Evaluation Branch is responsible for determining the acceptability
of the iodine removal effectiveness of the sprays (See Standard Review Plan
Section 6.5.2). Since all plants do not use the containment sprays as a fission
product removal system, the CSB reviews the system for cases where the system
is used only as a heat removal system.

CSB reviews analyses of the heat removal capability of the spray system. This
capability is a function of the degree of thermal equilibrium attained by the
spray water and the volume of the containment covered by the spray water. The
spray drop size and residence time in the containment atmosphere determine the
degree of thermal equilibrium attained by the spray water. The CSB confirms
the validity of the degree of thermal equilibrium attained using the following
in forma tion: an elevation drawing of the containment showing the locations of
the spray headers relative to the internal structures, including fall heights,
and the results of the spray nozzle test program to determine the spectrum of
drop sizes and mean drop size emitted from the nozzles as a function of pressure
drop across the nozzles.

Reference 6 contains information regarding the heating of spray drops in air-
steam atmospheres which can be used to determine the validity of the degree of
thermal equilibrium of the spray water used in the analyses.

6.2.2-6 Rev. 3 - July 1981
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CSB reviews the adequacy of provisions made to prevent overpressurization of
i fan cooler ducting following a loss-of-coolant accident (Standard Review Plan

Section 6.2.5). CSB reviews the heat removal capability of the fan coolers.
The test programs and calculation models used to determine the performance
capability of fan coolers are reviewed for acceptability. If the secondary,

tide of a fan cooler heat exchanger is not a closed system, the CSB reviews
; the potential for surface fouling. The CSB determines whether or not surface

fouling impairs the heat removal capability of a fan cooler.

CSB reviews the system provided to allow drainage of containment spray water
and emergency core cooling water to the recirculation suction points (sumps).
CSB reviews the design of the protective screen assemblies around the suction
points. CSB reviews plan and elevation drawings of the protective screen
assemblies, showing the relative positions and orientations of the trash bars
or grating and the stages of screening, to determine that the potential for
debris clogging the screening is minimized. CSB also reviews the drawings to
determine that suction points do not share the same screened enclosure. lhe
effectiveness of the protective screen assembly will be determined by comparing
the smallest mesh size of screening provided to the clogging potential of pumps,
heat exchangers, valves, and spray nozzles. The methods of attachment of the
trash bars or grating and the screening to the protective screen assembly struc-
ture should be discussed in the SAR and shown on drawings. A discussion of the
adequacy of the surface area of screening with respect to assuring a low veiocity
of approach of the water to minimize the potential for debris in the water being
sucked against the screening should be presented. Regulatory Guide 1.82 (Ref.
5) presents guidelines for the acceptability of the design of containment sumps.

IV. EVALUATION FINDINGS

y The reviewer verifies that sufficient information has been provided and that
his evaluation supports conclusions of the following type, to be included in
the staff's safety evaluation report:

6.2.2 Containment Heat Removal Systems

The containment heat removal systems include (identify the systems).

The scope of review of the containment heat removal systems for the (plant name)
has included system drawings and descriptive information. The review has included
the applicant's proposed design bases for the containment heat removal systems,
and the analyses of the functional capability of the systems.

The staff concludes that the design of the containment heat removal systems is
acceptable and meets the requirements of General Design Criteria 38, 39 and 40.
The conclusion is based on the following: [The reviewer should discuss each
item of the regulations or related set of regulations as indicated.]

1. The applicant has met the requirements of (cite regulation) with respect
to (state limits of review in relation to regulation) by (for each itemt

,
that is applicable to the review state how it was met and why acceptable

! with respect to the regulation being discussed):

a. meeting the regulatory positions in Regulatory Guide or Guides;

; O
1
1
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b. providing and meeting an alternative method to regulatory positions
in Regulatory Guide , that the staff has reviewed and found to
be acceptable;

c. meeting the regulatory position in BTP ;

d. using calculational methods for (state what was evaluated) that has
been previously reviewed by the staff and found acceptable; the staff
has reviewed the impact parameters in this case and found them to be
suitably conservative or performed independent calculations to verify
acceptability of their analysis; and/or

e, meeting the provisions of (industry standard number and title) that
has been reviewed by the staff and determined to be appropriate for
this application.

2. Repeat discussion for each regulation cited above.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding
the NRC staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Inplementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 38, " Containment Heat
Removal."

2. 10 CFR Part 50, Appendix A, General Design Criterion 39, " Inspection of
Containment Heat Removal System."

3. 10 CFR Part 50, Appendix A, General Design Criterion 40, " Testing of Contain-
ment Heat Removal System."

4. Regulatory Guide 1.1, " Net Positive Suction Head for Emergency Core Cooling
and Containment Heat Removal System Pumps."

5. Regulatory Guide 1.82, " Sumps for Emergency Core Cooling and Containment
Spray Systems."

6. L. F. Parsly, " Design Considerations of Reactor Containment Spray Systems -
Fart VI, The Heating of Spray Drops In Air-Steam Atmospheres," ORNL-TM-2412,
Oak Ridge National Laboratory, January 1970.

O
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6.2.3 SECONDARY CONTAINMENT FUNCTIONAL DESIGN

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

The CSB reviews the information in the applicant's safety analysis report (SAR) con-
cerning the functional capability of the secondary containment system. The second-
ary containment system includes the outer containment structure of dual containment
plants and the associated systems provided to mitigate the radiological consequences
of postulated accidents. The secondary containment structure and supporting systems
are provided to collect and process radioactive material that may leak from the pri-
mary containment following an accident. The supporting systems maintain a negative

n pressure within the secondary containment and process this leakage. Plant areas and
( ) systems contiguous to the secondary containment which also collect and process radio-
's / active material that may leak from the primary containment following an accident are

reviewed by the CSB in the same manner as the secondary containment.

The CSB review of the functional capability of the secondary containment system of
dual containment designs includes the following points:

1. Analyses of the pressure and temperature response of the secondary containment
to a loss-of-coolant accident within the primary containment.

2. Analyses of the effect of openings in tne secondary containment on the capabil-
ity of the depressurization and filtration system to accomplish its design
objective of establishing a negative pressure in a prescribed time.

3. Analyses of the pressure and temperature response of the annular region between
the primary and secondary containment to a high energy line rupture within the
secondary containment.

Rev. 2 - July 1981
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4. The functional design criteria applied to guard pipes surrounding high
energy lines within the secondary containment.

5. Analyses of any primary containment leakage paths that bypass the secondary
containment.

6. The design provisions for periodic leakage testing of secondary containment
bypass leakage paths.

I
7. Analyses of the pressure response of the secondary containment resulting

from inadvertent depressurization of the primary containment when there is
vacuum relief from the secondary containment.

8. The acceptability of the mass and energy release data used in the analysis I

of the secondary containment pressure response to postulated high energy
line breaks.

The CSB will coordinate other branch evaluations that interface with the overall
review of the secondary containment functional design, as follows: The Accident
Evaluation Branch (AEB), as part of its primary review responsibility for SRP
Section 6.5 and SRP Section 6.2.6 will evaluate the design requirements and the
periodic inspection and operablity test program for the depressurization and
filtration systems. The AEB also will evaluate the fission product removal
capability of the secondary containment supporting systems. The Auxiliary
Systems Branch (ASB), as part of its primary review responsibility for SRP
Section 3.6.1, will evaluate the plant design for protection against postulated
pipe ruptures in auxiliary areas outside primary containment that serve as the
secondary containment. The Instrumentation and Control Systems Branch (ICSB)
reviews and evaluates instrumentation necessary for the actuation and control
features for the secondary containment function as part of its primary review
responsibility for SRP Section 7.1 thru 7.5. The Mechanical Engineering Branch
(MEB), as part of its primary review responsibility for SRP Section 3.6.2, will
evaluate the break locations and dynamic effects associated with the postulated
rupture of piping outside the primary containment. The Licensing Guidance
Branch (LGB), at the operating licensing stage of review, will review the pro-
posed technical specifications pertaining to the functional capability of the
secondary containment system and the leakage testing of bypass leakage paths
as part of its primary review responsibility for SRP Section 16.0.

For these areas of review identified above as being part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
section of the correspondinq primary branch.

II. ACCEPTANCE CRITERIA

CSB accepts the secondary containment functional design if the relevant require-
ments of General Design Criteria 4, 16, and 45 and Appendix J to 10 CFR Part 50
are corplied with. The relevant requirements are as follows:

A. General Design Criterion 4 as it relates to structures, systems and com-
ponents important to safety being designed to accommodate the effects of
normal operation, maintenance, testing and postulated accidents, and being
protected against dynamic effects (e.g., the effects of missiles, pipe
whipping, and discharging fluids) that may result from equipment failures.

6.2.3-2 Rev. 2 - July 1981



B. General Design Criterion 16 as it relates to reactor containment and asso-
ciated systems being provided to establish an essentially leak-tight
barriers against the uncontrolled release of radioactivity to the,m
environment.

C. General Design Criterion 43 as it relates to atmosphere cleanup systems
having the design capability to permit periodic functional testing to
assure system integrity, the operability of active components, and the
operability of the system as a whole and the performance of the operational
sequence that brings the system into operation.

D. 10 CFR Part 50, Appendix J as it relates to the secondary containment
being designed to permit preoperational and periodic leakage rate testing
so that bypass leakage paths are identified.

Specific criteria that pertain to design and functional capability of the
seconc'ary systems which are necessary to meet the relevant requirements of GDC 4,
16 and 43 and 10 CFR Part 50, Appenc:ix J are as follows:

1. In meeting the requirements of GDC 16 regarding functional capability of
the secondary containment, the analysis of the pressure and temperature
response of the secondary containment to a loss-of-coolant accident occur-
ring in the primary containment should be based on the following guidelines:

Heat transfer from the primary to secondary containment should bea.
considered.

(1) Heat transfer from the primary containment atmosphere to the
primary containment structure should be calculated using conser-o

( vative heat transfer coefficients such as those provided in
A Branch Technical Position CSB 6-1 (Ref. 6).

(2) Conductive heat transfer through the primary containment struc-
ture and convective heat trans'er to the secondary containment
atmosphere should be considered.

(3) Radiant heat transfer to the secondary containment should be
considered.

b. Adiabatic boundary conditions should be assumed for the surface of
the secondary containment structure exposed to the outside environment.

The compressive effect of primary containment expansion on the secon-c.
dary containment atmosphere should be considered.

d. Secondary containment inleakage should be considered.

No credit should be taken for secondary containment outleakage,e.

f. Secondary containment response analyses should be based on the assump-
tion of loss of offsite power and the most severe single active
failure in the emergency power system (e.g., a diesel generator
failure), in the primary containment heat removal systems, in the core
cooling systems, or in the secondary containment depressurization and

(G filtration system. Any delay, due to system design, in actuating theV)'

:
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secondary containment depressurization and filtration system should
be considered.

g. Heat loads generated within the secondary containment (e.g., equipment
heat loads) should be considered.

h. Fan performance characteristics should be considered in evaluating
the depressurization of the secondary containment.

2. In meeting the requirement of GDC 4 to project structures, systems and
components important to safety against dynamic effects, high energy lines
passing through the secondary containment should be provided with guard
pipes. Design criteria for guard pipes are given in SRP Section 3.6.2.
If guard pipes are not provided, analyses should be provided which demon-
strate that both the primary containment structure and the secondary con-
tainment structure are capable of withstanding the effects of a high
energy pipe rupture occurring inside the secondary containment without
loss of integrity.

1

3. In meeting the requirements of GDC 16, regarding the functional capability
of the secondary containment, the following criteria apply:

a. The secondary containment depressurization and filtration systems
should meet the guidelines of Regulatory Guide 1.52 and be capable I

of maintaining a uniform negative pressure throughout the secondary
containment, as well as other areas served by the systems.

b. The negative pressure differential to be maintained in the secondary
containment and other contiguous plant areas should be no less than
0.25 inches (water) when compared with adjacent regions, under all
wind conditions up to the wind speed at which diffusion becomes great
enough to assure site boundary exposures less than those calculated
for the design basis accident even if exfiltration occurs. If the

leakage rate is in excess of 100% of the volume per day, a special
exfiltration analysis should be performed.

g

c. All openings, such as personnel doors and equipment hatches, should
be under administrative control. These openings should be provided
with position indicators and alarms having readout and alarm capabil-
ity in the main control room. The effect of open doors or hatches
on the functional capability of the depressurization and filtration
systems should be evaluated and confirmatory preoperational tests
conducted.

d. Some plants may have only portions of the primary containment
enclosed, rather than having a secondary containment structure or
shield building that completely encloses the primary containment.
These enclosed areas are areas into which the primary containment
would most likely leak, and they may be equipped with air filtration
systems. Quantitative credit cannot be given for the holdup effect
of these enclosed areas or for the air filtration systems, to mitigate
the radiological consequences of a postulated accident, unless the
magnitude of unprocessed leakage can be adequately demonstrated.
Quantitative credit for leakage collection in a partial-dual contain-
ment will be reviewed on a case-by-case basis.
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e. The external design pressure of the secondary containment structure
:hould provide an adequate margin above the maximum expected external
pressure.

g

V 4. In meeting the requirements of GDC 43 and 10 CFR Part 50, Appendix J,
regarding the inspection and testing of the secondary containment system,4

.the following criteria apply:
.

The fracticn of primary containment leakage bypassing the secondarya.
containment and escaping directly to the environment should be speci-
fied. Branch Technical Position (BTP) CSB 6-3 (Ref. 5) provides
guidance for identifying the leakage paths to the environment which
may bypass the secondary containment. The periodic leakage rate
testing program for measuring the fraction of primary containment
leakage that may directly bypass the secondary containment and other
contiguous areas served by ventilation and filtration systems should
be described.

b. Provisions should be made in the design of the secondary containment
system to permit inspections and monitoring of the functional capability.
The determination of the depressurization time, the secondary contain-'

ment in leakace rate, the uniformity of negative pressure throughout
the secondary containment and other contiguous areas, and the ptential
for exfiltration should be included in the preoperational and periodic
test programs.

III. REVIEW PROCEDURES

O The procedures described below provide guidance on the review of the secondary
y / containment system. The reviewer selects and emphasizes material from the

review procedures as may be appropriate for a particular case. Portions of the
review may be done on a generic basis for aspects of secondary containment
functional design common to a class of plants, or by adopting the results of
previous reviews of similar plant .

Upon request from the CSB primary reviewer, other branches will prcvide input
for the areas of review stated in subsection I of this SRP section. The CSB
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

CSB reviews the analytical models used and the assumptions made in the analyses
of the pressure and temperature response of the secondary containment to loss-
of-coolant accidents in the primary containment. In general. CSB determines
that the analyses conservatively predict the secondary containment pressure
response. In so doing, CSB compares the analyses to the guidelines in subsec-
tion II of this SRP section.

If considered.necessary, CSB performs confirmatory analyses of the pressure and
temperature response of the secondary containment for loss-of-coolant accidents
within the primary containment and for high erargy line (e.g. , steam line and
feedwater line) ruptures occurring within the ' annular region formed by the
secondary containment. The analyses are dsne using the CONTEMPT-LT computer
code (Ref. 4). It should be noted that, for the analysis of the pressure and |

3 temperature response in the secondary containment for loss-of-coolant accidents
within the primary containment, the present version of the CONTEMPT-LT only has
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che capability of calculating the pressure in the secondary containment up to
the time the depressurization systems are actuated. The code is being improved
to permit the calculation of the pressure response for the entire course of an
accident.

The analysis will be based on the guidelines given in subsection II of this
SRP section, and code input data obtained from the SAR. CSB determines that
the 3econdary containment design pressure is not exceeded ano that the depres-
surization time is consistent with that assumed in the AEB analysis of the radio-
logical consequences of the accident. In addition, CSB determines that the
primary containment external design pressure is not exceeded.

CSB determines that all direct leakage paths have been properly identified,
and from a review of the proposed leakage testing program that provisions have
been made in the design of the plant to measure the fraction of total primary
containment leakage that bypasses the secondary containment. CSB advises AEB of |
any inadequacies ~ the applicant's direct leakage assumptions used in the
radiological anal, At the operating license stage of review, LGB reviews
technical specificat.ans which specify the surveillance requirements for leakage
testing of the secondary containment bypass leakage paths.

CSB reviews analyses of the capability of the secondary containment system to
resist exfiltration under pst-accident conditions. If the secondary contain-
ment leakage rate is in exces., of 100% of the volume per day, CSB advises AEB in
order that they may perform a special exfiltration analysis. CSB reviews the
preoperational and periodic inservice testing programs to assure that testing
will be done to verify the extent of exfiltration.

CSB reviews the proposed secondary containment system testing program and the
surveillance requirements to assure that tests will be periodically conducted |
to verify that the prescribed negative pressure can be uniformly maintained
throughout the secondary containment. CSB a'so reviews the testing program
and surveillance requirements to assure that tests will be periodically con-
ducted to verify the secondary containment design inleakage rau and to verify
the analysis of the depressurization of the secondary containment.

LGB reviews the proposed technical specifications to assure that adequate
administrative control will be exercised over the secondary containment open-
ings, such as personnel access doors and equipment hatches. CSB dutermines
from the descriptive information in the SAR that all doors and hatches are

,

provided with positien indicators having readout and alarm capability in the
I main control room. The CSB wi11 ascertain that normally open doors were con-

|
sidered in the analyses of the functional capability of the secondary contain-

i ment system.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his evaluation supports conclusions of the following type, to be included in
the staf f's safety evaluation report:

The scope of review of the functional design of the secondary containment
system fc- the (Plant name) has included plan and elevation drawings,
system drawings, and descriptive information. This system is provided to
control the atmosphere within the secondary containment and contiguous
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areas. The review has included the applicant's proposed design bases and
analyses of the functional capability of the secondary containment system.

,

i
' - The staff concitdes that the containment functional design is acceptable
; and meets the requirements of Genera Design Criteria 4,16 and 43. The

conclusion is based on the following: [The reviewer should discuss each
; item of the regulatiens or related set of regulations as indicated.]
!
'

1. The applicant has met the requirements of (cite regulation) with
respect to (state limits of review in relation to regulation) by
(for each item that is applicable to the review state how it was met

i and why acceptable with respect to regulation being discussed):

a. meeting the regulatory positions in Regulatory Guide or
,

Guides-,' <

b. providing and meeting an alternative method to regulatory posi-
'; tions in Regulatory Guide , that the staff has reviewed and

found to be acceptable;

c. meeting the regulatory posit *on in BTP ;

d. usin calculational methods for (state what was evaluated) that4

j has been previously reviewed by the staff and found acceptable;
the staff has reviewed the impact parameters in this case and:

] found them to be suitably conservative or performed independent
calculations to verify acceptability of their analysis; and/or!

e. meeting the provisions of (industry standard number and title)
that has been reviewed by the staff and determined to be appro-

j priate for this afplication.

2. Repeat discussion for each regulation cited above.

V. IMPLEMENTATION

The following is intended to provided guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used i,y the staff in its evaluation of con-

|
formance with Commission regulations.

i Implementation schedules for conformance to parts of the method discussed herein
j are contained in the referenced regulatory guides.

! VI. REFERENCES
,

'

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases.";

2. 10 CFR Part 50, Appendix A, General Design Criterion 16, " Containment
j Design."

|
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3. 10 CFR Part 50, Appendix A, General Design Criterion 43, " Testing of Con-
tainment Atmosphere Cleanup Systems."

4. R. J. Wagner and L. L. West, " CONTEMPT-LT Users Manual," Interim Report
I-214-/4-12.1, Aerojet Nuclear Company, August 1973.

5. Branch Technical Position CSB 6-3, " Determination of Bypass Leakage Paths
in Dual Containment Plants," attached to this SRP section.

6. Branch Technical Position CSB 6-1, " Minimum Containment Pressure Model for
PWR ECCS Performance Evaluation," attached to SRP Section 6.2.1.5.

O

/

O
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BRANCH TECHNICAL POSITION CSB 6-3
m
/ DETERMINATION OF BYPASS LEAKAGEV)

,
PATHS IN DUAL CONTAINMENT PLANTS

A. BACKGROUND

The purpose of this branch position is to provide guidance in the determination
of that portion of the primary containment leakage that will not be collected
and processed by the secondary containment. Bypass leakage is defined as that
leakage from the primary containment which can circumvent the secondary contain-
ment boundary and escape directly to the environment, i.e. , bypasses the leakage
collection and filtration systems of the secondary containment. This leakage
component must be considered in the radiological analysis of a loss-of-coolant
accident.

The secondary containment consists of a structure which completely encloses the
primary containment and can be maintained at a pressure lower than atmospheric
so that primary containment leakage can be collected or processed before release
to the environment. The secondary containment may include an enclosure building
which forms an annular volume around the primary containment, the auxiliary

~

building where it completely encloses the primary containment, and other regions
of the plant that are provided with leakage collection and filtration systems.
Depressurization systems are provided as part of the secondary containn.ent to
decrease or maintain the secondary containment volume at a negative pressure.

All primary containment leakage may not be collected because (1) direct primary

A } containment leakage can occur while the secondary containment is being depres-( surized and (2) primary containment leakage can bypass the secondary containment
L through containment penetrations and seals which do not terminate in the second-

ary containment.

Direct leakage from the secondary containment to the environment can occur when-
ever an outward positive differential pressure exists across the secondary con-
tainment boundary. The secondary containment can experience a positive pressure
transient following a postulated loss-of-coolant accident in the primary contain-
ment as a result of thermal loading and infiltration from the environment and
the primary containment that will occur until the depressurizatien systems
become effective. An outward positive differential on the secon6ary containment
wall can also be created by wind loads. In this regard, a " positive" pressure
is defined as any pressure greater than -0.25 in w.g. (water gauge), to account
for wind loads and the uncertainty in the pressure measurements. Whenever the
pressure in the secondary containment volume exceeds -0.25 in, w.g., the leakage-
prevention function of the secondary containment is assumed to be negated.
Since leakage from the secondary containment during positive pressure periods
cannot be determined, the conservative assumption is made that, all primary
containment leakage is released directly to the environment during these time
periods. Therefore, it becomes necessary to determine the time periods during
which these threshold conditions exist.

The existence and duration of periods of positive pressure within the secondary
containment should be based on analyses of the secondary containment pressure
response to postulated loss-of-coolant accidents within the primary containment
and the effectiveness of the depressurization systems.

v
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The evaluation of bypass leakage involves both the identification of bypass
leakage paths and the determination of leakage rates. Potential bypass leakage
paths are formed by penetrations which pass through both the primary and secondary
containment boundaries. Penetrations that pass through both the primary and
secondary contaire.ent may include a number of barriers to leakage (e.g., isolation
valves, seals, gaskets, and welded joints). While each of these barriers aid in
the reduction of leakage, they do not necessarily eliminate leakage. Therefore,

in identifying potential leakage paths, each of these penetrations should be
considered, together with the capability to test them for leakage in a manner
similar to the containment leakage tests required by Appendix J to 10 CFR
Part 50.

B. BRANCH TECHNICAL POSITION

1. A secondary containment structure should completely enclose the primary
containment structure, with the exception of those parts of the primary
containment that are imbedded in the soil, such as the base mat of the
containment structure. For partial dual containment concepts, leak
rates less than the design leak rate of the primary containment should
not be used in the calculation of the radiological consequences of a
loss-of-coolant accident, unless the magnitude of unprocessed leakage
can be adequately demonstrated. Quantitative credit for leakage col-
lection in a partial-dual containment will be reviewed on a case-by-
case basis.

2. Direct leakage from the primary containment to the environment,
equivalent to the design leak rate of the primary containment, should
be assumed to occur following a postulated loss-of-coolant accident
whenever the secondary containment volume is at a " positive" pressure;
i.e., a pressure greater than -0.25 in. w.g. Positive pressure periods
should be determined by a pressure response analysis of the secondary
containment volume that includes thermal loads from the primary con-
tainment and infiltration leakage.

3. The secondary containment depressurization and filtration systems
should be designed in accordanc.e with Regulatory Guide 1.52, "Desigr.,
Testing, and Maintenance Criteria for Atmosphere Cleanup System Air
Filtration and Adsorption Units of Light-Water Cooled Nuclear Power
Plants." Preoperational and periodic inservice inspection and test
programs should be proposed for these systems and should include
means for determining the secondary containment infiltration rate,
and the capability of the systems to draw down the secondary contain-
ment to the prescribed negative pressure in a prescribed time.

4. For secondary containments with design leakage rates greater than 100
volume percent per day, an exfiltration analysis should be provided.

The following leakage barriers in paths which do not terminate within5.
the secondary containment should be considered potential bypass leakage
paths around the leakage collection and filtration systems of the
secondary containment:

Isolation valves in piping which penetrates both the primary anda.
secondary containment barriers.

6.2.3-10 Rev. 2 - July 1981



_

b. Seals and gaskets on penetrations which pass through both the
primary and secondary containment barriers.

^

c. Welded joints on penetrations (e.g., guard pipes) which pass
through both the primary and secondary containment barriers.

! 6. The total leakage rate for all potential bypass leakage paths, as
identified in item 5 above, should be determined in a realistic manner,'

considering equipment design limitations and test sensitivities.
This value should be used in calculating the offsite radiological
consequences of postulated loss-of-coolant accidents and in setting
technical specification limits with margin for bypass leakage.

7. Provisions should be made to permit preoperational and periodic leakage
rate testing in a manner similar to the Type B or C tests of Arpendix J
to 10 CFR Part 50 for each bypass leakage path listed in item 5 above.
An acceptable alternative for local leakage rate testing for welded
joints would be to conduct a soap bubble test of the welds concurrently
with the integrated (Type A) leakage test of the primary containment
required by Appendix J. Any detectable leakage determined in this
manner would require repair of the joint.

8. If air or water sealing systems or leakage control systems are pro-
posed to process or eliminate leakage through valves, these systems
should be designed, to the extent practical, using the guidelines for
leakage control systems given in Regulatory Guide 1.96 (Ref. 4).

O 9. If a closed system is proposed as a leakage boundary to preclude bypass
leakage, then the system should:

a. Either (1) not directly communicate with the containment
atmosphere, of (2) not directly communicate with the environment,
following a loss-of-coolant accident.

b. Be designed in accordance with Quality Group B standards, as
defined by Regulatory Guide 1.26. (Systems designed to Quality
Group C or D standards that qualify as closed systems to preclude
bypass leakage will be considered on a case-by-case basis.)

c. Meet seismic Category I design requirements.

d. Be designed to at least the primary containment pressure and
temperature design conditions.

Be designed for protection against pipe whip, missiles, and jet! e.
forces in a manner similar to that for engineered safety features.

f. Be tested for leakage, unless it can be shown that during normal
plant operations the system integrity is maintained.

C. REFERENCES

1. 10 CFR Part 50, Appendix J, " Primary Reactor Containment Leakage
O Testing for Water-Cooled Power Reactors."
V
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2. Regulatory Guide 1.26, " Quality Group Classification and Standards
for Water , Steam , and Radioactive-Waste-Containing Components of
Nuclear Power Plants."

3. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for
Atmosphere Cleanup System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Fower Plants."

4. Regulatory Guide 1.96, " Design of Main Steam Isolation Valve Leakage
Control Systems for Boiling Water Reactor Nuclear Power Plants."

O
l
,

!
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6.2.4 CONTAINMENT ISOLATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

The design objective of the containment isolation system is to allow the normal
or emergency passage of fluids through the containment boundary while preserving
the ability of the boundary to prevent or limit the escape of fission products
that may result from postulated accidents. This SRP section, therefore, is con-
cerned with the isolation of fluid systems which penetrate the containment boundary,
including the design and testing requirements for isolation barriers and actuators.
Isolation barriers include valves, closed piping systems, and blind flanges.

The CSB review of the applicant's safety analysis report (SAR) regarding contain-
[ w] ment isolation provisions covers the following aspects:
V

1. The design of containment isolation provisions, including:

a. The number and location of isolation valves, i.e. , the isolation valve
arrangements and the physical location of isolation valves with respect
to the containment.

b. The actuation and control features for isolation valves.

c. The positions of isolation valves for normal plant operating conditions
(including shutdown) postaccident conditions, and in the event of valve
operator power failures.

d. The valve actuation signals.

e. The basis for selection of closure times of isolation valves.

f. The mechanical redundancy of isolation devices.

Rev. 2 - July 1981
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g. The acceptability of closed piping systems inside containment as
isolation barriers.

2. The protection provided for containment isolation provisions against loss
of function of missiles, pipe whip, and earthquakes.

3. The environmental :onditions inside and outside the containment that were
considered in the design of isolation barriers.

4. The design criteria applied to isolation barriers and piping.

5. The provisions for detecting a possible need to isolate remote-manual-
controlled systems, such as engineered safety features systems.

6. The design provisicns for and technical specifications pertaining to
operability and leakage rate testing of the isolation barriers.

7. The calculation of containment atmosphere released prior to isolation valve
closure for lines that provide a direct path to the environs.

CSB will coordinate other branch evaluations that interface with the overall
review of the containment isolation system, as follows: The Mechanical
Engineering Branch (MEB) will review the system seismic design and quality
group classification as part of its primary review responsibility for SRP
Sections 3.2.1 and 3.2.2, respectively. The Structural Engineering Branch
(SEB) and the MEB will review the mechanical and structural design of the con-
tainment isolation system as part of their primary review responsibilities for
SRP Sections 3.8 and 3.9, respectively, to ensure adequate protection against
a breach of integrity, missiles, pipe whip, jet impingement and earthquakes.
The Instrumentation and Control Systems Branch (ICSB), as part of its primary
responsibility for SRP Section 7.5, will evaluate the actuation and control
features for isolation valves. The Equipment Qualification Branch (EQB), as
part of its primary review responsibility for SRP Sections 3.10 and 3.11, will
evaluate the qualification test program for electric valve operators, and sens-
ing and actuation instrumentation of the plant protection system located both
inside and outside of containment; and the operability assurance program for
containment isolation valves. The Accident Evaluation Branch (AEB), as part
of its primary review responsibility for SRP Section 15.6.5, will review the
radiological dose consequenr.e analysis for the release of containment atmo-
sphere prior to closure of containment isolation valves in lines that provide
a direct path to the envi"ons. The Reactor Systems Branch (RSB), as part of
its primary review responsibilities for SRP Section 15.6.5, will review the
closure time for containment isolation valves in lines that provide a direct
path to the environs, with respect to the prediction of onset of accident-induced
fuel failure. The review of proposed technical specifications, at the operating
license stage of review, pertaining to operability and leakage rate testing of
the isolation barriers, and the closure time for containment isolation valves,
is performed by the Licensing Guidance Branch (LGB), as part of its primary
review responsibility for SRP Section 16.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

.
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II. ACCEPTANCE CRITERIA

The CSB will accept the containment isolation system design if the relevant
tQ requirements of General Design Criteria 1, 2, 4, 16, 54, 55, 56, and 57 and

iQ Appendix K to 10 CFR Part 50 are met. The relevant requirements are as follows:

1. General Design Criteria 1, 2, and 4.as they relate to systems important
to safety being designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety function to be
performed; systems being designed to withstand the effects of natural
phenomena (e.g., earthquakes) without loss of capability to perform their
safety functions; and systems being designed to accommodate postulated
environmental conditions and protected against dynamic effects (e.g.,
missiles, pipe whip, and jet impingement), respectively.

2. General Design Criterion 16 as it relates to a system, in concert with
the reactor containment, being provided to establich an essentially leak
tight barrier against the uncontrolled release 01 radioactivity to the
environment.

3. General Design Criterion 54, as it relates to piping systems penetrating
the containment being provided with leak detection, isolation, and contain-
ment capabilities having redundant and reliable performance capabilities,
and as it relates to design provision incorporated to permit periodic oper-
ability testing of the containment isolation system, and leak rate testing
of isolation valves.

4. General Design Criteria 55 and 56 as it relates to lines that penetrate
the primary containment boundary and either are part of the reactor,

'

n
( i coolant pressure boundary or connect directly to the containment atmo-
Gl sphere being provided with isolation valves as follows:

l inside and one locked closeda. One locked closed isolation valve
isolation valve outside containment; or

b. One automatic isolation valve inside and one locked closed isolation
valve outside containment; or

One locked closed isolation valve inside and one automatic isolationc.
valve 2 outside containment; or

2
d. One automatic isolation valve inside and one automatic isolation valve

outside containment.

5. General Design Criterion 57 as it relates to lines that penetrate the primary
containment boundary and are neither part of the reactor coolant pressure
boundary nor connected directly to the containment atmosphere being provided
with at least one locked closed, remote-manual, or automatic isolation
valve 2 outside containment.

2 Locked closed isolation valves are defined as sealed closed barriers (see Item
II.3.f).

2A simple check valve is not normally an acceptable automatic isolation valve
;-) for this application.
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6. Appendix K to 10 CFR Part 50 as it relates to the determination of the
extent of fuel failure (source term) used in the radiological calculations.

The General Design Criteria identified above established requirements for the
design, testing, and functional performance of isolation barriers in lines
penetrating the primary containment boundary and, in general, required that
two isolation in series be used to assure that the isolation function is main-
tained assuming any single active failure in the containment isolation provisions.
However, containment isolation provisions that differ from the explicit require-
ments of General Design Criteria 55 and 56 are acceptable if the basis for the
difference is justified.

Specific criteria necessary to meet the relevant requirements of the regulations
identified above and guidelines for acceptable alternate containment isolation
provisions for certain classes of lines are as follows:

Regulatory Guide 1.11 describes acceptable containment isolation provisionsa.
for instrument lines. In addition, instrument lines that are closed both
inside and outside containment, are designed to withstand the pressure
and temperature conditions following a loss-of-coolant accident, and are
designed to withstand dynamic effects, are acceptable without isolation
valves.

b. Containment isolation provisions for lines in engineered safety feature
or engineered safety feature related systems may include remote-manuai
valves, but provisions should be made to detect possible leakage from these
lines outside containment.

c. Containment isolation provisions for lines in systems needed for safe
shutdown of the plant (e.g., liquid poison system, reactor core isolation
cooling system, and isolation condenser system) may include remote-manual
valves, but provisions should be made to detect pessible leakage from these
lines outside containment.

d. Containment isolation provisions for lints in the systems identified in
items b and c normally consist of one isolation valve inside, and one
isolation valve outside containment. If it is not practical to locate a
valve inside containment (for example, the valve may be under water as a
result of an at.cident), both valves may be located outside containment.
For this type of isolation valve arrangement, the valve nearest the con-
tainment and the piping between the contaiament and the valve should be
enclosed in a leak-tight or controlled leakage housing. If, in lieu of a
housing, conservative design of the piping and valve is assumed to preclude
a breach of piping integrity, the design should conform to the requirements
of SRP Section 3.6.2. Design of the valve and/or the piping compartment
should provide the capability to detect leakage from the valve shaft and/or
bonnet seals and terminate the leakage.

e. Containment isolation provisions for lines in engineered safety feature
or enginee,ed safety feature related systems normally consist of two
isolation valves in series. A single isolation valve will be acceptable
if it can be shown that the system reliability is greater with only one
isolation valve in the line, the system is closed outside containment,
and a single active failure can be accommodated with only one isolation
valve in the eine. The closed system outside containment should be protected
from missiles, designed to seismic Category I standards, classified Safety
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Class 2 (Ref. 9), and should have a design temperature and pressure rating
at least equal to that for the containment. The closed system outside

f- containment should be leak tested, unless it can be shown that the system
( integrity is being maintained during normal plant operations. For this

| type of isolation valve arrangement the valve is located outside contain-
ment, and the piping between the containment and the valve should be
enclosed in a leak tight or controlled leakage housing. If, in lieu of a
housing, conservative design of the piping and valve is assumed to preclude
a breach of piping integrity, the design should conform to the require-
ments of SRP Section 3.6.2. Design of the valve and/or the piping compartment
should provide the capability to detect leakage from the valve shaft and/or
bonnet seals and terminate the leakage.

1 f. Sealed closed barriers may be used in place of automatic isolation valves.
Sealed closed barriers include blind flanges and sealed closed isolation
valves which may be closed manual valves, closed remote-manual valves,
and closed automatic valves which remain closed after a loss-of-coolant
accident. Sealed closed isolation valves should be under administrative

'

control to assure that they cannot be inadvertently opened. Administra-
tive control incluc'es mechanical devices to seal or lock the valve closed,.
or to prevent power from being supplied to the valve operator.

g. Relief valves may be used as isolation valves provided the relief setpoint
is greater than 1.5 times the containment design pressure.

h. Item II.E.4.2 of NUREG-0737 and NUREG-0718 requires that systems penetrat-
ing the containment be classified as either essential or nonessential.
Regulatory Guide 1.141 will contain guidance on the classification of
essential and nonessential systems. Essential systems, such as those des-

) cribed in items b and c, may include remote-manual containment isolation
# valves, but provisions should be made to detect possible leakage from the

lines outside containment. Item II.E.4.2 of NUREG-0737 and NUREG-0718
also requires that nonessential systems be automatically isolated by the
containment isolation signal.

i. Isolation valves outside contaiment should be located as close to the con-
tainment as practical, as required by General Design Criteria 55, 56, and

;

; 57.

j. In meeting the requirements of General Design Criteria 55 and 56, upon
loss of actuating power, automatic isolation valves should take the posi-;

j tion that provides greater safety. The position of an irolation valve
for normal and shutdown p' ant aperating conditions and postaccident condi-
tions depends on the flui, system function. If a fluid system does not
have a postaccident function, the isolation valves in the lines should be
automatically closed. For engineered safety features or engineered safety
feature related systems, isolation valves in the lines may remain open or

,

be opened. The position of an isolation valve in the event of poweri

failure to the valve operator should be the " safe" position. Normally
i this position would be the postaccident valve position. For lines
! equipped with motor-operated valves, a loss of actuating power will leave

the affected valve in the "as is" position, which may be the open position;
however, redundant isolation barriers assure that the isolation function
for the line is satisfied. All power operated isolation valves Huld
have position indication in the main control room.

6.2.4-5 Rev. 2 - July 1981

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ -



k. To improve the reliability of the isolation function, which is addressed
in General Design Criterion 54, Item II.E.4.2 of NUREG-0737 and NUREG-0718
requires that the containment setpoint pressure that initiates containment
isolation for nonessantial penetrations be reduced .o the minimum value
compatible with normal operating conditions.

1. There should be diversity in the parameters sensed for the initiation of
containment isolation to satisfy the re<;uirement of General Design Cri-
terion 54 for reliable isolation capability.

m. To improve the reliability of the isolation function, which is addressed
in General Design Criterion 54, system lines which provide an open path
from the containment to the environs (e.g., purge and vent lines which
are addressed in Item II.E.4.2 of NUREG-0737 and NUREG-0718) should be
equipped with radiation monitors that are capable of isclating these
lines upon a high radiation signal. A high radiation signal should not
be considered one of the diverse containment isolation parameters.

n. In meeting the requirements of General Design Criterion 54 the performance
capability of the isolation function should reflect the importance to
safety of isolating system lines. Consequently, containment isolation
valve closure times should be selected to assure rapid isolation of the
containment following postulated accidents. The valve closure time is
the time it takes for a power operated valve to be in the fully closed
position af ter the actu: tor power has reached the operator assembly;- it
does not include the time to reach actuation signal setpoints or instru-
ment delay times, which should be considered in determining the overall
time to close a valve. System design capabilities should be considered
in establishing valve closure times. For lines which provide an open path
from the contaiment to the environs; e.g., the containment purge and vent
lines, isolation valve closure times on the order of 5 seconds or less
may be necessary. The closure times of these valves should be established
on the basis of minimizing the release of containment atmosphere to the
environs, to mitigate the offsite radiological consequences, and assure
that emergency core cooling system (ECCS) effectiveness is not degraded
by a reduction in the containment backp essure. Analyses of the radio-
iogical consequences cod the effect on the containment backpressure due
to the release of cc. ainment atmosphere should be provided to justify
the selected valve closure time. Additional guidance on the design and
use of containment purge systems which may be used during the normal plant
operating modes (i.e., startup, power operation, hot standby and hot shut-
down) is provided in Branch Technical Position CSB 6-4 (Ref. 13). For
plants under review for operating licenses or plants for which the Safety
Evaluation Report for construction permit application was issued prior to
July 1, 1975, the methods described in Section B, Items B.1.a, b, d, e,
g, f, and g, B.2 through B.4, and B.S.b, c, and d of Branch Technical Posi-
tion CSB 6-4 should be implemented. For these plants, BTP Items B.1.c
and B.S.a, regarding the size of the purge system used during normal plant
operation and the justification by acceptable dose consequence aalysis,
may be waived if the applicant commits to limit the use of the purge sys-
tem to less than 90 hours per year while the plant is in the startup, power,
hot standby and hot shutdown modes of operations. This commitment should
be incorporated into the Technical Specifications used in the operation
of the plant.

O
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Item II.E.4.2 of NUREG-0737 and NUREG-0718 requires that containment purge
valves that do not satisfy the operability criteria set forth in Branch
Technical Position CSB 6-4 or the Staff Interim Position of October 23,
1979 must be sealed closed as defined in SRP Section 6.2.4, Item II.3.f
during oparational conditions 1, 2, 3 and 4. Furthermore, these valves
must be verified to be closed at least every 31 days. (A copy of the |
Staff Interim Position appears as Attachment 1 to Item II.E.4.2 in | '

NUREG-0737.)

c. The use of a closed system inside centainment as one of the isolation
barriers will be acceptable if the design of the closed system satisfies
the following requirements:

1. The system does not communicate with cither the reactor coolant sys-
tem or the containment atmosphere.

2. The system is protected against missiles and pipe whip.

3. The system is designated seismic Category I.
'

4. The system is classified Safety Class 2 (Ref. 12). ,

1

5. The system is designed to withstand temperatures at least equal to
the containment design temperature.

6. The system is designed to withstand the external pressure from the,

containment structure acceptance test.'

7. The system is designed to withstand the loss-of-coolant accident tran-
sient and environment.y

[

Insofar as CSB is concerned with the structural design of containment inter-
nal structures and piping systems, the protection of isolation barriers
against loss of function from missiles, pipe whip, and earthquakes will
be acceptable if isolation barriers are located behind missiles barriers,
pipe whip was considered in the design of pipe restraints and the loca-
tion of piping penetrating the containment, and the isolation barriers,
i7cluding the piping between isolation valves, are designated seismic Cate- ,

gory'I, i.e., designed to withstand the effects of the safe shutdown'

j earthquake, as recommended by Regulatory Guide 1.29.
;

p. In meeting the requirements of General Design Criteria 1, 2, 4 and 54,
appropriate reliability and performance considerations should be included
in the design of isolation barriers to reflect the importance to safety

,

of assuring their integrity; i.e. , containment capability, under accident1

conditions. The design criteria applied to components performing a contain-
, ment isolation function, including the isolation barriers and the piping
; between them, or the piping between the containment and the outermost

isolation barrier, are acceptable if:
!

l. Group B quality stancards, as defined in Regulatory Guide 1.26 are'

applied to the components, unless the service function dictates that
Group A quality standards be applied.

(O
2. The components are designated seismic Category I, in accordance with

/ Regulatory Guide 1.29.

:
6.2.4-7 Rev. 2 - July 1981

- _ . . _ . _ _ _ _ . . _ . _ . _ . _ _ _ _ . _ . _ . _ _ _ _ _ _ _ _ _



q. General Design Criterion 54 requires reliable isolation capability. There-
fore, when considering remote manual isolation valves, the design of the
containment isolation system is acceptable if provisions are made to allow
the operator in the main control room to know when to isolate fluid systems
that are equipped with remote manual isolation valves. Such provisions
may include instruments to measure flow rate, sump water level, tempera-
ture, pressure, and radiation level.

'r. General Design Criterion 54 specifies the requirements for the containment
isolation system. Therefore, to satisfy General Design Criterion 54, pro-
visions should be made in the design of the containment isolation system
for operability testing of the containment isolation valves and leakage
rate testing of the isolation barriers. The isolation valve testing pro-
gram should be consistent with that proposed for other engineered safety
features. The acceptance criteria for the leakage rate testing program
for containment isolation barriers are presented in SRP Section 6.2.6.

s. General Design Criterion 54 requires reliable isolation capability. To
satisfy this requirement, provisions should be made i> t.ne design of the
containment isolation system to reduce the possibility of isolation valves
reopening inadvertently following isolation. In this regard, Item II.E.4.2
of NUREG-0737 and NUREG-0718 requires that the design of the control systems
for automatic containment isolation valves be such that resetting the isola-
tion signal will not result in the automatic reopening of containment
isolation valves. Reopening of containment isolation valves should require
deliberate operator action. In addition, ganged reopening of containment
isolation valves is not acceptable. Reopening of isolation valves must
be performed on a valve-by-valve basis, or on a line-by-line basis, pro-
viued that electrical independence and other single-failure criterion
continue to be satisfied.

Administrative previsions to close all isolation valves manually before
resetting the isolation signals is not an acceptable method of meeting
this design requirement.

III. REVIEW PROCEDURES

The procedures described below provide guidance on review of the containment
isolation system. The reviewer selects and emphasizes material from the review
procedures as may be appropriate for a particular case. Portions of the review
may be done on a generic basis for aspects of containment isolation common to
a class of containments, or by adopting the results of previous reviews of
plants with essentially the same containment isolation provisions.

Upon request from the primary reviewer, other review branches will provide
input for the areas of review stated in subsection I of this SRP section. The
primary reviewer obtains and uses such input as required to assure that this
review procedure is complete.

The CSB determines the acceptability of the containment isolation system by
comparing the system design criteria to the design requirements for an engi-
neered safety feature. The quality standards and the seismic design
classification of the containment isolation provisions including the piping
penetrating the containment, are compared to Regulatory Guides 1.26 and 1.29,
respectively.
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The CSB also ascertains that no single fault can prevent isolation of the con-
tainment. This is accomplished by reviewing the containment isolation provisions
for each line penetrating the containment to determine that two isolation bar-
riers in series are provided, and in conjuncti= with the PSB by reviewing the(/ power sources to the valve operators.

The CSB reviews the information in the SAR justifying containment isolation
provisions which dif fer from the explicit requirements of General Design
Criteria 55, 56, and 57. The CSB judges the acceptability of these contain-
ment isolation provisions based on a comparison with the acceptance criteria
given in subsection II of this SRP section.

The CSB reviews the position of isolation valves for normal and shutdown plant
operating conditions, postaccident conditions, and valve operator power failure
conditions as listed in the SAR. The position of an isolation valve for each
of the above conditions depends on the system function. In general, power-
operated valves in fluid systems which do not have a postaccident safety
function (nonessential systems, as defined in Regulatory Guide 1.141) should |
close automatically. In the event of power failure to a valve operator, the
valve position should be the position of greater safety, uhich is normally the

| postaccident position. However, special cases may arise and these will be
considered on an individual basis in determining the acceptability of the ,.2-
scribed valve positions. The CSB also ascertains from the SAR that all
power-operated isolation valves have position indication capability in the main
control room.

The CSB reviews the signals obtained from the plant protection system to initiate
containment isolation. In general, there should be a diversity of parameters

A sensed; e.g. , abnormal conditions in the reactor coolant system, the secondary
( I coolant system, and the containment, which generate containment isolation sig-
L/ nals. Since plant designs differ in this regard and many different combinations

of signals from the plant protection system are used to initiate containment
isolation, the CSB considers the arrangement proposed on an individual basis
in determining the overall acceptability of the containment isolation signals.
The CSB will use the guidance presented in Item II.E.4.2 of NUREG-0737 for its
review of the containment setpoint pressure that initiates containment isolation
for nonessential penetrations. This pressure setpoint should be the minimum
value that is compatible with normal operating conditions.

The CSB reviews isolation valve closure times. In general, valve closure times
should be less than one minute, regardless of valve size. (See the acceptance
criteria for valve closure times in subsection II of this SRP section.) Valves
in lines that provide a direct path to the environs, e.g., the containment purge
and ventilation system lines and main steam lines for direct cycle plants, may
have to close in times much shorter than one minute. Closure times for these
valves may be dictated by radiological dose analyses or ECCS performance con-
siderations. The CSB will request the AEB or RSB to review analyses justifying
valve closure times for these valves as necessary.

i The CSB determines the acceptability of the use of closed systems inside contain-
ment as isolation barriers by comparing the system designs to the acceptance
criteria specified in subsection II of this SRP sec 1.

' The MEB and SEB have review responsibility for the structural design of the^ containment internal structures and piping systems, including restraints, to,

assure that the containment isolation provisions are adequately protected
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against missiles, pipe whip, and earthquakes. The CSB determines that for all
containment isolation provisions, missile protection and protection against
loss of function from pipe whip and earthquakes were design considerations.
The CSB reviews the system drawings (which should show the locations of mis-
sile barriers relative to the containment isolation provisions) to determine
that the isol ?, ion provisions are protected from missiles. The CSB also
reviews the design criteria applied to the containment isolation orovisions to
determine that protection against dynamic effects, such as pipe whip and earth-
quakes, was considered in the design. The CSB will request the tiB to review
the design adequacy of piping and valves for which conservative design is
assumed to preclude possible breach of system integrity in lieu of providing a
leak tight housing.

Systems having a postaccident safety function (essential systems, as defined
in Regulatory Guide 1.141) may have remote-manual isolation valves in the
lincs penetrating the containment. The CSB reviews the provisions made to
detect leakage from these lines outside containment and to allow the operator
in the main control room to isolate the system train should leakage occur.
Leakage detection provisions may include instrumentation for measuring system
flow rates, or the pressure, temperature, radiation, or water level in areas
outside the containment such a valve rooms or engineered safeguards areas.
The CSB bases its acceptance of the leakage detection provisions described in
the SAR on the capability to detect laakage and identify the lines that should
be isolated.

The CSB determines that the containment isolation provisions are designed to
allow the isolation barriers to be individually leak tested. This information
should be tabulated in the safety analysis report to facilitate the CSB review.

The CSB determines from the descriptive information in the SAR that provisions
have been made in the design of the containment isolation system to allow perio-
dic operability testing of the power-operated isolation valves and the containment
isolation system. At the operating license stage of review, the CSB determines
that the content and intent of proposed technical specifications pertaining to
operability and leak testing of containment isolation equipment is in agree-
ment with requirements developed by the staff.

The CSB verifies that the design of the control syst;.a for automatic contain-
ment isolation valves is such that resetting the isolation signal will not
result in the automatic reopening of containment isolation valves, and that
ganged reopening of isolation valves is not possible.

IV. EVALUATION FINDINGS

The information provided and the CSB review should support concluding state-
ments similar to the following, to be included in the staff's safety evaluation

,
'

report:

i The staff concludes that the containment functional design is accept-
able and meets the requirements of General Design Criteria 1, 2, 4,
16, 54, 55, 56, and 57 and Appendix K to 10 CFR Part 50. The con-
clusion is based on the following: [The reviewer should discuss each
item of the regulations or related set of regulations as indicated.]

1. The applicant has met the requirements of (cite regulation) with
!

respect to (state limits of review in relation to regulation)
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by (for each item that is applicable to the review state how it

(G was met and why acceptable with respect to the regulation being
discussed):,

a. meeting the regulatory positions in NUREG and/or
Regulatory Guide (s) ;

b. providing and meeting an. alternative method to regulatory
positions in Regulatory Guide , that the staff has
reviewed and found to be acceptable;

c. meeting the regulatory position in BTP ;

d. using calculational methods for (state what was evaluated)
that have been previously reviewed by the staff and found
acceptable; the staff has reviewed the impact parameters
in this case and found them to be suitably conservative or
performed independent calculations to verify acceptability
of their analysis; and/or

.neeting the provisions of (industry standard number and
title) that have been reviewed by the staff and determined
to be appropriate for this application.

2. Repeat discussion for each regulation cited above.

V. IMPLEMENTATION
A

) The following is intended to provide guidance to applicants and licensees
regarding the NRC staff plans for using this SRP section.

Except in those cases in which the applicant proposes as acceptable alterna-
tive method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Pari, 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

3. 10 CFR Part 50, Appendix A, General Design Criterion 4, "Enviroraental
and Missile Design Basis."

4. 10 CFR Part 50, Appendix A, General De.cign Criterion 16, " Containment
Design."

(m) 5. 10 CFR Part 50, Appendix A, General Design Criterion 54, " Piping Systems
(/ Penetrating Containment."
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6. 10 CFR Part 50, Appendix A, General Design Criterion 55, " Reactor Coolant
Pressure Boundary Penetrating Containment."

7. 10 CFR Part 50, Appendix A, General Design Criterion 56, " Primary Contain-
ment Isolation."

8. 10 CFR Part 50, Appendix A, Ger ral Design Criterion 57, " Closed System
Isolation Valves."

9. Regulatory Guide 1.11, " Instrument Lines Penetrating Primary Reactor Con-
tainment."

10. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

11. Regulatory Guide 1.29, " Seismic Design Classification."

12. Regulatory Guide 1.141, " Containment Isolation Provisions for Fluid
Systems."

13. Branch Technical Position CSB 6-4, " Containment Purging During Normal
Plant Operation," attached to this SRP section.

14. 10 CFR Part 100, " Reactor Site Criteria."

15. 10 CFR Part 50, Appendix K, "ECCS Evaluation Models."

16. NUREG-0737, " Classifications of TMI Action Plan Requirements."

17. NUREG-0718, " Licensing Requirements for Pending A,nolication for Construc-
tion Permits and Manufacturing License."

O
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Branch Technical Position CSB 6-4
,

CONTAINMENT PURGING DURING NORMAL PLANT OPERATIONS
#

A. BACKGROUND

This branch technical position pertains to system lines which can provide an
open path from the containment to the environs during normal plant operation;
e.g., the lines associated with the containment purge and vent systems. It
supplements the position taken in SRP Section 6.2.4.

*

While the containment purge and .ent systems provide plant operational
flexibility, their designs must consider the importance of minimizing the
release of containment atmosphere to the environs following a postulated
loss-of-coolant accident. Therefore, plant designs must not rely on their use
on a routine basis.

The need for purging has not always been anticipated in the design of plants,
and therefore, design criteria for the containment purge system have not been
fully developed. The purging experience at operating plants varies considerably
from plant to plant. Some plants do not purge during reactor operation, some
purge intermittently for short periods and some purge continuously. There is
similar disparity in the need for, and use of, containment vent systems at
operating plants.

Containment purge systems have been used in a variety of ways; for example,
to alleviate certain operational problems, such as excess air leakage into the

f- m containment from pneumatic controllers, for reducing the airborne activity within
( the containment to facilitate personnel access during reactor power operation,

and for controlling the containment pressure, temperature and relative humidity.L,

Containment vent systems are typically used to relieve the initial containment
pressure buildup caused by the heat load imposed on the containment a*.mosphere
during reactor power ascension, or to periodically relieve the pressare buildup
due to the operation of pneumatic controllers. However, the purge and vent
lines provide an open path from the contaiment to the environs. Should a LOCA
occur during containment purging when the reactor is at power, the calculated
accident doses should be within 10 CFR Part 100 guidelines values.

The sizing of the purge lines in most plants have been based on the need to
control the containment atmosphere during refueling operations. This need has
resulted in very large lines penetrating the containment (about 42 inches in
diameter). Since these lines are normally the only ones provided that will
permit some degree of control over the containment atmosrFere to facilitate
personnel access, some plants have used them for containment purging during
normal plant operation. Under such conditions, calculated accident doses could
be significant. Therefore, the use of these large containment purge and vent
lines should be restricted to cold shutdown conditions and refueling operations
and they must be sealed closed in all other operational modes.

|

The design and use of the purge and vent lines should be based on the premise
of achieving acceptable calculated offsite radiological consequences and assuring
that emergency core cooling (ECCS) effectiveness is not degraded by a reduction

! in the contaiment backpressure.
O'

(''j Purge system designs that are acceptable for use on a nonroutine basis during
normal plant operation can be achieved by providing additional purge lines.

|
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The size of these lines should be limited such that in the event of a loss-of-
coolant accident, assuming the purge valves are opeii and subsequently close,
the radiological consequences calculated in accordance with Regulatory Guides
1.3 and 1.4 would not exceed the 10 CFR Part 100 guideline values. Also, the

maximum time for valve closure should not exceed five seconds to assure that
the purge valves would be closed before the onset of fuel failures following a
LOCA. Similar concerns apply to vent system designs.

IThe size of the purge lines should be about eight inch +s in diameter for PWR
plants. This line size may be overly conservative from a radiological viewpoint
for the Mark III BWR plants and the HTGR plants because of containment and/or
core design features. Therefore, larger line sizes may be justified. However,
for any proposed line size, the applicant must demonstrate that the radiological
consequences following a loss-of-coolant accident would be within 10 CFR Part 100
guideline values. In summary, the acceptability of a specific line size is a
function of the site meteorology, containment design, and radiolog; cal source
term for the reactor type; e.g., BWR, PWR, or HTGR.

B. BRANCH TECHNICAL POSITION

The systems used to purge the containment for the reactor operational modes of
power operation, startup, hot standby and hot shutdown; i.e., the on-line purge
system, should be independent of the purge system used for the reactor opera-
tional modes of cold shutdown and refueling.

1. The on-line purge system should be designed in accordance with the %iiowing
criteria:

General Design Criterion 54 requires that *he reliability and perfor- |a.
mance capabilities of containment isolation valves reflect the impor-
tance of safety of isolating the systems penetrating the containment
boundary. Therefore, the performance and reliability of the purge
system isolation valves should be consistent with the operability
assurance program outlined in Branch Technical Position MEB-2, " Pump
and Valve Operability Assurance Program." (Also see SRP Section 3.10.)
The design basis for the valves and actuators should include the build-
up of containment pressure for the LOCA break spectrum, and the supply
line and exhaust line flows as a function of time up to and during
valve closure.

b. The number of supply and exhaust lines that may be used should be
limi+ed to one supply line and one exhaust line, to improve the
reliability of the isolation function as required by General Design
Cri te rio'1 54, and to facilitate compliance with the requirements of
Appendix K to 10 CFR Part 50 regarding the containment pressure used
in the evaluation of the emergency core cooling system effectiveness
and 10 CFR Part 100 regarding offsite radiological consequences.

The size of the 1ines should not exceed about eight inches in diameter,c.
unless detailed justification for larger line sizes is provided, to
improve the reliability and performance capability of the isolation
and containment functions as required by General Design Criterion 54,
and to facilitate compliance with the requirements of Appendix K to
10 CFR Part 50 regarding the containment pressure used in evaluating
the emergency core cooling system effectiveness and 10 CFR Part 100
regarding the offsite radiological consequences.
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d. As required by General Design Criterion 54, the containment isolation |
provisions for the purge system lines should meet the standards appro-

(]j/ priate to engineerrd safety features; i.e. , quality, redundancy, test-
ability and other appropriate criteria, to reflect the importance to

' safety of isolating these lines. General Design Criterion 56 estab-
lishes explicit requirements for isolation barriers in purge system
lines.

e. To improve the reliability of'the isolation function, which is addressed
in General Design Criterion 54, instrumentation and control systems
provided to isolate the purge system lines should be independent and
actuated by diverse parameters; e.g., containment pressure, safety
injection actuation, and containment radiation level. Furthermore,
if energy is required to close the valves, at least two diverse sources
of energy inall be provided, either of which can effect the isolation
functior.

f. Purge system isolation valve closure times, including instrumentation
delays, should not exceed five seconds, to facilitate compliance with
10 CFR Part 100 regarding offsite radiological consequences.

g. Provisions should be made to ensure that isolation valve closure will
not be prevented by debris which could potentially become entrained
in the escaping air and steam.

2. The purge system should not be relied on for temperature and humidity
control within the containment.

O 3. Provisions should be made to minimize the need for purging of the contain-
C/ ment by providing containment atmosphere cleanup systems within the contain-

ment.

4. Provisions should be made for testing the availability of the isolation
function and the leakage rate of the isolation valves during reactor
operation.

5. The following analyses should be performed to justify the containment
purge system design:i

|

| a. An analysis of the radiological consequences of a loss-of-coolant
accident. The analysis should be done for a spectrum of break sizes,
and the instrumentation and setpoints that will actuate the purge
valves closed should be identified. The source term used in the
radiological calculations should be based on a calculation under the
terms of Appendix K to determine the extent of fuel failure and the
concomitant release of fission products, and the fission product
activity in the primary coolant. A pre existing iodine spike should
be considered in determining primary coolant activity. The volume
of containment in which fission products are mixed should be justified,
and the fission products from the above sources should be assumed to
be released through the open purge valves during the maximum interval
required for valve closure. The radiological consequences should be
within 10 CFR Part 100 guideline values.

b. An analysis which demonstrates the acceptability of the provisions
made to protect structures and safety-related equipment; e.g., fans,v
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filters, and ductwork, located beyond the purge system isolation
valves against loss of function from the environment created by the
escaping air and steam.

c. An analysis of t.he reduction in the containment pressure resulting
from the partial loss of containment atmosphere during the accident
for ECCS backpressure determination.

d. The maximum allowable leak rate of the purge isolation valves should
be specified on a case-by-case basis giving appropriate consideration
to valve size, maximum allowable leakage rate for the containment
(as defined in Appendix J to 10 CFR Part 50), and where appropriate,
the maximum allowable bypass leakage fraction for dual containments.

O

O
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N.'..e./ OFFICE OF NUCLEAR REACTOR REGULATION

6.2.5 COM8USTIBLE GAS CONTROL IN CONTAINMENT

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

CSB reviews the information presented in the applicant's safety analysis report
(SAR) concerning the control of combustible gases in the containment following a
loss of-coolant accident to assure conformance with the requirements of General
Design Criteria 41, 42 and 43. Following a loss-of-coolant accident, hydrogen and
oxygen may accumulate inside the containment. The major sources of hydrogen and
oxygen are: a chemical reaction between the fuel rod cladding and steam, the cor-
rosion of aluminium and other materials by an alkaline spray solution, and the

[ ')N radiolytic decomposition of the water in the reactor core and the containment sump.('' If excessive hydrogen is generated it may combine with oxygen in the containment
atmosphere. For inerted containments, the potential exists for hydrogen to combine
with oxygen generated following the accident. The CSB review includes the following
general areas:

1. The production and accumulation of combustible gases within the containment
following a postulated loss-of-coolant accident.

2. The capability to mix the combustible gases with the containment atmosphere
and prevent high concentrations of combustible gases in local areas.

3. The capability to monitor combustible gas concentrations within containment.

4. The capability to reduce coirbustible gas concentrations within containment by
| suitable means, such as recombination, dilution, or purging.

i

|
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The CSB review specifically covers the following analyses and aspects of com-
bustible gas control system designs:

1. An analysis of combustible gas (i.e., hydrogen and oxygen) production and
accumulation within the containment following a loss of-coolant accident.

2. An analysis of the functional capability of the systems provided to mix
the combustible gas within the containment.

3. An analysis of the functional capability of the systems provided to reduce
combustible gas concentrations within the containment.

4. Analyses of the capability of systems or system components to withstand
dyn:mic effects, such as transient differential pressures that would occur
ear!y in the blowdown phase of a loss-of-coolant accident.

5. Analyses of the consequences of single active component malfunctions.

6. The quality classification of each system.

7. The seismic design classification of each system.

8. ihe results of qualification tests performed on system components to
demonstrate functional capability. |

9. The design provisions and proposed program (including technical specifica-
tions at the operatina license stage of review) for periodic inservice
inspection, operability testing and leak rate testing of each system or
component.

10. The functional aspects of instrumentation provided to monitor system or
system component performance.

11. The extent of sharing of system components between sites or between units
at a multi-unit site.

I
At the construction permit (CP) stage of review the design of the systems pro-
vided for monitoring and reducing the concentrations of combustible gases within
the containment may not be completely determined. In such cases, CSB reviews
the applicant's preliminary designs and statements of intent to comply with the
acceptance criteria for such systems. At the operating license (0L) stage, CSB
reviews the final designs of these sistems to verify that they meet the accept-
ance criteria detailed in subsection II of this SRP section.

CSB will coordinate other branch evaluations that interface with the overall
review of the combustible gas control matter, as follows: The Mechanical
Engineering Branch (MEB) will review seismic design and quality group classi-
fications as part of its primary review responsibility for SRP Section 3.2.1
and SRP Section 3.2.2, respectively. The Instrumentation and Control Systems
Branch (ICSB), as part of its primary review responsibility for SRP Section 7.5,
will evaluate the actuation and control features of active components. The
Equipment Qualification Branch (EQB), as part of its primary review responsi-
bility for SRP Section 3.11, will evaluate the qualification test program for
electric valve operators, fans, hydrogen / oxygen sampling or analyzing equipment,
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and sensing and actuation instrumentation of the plant protection system,
located both inside and outside the reactor containment. The Chemical Engi-

[9 neering Branch (CMEB), as part of its primary review responsibility for SRP
V Section 6.1.1, will generically evaluate the corrosion rates of materials (such

as galvanized steel and aluminum) exposed to containment spray solutions. The
CMEB, as part of its primary review responsibility for SRP Section 6.1.2, will
evaluate the hydrogen generation rates from the radiation decomposition of
organic materials (such as primers / coatings and cable insulation), and the corro-
sion rates of materials (such as zinc-based primers) exposed to containment
spray solutions. CSB will request CMEB participation in the evaluation of
analyses of hydrogen generation from the radiolysis of reactor coolant and suT,9
water when such analyses by applicants do not follow the guidance of Appendix A
to this SRP section. The Radiological Assessment Branch (RAB), as part of its
primary review responsibility for SRP Section 12.3, will evaluate the accessi-
bility of combustible gas control systems equipment under postulated accident
conditions. The Licensing Guidance Branch (LGB), as part of its primary raview
responsibility for SRP Section 16.0, will review, at the operating license stage
of review, proposed technical specifications pertaining to the operability and
leakage rate testing of systems and components.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of appiication are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

CSB acceptance criteria for the design of the systems provided for combustible

O gas control are the relevant requirements of 10 CFR Part 50, $$ 50.44 and 50.46
and General Design Criteria 5, 41, 42 and 43. The requirements are as follows:

a. S 50.44 and S 50.46 of 10 CFR Part 50 as it relates to BWR and PWR plants
being designed to (a) include means for control of hydrogen that may be
generated, following a LOCA, by core metal-water reaction, radiolytic
decomposition of water and corrosion of water and corrosion of metals;
(b) be provided with the capability for measuring the hydrogen concentra-
tion in the containment, insuring a mixed containment atmosphere and con-
trolling combustible gas concentrations in the containment; and (c) be
provided with an inerted at:nosphere or an oxygen deficient condition if
certain conditions cannot be met prior to effective operation of i.ne corbus-
tible gas control system. Postaccident conditions should be such that an
uncontrolled hydrogen / oxygen recombination would not take place in the con-
tainment, or the plant should withstand the consequences of uncontrolled
hydrogen / oxygen recombination without loss of safety function. As a result
of the TMI-2 accident a reevaluation of the hydrogen that may be generated
following an accident is being undertaken. Item II.B.8 of NUREG-0694 and
NUREG-0718 discuss the rulemaking proceedings on degraded core accidents
for the different classes of plants. 10 CFR Part 50 will be revised to
include the additional requirements for hydrogen control systems and the
amounts of hydrogen these control systems will have to accomodate.

b. General Design Criterion 5 as it relates to providing assurance that sharing
of structures, systems and components important to safety among nuclear

(3
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power units will not significantly impair their ability to perform their
safety functions.

c. General. Design Criterion 41 as it relates to systems being provided to
control the concentration of hydrogen or oxygen that may be released into
the reactor containment following postulated accidents to assure that con-
tainment integrity is maiatained; systems beiw designed to safety grade
requirements; i.e., that there be suitable redundancy in components and
features, and suitable interconnections to assure that for either a loss
of onsite or a loss of offsite power the system safety function can be
accomplished, assuming a single failure; and systems being provided with
suitable leak detection, isolation and containment capability to assure
that system safety f action can be accomplished.

d. General Design Criterion 42 as it relates to the design of the systems to
permit appropriate periodic inspection of components to assure the integrity
and capability of the systems.

e. General Design Criterion 43 as it relates to te systems being designed to
permit periodic testing to assure system integrity, and the operability of
the systems and active components.

Specific criteria necessary to meet the requirements of 10 CFR Part 50, 69 50.44
and 50.46 and GDC 5, 41, 42 and 43, are as follows:

1. In meeting the requirements of 10 CFR Part 50, ge 50.44 and 50.46 and
GDC 41 to provide systems to control the concentration of hydrogen or
oxygen in the containment atmosphere following postulated accidents, the
analysis of hydrogen and oxygen production should be based on the param-
eters listed in Table 1 of Regulatory Guide 1.7 for the purpose of estab-
lishing the design basis for combustible gcs control systems.

2. In meeting the requirements of 10 CFR Part 50, gg 50.44 and 50.46 and |
GDC 41 to provide systems to control the concentration of hydrogen or
oxygen in the cortainment atmosphere following postulated accidents, the
fission product decay energy used in the calculation of hydrogen and
oxygen production from radiolysis of the emergency ; cooling water and
sump water is acceptable if it is equal to or more conservative than the
decay energy model given in Branch Technical Position ASB 9-2 in SRP
Section 9.2.5.

3. In meeting the requirements of 10 CFR Part 50, GS 50.44 and 50.46 to provide
the capability for insuring a mixed atmcsphere in the containment, and of
GDC 41 to provide systems as necessary to assure that containment integrity
is maintained, a system should be provided to mix the combustible gases
within the containment. The functional design of this system will depend
on the type of con tinment. This system may consist of a fan, a fan cooler,
or ccatainment spray. im analysic should be presented which shows that
excessive stratification of combustible gases will not occur within the
containment or within a containment subcompartment. For containments which
rely on convective mixing in conjunction with system operation to mix the
combustible gases, the containment internal structures must have design
features which promote the free circulation of the atmosphere. An analysis
of the effectiveness of these features for convective mixing should be
presented. This analysis is acceptable if it can be shown that combustible
gases will not accumulate within a compartment or cubicle to form an com-
bustible mixture.
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4. In meeting the requirements of 10 CFR Part 50, SS 50.44 and 50.46 and'
>

GDC 41 regarding the functional capability of the combustible gas control

O systems to assure that containment integrity is maintained, the systems
provided to reduce tne concentration of hydrogen or oxygen in the contain-<

j ment will be accepted, from a functional standpoint, if analyses indicate
j .that a single system train is capable of maintaining the concentration of
i ~ hydrogen or oxygen below the concentration limits specified in Table I of

n gulatory Guide 1.7. Acceptance.of the functional capability of thee

-systems is based on confirmatory analyses performed by CSB using the COGAP
code as described in the Appendix A of this SRP section and the system
operating parameters presented in the safety analysis report. The proposed
operation of the combustible gas control equipment, excluding containment '

: atmosphere dilution (CAD) systems, is acceptable if there is an appropriate
' margin, e.g., on the order of 0.5 v/o, between the limiting hydrogen con-

centration limit and the hydrogen concentratbn at which the equipment
would be actuated. The proposed operation of CAD systems will be accept-
able if there is a margin of 1 v/o between the limiting hydrogen or oxygen
concentration limit, depending on which gas is being controlled, and the

i concentration at which the system would be actuated. This additional
margin is needed to allow time for the CAD system to become operational.

; Repressurization of the containment should be limited to less than 50% of
4 the contain m t design pressure.
1
4

5. In meeting the requirements of 10 CFR Part 50, SS 50.44 and 50.46 and
; GDC 41 ragarding the functional capability of the combustible gas control
' systerr..; to assure that containment integrity is maintained, system compo- '

nents such as ductwork and equipment housings, e.g., for fans, fan coolers,
i filters, and recombiners, should be capable of withstanding all relatedp) environmental conditions imposed on them, including external transient

(,._./ differential pressures and internal pressure surges without loss of func-
tion. A description of the design provisions, such as pressure relief
devices or conservative structurai design, supporting analyses, and results
of tests should be provided to support the conservatism of design.

I

6. In meeting the requirements of 10 CFR Part 50, 66 50.44 and 50.46 and
; GDC 41 regarding tbe functional capability of the combustible gas control

systems to assure that containment integrity is maintained, combustible,
'

gas control systems should meet the redundancy and power source require-
ments for engineered safety featurer and should be designed to withstand a
single active component failure. Supporting failure mode and effects
analyses of each system should be provided in the safety analysis report.
The containment penetrations needed for plants that utilize external recom-
biners must meet the requirements of Item II.E.4.1 of NUREG-0737 and
NUREG-0718,

7. To satisfy the design requirements of GDC 41, combustible gas control
syFtems should be designed, fabricated, erected, and tested to Group B
quality standards, as recommended in Regulatory Guide 1.26.

8. To satisfy the design requirements of GOC 41, combustible gas control |
systems, including foundations and supports, should be designated as
seismic Category 1, i.e., designed to withstand the effects of the safe
shutdown earthquake without loss of function, as recommended in Regulatory
Guide 1.29.

t
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9. To satisfy the design requirements of GDC 41, performance tests should be
performed on system components, such as hydrogen recombiners, and combus-
tible gas analyzers. The tests should support the i.nalyses of the func-
tional capability of the equipment.

10. To satisfy the inspection und test requirements of GOC 41, 42 and 43, com-
tustiblegascontrolsystemsshouldbedesignedwithprovisionsforperiodic|
inservice inspection, operability testing and leak rate testing of the
systems or components. The inspection and test program is acceptable if
it is judged to be consistent with that proposed for other engineered
safety features.

11. To satisfy the design requirements of GDC 41, combustible gas control sys-
tem designs should include instrumentation needed to monitor system or
component performance under normal and accider:t conditions. The instrumen-
tation should be capable of determining that a system is performing its
intended function, or that a system train or component is malfunctioning
and should be isolated. The instrumentation should have readout and alarm
capability in the control room. The containment hydrogen monitor shall
meet the requirements of Item II.F.1 of NUREG-0737 and NOREG-0718, and the
Appendix of Regulatory Guide 1.97.

12. In meeting the requirements of GDC 5 regarding the sharing of system equip-
ment between nuclear power units at a multi-unit s N or between sites,
sharing is acceptable provided (a) the shared equ#pme it can be made avail-
able to perform its function in a time period that is equal to or less
than one-half the time before it is required to operate and (b) surveillance
programs are coordinated to assure that redundant equipment is not out of
service at the same time. Regulatory Guide 1.7 provides additional guidance
on the sharing of equipment.

13. In meeting the requirement of 10 CFR Part 50, MS 50.44 and 50.46 to provide
the capability for controlled purging of the containment to aid in post-
accident cleanup, the guidance provided in Regulatory Guide 1.7 should be
followed.

14. In meeting the requirements of 10 CFR Part 50, SS 50.44 and 50.46 and
GDC 41 for the design and functional capability of the combustible gas
control systems, preliminary system designs and statements of intent in
the SAR are acceptable at the construction permit stage of review if the
guidelines of Regulatory Guide 1.7 are endorsed.

III. REVIEW PROCEDURES

The procedures described below provide guidance for the detailed review of the
combustible gas control systems. The reviewer selects ana emphasizes material
from this SRP section, as may be appropriate for a particular case. Portions
of the review may 5a done on a generic basis for aspects of combustible gas
control systems design common to a class of plants or by adopting the results
of previous reviews of similar plants.

Upon request from the primary reviewer, other review branches will pre '* input |
for the areas of review stated in subsection I, above. The primary re
obtains and uses such input as required to assure that this review proce m is
complete.
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i
;

;

} 1. CSB reviews the applicant's analyses of the production and accumulation of
| oxygen and hydrogen in the containment following postulated loss of-coolant
! accidents, to assure that the recommendations and guidelines of Regulatory |! Guide 1.7 have been followed. With regarJ to the extent of metal-water

reaction to be considered, the combustible gas control system designs of
some boiling water reactor plants with BWR6/ Mark III containments have been

; evaluated and accepted on the basis of an assumed metal-water reaction
1 involving one percent of the cladding mass. Since this assumption is con-

servative with respect to Regulato>y Guide 1.7 (the Regulatory Guide would |

1

'
indicate about 0.7% reaction of the cladding mass in these cases), it will '

continue to be an acceptable basis for these plants, at the option of the tapplicants. As necessary, the CSB will make confirmatory analyses of
combustible gas production and accumulation. These analyses are done -

using the COGAP computer code, a description of which is attached as,

| Appendix A to this SRP section. The safety analysis report should contain
the required code input data. The purposes of the analyses are:

4

To confirm the predictions of hydrogen and oxygen generation appear-a.
ing in the safety analysis report. '

i b. To verify that the systems provided for combustible gas control are
] capable of maintaining the concentrations of hydrogen and oxygen below
; the concentration limits specified in Table 1 of Regulatory Guide 1.7. |

2. The combustible gas control systems include systems for mixing the combus-
tible gases, monitoring combustible gas concentrations, and reducing the
combustible gas concentrations. In general, all of the combustible gas
control systems should meet the design requirements for engineered safety

i features, as outlined in subsection II. The system description and'

schematic drawings presented in the safety analysis report should be suf-
ficiently detailed to permit judgments to be made regarding system accept-

; ability.

CSB determines that all potential, single active mechanical failures and
passive electrical failures have been identified and that no single failure
would incapacitate the entire system. Passive mechanical failures, beyond

i those possible from missile impact, need not be considered in view of the
i design and construction standards for the systems.
;

! CSB compares the quality standards applied to the systems to Regulatory
| Guide 1.26.

CSB compares the seismic design classifications of the systems to Regula-
tory Guide 1.29.

,

; 3. CSB reviews the qualification testing of systems and components, to estab-
| lish the functional capability of the equipment.

4. CSB reviews the provisions made in the design of the systems and the pro-,

j gram for periodic inservice inspection and operability testing of the
systems or components. The inspections are reviewed with regard to the,

| purpose of each inspection. The operability tests that vill be conducted
; are reviewed with regard to what each test is intended 1o accomplish.
! Judgment and experience from previous reviews are used to determine the

acceptability of the inspection and test program.
|

|

|
'
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For plants at the operating license stage of review, CSB reviews the pro-
posed technical specifications for the systems used to control combustible
gas concentrations in the containment to assure that the requirements of
General Design Criteria 41, 42 and 43 are met.

5. CSB reviews the capability to monitor system performance and control active
components to be sure that control can be exercised over a system and that
a malfunctioning system train or component can be isolated. The instrumen-
tation provided for this purpose should be reaundant and should enable the
operator to identify the malfunctioning system train or component.

6. CSB reviews the extent of sharing of system equipment between plants at
multi-unit sites or betveen sites to assure that system redundancy
requirements are satisfied and that adequate procedural provisions have
been made to assure the availability of the shared equipment on a timely
basis. The results of CSB analyses of combustible gas production and
accumulation are used to confirm the time available following postulated
loss-of-coolant accidents to transport the shared equipment to the plant
and put it into operation. CSB reviews the containment penetrations
needed for plants that utilize external recombiners to assure the single
failure criteria outlined in Item II.E.4.1 of NUREG-0737 or NUREG-0718 are
met.

,

7. CSB reviews analyses of the functional capability of the systems provided
to mix combustible gases within the containment. CSB reviews the support-
ing information in the safety analysis report which should include eleva-
tion drawings of the containment showing the routing of ductwork and the
circulation patterns caused by fans, sprays, or thermal convection. Special
attention is paid to interior compartments to assure that combustible gases
cannot collect in them without mixing with the bulk containment atmosphere.
CSB ensures that interior compartments are identified in the safety analy-
sis report and the provisions made to assure circulation within them are
discussed.

Systems provided to mix the combustible gases within the containment may
also be used for containment heat removal, e.g. , the fan cooler and spray
systems. The acceptability of the design of these systems is considered
in t% review of the containment heat removal systems in SRF Section 6.2.2.

8. CSB reviews the manner in which the systems provided to reduce combustible
gas concentrations will be operated. The concentration at which the system
is actuated (the control point) will be determined from the safety analysis
report. The nargin between the control point and M e hydrogen or oxygen i
concentration limits specified in Table 1 of Regulatory Guide 1.7 is I

checked. CSB determines whether the uncertainty in measuring combustible
gas concen+ rations and the time lag in making the system operational after
reaching the control point have been covered by the minimum allowable mar-
gin specified in the acceptance criteria.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his evaluation supports conclusions of the following type, to be included in
the staf f's safety evaluation report:
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The staff concludes that the design and performance of the combustible gas con-
trol systems are acceptable and meet the requirements of 10 CFR Part 50,
9 50.44 and S 50.46 and Criteria 5, 41, 42 and 43. This conclusion is basedon the following: [The reviewer should discuss each item of the regulations,

or related set of regulations as indicated.]

1. The applicant has met the requirements of (cite regulation) with respect
to (state limits of review in relation tc regulation) by (for each itemj

that is applicable to the review state how it was met and why acceptable
with respect to the regulation being discussed):

meeting the regulatory positions in Regulatory Guide (s) ;a.

.
b. providing and meeting an alternative method to regulatory positions

! in Regulatory Guide , that the staff has reviewed and found to
be acceptable;4

meeting the regulatory position in BTP_ ;c.

d. using calculational methods for (state what was evaluated) that have
been previously reviewed by the staff and found acceptable; the staff
has reviewed the impact parameters in this case and found them to be
suitably conservative or performed independent calculations to verify
acceptability of their analysis; and/or

meeting the provisions of (industry standard number and title) thate.
have been reviewed by the staff and determined to be appropriate for
this application.

| \ 2. Repeat discussion for each regulation cited above.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding NRC staff plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to the method described herein are
contained in the referenced Regulatory Guides.'

VI. REFERENCES

1. 10 CFR Part 50, S 50.44, " Standards for combustible gas control system in
light water cooled power reactors." Also, 10 CFR Part 50, 9 50.46, " Accept-
ance Criteria for Emergency Core Cooling Systems for Light Water Cooled
Reactors."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems and Components."
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APPENDIX A
SRP SECTION 6.2.5

k'
DESCRIPTION OF G0 GAP

INTRODUCTION

A digital computer program, COGAP (Combustible Gas Analyzer Program), has been
developed by the Containment SystemTBranch to jirovide in-hoIise capability for
determin hg hydrogen oxygen concentrations within reactor containments follow-,

J ing loss-of-coolant accidents. The program can also evaluate the performance
of a number of combustible control systems. They are the containment atmosphere
dilution system (CAD), the recombiner system, and the backup purge system.

DISCUSSION

In the event of a loss of-coolant accident (LOCA), hydrogen and oxygen gases
will be generated within the reactor containment by several reactions. They
are:

1. Metal-water reaction involving the zirconium fuel cladding and the reactor,

coolant, producing free hydrogen.

2. Radiolytic decomposition of the post-accident emergency cooling solutions,
producing both oxygen and hydrogen.

3. Aluminum corrosion by water solutions, producing hydrogen.

j 4. Zinc corrosion by water solutions, producing hydrogen.

If a sufficient amount of hydrogen is generated, it may react with the 0'

presentinthecontainmentatmosphereor,inthecaseofinertedcontain$ents,
with the oxygen generated following a LOCA.

The extent of zirconium-water reaction and associated hydrogen production
depends strongly upon the course of events assumed for the accident. Analyti-
cally the reaction can be described by:

;

Zr + 2H 0 T Zr02 + 2H22

1 lb Zr + 0.043956 lb Hg

1 lb Zr + 0.021978 lb-mole H .g

Therefore, one pound of reacted zirconium will produce 0.021978 pound-moles of
free hydrogen. Assuming the perfect gas relationship, this is equivalent to
8.4866 scf/lb Zr:

y = MRT

y , 0.021978(10.71)(530)
14.7

; V = 8.4866 scf/lb Zr.

O
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The total amount of hydrogen produced is based on the amount of reacted zircon-
ium, as determined by the assumptions given in Branch Technical Position CSB 6-2.
The computer program, to maintain a degree of generality, allows the reaction
percentage to be specified as an input quantity. The expression used is:

WG = (.022)(WZr)(fgg)

where

WG = pound moles of hydrogen generated

WZr = weight of zirconium fuel element clad

f = zirconium-water reaction fraction.gg

The rate of gas production from radiolysis depends upon the power decay profile
and the amount of fission products teleased to the coolant. The radiolytic
hydrogen production rate at time (t) is given by:

G,E (t) + G E (t)p ~c 3 3

S (t) = (B) (N) 100g

where

S (t) = hydrogen production rate, lb-mole /sec
H

P = operating reactor power level, KWt

B = conversion factor, 454 gm-mele/lb-mole
23N = Avogadro's number, 6.023 x 10 molecules /gm-mole

G = radiolytic hydrogen yield in core, molecules /100 ev
c

E (t) = gamma ray fission product energy absorbed by core coolant, ev/sec-FNt
c

'G = radiolytic hydrogen yield in solution, *
s Oe

E (t) = energy absorbed in coolant outside core due to fission products
s dissolved in coolant, ev/sec-FNt.

The quantity E (t) is defined by:
c

E (t) = (f )c H (t)c q q

where

fraction of fission product gamma energy absorbed by coolant in
(f.)c = core region

H (t) = gamma energy production rate' sec .Mt *

O
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Similarly, E (t) is defined by:
3

E (t) = (f +p)s H +p(t) + II H (t)

OWhere
y

3
y y

(f ,0)s = fraction of total solid fis< ion product energy absorbed inY coolant outside core

) pp(t) = total solid fission product energy produc'. ion rate, ev/sec-MWtH

f = fraction <f iodine isotope energy absorbed in coolant outside corey

H (t) = iodine isotope energy prcluction rate, ev/sec-MWt.;
y

]
' The equations for oxygen generation by radiolysis are identical to those above

describing hydrogen evolution except that the yield is one-half that of hydro-
gen. These equations have been incorporated into the COGAP program. For cal-

culationalpurpose.,thereactordecayprofiles(H(t),H,h(op)e,rationhavebeen
t and H (t)),

yspecified by the Alls-5.1 draf t standard for two yeXr aeaclo
fitted by several finite exponential series expressions and also incorporated

i into the program. The resulting equations are:

-5 -6,

H (t) = 1022(5.1912e-9.8 x 10 t + 0.8743e -6.5 x 10 ty
-7

-5.7 x 10 t + .4098e-7.4 1'. 8t + .0150e-8.0 x 10-10 )
-

t+ 0.6557e

Hpp(t) = 2.0 H (t)
-5 5

; H (t) = 1022(0.8197e-6.1 x 10 t + .3279e-1.1 x 10 ty

-1.0 x 10-6 )t+ .0574e.

where

t = time after reactor shutdown, sec.
.

7Between 400 and 4 x 10 sec, the equations overpredict the standard curve by
20L The equations underpredict the standard curve soon after shutdown.

. However, this does not seriously affect the results due to the short time period
involved. The equations are equivalent to the afterheat decay curve in BTP
ASB 9-2 over the times of interest for post accident hydrogen generation. It

should also be noted that the COGAP formulation overpredicts the radiolytic
hydrogen generation by a small amount due to a " double-counting" of the gamma<

energy of those fission products assumed to be released from the fuel rods.

Hydrogen generation due to aluminimum corrosion is norma!1y considered only
when additives are used in the cooling solution. When applicable, gas produc-,

tion is governed by the following expression:
'

S (t) = ApBC(t)
c

7(12)(3.15 x 10 )1

,
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Where

S (t) = hydrogen production rate, Ib mole /sec.
c

A = surface area of aluminum, ft
3p = aluminum density, lb/ft

8 = lb-moles of hydrogen per Ib of aluminum

C(t) = aluminum corrosion rate, in/ year.

The aluminum corrosion rate has been described by an exponential fit in COGAP
to account for an increased rate due to high temperatures early in the accident
followed by a constant rate for the remaining period of the analysis.

The chemical relatio ' lip by which hydrogen is formed has been assumed to be:

2 Al + 3 H O + 3 Hg + A1 0232

1 lb Al + 0.111 lb H
2

1 lb Al + 0.0555 lb-mole H
2

therefore,

B = 0.0555 lb-mole H /lb Al
2

Zinc corrosion is treated in a similar fashion.

COGAP INPUT REQUIREMENTS

COGAP has been developed to minimize the r? quired input information. All data
associated with the power decay profile have been incorporated into the program
and need not be entered.

The major input requirements are:

1. Reactor power level. Mwt.
<

32. Containment free volume, ft ,

33. Second containment free volume, (wetwell), ft ,

4. Zirconium cladding weight, pounds.

5. Oxygen dissolved in primary, pound-moles.

6. Hydrogen dissolved in primary, pound-ra.les.

7. Initial containment pressure, psia.

8. Initial containment temperature, Rankine.

9. Initial oxygen volume fraction (.209).
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;

10. Recombiner flow rate, cfm.

11. Time recombiner is started, days.

12. Purge rate, cfm.

13. Zirc-water reaction fraction.
214. Aluminum surface area, ft ,

15. G-H , core solution, mole /100 ev.
2

16. G-H , sump solution, mole /100 ev.
2

17. Fraction of gammas absorbed in coolant in core region.

18. Fraction of solid fission product energy absorbed in solution outside core.

19. Fraction of iodine fission product energy absorbed in solution outside core.
820. Time constant, 9.0 x 10 ,

21. H concentration fraction at which purging will begin.
2

22. Time to initiate nitrogen addition, sec.

23. CAD nitrogen flow rate, scf/sec.

I

i
i

|
,

Ov
<
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6.2.6 CONTAINMENT LEAKAGE TESTIrd

REVIEW RESPONSIBILITIES

Primary - Containment Systems Branch (CSB)

Secondary - None

I. AREAS OF REVIEW

Information describing the reactor containment leakage testing program is reviewed by
the CSB for conformance to 10 CFR Part 50 Appendix J and General Design Criteria 52,
53 and 54.

The CSB review of the reactor containment leakage testing program covers the follow-
ing specific areas:

.CT Containment integrated leakage rate tests (Type A tests as defined by Appendix J),
C) 1. including pretest requirements, general test methods, acceptance criteria for

preoperational and periodic leakage rate tests, provisions for additional test-
ing in the event of failure to meet acceptance criteria, and scheduling of tests.

2. Containment penetration leakage rate tests (Type B tests as defined by Appendix J),
including identification of containment penetrations, general test methods, test
pressures, acceptance (.citeria, and scheduling of tests.

3. Containment isolation valve leakage rate tests (Type C tests as defined by
Appendix J), including identification of isolation valves, general test methods,
test pressures, acceptance criteria, and scheduling of tests.

4. Technical specifications pertaining to containment leakage rate testing are
reviewed at the operating license (0L) stage.

Rev. 2 - July 1981
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In addition to the tests described above, CSB reviews the special leakage testing
programs that may be needed for the secondary containments for plants using the
dual containment concept. Dual containments are proposed for some plants because
of site limitations. The intent of the dual containment is to collect and pro-
cess reactor containment leakage. Testing programs to ensure that leakage will
be contained as proposed by appl. ants using this kind of containment nre
rec ewed by CSB (see SRP Section 6.2.3).

II. ACCEPTANCE CRITERIA

The reactor containment leakage rate testing program, as described in the SAR,
will be acceptable if it meets the requirements ''ated in Appendix J to 10 CFR
Part 50. Appendix J provides the test requiremer..o and acceptance criteria
for preoperational and periodic leak testing of tna reactor containment, and
of systems and components which penetrate the containment. Exceptions to
Appendix J requirements will be reviewed on a case-by-case basis.

Conformance with the requirements of Appendix J ccostitutes an acceptable basis
for satisfying the requirements of the following General Design Criteria appli-
cable to containment leakage rate testing:

(a) General Design Criterion 52, " Capability for Containment Leakage Rate
Testing"

General Design Criterion 52 as it relates to the reactor containment and
exposed equipment being designed to accommodate the test conditions for the
containment integrated leak rate test (up to the containment design pres-
sure).

(b) General Design Criterion 53, " Provisions for Containment Testing and
Inspecthn"

General Design Criterion 53 as it relates to the reactor containment being
designed to permit appropriate inspection of important areas (such as pene-
trations), an appropriate surveillance program, and leak testing at the
containment design pressure of penetrations having resilient seals and
expansion bellows.

(c) General Design Criterion 54, " Piping System Penetrating Containment"

General Design Criterion 54 as it relates to piping systems penetrating
primary reactor containment being designed with a capability to determine
if valve leakage is within acceptable limits.

10 CFR Part 100, 6 100.11 requires that as an aid in evaluating a proposed
nuclear power plant site, an applicant should assume the expected demonstrable
leak rate from the containment. Nuclear power plant leak testing experience
shows that a design leak rate of 0.1% per day provides adequate margin above
typically measured containment leak rates and is compatible with current leak
test methods and test acceptance criteria. Therefore, the minimum acceptable
design containment leakage rate shall not be less than 0.1% per day.

10 CFR Part 100, S 100.1 addresses factors to be considered when evaluating
nuclear power plant sites, and includes the safety features that are engineered
into the facility. The secondary containment of dual-type containments, which
provide for a controlled, filtered release to the environs of leakage from the
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primary reactor containment, is such an engineereo safety feature, whose effec-
tiveness must be periodically verified as required by Appendix J in fection IV.B.

f~N In so doing, the leakage limit of the secondary containment is acceptable if it
) is based on the limit used in the analysis of the secondary containment depres-

surization time. The test should be conducted at each refueling or at intervals
not exceeding 18 months. The test limit should be consistent with the limit
used for direct leakage in the analysis of the radiological consequences by
Accident Evaluation Branch (AEB). Potential bypass leak paths (identified in
accordance with Branch Technical Position CSB 6-3, " Determination of Bypass
Leakage Paths in Dual Containment Plants") should be locally leak tested in
accordance with the requirements of Appendix J.

Appendix J in Section III.A.1 (a) requires that no adjutments be made to the
containment prior to the performance of the containment integrated leak rate
test (CILRT) so that the containment can be tested in a close to the "as is"
condition as practical. Instrumentation lines that penetrate containment,
W ever, are sometimes isolated for the CILRT. To ussure that they are included
to the test, the following should be done. Leak testing of instrumentation
lines that penetrate containment may be done in conjunction with either the
local leak rate tests or the containment integrated leak rate test. Instrumen-
tation lines that are not locally leak tested should not be isolated from the
containment atmosphere during the performance of the CILRT. The measured leak-
age rates from instrumentation lines that are locally leak tested should be
added to the CILRT result. Provisions should be made to assure that instrumen-
tation lines isolated during the CILRT are restored to their operable status
following the test.

m Appendix J in Section III.A.1(d) addresses the opening of systems for the con-

[V) tainment integrated leak rate test if they are open to the containment atmosphere
under post accident conditions and become an extension of the boundary of the
containment. In this regard, leak testing of hydrogen recombiner systems located
outside containment should be included in the local leak rate test program. A
local leak test should be done at the time of the CILRT and the measured leak
iate added to the CILRT result. Alternately, the recombiner system may be open
to the containment atmosphere during the performance of the CILRT.

All laakage tests, performed by either pneumatic or hydrostatic means, should
the capability to _ quantify the leakage rates either explicitly or by a conser-,

vative bounding method to satisfy test acceptance criteria in Appendix J.

Appendix J in Section III.C.1 prescribes methods for conducting the containment
isolation valve leak rate tests. At the construction permit (CP) stage, the
applicant should identify all containment isolation valves that will be locally
(Type C) leak tested with the test pressure applied in a direction opposite to
that which would occur under accident conditions, and commit to justify at the
OL stage, that such testing will result in equivalent or more conservative
results.

With regard to the application of Section III.C.1 of Appendix J for leak testing
of main steam isolation valves in boiling water reactor plants, a test pressure
of less than P and the test acceptance criteria should be justified and included
in'the plant T8chnical Specifications.

N Hydrostatic testing of containment isolation valves is permissible if the line
i is not a potential containment atmosphere leak path, and may be found acceptable

J
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if it can be demonstrated in accordance vith the requirements of Section III.C
of Appendix J, that a liquid inventory is available to maintain a water seal
(while assuming the single failure of any active component) during the post-
accident period. Limits for liquid leakage should be assigned to these valves
based on analysis and included in the plant Technical Specifications.

Leak testing, to assure that containment integrity is restored following the |
test, vent and drain (TVD) connections that are used to facilitate local leak
testing and the performance of the containment integrated leak rate test,
should be under administrative control, and should be subject to periodic sur-
veillance, to assure their integrity and verify the effectiveness of adminis-
trative controls.

The testing requirements for BWR drywell steam bypass are discussed in SRP
Section 6.2.1.1.C.

III. REVIEW PROCEDURES

At the CP stage, the CSB will review the preliminary design provisions that
will permit containment leak testing to be done in accordance with the require-
ments of Appendix J. In some instances, however, the applicant may not be able
to address specific aspects of the leak testing program because of incomplete
designs. Under these circumstances the CSB will review design criteria, and
other commitments, that will assure compliance with the requirements of
Appendix J. In addition, the CSB will review the applicant's rationale for
concluding that the requirements of Appendix J will be met.

At the OL stage, the CSB reviews the containment final design and verifies that
the containment leak testing program meets the requirements of Appendix J. In
addition, the CSB reviews the plant Technical Specifications for completeness
and for conformance to Appendix J.

I
The review of the reactor containment leakage rate test program at the OL stage
specifically includes the following:

1. Containment Integrated Leakage Rate Test (Type A Test)

Those systems not vented or drained should be identified and the reason
for not venting or draining should be stated. Piping and instrumentation
diagrams and process flow drawings are used by the reviewer to confirm
that in the vented and drained condition, the isolation valves are exposed
to the test air pressure and differential pressure, i.e. the systems are
vented and drained both upstream and downstream of the containment isola-
tion valves.

2. Containment Penetration Leakage Rate Test (Type B Test)

All containmr.nt pc.ietrations should be listed in the test program. By

reference to piping and instrumentation diagrams, the reviewer confirms
that all penetrations have been listed. The program should identify any
penetration not requiring leakage testing and the reason for not requiring
d test should be stated. The reviewer confirms that those penetrations
not requiring testing cannot result in leakage to the atmosphere during
normal operation or a LOCA.
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Test pressures for containment penttrations should be stated in the test
program and in the Technical Specifications. The tast pressure is accept-_

( ') able if it is the maximum calculated containment accident pressure.

3. Containment Isolation Valve Leakage Rate Test (Type C Test)

All containment isolation valves requiring a Type C test should be listed
in the test program. By reference to the piping and instrumentation dia-
grams, the reviewer confirms that all isolation valves to be tested have
been listed.

Tes; ;essures for isolei. ion valve Type C tests should be included in the
test program and Technical Specifications.

Special testing procedures for dual-type containments should be identified.

CSB assures that the applicant has provided a leakage testing program and
has specified the maximum leakage which may occur from bypass (or dilution)
leakage for dual-type containments. Potential leakage paths which bypass
the annulus or the auxiliary building areas or may leak directly to atmos-
phere must be identified. The total amount of containment bypass leakage
to the environmeno must be soecified and included in the technical speci-
fications. The reviewer determines that the test provisions are adequate
to confirm the bypass leakage specified.

Preoperational and periodic test reports are primarily reviewed by the
Office of Inspection and Enforcement.

[.,] IV. EVALUAlION FINDINGS
Q/

The reviewer verifies that sufficient information has been provided and that
his evaluation supports conclusions of the following type, to be included in
the staff's safety evaluation report:

The staff concludes that the containment leak testing program is accept-
able and meets the requirements of General Design Criteria 52, 53 and 54;
Appendix J to 10 CFR Part 50; and 10 CFR Part 100. This conclusion is
based on the following: [The reviewer should discuss each item of the
regulations or related set of regulations as indicated.]

1. The applicant has met the requirements of (cite regulation) with
respect to (state limits of review in relation to regulation) by
(for each item that is applicable to the review state how it was
met and why acceptable with respect to the regulation being
discussed):

a. meeting the regulatory positions in Regulatory Guide (s) ;

b. providing and meeting an alternative method to regulatory posi-
tions in Regulatory Guide __,, that the staff has reviewed and
found to be acceptable;

meeting the regulatory position in BTP _ ;c.
n
/ \

N,]
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d. using calculational methods for (state what evaluated) that have
been previously reviewed by t' staff and found acceptable; the
staff has reviewed the impact parameters in this case and found
them to be suitably conservative or performed independent calcu-
lations to verify acceptability of their analysis; and/or

e. meeting the provisions of (industry standard number and title)
that have been reviewed by the staff and determined to be appro-
priate for this application.

2. Repeat discussion for each regulation cited above.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding NRC staff plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix J, " Primary Reactor Containment Leakage Testing
for Water-Cooled Power Reactors."

2. 10 CFR Part 50, Appendix A, General Design Criterion 52, " Capability for
Containment Leakage Rate Testing."

3. 10 CFR Part 50, Appendix A, General Design Criterion 53, " Provisions for
Containment Testing and Inspection."

4. 10 CFR Part 50, Appendix A, General Design Criterion 54, " Systems Penetra-
ting Containment."

5. 10 CFR Part 100, " Reactor Site Criteria."
|

O
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6.2.7 FRACTURE PREVENTION OF CONTAINMENT PRESSURE B0UNDARY

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF RF'REW

The reactor containment pressure boundary relates to the reactor containment
system. The reactor containment system aesign most include the functional capa-
bility of enclosing the reactor system and of providing a final barrier against
the release ci radioactive fission products attend.nt postulated accidents. This
SRP section reviews fracture prevention of the reactor containment pressure
boundary materials.

The reactor containment system is addressed within the context of General Design
Criterion (GDC) 51 of Appendix A of 10 CFR Part 50 and Section III, Subsection NE

p of the ASME Boiler and Pressure Vessel Code, as endorsed by 10 CFR Part 50, and

(v) stated by Standard Review Plan (SRP) Section 3.8.1, " Concrete Containment" and
SRP Section 3.8.2, " Steel Containment." The reactor containment system, as
addressed in the NRC licensing review process, includes (a) the containment ves-
sel, (b) all penetration assemblies or appurtenances attached to the containment
vessel, all piping, pumps and vahes attached to the containment vessel, or to
penetration assemblies out to and including the pressure boundary materials of
any valves required to isolate the system and provide a pressure boundary for the
containment function.1

The reactor containment pressure boundary, as addressed in the NRC licensing
review process, consists of those ferritic steel parts of the reactor containment
system which sustain loading and provide a pressure boundary in the performance
of the containment function under the operating, maintenance, testing aid

IFor components which also may be part of the reactor coolant pressure boundary,
the provisions of 10 CFR Part 50, 950.55a are also applicabla. These aspects
are considered in SRP Section 5.2.3.
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postulated accident conditions cited by GDC bl. Within this context,
typically reviewed are the ferritic materials of components such as free-
standing containment vesseS, equipment hatches, personnel airlocks, heads of
primary containment drywells, tori, conthinment penetration sleeves, process
pipes, end closure caps and flued h(ads and penetrating piping systems
connecting to penetration process pipes and extending to and including the
system isolation valves.

The Materials Engineering Branch will coordinate its licensing review with
interfacing licensing reviews by the Structural Engineering Branch (SEB) as
addressed by SRP Section 3.8.1, which addresses concrete containments and SRP
Section 3.8.2, which addresses 2e1 containments.

II. ACCEPTANCE CRITERIA

The MTEB review applies acceptance criteria based on meeting the relevant
requirements of the following Commission regui tions-

1. General Design Criterion 1, as it relat. ' ouality standards for
design and fabrication

2. General Design Criterion 16, as it relates to the prevention of the
release of radioactivity to the environment

3. General Design Criterion 31, as it relates to the reactor containment
pressure boundary being designed with sufficient margin to assure that
under operating, maintenance, testing, and postulated accident conditions
(1) its ferritic materiais behave in a nonbrittle manner and (2) the
probability of rapidly propagating fracture is minimized.

To meet the requirements of GDC 1,16 and 51, ferritic containnent pressure
boundary mateials should meet the fracture toughness criteria 'or Class 2
components identified in the Summer 1977 AJdenda.of Section III of the ASME
Code. These criteria were selected to provide for a uniform review, consis-
tent with the safety function of the containment pressure boundary within the
context of Regulatory Guide 1.26, " Quality Group Classifications and Standards
for Water- Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants." The consistency is developed in that the containment system is
addressed in the licensing review process as an engineered safety feature, as
is, for example, the emergency core cooling system. Regulatory Guide 1.26 is
silent with respect to the containment pressure boundary, but does assign
Group B Quality Standard to the emerotncy core cooling system. Regulatory
Guide 1.26 assigns correspondence of Froup B Quality Standard to ASME Code
Section III Class 2.

Mandatory fracture toughness testing of AAE Code Section III Class 2
materials was first identified in the Summer 1977 Addenda Code Class 2 rules.
As a result, cases exist where Class 2 ferritic materials of the reactor
containment pressure boundary were not fracture toughness tested, because the
ASME Code Edition a H Aoi ada in effect at the time the components were
ordered, did not rer, dire that they be tested. The staff's assessment of the
fracture toughness of materials that ,ae iot fracture toughness testei is
based on the metallurgical cl.aracterization af these materiais and fracture
toughness data presented in NUREG-0577, " Potential for Low Fracture Toughnes:
and Lamollar Tearing on PWR Steam Generator and Reactor Coolant Pump Sup-
ports," USNRC, October 1979 (Draft) and ASME Code Section III, Summer 1977

6.2.7-2 Rev. 0 - July 1981



.

Addenda, Subsection NC. The metallurgical characterization of these
materials, with respect to their fracture toughness, is developed from a,

[\ ') review of how these materials were fabricated and what thermal history they
/ experienced during fabrication. The metallurgical characterization of these

materials, when correlated with the data presented in NUREG-0577 and the
Summer 1977 Addenda of the ASME Code Section III, provides the technical basis
for the staff's evaluation of the compliance with Code Class 2 requirements of
the materials which were not fracture toughness tested.

III. REVIEW PROCEDURES

The licensing review process assesses the fracture toughness of the materials
of the componenu, of the reactor containment pressure boundary identified in
Section I, within the context of compliance with the criteria for Class 2 com-
ponents identified in the Summer 1977 Addenda of Section III of the ASME Code.

The reviewer addresses the information provided by the applicant for the
materials of the components of interest. Such information should consist of
construction drawings, piping system diagrams and related supplemental
information, ASME Code Data Reports and certified material test reports.

For those ferritic materials for which fracture toughness data are unavailable,
or are inappropriate, the reviewer addresses the applicant's assessment of
their fracture toughness based on a metallurgical characterization developed
from a review of how these materials were fabricated and what thermal history
they experienced during fabrication. The reviewer addresses the applicant's
correlation of this information with the fracture toughness data presented in

a NUREG-0577 and ASME Section III, Summer 1977 Addenda, Subsection NC. The

(V) reviewer addresses the applicant's justification of the acc-ptability of these
materials within the context of the criteria for Class 2 mac= 41s as stated
in the Summer 1977 Addenda, ASME Code Section III. The reviewer verifies that
the Class 2 requirements of the Summer 1977 Addenda of ASME Section III code
have been met by the applicant.

IV. EVALUATION OF FINDINGS

The reviewer verifies that information provided by the applicant through
construction drawings, piping system diagrams and related supplemental
information, ASME Code Data Reports and certified material test re
sufficient to support the statements and conclusions in the staff' ports, iss safety
evaluation report:

Based on the licensing process review of the applicant's available
fracture toughness data, metallurgical characterizations of the
materials of interest developed from their fabrication and thermal
histories and correlations of metallurgical histories with fracture
toughness data presented in NUREG-0577 and ASME Code Section III,
SUMMER 1977 Addenda, Subsection NC, the conclusion is made that the
fracture toughness of the materials of the reactor containment
pressure boundary meet the fracture toughness requirements invoked
for ASME Code Section III Class 2 materials effective with the
Summer 1977 Adder.da."

The staff concludes that reasonable assurance has been providedp)( that the materials of the reactor containment pressure boundary,
v under operating, maintenance, testing and postulated accident
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conditions, will not undergo brittle fracture, that the probability
of rapidly propagating fracture will be minimized, so that the
requirements of General Design Criteria 1, 16, and 51 will be met.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guidas and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50 Appendix A, General Design Criterion 1, " Quality Standards
and Records."

2. 10 CFR Part 50 Appendix A, General Design Criterion 16, " Containment
Design."

3. 10 CFR Part 50 Appendix A, General Design Criterion 51, " Fracture
Prevention of Containment Pressure Boundary."

4. ASME Code Section III, Summer 1977 Addenda, Subsection NC.

5. NUREG-0577, " Potential for Low Fracture Toughness and Lamellar Tearing
on PWR Steam Generator and Reactor Coolant Pump Supports," USNRC, October
1979 (Draft).

6. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

O
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6.3 EMERGENCY CORE COOLING SYSTEM

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None |

I. AREAS OF REVIEW

The RSB reviews the information presented in the applicant's safety an Q is
report (SAR) regarding the emergency core cooling system (ECCS). The.hajor
elements of the review are:

1. Design Bases

The design bases for the ECCS are reviewed to assure that they satisfy appli-
cable regulations, including the general design criteria and the amendments
to 10 CFR Part 50 regarding ECCS acceptance criteria issued by the Commission |(~'y on December 28, 1973 (Ref. 1).

V>>

2. Design

The design of the ECCS is reviewed to determine that it is capable of per-
forming all of the functions required by the design bases.

3. Test Program

The preoperational and initial startup test programs for the ECCS are reviewed
by the Procedures and Test Review Branch (PTRB) to determine if they are
sufficient to confirm the performance capability of the ECCS. RSB reviews
tr e need for special design features to permit the performance of adequate
test prograns.

4. Technical Specifications

The proposed technical specifications are reviewed to assure that they are
adequate in regard to limiting conditions of operation and periodic surveil-
lance testing.

Rev. 1 - July 1981
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The ability of the ECCS to mitigate the consequences of a spectrum of loss-
of-coolant accidints is reviewed by RSB under SRP Section 15.6.5.

In addition the RSB will coordinate with other branches evaluations that
interface wit % the overall ECCS review as follows: Auxiliary Systems
Branch (ASB), as part of its primary review responsibility for SRP
Sections 9.2.1, 9.2.2, 9.2.5, and 9.2.6, reviews those auxiliary systems
essential for ECCS operation (service water system, component cooling
system, ultimate heat sink, and condensate storage facility) and assesses
the capability of these systems to perform all functions required by the
ECCS. The ASB will supply, on request, evaluations of portions of the
power conversion systems (e.g., steam supply lines, steam generators,
feedwater systems) which interface with the reactor coolant system in
such a way as to intluence the course of a loss-of-coolant accident (LOCA)
for a particular plant. The ASB also reviews the effects of pipe breaks
outside containment on ECCS. This review includes the effect of pipe whip,
jet impingement forces, and environmental conditions created as part of
its primary review responsibility for SRP Section 3.6.1. Instrumentation
and Control Systems Branch (ICSB), as part of itr primary review responsi-
bility fnr SRP Section 7.3, reviews the adequacy of ECCS-associated controls
and instrumentation with regard to the features of automatic actuation,
remote sensing and indication, and remote control. The Containment Systems
Branch (CSB) verifies that portion _ of the ECCS penetrating the containment
barrier are designed with acceptable isolation features to maintain contain-
ment integrity for all operating conditions, including accidents, as part
of its primary review responsibility for SRP Section 6.2.4. The Power
Systems Branch (PSB) as part of its primary review responsibility for SRP
Sections 8.1, 8.2, 8.3.1, and 8.3.2, reviews the adequacy of the power
supply for the ECCS. The Mechanical Engineering Branch (MEB), as part of
its primary review responsibility for SRP Section 3.9.3, reviews the load-
ing combinations (operational, LOCA, and seismic) and the associated stress
limits. In addition, the MEB, as part of its primary review responsibility
for SRP Section 3.6.2, reviews the criteria used for postulating the effects
of pipe breaks both inside and outside containment on ECCS. This review
includes criteri used for postulating the effects of pipe whip, jet
impingement forces, and any related environmental conditions. The ECCS
is also reviewed by MEB to assure that system and components have the
proper seismic and quality group classif bations. This aspect of the
review is performed as part of its primary review responsibility for SRP
Sectons 3.2.1 and 3.2.2. The Structural Engineering Branch (SEB) reviews
the structures housing the ECCS for the proper seismic classification as
part of its primary review responsibility for SRP Sections 3.8.1, 3.8.2,
and 3.8.3. The Materials Engineering Branch (MTEB), on a generic basis,
reviews the thermal shock effect of water injected into the primary
coolant .ystem from the ECCS. The Procedures and Test Review Branch
(PTRB) reviews the proposed preoperational and initial startup test pro-
grams to determir.e that they are consistent with the intent of Regulatom
Guides 1.68 and 1.79 as part of its primary review responsibility for SW
Section 14.2.

The PTRB also has primary review responsibility for Task Action Plan items
II.K.1 (C.1.10) of NUREG-0694 (0Ls only) and I.C.6 of NUREG-0718 (cps only)
regarding procedures to ensure that system operability status is known.
The Radiological Assessment Branch (RAB) has primary review responsibility
for SRP Sections 12.1 through 12.5 including Task Action Plan items II.B.2
of NUREG-0694 and NUREG-0718 which involve radiation and shielding design
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review to take corrective actions to ensure adequate access to vital alcas
and protection of safety equipment (cps and Ols). The review for Technical

O Specifications and Quality Assurance are coordinated and performed by the
Licensing Guidance Branch and Quality Assurance Branch as part of their
primary review responsibility for SRP Sections 16.0 and 17.0, respectively.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained
in the referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirements of
the following regulations:

A. General Design Criterion 2 as it relates to the seismic design of struc-
tures, systems, and components whose failure could cause an unacceptable
reduction in the capability of the ECCS to perform its safety function.
Acceptability is based on meeting position C2 of Regulatory Guide 1.29.

B. General Design Criterion 5 as it relates to structures, systems, and com-
ponents important to safety shall not be shared among nuclear power units
unless it r:an be demonstrated that sharing will not impair their ability
to perform their safety function.

C. General Design Criterion 17 as it relates to the design of the ECCS having
sufficient capacity and capability to assure that specified acceptable

O fuel design limits and the design conditions of the reactor coolant pres-
sure boundary are not exceeded and that the core is cooled during antici-
pated operational occurrences and accident conditions.

D. General Sesign Criterion 27 as it relates to the system design having the
capability to assure that under postulated accident conditions and with
appropriate margin for stuck rods, the capability to cool the core is
maintained.

E. General Design Criteria 35, 36, and 37 as they relate to the ECCS being
designed to provide an abundance of core cooling to transfer heat from
the core at a rate so that fuel and clad damage will not interfere with
continued effective core cooling, to permit appropriate periodic inspec-,

| tion of important components, and to permit appropriate periodic pressure
and functional testing.

,

| F. 10 CFR Part 50, 550.46, and Appendix K to 10 CFR Part 50 as it relates to
the ECCS being designed so that its cooling performance is in accordance,

| with an acceptable evaluation model.
I

I Specific acceptance criteria, Regulatory Guides, and Task Action Plan items
that provide information, recommendations, and guidance and in general describe
a basis acceptable to the staff that may be used to implement the requirements

|-
of the Commission regulations identified above are as follows:

! In regard to the ECCS acceptance criteria (Ref. 1), the five major performance -

criteria deal with:i

,
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1. Peak cladding temperature.
2. Maximum calculated cladding oxidation.
3. Maximum hydrogen generation.
4. Coolable core geometry.
5. Long-term cooling.

These areas are reviewed as a part of the effort associated with the LOCA
analysis (SRP Section 15.6.5). However, the impact of various postulated
single failures on the operability of the ECCS is evaluated under this SRP
section.

The ECCS must meet the requirements of GDC 35 (Ref. 6). The system must have
alternate sources of electric power, as required by GDC 17 W ef. 4), and must
be able to withstand a single failure. The ECCS should retain its capability
to cool the core in the event of a failure of any single active component dur-
ing the short term immediately following an accident, or a single active or
passive failure during the long-tert recirculation cooling phase following an
accident. |

The ECCS must be designed to permit aeriodic inservice inspection of important
components, such as spray lings in t1e reactor pressure vessel, water injection

36 (Ref. 7) ping, pumps, and valves in accordance with the requirements of GDC
nozzles, pi

The ECCS must be designed to permit testing of the operability |.

of the system throughout the life of the plant, including the full operational
sequence that brings the system into operation, as required by GDC 37 (Ref.
8). I

The combined reactivity control system capability associated with ECCS must
meet the requirements of GDC 27 (Ref. 5) and should conform to the recommenda-
tion of Regulatory Guide 1.47 (Ref. 11). The primary mode of actuation for
the ECCS must be automatic, and actuation must be initiated by signals of
suitable diversity and redundance. Provisions should also be made for manual
actuation, monitoring, and control of the ECCS from the reactor control room.

The design of the ECCS should conform to the recommenad.fons of Regulatory
Guide 1.1 (Ref. 9).

The design of those portions of the system which are not safety related, whose
failures could have an adverse effect on the ECCS system, must be in accordance
with GDC 2 (Ref. 2), and acceptance is based on meeting Position C2 of
Regulatory Guide 1.29 (Ref. 10).

Interfaces between the ECCS and component or service water systems must be
such that operation of one does not interfere with, and provides proper
support (where required) for the other. In relation to these and other
shared systems, e.g., residual heat removal (RHR) and containment heai. removal
systems, the ECCS must conform to GDC 5 (Ref. 3).

The requirements of the following Task Action Plan it<:ms must also be satisfied:

1. Task Action Plan Item II.B.8 of NUREG-0718 (Ref. 14) which involves descrip-
tion by the applicants of the degree to which the designs conform to the
proposed interim rule on degraded core accidents (cps and OLs).

O
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2. Task Action Plan Item III.D.I.1 of NUREG-0694 ad NUREG-0718 which
involves primary coolant sources outside of containment (cps and Ols).

,

3. Task Action Plan Item II.E.2.1 of NUREG-0737 which involves reliance on'
ECCS.

4. Tt k Action Plan Item II.K.3(10) of N'JREC-0737 and NUREG-0718 which
'

! involves final recommendations by B&O task force regarding applicant's'
proposal of use of anticipatory trips only at high power for selected
plants.

5. Task Action Plan Item II.K.3(15) of NUREG-0737 and NUREG-0718 which
involves isolation of HPCI and RCIC for BWR plants.

6. Taks Action Plan Item II.K.3(18) of NUREG-0737 and NUREG-0718 involving
ECCS outages for all plants.

7. Task Action Plan Item II.K.3(21) of NUREG-0737 and NUREG-0718 which'

involves a study evaluating restart of LFCS and LPCI after manual trip
for BWR plants.

8. Task Action Plan Item II.K.3(39) cf NUREG-0660 which involves evaluation
of effects of water slugs in piping caused by HPI and CFT flows in B&W

1plants.
|,

<

In addition to the above criteria, the acceptability of the ECCS may be based
on the degree of design similarity with previously approved plants.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to,

assure that the design criteria and bases and the preliminary design as seti

forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II of this SRP section.

; For operating license (OL) reviews, the procedures are utilized to verify that
the initial design criteria and bases have been appropriately implemented ini

the final design as set forth in the final safety analysis report. The OL
review also includes the proposed technical specifications to assure that
they are adequate in regard to limiting conditions of operation and periodic
surveillance testing.

Much of the review described below is generic in nature and is not performed
for each plant. That is, 9e RSB reviewer compares the ECCS design and param-
eters to those of previous 1 reviewed plants and then devotes the major por-
tion of the review effort tc thcse areas where the application is not identical!

i to previously reviewed plantt The following steps are taken by the RSB reviewer
to determine that the accept %ce criteria of subsection II have been met. These |steps should be adapted to CP or OL reviews as appropriate.

,

1. The relationship of the cystem under review to other previously approved
plants is established. Systems or design features claimed to be identical
or equivalent to those of previously approved plants are confirmed to be
identical or equivalent.
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2. Piping diagrams are reviewed to evaluate the functional reliability of
the system in the event of single failures. That is, by referring to
piping and instrumentation diagrams, the existence of the redundancy
required by the criteria is confirmed.

3. The significmnt design parameters (e.g., pump net pn3itive suction head,
pump head vs. flow, accumulator volume and pressure, water storage volume,
system flow * ate and pressure, etc.) are examined for each component to
confirm that these parameters satisfy operating requirements and the recom-
mendations of Regulatory Guide 1.1 (Ref. 9). |

4. The piping and instrumentation diagrams are checked in consultation with
MEB to see that essential ECCS components are designated seismic Category I
and Safety Class II (the cooling water side of heat exchangers can be
Safety Class III).

5. The ECCS design is reviewed to confirm that the system can function in
postaccident environments, considering possible mechanical effects,
missiles, and the pressure, temperature, moisture, radioactivity, and
chemical conditions resulting from LOCA. Protection against valve motor
flooding sMuld be confirmed by the '158 reviewer. Regarding the effects
of pressure, temperature, etc., the RSB reviewer should confirm that
accident conditions are specified which provide the basis for proof tests
for environmental qualification of ECCS components.

6. The criteria, supporting analyses, plant design provisions, and aperator
actions that will be taken are reviewed to ensure that there w' i not be
unacceptably high concentrations of boric acid in the core region (result-
ing in precipitation of a solid phase) during the long-term cooling phase
following a postulated LOCA.

7. The ECCS design is reviewed to confirm that there are provisions for main-
tenance of the long-term coolant recirculation and decay heat removal systems,
e.g., pump or valve overhaul, in the post-LOCA environment (including con-
sideration of radioactivity).

8. The availability of an adequate source of water for the ECCS is confirred,
and the source volume, location, and susceptibility to failure (e.g.,
freezing) are evaluated. (RSB will request ACSB review as required.) In
PWRs, the piping from the water source to the ECCS safety injection pumps
is evaluated for conformance with RSB 6-1 (Ref. 13).

9. The ECCS flow paths are reviewed to determine the extent to which flow
from the ECCS pumps is diverted as a backup feature to other safeguards
equipment (e.g., RHR, containment spray). The reviewer should confirm
that the remaining portion of the flow provides abundant core cooling,
despite the most severe single failure that affects ECCS flow.

10. For a boiling water reactor (BWR), the reactor coolant automatic depressuri-
zation system is reviewed to confirm the capability to satisfy LOCA pressure
relief functions, including consideration of a single failure.

11. The design of ECCS injection lines is reviewed to confirm that the isolation
provisions at the interface with the reactor coolant system are adaquate.
The number and type of valves used to form the interface between low
pressure portions of the ECCS and the reactor coolant system must provide
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adequate assurance that the ECCS will not be subjected to a pressure greater
than its design pressure. This may be accomplished by any of the following

{,} provtsions:

a. One or more check valves in series with a normally closed motor-operated
valve. The motor-operated valve is to be opened upon recei)t of a
safety injection signal once the reactor coolant pressure 1as decreased
below the ECCS design pressu e.

b. Three check valves in series,

c. Two check valves in series, provided thr there are design provisions '

to permit periodic testing of the check valves for leaktightness and
the testing is performed at least annually.

12. The reviewer should identify those portions of nonsafety-related systems
which could have an adverse effect on ECCS and should ensure that modi-
fications are in place to correct these situations.

13. Motor-operated' isolation valves in ECCS lines connecting the accumulators
to the reactor coolant system in a pressurized water reactor (PWR) are
reviewed to ensure that adequate provisions are made against inadvertent
is)1ation.

|- 14. The capacity and settings of relief valves provided for the ECCS to satisfy
'

system over)ressure protection requirements are reviewed. In particular,
| for PWRs, t1e reviewer confirms that the accumulator relief valves have

adequate cam cit so that leakage from the reactor coolant system will>

s

not jeopard!ze t e integrity of the accumulators.

15. The reviewer confirms that the design has provisions to ensure that ECCS
injection lines are maintained in a filled condition, to preclude the
possibility of a water hammer when injection flow is initiated.

16. The reviewer confirms that no component or feature of the ECCS in one
reactor facility on a multiple plant site is shared with the ECCS in

another facility}.or that shared features clearly meet the requirementsof FDC 5 (Ref. 3 |
17. The reviewer confirms that within an individual reactor facility, any com-

ponents shared between the ECCS and other systems (e.g., coolant makeup
systems, residual heat removal systems, containment cooling systems)
satisfy engineered safeguard feature design requirements and that the ECCS
function of the shared component is not diminished by the sharing.

18. The reviewer confirms that ECCS components located exterior to the reactor
containment are housed in a structure which, in the event of leakage from
the ECCS, permits venting of releases through iodine filters designed in
accordance with Regulatory Guide 1.52.

|
19. The complete sequence of ECCS operation from accident occurrence through

long-term core cooling is examined to see that a minimum of manual action
is required and, where manual action is used, a sufficient tine (greater
than 20 minutes) is available for the operator to respond.

J
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20. The reviewer conf %ms that long-term cooling capacity is adequate in the
event of failure 01 any single active or passive component of the ECCS.
If an intermediate heat transport system, such as the component cooling
water system, is used to provide long-term cooling capability, the system
must be designed and constructed to an appropriate group classification,
must be seismic Category I, and must be capable of sustaining a single
active or passive failure without loss of function.

21. The RSB reviewer consults with the ICSB reviewar to:

a. Confirm that the power requirements of the ECCS, including the tim-
ing of electrical loads, are compatible with the design of onsite.

emergency power systems, both a-c and d-c.

b. Confirm that there are sufficient instrumentation and controls avail-
able to the reactor operator to provide adequate informatien in the
control room to assist in assessing post-LOCA conditions, including
the more significant parameters such as coolant flow, coolant tempera-
ture, and containment pressure. If ECCS flow is diverted as a backup
to other safeguards systems, the reviewer confirms that instrumentation
and controls are available to provide sufficient information in the
control room to determine that adequate core cooling is being provided.

c. Confirm tnat automatic actuation and remote-manual valve controls
'are capable of performing the functions required, that suitable
interlocks are provided, which do not impair separation of power
trains or inhibit the required valve motions, and that instrumenta-
tion and controls have sufficient redundancy to satisfy the single
failure criterion.

22. Analyses are provided by the applicant in Chapter 15 of the SAR to assess
the capability of the ECCS to meet functional requirements. These
analyses are reviewed by the RSB, as described in SRP Section 15.6.5, to |determine conformance to the acceptance criteria for ECCS Hewever, the
following portions of the review or ECCS response in loss of- oolant
accidents are performed by the RSB reviewer under this SRP section:

|

a. The lower limit of break size for which ECCS operation is required
is established; i.e., the maximum break size for which normal reactor
coolant makeup systems can maintain reactor pressure and coolant level
is determined. The capability of the ECCS to actuate and perform at
this lower limit of break size is confirmed.

b. The reviewer confirms that the analyses take into account a variety
of potential locations for postulated pipe breaks, including ECCS
injectionlines,

The reviewer confirms that the analyses take into account a varietyc.
of single active failures. The reviewer should keep in mind that
different single failures may be limiting, depending on the particular
break location o.:d break size postulated.

d. The ECCS component response times (e.g., for valves, pumps, power
supply) are reviewed to confirm that they are within the de19y times
used in the accident analyses.
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The ECCS design adequacy for all modes of reactor operation (e.g. ,e.
full power, low power, hot standby, cold shutdown, partial loop
isolation) is confirmed.

23. The proposed plant technical specifications are reviewed to:

a. Confirm the suitability of the limiting conditions of operation,
including the proposed time limits and reactor operating restric-
tions for periods when ECCS equipment is inoperable due to repairs
and maintenance. The means of indicating that safety systems have
been typassed or are inoperable should be in accordance with
Regulatory Guide 1.47 (Ref. 11).

b. Confirm that the limiting conditions of operation ensure that the
specified operating parameters (minimum poison concentrations,
minimum coolant reserve in storage, etc.) are within the bounds of
the analyzed conditions.

c. Wrify that the frequency and scope of periodic surveillance testing
is adequate.

24. The reviewer confirms that the design provides the capability for periodi-
cally demonstrating that the system will operate properly when an accident
signal is received. That is, it should be demonstrated by an applicant
that pumps and valves operate on normal and emergency power and that water
pressure and flow are as designed when the plant is operating (periodic
system surveillance). When the plant is shut down for refueling, the
system should be tested for delivery of coolant to the vessel.

25. The RSB reviewer contacts his counterpart in PTRB to discuss any special[d test requirements and to confirm that the proposed preoperational test
program for the ECCS is in conformance with the intent of Regulatory
Guide 1.68 (Ref. 12).

26. The RSB review evaluates the applicant responses to the following Task
Action Plan items:

(a) II.B.8 of NUREG-0718 (cps only)
(b) III.D.1.1 of NUREG-0737 and NUREG-0718 (cps and OLs)
(c) II.E.2.1 of NUREG-0660
(d) II.K.3(10) of NUREG-0660
(e) II.K.3(15) of NUREG-0660
(f) II.K.3(18) of NUREG-0660
(g) II.K.3(21) of NUREG-0660
(h) II.K.3(39) of NUREG-0660

^

IV. EVALUATION FINDINGS

The reviewer verifles that the SAR contains suffic,ent information and his
review supports the following kinds of statements and conclusions which should
be included in the staff's safety evaluation report. (For completeness, this
evaluation finding includes the RSS review effort described in SRP Section 15.6.5.) |

The emergency core cooling system (ECCS) includes the piping, valves,
p pumps, heat exchangers, instrumentation, and controls used to transfer

heat from the core following a loss-of-coolant accident. The scope
,

;v;
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of review of the ECCS for the plant included piping and
instrumentation diagrams, equipment layout drawings, failure modes
and effects analyses, and design specifications for essential com-
ponents. The review has included the applicant's proposed design
criteria and design bases for the ECCS and the manner in which the
design conforms to these criteria and bases.

The staff concludes that the design of the Emergency Core Cooling
System is acceptable and meets the requirements of General Design
Criteria 2, 5, 17, 27, 35, 36, ana 37. This conclusion is based on
the following:

(1) The applicant has met the requirements of GDC 2 with regard to
the seismic design of nonsafety systems or portions thereof
which could have an adverse effact on ECCS by meeting position
C.2 of Regulatory Guide 1.29.

(2) The applicant has met the requirements of GDC 5 with respect to
sharing of structures, systems, and components by demonstrating
that cuch sharing does not significantly impair the ability of
the ECCS to perform its safety function including, in the event
of an accident to one unit, an orderly shutdown and cooldown of
the remaining units.

(3) The applicant has met the requirements of GDC 17 with regard to
providing sufficient capacity and capability to assure that (a)
spe.cified accepts;1e fuel design limits and design conditions
of the reactor coolant pressure boundary are not exceeded as a
result of anticipated operational occurrences and (b) the core
is cooled and vital functions are maintained in the event of
pastulated accidents.

(a) The applicant has met the requirements of GDC 27 with regard to
providing combined reactivity control system capability to assure
that under postulated accident conditions and with appropriate
margin for stuck rods the capability to cool the core is main-
tained and the applicant's design meets the guidelines of
Regulatory Guide 1.47.

(5) The applicant has met the requirements of GDC 35 to provide
abundant cooling for ECCS by providing redundant safety grade
systems that meet the recommendations of Regulatory Guide 1.1.

(6) The applicant has met the requirements of GDC 36 with respect
to the design of ECCS to permit appropriate periodic inspection
of important components of the system.

(7) The applicant has met the requirements of GDC 37 with respect
to designing the ECCS to permit testing of the operability of
the system throughout the life of the plant, including the full
operational sequence that brings the system into operation.

(8) The applicant has provided an analysis of the proposed ECCS
relative to the acceptance criteria of 10 CFR Part 50, g50.46,
and Appendix K to demonstrate that their ECCS designs for peak
cladding temperature, maximum calculated cladding oxidation,
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maximum hydrogen generation, coolable core geometry, and long-
term cooling are in accordance with the acceptable evaluation

/^\ model.

V
In addition, the applicant has met the requirements of the following
Task Action Plan items:

(1) Meeting Task Action Plan item II.B.8 of NUREG-0718 (Ref.14)
which involves description by the applicants of the degree to
which the designs conform to the proposed interim rule on
degraded core accidents (cps only).

(2) Meeting Task Action Plan item II.D.1.1 of NUREG-0737 (Ref.15)
and NUREG-0718 (Ref. 14) which involves primary coolant sources
outside of containment (cps and Ols).

(3) Meeting Task Action Plan item II.E.2.1 of NUREG-0660 (Ref. 16)
which involves reliance on ECCS.

(4) Meeting Task Action Plan item II.K.3(10) of NUREG-0660 which
involves applicant's proposal to limit anticipatory trip to
high power for selected plants.

(5) Meeting Task Action Plan item II.K.3(15) of NUREG-0660 which
involves isolation of HPCI and RCIC for BWR plants.

(6) Meeting Task Action Plan item II.K.3(18) of NUREG-0660 which
involves ECCS outages for all plants.

+

V (7) Meeting Task Action Plan item II.K.3(21) of NUREG-0660 which
involves restart of LPCS and LPCI for BWR plants.

(8) Meeting Task Action Plan item II.K.3(3a) of NUREG-0660 which
involves evaluation of effects of water slugs in piping caused
by HPI and CFT flows in B&W plants.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for ceglying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, 650.46, " Acceptance Criteria for Emergency Core Cooling
Systems for Light-Water ooled Nuclear Power Reactors, and Appendix K to

(Jn)
10 CFR Part 50, "ECCS Evaluation Models," issued by the Commission
Decea.ber 28, 1973; Federal Register, Vol. 39, No. 3, January 4, 1974.
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2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 17, " Electric Power
Systems."

5. 10 CFR Part 50, Appendix A, General Design Criterion 27, " Combined Reactiv-
ity Control System Capability."

6. 10 CFR Part 50, Appendix A, General Design Criterion 35, " Emergency Core
Cooling."

7. 10 CFR Part 50, Appendix A, General Design Criterion 36, " Inspection of
Emergency Core Cooling System."

8. 10 CFR Part 50, Appendix A, General Design Criterion 37, " Testing of
Emergency Core Cooling System."

9. Regulatory Guide 1.1, " Net Position Suction Head for Emergency Core Cool-
ing and Containment Heat Removal System Pumps."

10. Regulatory Guide 1.29, " Seismic Design Classification," Revision 1.

11. Regulatory Guide 1.47, " Bypass and Inoperable Status Indication for
Nuclear Power Plant Safety Systems."

12. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for
Atmospheric Cleanup System Air Filtration and Adsorption Units of
Light-Water-CooleJ Nuclear Power Plants."

13. Regulatory Guide 1.68, "Preoperational and Initial Startup Test Programs
for Water-Cooled Power Reactors."

14. Branch Technical Position RSB 61, " Piping From the RWST (or BWST) and
Containment Sump (s) to the Safety Injection Pumps," attached to S!;P
Section 6.3.

15. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses.

16. NUREG-0737, " Clarification of TMI Action Plan Requirements."

O
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BRANCH TECHNICAL POSITION RSB 6-1

PIPING FROM THE RWST (0R BWST) AND CONTAINMENT SUMP (S)
TO THE SAFETY INJECTION PUMPS

A. Background

Current PWRs utilize the refueling water storage tank (RWST) or the borated
water storage tank (BWST) as the sole source of water for the safety injection
pumps during the first 20 to 40 minutes of any accident that trips a safety
injection signal. Since acceptable results of safety analyses of the accidents
are based on the operation of a minimum number of these pumps, interruption of
this water supply for even a short period of time could result in unacceptably
high fuel and cladding temperatures if the safety injection pumps fail because
of cavitation or overheating.

General Design Criteria 35 requires that the emergency core cooling system have
suitable redundancy in components and features and suitable interconnections
to assure the system safety function can be accomplished assuming a single
failure. The principal problem appears to be a definition of single failure.
A recent draft of ANSI N658, " Single Failure Criteria for PWR Fluid Systems,"
defines an active failure as:

(a) "An active failure is a malfunction, exceeding passive failures, of a com-
ponent which relies on mechanical movement to complete its intended function
upon demand."

,

(b) " Spurious action of a powered component originating within its actuation
:;ystem shall be regarded as an active failure unless specific design
features or operating restrictions preclude such spurious action."

i This branch position on the availability of the RWST is based on the above
criteria and the recognition that water supplied from the RWST system to
the ECCS system is absolutely essential in the event cf a LOCA.

B. Branch Position
:

1. The single active failure criterion defined in (a) and (b) above will
be applied in evaluating the design of the piping systems that connect

i the safety injection pumps to the RWST (BWST) and the containment
sumps.

2. The piping systems, including valves, shall be designed to satisfy
the requirements listed below without the need to disconnect the
power to any valve.

3. The valves and piping between the RWST (or BWST) and the safety
injection pumps must be arranged so that no single failure will

3) prevent the minimum flow to the core required to satisfy 10 CFR
v' Part 50, 550.46.

|
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4. The valves and piping between the RWST (or BWST) and safety injec-
tion pumps must be arranged so that no single active failure will
result in damage to pumps such that the minimum flow requirements
for long-term core and containment cooling after a LOCA are not
satisfied.

5. The valves and piping that connect the RWST (or BWST) and the contain-
ment sumps (s) to the safety injection pumps must be arranged so as
not to preclude automatic switchover from the injection mode of ECCS
operation to recirculation cooling from the sump. These piping
systems must be arranged so that the differential pressure between
the sump and the RWST (or BWST), even if there is a single active
failure, will not result in a loss of core cooling or a path that
permits release of radioactive material from the containment to the
environment.

C. Implementation

1. cps Under Review and Future CP Reviews

The proposed position will be applied to all CP reviews for which an
SER was not published arior to April 16, 1975. It is expected that
all of the events of t1e proposed position will be applied for such
reviews. Taking this position on cps would eliminate the need for
various schemes such as locking out power to valves located in the
line between the various ECCS pumps and refueling water storage tank.

2. OLs Under Review

For operating licenses that are presently under review and OLs to
be reviewed in the future that are not covered by item 1, the pro-
posed position will not be completely applied. Specifically, locking
out power to valves will be permitted. For most plants it is expected
that this will be sufficient to meet the single failure criteria.
However, in other plants changes to the piping and valving arrange-
ments may be required to satisfy the single failure criteria.

3. Plants Under Constructionj
,

| These plants will be handled as discussed in item C.2. It is expected,
| huwever, that we will discuss the proposed position with each of the

applicable PWR vendors. It will be obvious to the vendors which plantsI

now under construction may have a problem. Then a generic review
may be conducted for those plants that have a severe problem.

4. Operating Plants

All of the operating plants are being evaluated as an ongoing part
of the current ECC review. The review should be conducted as dis-
cussed in item C.2 to assure that these plants meet the essential
parts of the proposed position.

O
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6.4 CONTROL ROOM HABITABILITY SYSTEM

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Effluent Treatment Systems Branch (ETSB)
Siting Analysis Branch (SAB)

I. AREAS OF REVIEW

The control room ventilation system and control building layout and structures,
as described in the applicant's safety analysis report (SAR), are reviewed with
the objective of assuring that plant operators are adequately protected against
the effects of accidental releases of toxic and radioactive gases. A further objec-
tive is to assure that the control room can be maintained as the backup center
from which technical support center personnel can safely operate in the case of
an accident. To assure that these objectives are accomplished the following items
are reviewed:

/~'N
(/) 1. The zone serviced by the control room emergency ventilation system is
N- axamined to ascertain that all critical areas requiring access in the event

of an accident are included within the zone (control room, kitchen, sanitary
facilities, etc.) and to assure that those areas not requiring access are
generally excluded from the zone.

2. The capacity of the control room in terms of the number of people it can
accommodate for an extended period of time is reviewed to confirm the ade-
quacy of self-contained breathing apparatus and to determine the length of
time the control room can be isolated before CO levels become excessive.2

;

3. The control room ventilation system layout and functional design is reviewed
to determine flow rates and filter efficiencies for input into the analyses
of the buildup of radioactive or toxic gases inside the control room, assuming
a design basis release. Basic deficiencies that might impair the

1
l

l
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effectiveness of the system are examined. In addition, the system opera-
tion and procedures are reviewed. |

4. The physical location of the control room with respect to potential
release points of hazardous airborne materials is reviewed. The layout |
of the control building is reviewed to assure that airborne materials
will not enter the control room from corridors or ventilation ducts, etc.

5. Radiation shielding provided by structural concrete is analyzed to deter-
mine the effectiveness of shielding and structure surrounding the control
room. The control building layouts are checked to see if radiation
streaming through doors or other apertures or from equipment might be a
problem.

6. Independent analyses are performed to determine the radiation doses and
toxic gas concentrations. Estimates of dispersion of airborne contamina-
tion are made in conjunction with the assigned meteorologist.

A secondary review is performd by the Effluent Treatment Systems Branch (ETSB)
and the Siting Analysis Branch (SAB) and the results are used by AEB in its
overall evaluation of the control room habitability. ETSB reviews the iodine
removal efficiencies of the control room atmosphere filtration system. The
efficiencies are transmitted to AEB for use in the analysis and are referenced
in the SER. The evaluation of the potential hazardous gas sources is performed
by the SAB under SRP Section 2.2. The SAB will provide AEB with a description
of the sources. In those cases where the identified sources are found to have
the potential for incapacitating people in the vicinity of the control room
building, the SAB will provide AEB with source location, estimmted hazardous
gas concentrations near the control room building, and probability fcr the
releases with respect to transportation accidents.

In addition, AEB will coordinate the evaluation with other branches that
interface with the review of the cratrol room habibility system as follows:
tt.e Auxiliary System Branch (ASB) reviews tht design of the control room
ventilation system as part of its primary review responsibility for SRP
Section 9.4.1. The Radiological Assessment Branch (RAB) reviews radiation
shielding and exposures as part of the orimary review responsibility for SRP
Sections 12.1 through 12.5. The review for technical specifications are
coordinated and performed by the Licensing Guidance Branch (LGB) as part of
the primary review responsibility for SRP Section 16.0. The acceptarce
criteria necessary for the review and their application are contained in the
above referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The control room habitability system design is acceptable if the requirements
of the following regulations are met:

General Design Criterion 4, " Environmental and Missile Design Bases"a.
(Ref. 1), as it relates to acc& mdating the effects of and being
compatible with postulated accidents, including the effects of the
release of toxic gases.

b. General Design Criterion 5, " Sharing of Structures, Systems and
Components" (Ref. 2), as it relates to facilities which have a
single control room for more than one nuclear power unit and with
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respect to ensuring that such sharing will not significantly impair
the ability to perform safety functions, including, in the event of

O an accident in one unit, an orderly shutdown and cooldown of the
remaining unit (s),

c. General Design Criterion 19, " Control Room" (Ref. 3), as it relates
to maintaining the control room in a safe, habitable condition under
accident conditions by providing adequate protection against radia-
tion and toxic gases.

The specific criteria necessary to meet the relevant requirements of General
Design Criteria 4, 5 and 19 and to assure that the control room habitability
positions of item III.D.3.4 of NUREG-9737 (Ref. 4) are met are as follows:

1. Control Room Emergency Zone

The control room emergency zone should include the following:

a. instrumentation and controls necessary for a safe shutdown of the
plant, i.e., the control room, including the critical document
reference file,

b. computer room, if it is used as an integral part of the emergency
response plan,

c. shift supervisor's office, and

d. operator wash room and the kitchen.
O
V 2. Ventilation System Criteria

The ventilation system is reviewed by ASB under SRP Section 9.4.1, " Control
Room Area Ventilation System." The AEB reviewer ascertains from the ASB
if the following system performance and availability criteria are met:

a. Isolation dampers - dampers used to isolate the control zone from
adjacent zones or the outside should be leaktight. This may be
accomplished by using low leakage dampers or valves. The degree of
leaktightness should be documented in the SAR. ,

I b. Single failure - a single failure of an active component should not
result in loss of the system's functional performance. All the
components of the control room emergency filter train should be con-
sidered active components. See Appendix A to this SRP for criteria
regarding valve or damper repair.

3. Pressurization Systems

Ventilation systems that will pressurize the control room during a radia-
tion emergency should meet the following requirements:

a. Systems having pressurization rates of greater than or equal to 0.5
volume changes per hour should be subject to periodic verification
(every 18 months) that the makeup is + 10% of design value. During

J
|
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plant construction or after any modification to the control room that
might significantly affect its capability to maintain a positive
pressure, measurements should be taken to verify that the control
room is pressurized to at least 1/8-inch water gauge relative to all
surrounding air spaces while applying makeup air at the design rate.

b. Systems having pressurizat. ion rates of less than 0.5 and equal to or
greater than 0.25 volume changes per hour should have identical
testing requirements as indicated in (1), above. In addition, at
the CP stage an analysis should be provided (based on the planned
leaktight design features) that ensures the feasibility of maintain-
ing 1/8-inch voter gauge differential with the design makeup air flow
rate.

c. Systems having pressurization rates of less than 0.25 volume changes
per hour should meet all the requirements for (2), above, except that
periodic verification of control room pressurization (every 18 months)
should be specified. |

4. Emergency Standby Atmosphere Filtration System

The atmosphere filtration system is reviewed by ETSB under SRP Section 6.5.1.
The ETSB will determine the credit for iodine removal for this system in
accordance with the guidelines of Regulatory Guide 1.52 (Ref. 5) and will
advise the AEB accordingly. Efficiencies for systems not covered by
Regulatory Guide 1.52 will be determined on a case-by-case basis by ETSB.

5. Relative Location of Source and Control Room

The control room inlets should be located considering the potential release
points of radioactive material and toxic gases. Specific criteria as to
radiation and toxic gas sources are as follows:

a. Radiation sources - as a general rule the control room ventilation
inlets should be separated from the major potential release points
by at least 100 feet laterally and by 50 feet vertically. However,
the actual minimum distances must be based on the dose analyses
(Ref. 6).

b. Toxic gases - the minimum distance between the toxic gas source and
the control room is dependent upon the amount and type of the gas in
question, the container size, and the available control room protec-
tion provisions. The acceptance criteria for the control room
habitability system are provided in the regulatory positions of
Regulatory Guide 1.78 (Ref. 7) with respect to postulated hazardous
chemical releases in general and in Regulatory Guide 1.95 (Ref. 8)
with respect to accidental chlorine releases in particular.

6. Radiation Hazards

The dose guidelines for evaluating the emergency zone radiation protection
provisions are as follows:

O
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whole body gamma: 5 rem

thyroi 1: 30 rert.

V beta skin dose: 30 rem *

In accordance with GDC 19 (Ref. 3), these doses to an individual in the
control room should not be exceeded for any postulated design basis
accident. The whole body gamma dose consists of contributions from
airborne radioactivity inside-and outside the control room, as well as
direct shine from all radiation sources.

7. Toxic Gas Hazards

Three exposure catego ies are defined: protective action exposurei

(2 minutes or less), short-term exposure (between 2 minutes and 1 hour),
and long-term exposure (1 hour or greater). Because the physiological
effects can vary widely from one toxic gas to another, the following
general restrictions should be used as guidance: there should be no
chronic effects from exposure; acute effects, if any, should be.
reversible within a short period of time (several minutes) without
benefit of any measures other than the use of self-contained breathing
apparatus.

The allowable limits should be established on the basis that the operators
should be capable of carrying out their duties wit' a minimum of interfer-
ence caused by the gas and subsequent protective measures. The limits
for the three categories normally are set as follows:

a. Protective action limit (2 minutes or less): use a limit that will
; assure that the operators will quickly recover after breathing appa-

ratus is in place. In determining this limit, it should be assumed
that the concentration increases linearly with time from zero to two
minutes and that the limit is attained at two minutes.

b. Short-term limit (2 minutes to I hour): use a limit that will assure
that the operators will not suffer incapacitating effects after a
1-hour exposure.

c. Long-term limit (1 hour or greater): use a limit assigned for
occupational exposure (40-hour week).1

* Credit for the beta radiation shielding afforded by special protective clothing
I and eye protection is allowed if the applicant commits to their use during

severe radiation releasec. However, even though protective clothing is used,
the calculated unprotected skin dose is not to exceed 75 rem. The skin and
thyroid dose levels are to be used only for judging the acceptability of the
design provisions for protecting control room operators under postulated
design basis accident conditions. They are not to be interpreted as accept-
able emergency doses. The dose-levels quoted here are derived for use in the

; controlled plant environment and should not be confused with the conservative
dose computation assumptions used in evaluating exposures to the general pub-
lic for the purposes cf comparison with the guideline values cf 10 CFR

v Part 100.
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The protective action limit is used to determine the acceptability of
emergency zone protection provisions during the time personnel are in the
process of fitting themselves with self-contained breathing apparatus.
The other limits are used to determine whether the concentrations with
breathing apparatus in place are applicable. They are also used in those
cases where tne toxic levels are such that emergency zone isolation with-
out use of protective gear is sufficient. Self-contained breathing
apparatus for the control room personnel (at least 5 individuals) should
be on hand. A six-hour onsite bottled air supply should be available
with unlimited offsite replenishment capability from nearby location (s).
As an example of appropriate limits, the following are the three levels
for chlorine gas:

protective action: 15 ppm by volume

short-term: 4 ppm by volume

long-term: 1 ppm by volume

Regulatory Guide 1.78 (Ref. 7) provides a partial list for protective
action levels for other toxic gases.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes aspects of the areas covered by this review
plan as appropriate for a particular case. Tlie judgment on areas to be given
attention and emphasis in the review is based on an inspection of the material
presented to see whether it is similai to that recently reviewed for other
plants and whether items of special safety significance are involved.

1. Control Room Emergency Zone

The reviewer verifies that the control room emergency zone includes the
areas identified in Subsection II.1 of this SRP section. The emergency
zone should be limited to those spaces requiring operator occupancy.
Spaces such as battery rooms, cable spreading rooms, or other spaces not
requiring continuous or frequent occupancy after a design basis accident
(DBA) generally should be excluded from the emergency zone. Inclusion of
these spaces may increase the probability of smoke or hazardous gases
entering the emergency zone. They may also increase the possibility of
infiltration into the emergency zone, thus decreasing the effectiveness
of the ventilation system in excluding contamination. It is advantageous
to have the emergency zone located on one floor, with the areas included
in the zone being contiguous.

2. Control Room Personnel Capacity

A control room designed with complete isolation capability from the out-
side air to provide radiation and toxic gas protection is reviewed to
determine if the buildup of carbon dioxide could present a problem. The
air inside a 100,000 cubic foot control room would support five persons
for et least six days. Thus, CO2 buildup in an isolated emergency zone
is not normally considered a limiting problem.

O
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3. Ventilation System Layout and Functional Design

The reviewer evaluates the control room ventilation system in order to
.

establish appropriate parameters to be used in the control room dose
calculations. The review is coordinated with the ASB which evaluates the
control room ventilation system design and performance in accordance with
SRP Section 9.4.1. The procedures are as follows:

L a. The type of system proposed is determined. The following types of
protection provisions are currently being employed for boiling water
reactor (BWR) or pressurized water reactor (PWR) plants:

(1) Zone isolation, with the incoming air filtered and a positive
pressure maintained by the ventilation system fans. This I

arrangement is often provided for BWRs having high stacks. Air
flow rates are between 400 and 4000 cfm.

(2) Zone isolation, with filtered recirculated air. This arrange-
ment is often provided for BWRs and PWRs with roof vents.
Recirculation rates range from 2,000 to 30,000 cfm.

(3) Zone isolation, with filtered recirculated air, and with a
positive pressure maintained in the zone. This arrangenient is
essentially the same as that in (2), with the addition of the
positive pressure provision.

(4) Dual air inlets for the emergency zone. In this arrangement
n two widely spaced inlets are located outboard, on opposite

(U)
sides of potential toxic and radioactive gas sources. The
arrangement guarantees at least one inlet being free of con-
tamination, except under extreme no-wind conditions. It can be
used in all types of plants. Makeup air supplied from the con-
tamination-free inlet provides a positive pressure in the
emergency zone and thus minimizes infiltration.

(5) Bottled air supply for a limited time. In this arrangement a
flow rate of 400 to 600 cfm is provided from compressed air
containers for about one hour to prevent inleakage. It is used

,

| in systems having containments whose internal atmospheric pres-
sure becomes negative within an hour after a DBA (subatmospheric'

containments).

b. The input parameters to the radiological dose model are determined
(see Item 5 below). The parameters are emergency zone volume, filter
efficiency, filtered makeup air flow rate, unfiltered inleakage
(infiltration), and filtered recirculated air flow rate.

l
'

c. The ventilation system components and the system layout diagrams are
examined. The review will be coordinatest with the ASB in particular "

| if there are questions pertaining to the system design. ASB will
determine if the system meets the single failure criterion as well'

| as other safety requitements under SRP Section 9.4.1. Damper failure
| and fan failure are especially important. The review should confirm

that the failure of isolation dampers on the upstream side of fans

C') will not result in too much unfiltered air entering the control room.
The radiation dose and toxic gas analysis results are used to deter-
mine how much unfiltered air can be tolerated.
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d. The following information may be used in evaluating the specific
system types (see Reference 6 for further discussion):

(1) Zone isolation with filtered incomin air and positive pres-
sure. These systems may not be suff ciently effective in pro-
tecting against iodine. The staff allows an iodine protection
factor (IPF), which is defined as the time-integrated concentration
of iodine outside over the time-integrated concentration within
the emergency zone, of 20 to 100 for filters built, maintained,
and operated according to Regulatory Guide 1.52 (Ref. 5). An
IPF of 100 requires deep bed filters. Such systems are likely
to provide a sufficient reduction in iodine concentration only
if the source is at some distance from the inlets. Thus, in
most cases only plants with high stacks (about 100 meters) would
meet GDC 19 (Ref. 3) with this system.

(2) Zone isolation with filtered recirculated air. These systems
have a greater potential for controlling iodine than those having
once-through filters. IPFs ranging from 20 to over 150 can be
achieved. These are the usual designs for plants having vents
located at containment roof level. A system having a recirculation
rate of 5000 cfm and a filter efficiency of 95% would be rated
as follows:

Infiltration (cfm) IPF*

200 25
100 49
50 96
25 191

*Within the range of interest, the iodine protection
factor is directly proportional to recirculation flow
rate times efficiency.

Infiltration should be determined conservatively. The calcu-
lated or measured gross leakage is used to determine the
infiltration rate that will be applied in the evaluation of the
radid ogical consequences of postulated accidents. This rate
is determined as follows:

(i) The leakage from the control room when pressurized to
1/8-inch water gauge is calculated on the basis of the
gross leakage data. One-half of this value is used to
represent the base infiltration rate. Component leak
rates mcy be used to calculate gross leakage (see, for
example, References 9 and 10).

(ii) The base infiltration rate is augmented by adding to it
the estimated contribution from opening and closing of
doors associated with such activities as required by
the plant emergency plans and procedures. Normally 10 cfm
is used for this additional contribution.

(iii) An additional factor that is used to modify the base
infiltration rate is the enhancement of the infiltration
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occurring at the dampers or valves upstree, of recircula-
tion fans. When closed, these dampers typically aren

( ) exposed to a pressure differential of several-inches water
'q) gauge. This is accounted for by an additional infiltration

contribution over the base infiltration of 1/8-inch water
gauge.

The use of an infiltration rate that is based on calculation is
acceptable except in the case where the applicant has assumed
exceptionally low rates of infiltration. In these cases, more
substantial verification or proof may be required. For instance,
if an applicant submits an analysis that shows a gross leakage
rate of less than 0.06 volume changes per hour, the reviewer
would require that the gross leakage be verified by periodic
tests as described in Regulatory Position C.5 of Regulatory
Guide 1.95 (Ref. 8).

(3) Zone isolation with filtered recirculated air and a positive
pressure. This system is essentially the same as the preceding
one. However, an additional operational mode is possible.
Makeup air for pressurization is admitted. It is filtered before
entering the emergency zone. Pressurization reduces the unfil-
tered inleakage that is assumed to occur when the emergency zone
is not pressurized. Assuming a filter fan capacity of 5000 cfm
and a filter efficiency of 95%, the following protection factors
result (flows in cfm):

IPF (Assuming IPF (Assumingp)
g Makeup Air Recirculated Air No Infiltration) Infiltration")
%J

400 4600 238 159
750 4250 128 101

1000 4000 96 80

The makeup flow rate should have adequate margin to ass'ure that
the control room will be maintained at a pressure of at least
1/8-inch water gauge. The applicant should indicate that an
cicceptance test will be performed to verify adequate pressuri-
zation. If the makeup rate is less than 0.5 volume changes per
hour, supporting calculations are required to verify adequate

l air flow. If the makeup rate is less than 0.25 volume changes
| per hour, periodic verification testing is required in addition

to the calculations and the acceptance test.

A question that often arises is whether " pressurization" or
" isolation and recirculation" of the control room is to be pre-
ferred. Which design gives the lowest doses depends upon the
assumptions as to unfiltered inleakage. Isolation limits the
entrance of noble gases (not filtcrable) and, in addition, it

*Normally 10 cfm infiltration is assu,ed for conservatism. This flow could be
reduced or eliminated if the applicant provides assurance that backflow (pri-

[~] marily as a result of ingress and egress) will not occur. This may mean
\ / inst 311ing two-door vestibules or equivalent.
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is a better ap roach when the accident involves a short-term
" puff release.p' If infiltration is 25 cfm or less, " isolation"
wnuld be best in any event.

A second question related to the first involves the method of
operation. The following possibilities have beer, considered:

(i) automatic itolation with subsequent manual control of
pressurization.

(ii) automatic isolation with immediate automatic pressurization.

The first is advantageous in the case of external puff releases.
Simple isolation would minimize the buildup of the unfilterable
noble gases. It would also protect the filters from excessive
concentrations in the case of a chlorine release. However, the
second method does guarantee that infiltration (unfiltered) is
reduced to near zero immediately upon accident detection. This
would be beneficial in the case where the contamination transport
path to the emergency zone is rainly inside the building. Method
(i) should be used in the case of a toxic gas release and either
method (i) or (ii) should be used in the case of a radiological
release, provided GDC 19 (Ref. 3) can be satisfied. A substantial
time delay should be assumed where manual isolation is assumed,
e.g., 20 minutes for the purposes of dose calculations.

(4) Dual air inlets for the emergency zone. Several plants have
utilized this concept. The viability of the dual inlet concept
depends upon whether or not the placement of the inlets assures
that one inlet will always be free from contamination. The
assurance of a contamination-free inlet depends in part upon
building wake effects, terrain, and the possibility of wind
stagnation or reversal. For example, in a situation where the

,

inlets are located at the extreme edges of the plant structures
(e.g., one on the north side and one on the south side), it is
possible under certain low probability conditions for both inlets
to ae contaminated from the same point source. Reference 6
presents the position for dealing with the evaluation of the
atmospheric dispersion (X/Q values) for dual iniet systems.

With dual inlets placed on plant structures on opposite sides
of potential radiation release points (a.g, containment building)
and capable of functioning with an assumed single active failure
in the inlet isolation system, the following considerations may
be applied to the evaluation of the control room X/Q's:

(i) Dual inlet designs without manual or automatic selection
control - equation (6) of Reference 6 may be used with
respect to the least favorable inlet location to estimate
X/Q's. The estimated values can be reduced by a factor of
2 to account for dilution effects associated with a dual
inlet corifiguration. This is based upon the dilution
derived from drawing in equal amounts of clean and ,

contaminated air through two open inlets.
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(ii) DuE inlet designs limited i.o manual rielection control -
equation (6) of Reference 5 may be used with respect to
the more favorable inlet location to estimate the X/Q's.

f The estimated values can be reduced by a factor of 4 tu'

v account for dilution effects associated with a dual inlet
configuration and the relative probability that the operator
will make tne proper inlet selection. The reduction factor
is contingent upon having redundant radiation detectors
within each air inlet. The reduction factor is based on
the judgment that trained control room operators, in con-
junction with radiation alarm indication, will select and
close the contaminated air inlet.

(iii) Dual inlet designs with automatic selection control fea-
tures - equation (6) of Reference 6 may be used with respect
to the more favorable inlet location to estimate the X/Q's.
The estimated values can be reduced by about a factor of

' 10 to account for the ability to select a " clean" air inlet.
The actual factor may be somewhat higher if the inlet con-
figuration begins to approach the remote air inlet concept
such that the probability of having one clean air inlet is
relatively high. Plant configuration and meteorological
conditions should be used as the principal basis for
reduction factors greater than 10. The reduction factor
of 10 or more is contingent upon having redundant detectors
in each inlet and the provisions of acceptable control logic
which would be used in the automatic selection of a clean
air inlet.

() Because damage to the ducting might seriously affect the system
capability to protect the operators, the ducting should be seismic
Category I and should be protected against tornado missiles.
In addition, the number and placement of dampers must be such
as to assure both flow and isolation in each inlet assuming one
single active component Tailure (see Appendix A for information
on the damper repair alternative). The location of the intake:
with respect to the plant security fence should also be reviewed.

(5) Bottled air supply for a limited time. In some plant designs
the containment pressure is reduced below atmospheric within
one hour after a DBA. This generally assures that after one
hour significant radioactive material will not be released from
the containment. Such a design makes it feasible to maintain
the control room above atmospheric pressure by use of bottled
air. Periodic pressurization tests are required to determine
that the rated flow (normally about 300 to 600 cfm) is sufficient
to pressurize the control room to at least 1/8-inch water gauge. l

| The system is also required to be composed of several separate
'

j

circuits, one of which is assumed to be inoperative to account i
for a possible single failure. At least one non redundant, once-
through fil'.er system for pressurization es a standby for acci-

,

dents of long duration should be provided.

j Compressed air bottles should be protected from tornado missiles
| or internally generated missiles and should be placed so as not )'v to cause damage to vital equipment or interference with opera-

tion if they fail.
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4. AtmosphereFiltrationSystems

ETSB evaluates the iodine removal efficiency of the atmosphere filtration
systems under SRP Section 6.5.1, determines the appropriate credit to be
given and advises the AEB reviewer.

5. Relative Location of Source and Control Room

The SAB will identify all potential sources of toxic or otherwise poten-
tially hazardous gases as described in SRP Section 2.2. The SAB will
provide to the AE8 the findings of its toxic gas estimates for use in the
control room habitability analysis. There are three basic categories:
Radioactive sources, toxic gases such as chlorine, ar.d gases with the
potential for being released inside confined areas adjacent to the control
room.

a. Radiation Sources

The LOCA source terms determined from the AEB review in accordance
with Appendix A to SRP Section 15.6.5 are routinely used to evaluate
radiation levels external to the control room. The dispersal from
the containment or the standby gas treatment vent is determined with
a building wake diffusion model. This model is discussed in Refer-
ence 6. Contsaination pathways internal to the plant are examined
to determine their impact on contiol room habitability. Other DBAs
are reviewed to determine whether they might constitute a more
severe hazard than the LOCA. If appropriate, an additional analysis
is performed for the suspect DBAs.

b. Toxic Gases

The SAB will review and identify those toxic substances stored or
transported in the vicinity of the site which may pose a threat to
the plant operators upon a postulated accidental release. The
method used to determine whether the quantity or location of the
toxic material is such as to require closer study is described in
Regulatory Guide 1.78 (Ref. 7). This guide also discusses the
methods for analyzing the degree of risk and states, in general
terms, the various protective measures that could be instituted if
the hazard is found to be too great. In the case of chlorine,
specific acceptable protective provisions have been determined
(Ref 8).

In summary, the following provisions or their equivalent are required
for the emergency zone ventilation system:

(1) quick-acting toxic gas detectors,

| (2) automatic emergency zone isolation,

0) emergency zone leaktightness,

(4) limited fresh air makeup rates, and
'

O
l
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(5) breathing apparatus and associated bottled air supply.

O)
The best solution for a pr.rticular case will depend on the toxic gas

( in question and on the specsfic ventilation system design.

c. Confined Area Releases

The reviewer studies the control building layout in relation to
potential sources of radiation and toxic gases inside the control
building or adjacent connected buildings. The following is
considered:

(1) Storage location of CO,, or other firefighting materials should
be such as to eliminate the possibility of significant quanti-
ties of the gases entering the emergency zone. The review will
be coordinated with the Chemical Engineering Branch (CMEB).

(2) The ventilation zones adjacent to the emergency zone should be
configured and balanced to preclude air flow toward the emer-
gency zone.

(3) All pressurized equipment and piping (e.g., main steam lines
and turbines) that could cause significant pressure gradients
when failed inside buildings should be isolated from the emer-
gency zone by multiple barriers such as multiple door vestibules
or their equivalent.

6. Radiation Shielding3

Control room operators as well as other plant personnel are protected
from radiation sources associated with normal plant operation by a com-
bination of shielding and distance. The adequacy of this type of
protection for normal operating conditions is coordinated with the RAB.
To a large extent the same radiation shielding (and missile barriers)
also provides protection from DBA radiation sources. This is especially
true with respect to the control room walls which usually consist of at
least 18 inches of concrete. In most cases, the radiation from external
DBA radiation sources is attenuated to negligible levels. However, the

| following items should be considered qualitatively in assessing the ade-
quacy of control room radiation shielding and should be coordinated with'

the RAB who will be requested to provide assistance as necessary.

a. Control room structure boundary. Wall, ceiling, and floor materials
and thickness should be reviwed. Eighteen inches to two feet of
concrete or its equivalent w n! be adequate in most cases.

b. Radiation streaming. The control room structure boundary should be
reviewed with respect to penetrations (e.g., doors, ducts, stairways).

t

| The potential for radiation streaming from accident sources should
| be identified, and if deemed necessary, quantitatively evaluated.

c. Radiation shielding from internal sources. If sources internal to
the control room complex are identified, protective measures against

; o them should be reviewed. Typical sources in this category include

(] contaminated filter trains, or airborne radioactivity in enclosures
; adjacent to the control room.N

.
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Evaluations of radiation shielding effectiveness with respect to the above
items should be performed using simplified analytical models for point,
line, or volume sources such as those presented in References 11 and 12.
If more extended analysis is required, analytical support from the RAB
should be requested. The applicant's coverage of the above items should
also be reviewed in terms of completeness, method of analysis, and
assumptions.

7. Independent Analyses

The applicant is required to calculate doses to the control room opera-
tors. Independent analyses are made by the AEB because of the diversity
of control room habitability system designs and the engineering judgment
involved in their evaluation. Using the approach indicated in Reference 6,
the source terms and doses due to a DBA are calculated. The source terms
determined by the AEB's independent analysis of low population zone (LPZ)
doses for a LOCA are used. The methods and assumptions for this calcu-
lation are presented in Appendix A to SRP Section 15.6.5. The control
room doses are determined by estimating the X/Q from the source points to
the emergency zone using meteorological innut supplied by the assigned
meteorologist, by determining the credit for the emergency zone's protec-
tion features, and by calculating the dose. The attached Table 6.4-1 is
a form which may be used to summarize the information that is needed for
the control room dose calculation. The effective X/Q's are used for cal-
culating the doses. The dose is then compared with the guidelines of
GDC 19. If the guideline values are exceeded, the applicant will be
requested to improve the system. In the event that other DBAs are
expected to result in doses comparable to or higher than the LOCA,
additional analyses are performed. The limiting consequences of the
accidents are compared with Criterion 19.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and
that the review and calculations support conclusions of the following
type, to be included in the staff's safety evaluation report (note: items
2 and 3 should be included only if appropiate):

We conclude that the control room habitability system of the (insert
PLANT NAME) facility is acceptable and meets the requirements of the
following General Design Criteria:

1. GDC 19, " Control Room," with respect to maintaining the control
room in a safe and habitable condition under accident conditions
by providing adequate protection against radiation and toxic
gases such that the radiological exposures are within the limits
of this criterion, and

2. GDC 4, " Environmental and Missile Design Bases," with respect
to the environmental effects of the release of toxic gases and

3. GDC 5, " Sharing of Structures, Systems and Components," with
respect to ensuring that the control room, shared by Units
and of the (insert PLANT NAME) facility will not significantly
impair the ability of the control room personnel to perform
safety functions, including, in the event of an accident in one
unit, an orderly shutdown and cooldown of the other unit (s)."

6.4-14 Rev. 2 - July 1981

_



These conclusions are based on the staff review and evaluation that
the control room habitability systems meet the regulatory positions
of Regulatory Guide 1.52, " Design Testing and Maintenance Critria

i for Engincered-Safety-Feature Atmospheric Cleanup System Air Filtration\M and Adsorption Units of Light-Water-Cooled Nuclear Power Plants,"
Regulatory Guide 1.78, " Assumptions for Evaluating the Habitability
of a Nuclear Power Plant Control Room During a Postulated Hazardous
Chemical Release," and Regulatory Guide 1.95, " Protection of Nuclear
Power Plant Control Room Operators Against an Accidental Release."

In meeting the positions of these regulatory guides, the applicant
has demonstrated that the control room will adequately protect the
control room operators and will remain habitable in accordance with
Task Action Plan Item III.D.3.4 of NUREG-0737.

If the design is not adequate, the fact is stated. Alternatives such as,

an increase in the charcoal filter flow rate may be indicated as is given'

in the example below:

The staff has calculated the potential radiation doses to control
room personnel following a LOCA. Tne resultant whole body doses are
within the guidelines of General Design Criterion 19. The thyroid
dose resulting from exposure to radioactive iodine exceeds the dose
guidelines. A method of meeting GDC 19 would be to increase the
filtration system size from 2000 cfm to 4000 cfm. This increased
filtration will be sufficient to keep the estimated thyroid doses
within the guidelines.

O If special protection provisions for toxic gases are not required, the
() following statement or its equivalent is made:

The habitability of the control room was evaluated using the pro-
cedures described in Regulatory Guide 1.78. As indicated in Section
2.2, no offsite storsqe or transport of chemicals is close enough to
the plant to be considered a hazard. There are no onsite chemicals
that can be considered hazardous under Regulatory Guide 1.78. A
sodium hypochlorite biocide system will be used, thus eliminating an
onsite chlorine hazard. Therefore, special provisions for protection
against toxic gases will not be required. In accordance with plant
emergency plans and procedures, self-contained breathing apparatus
is provided for assurance of control room habitability in the event,

' of occurrences such as smoke hazards.

If special protection provisions are required for toxic gases, compliance
or noncompliance with the guidelines of Regulatory Guides 1.78 and 1.35
shauld be stated.

I

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's(g; regulations, the method described herein will be used by the staff in its

() evaluation of conformance with Commission regulations.
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Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.
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SECTION 6.4 APPENDIX A

ACCEPTANCE CRITERIA FOR VALVE OR DAMPER REPAIR ALTERNATIVE
'

2

The control room ventilation system must meet the criterion to function,

| properly, even with a single failure of an active component. In certain cases,
; complex valve or camper configurations are required to meet the single failure >

j criterion. For example, assurance of the isolation and operability of each
; leg of a dual inlet system at various times after a postulated accident could ,

i require a four-valve arrangement in which two pairs of series valves are con-
nected in parallel. The mechnical, power, and control components of such-

! arrangements combine to form a rather complex system. Credit will be allowed
; for an alternative system that allowed the failed valve to be manually reposi-
| tioned so that it will not interfere with the operation of the system. For
f exanole, in the case of a dual inlet system, if credit for repair is given,

then two valves in series in each leg of the dual inlet would be acceptable.;

! Where a valve fails closed but meets the criteria given below, credit would be
allowed for the valve to be repositioned and locked in an open position.

| The approval of the repair option is contingent upon the intrinsic reliability
i of the internal components of the valve or damper and also upon the ease and

ability to overcome the failure of the external actuating components (electrical
relays, motors, hydraulic pistons, etc.). The following criteria or their
equivalent will be required.

i 1. The valve or damper components must be listed as to which are considered
I internal (nonrepairable) and which external (repairable). These must be

designed to meet the following criteria.

a. Internal valve components (i.e., components that are difficult to
repair manually without opening the ductwork) must be judged to have
a very low probability of failure. The component design details will,

j be reviewed and characteristics such as simplicity, ruggedness, and
! suspectibility to postulated failure mechanisms will be considered
! in arriving at an engineered judCaent of the acceptability of the
j internal component design with respect to reliability. For example,

a butterfly valve welded or keyed onto a pivot shaft would be con-'

sidered a high reliability internal component. Conversely, multiple-i

I blade dampers, actuated by multi-element linkages or pneumatically-
! operated components internal to the ducts, would be viewed as being

subject to failure.

b. External valve components (i.e., components including motors and
power supplies that are to be assumed repairable or removable) must
be designed to ensure that the failed valve component can be bypassed
easily aad safely and that the valve can be manipulated into an
acceptable position. The electronic components must be isolated from
other equipment to assure that the repair operations do not result
in further equipment failure.

|

|
*
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2. The location and positioniig of the valve or damper must permit. easy
access from the control room for convenient repair, especially under
applicable DBA conditions.

3. Appropriate control room instrumentation should be provided for a clear
indication and annunciation of valve or damper malfunction.

4. Periodic manipulation of the valve or damper by control room operators
should be required for training purposes and to verify proper manual
operability of the valve or damper.

5. The need for manual manipulations of the failed valve or damper should
not be recurrent during the course of the accident. Manipulation should
not occur more than once during t'ie accident. Adjustment or realignment
of other parts of the system should be possible from the control roorr. with
the failed valve in a fixed position.

6. The time for repair used in the conputation of control room exp: 'Jre:
should be taken s the time necessary to repair the valve plus t. t. .1al f

'

hour margin. No nanual correction will be credited during the f' two
hours of the accident.

7. Compliance with the above criteria should be documented in the SAR when-
ever the repair option is used.

O

9~
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I TABLE 6.*-1 Summary Sheet for Control Room Dose Analysis
s

MEMORANDUM T0: , AEB Lead Reviewer
; , Meteorologist

cc: Meteorology Section, AEB
AEB Habitability Files

] CONCERNING CONTROL ROOM DOSE ANALYSIS FOR (Insert Plant Name)

The following summarizes the X/Q's used in determining the control room operator
| dose for the subject plant:

A. VENTILATION SYSTEM DESCRIPTION,

I

|

1

1

B. 3 KETCH OF SYSTEM-(and inlets / sources if applicable),

!O
C. SUMMATION OF X/Q ANALYSIS

! Source / Receptor Type and Distance

S/D Ratio K Factor

Number of 22-1/2 Wind Direction
] Sectors that Result in Exposure

Central Wind Sector (sector wind is;

blowing from)

5% Wind Speed (m/sec) 40% Wind Speed (m/sec)

2 3Projected Area of Wake (m ) 5% X/Q (sec/m )
,

! Wind Wind
! Time Speed Factor Direction Factor Occupancy Factor Effective X/Q's

0-8 hr 1 1 1

8-24 hr 1a

1-4 day 0.6
4-30 day 0.4Of

i

|

1
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D. ACTION REQUESTED

Assigned Reviewer

- For your information only
- Please use the effective X/Q's in TACT run and provide control room

doses. In addition, please summarize safety system assumptions and
indicate their status (interim or final).

Meteorologist

- These are interim X/Q's. Please review to determine their
reasonableness.

- These are final X/Q's. Please determine if they are accurate based
on your analysis of site data.

Please Centact

O

O
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6.5.1 ESF ATMOSPHERE CLEANUP SYSTEMS

REVIEW RESP 0ilSIBILITIES

Primary - Effluent Treatment Systems Granch (ETSB)

Secondary - Nonc
|

I. AREAS OF REVIEW

At the construction permit (CP) stage of review, ETSB reviews the informati6n in
the applicant's safety analysis report (SAR) in the areas listed below. At the
operating license (OL) stage, the ETSB review consists of confirming the deQ gn
accepted at the CP stage and evaluating the adequacy of the applicant % technical
specifications in these areas. The specific ETSB review areas are as follows:

1. The engineered safety feature (ESF) atmosphere cleanup systems designed for
fission product removal in post-accident t'nvironments. These generally
include primary systems, such as in-containment recirculation, and secondary

("}/( systems, such as standby gas treatment systems and emergency or post
accident air cleaning systems for the fuel handling building, control room,
shield building and areas containing engineereri safety feature components.

2. The system design, design objectives and design criteria. The ETSB reviews
the methods of tion and the factors that could influence the filtration
capabilities >ystem, e.g., systerr. interfaces and potential bypass
routes. The m , orients included in each atmospheric cleanup system and the
seismic design category of each system are reviewed. Redundancy of the
atmosphere cleanup systems, the physical separation of the redundant trains,
and the volumetric air flow rate of each train are reviewed.

3. The environmental design criteria, the design pressure and pressure
differential, relative humidity, maximum and minimum temperature, and
radiation source term. |

4. The component design criteria, qualification requirements, and qualification
testing of heaters, demisters, prefilters, and high efficiency particulate |
air (HEPA) filters, design requirements of the filter and adsorber mounting

Rev. 2 - July 1981
USNRC STANDARD REVIEW PLAN

Star dard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the

(x Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
\
) plans are not substitutes for regulatory guides or the Commission's regulations and cumpliance with them is not required. Thej

standard review plan sections are keyed to the Standard Format and Content of safety Analysis Reports for Nuclear Power Plants.(
L/ Not all sections of the standard Format have a corresponding review plan.

I Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new inf orma-
tion and emperience.

Comments and suggestions for improvement will be considered and should be sent to the U.s. Nuclear Regulatory Commission.
| Office of Nuclear Reactor Regulation, Washington, D.C. 20555.
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frames, system filter and adsorber housings, and water drains, the'

adsorbent used for removal of gaseous iodines (in the preliminary safety
analysis report, PSAR), the physical properties of the adsorbent and the
design of the adsorber section of the filter trtins (in the final safety
analysis report, FSAR). Provisions to inhibit offdesign temperatures in
the adsorber section and the design criteria of the system fans or
blowers, ductwork, and housings are also reviewed.

5. Design provisions incorporated in the equipment and features ta
facilitate operation and maintenance. The design of doors to the f'lter
housings, the spacing of components, alignment and support of filter
elements, the spacing of filter elements in the same bank, design of test
probes, and provisions for adequate lighting in the filter housing are
also reviewed.

6. The design criteria for inplace testing of the air flow distribution to
the HEPA filters, dioctyl phthalate (00P) testing of the HEPA filter
sections, end gaseous halogenated hydracarbon refrigerant bypass leak |
testing of the activated carbon adsorber section.

7. The laboratory test riteria for the a.ctivated carbon adsorbent,.

qualification and bat h tests, provisions for obtaining representative
adsorbent samples for 13raratory testing in order to estimate the amount
of penetration of the system adsorbent throughout its service life
(PSAR), and the provisions and con'"tions for each field and laboratory
test (FSAR).

The review of the ESF atmosphere cleanup systems involves review evaluations
performed by other branches. The conclusion from their evaluations are used
to complete the overall evaluatio, of the facility. ETSB will coordinate
other branches' evaluations that interface with the overall review of the
system as follows: the Structural Engineering Branch 'SEB) determines the
acceptabil'ty of the design analyses, procedures, and cc|teria used to
establish the ability of seismic Category I stru:tures housing the system and
supporting systems to withstand the effects of natural phenomena such as the
safe shutdown earthquake (SSE), probable maximum flood (PMF), and tornado
missiles as part of its primary review responsibility for SRP Sections 3.3.1,
3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4 and 3.8.5. The Mechanical Engi-
neering Branch (MEB) determines the acceptability of the seismic and quality
group classifications for system components as part of its primary review
responsibility for SRP Sections 3.2.1 and 3.2.2. The reviews for Technical
Specifications and Qualit} Assurance are coordinated and performed by the
Licensing Guidance Branch and the Quality Assurance Branch (QAB) as part of
their primary review responsibility for SRP Secticns 16.0 and 17.0, respec-
tively. The Instrumentation and Control Systems Branch (ICSB) and Power
Systems Branch (PSB) reviews the associated instrumentation including the
power supply and electrical distribution systems as part of their primary
review responsibility for SRP Sections 7.3, 7.5, and 8.2. The Accident
Evaluation Branch (AEB) calculates the doses that could result as a conse-
quence of postulated accidents as part of its primary review respcasibility
for SRF Sections 6.4, 6.5.2 through 6.5.4, 15.1.5, 15.4.3, 15.4.9, 15.6.2
through 15.6.5, 15.7.4, 15.7.5, and 15.8. Upon request, ACB will calculate
filter loadings of all the iodine isotopes under accident conditions to enable
ETSB to complete its overall evaluation of the ESF atmosphere cleanup systems.
The Equipment Qualification Branch (EQB) reviews the qualificatio,, of essential
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6

; power or electrical control cables associated with the ESF atmosphere cleanup
system as part of its primary responsibility for SRP Section 3.11.'

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

2

II. ACCEPTANCE CRITERIA

The installed ESF atmosphere cleanup system is needed to mitigate the
consequences of postulated accidents by removing from the atmosphere radio-.

| active material that may be released in the event of an. accident. ETSB
acceptance criteria for the ESF atmosphere cleanup systems are based on

j meeting the relevant requirements of the following regulations:
:

: A. General Design Criterion 19 as it relates to systems being designed for
j habitability of the control ronm ur. der accident and LOCA conditions.
!

B. General Design Criterion 41 as it relates to the design of systems to be
used for containment atmosphere cleanup following postulated accidents,
and to control releases to the environment.

C. General Design Criterion 42 and General Design Criterion 43 as they '

relate to the inspection and testing of containment ESF atmosphere
cleanup systems. '

D. General Design Criterion 61 as it relates to the design of systems fer <

radioactivity control under normal and postulated accident conditions.
,

J

j E. General Design Criterion 64 as it relates to tsnitoring radioactive
releases under normal, anticipated operational occurrences and postulated'

accident conditions from ESF atmosphere cleanup systems. !
|
i

i
Relevant requirements of the Commission's Regulations identified at.cve are met
by using the regulatory positions contained in Regulatory Guide 1.52 as it |

,
' relates to the design testing and maintenance of ESF atmosphere cleanup system )
! air filtration and adsorption w,its. |

Specific criteria necessary to meet the relevant requirements of the
Commission's regulations are as follows:

The ESF atmosphere cleanup systems should be designed so that they can operate*

after a design basis accident (DBA) and can retain radioactive material after
a DBA. The system should have provisions to prefilter air, remove moisture
and meet the Regulatory Guide 1.52 requirements for charcoal adsorption. The
systems should be redundant, be designed to Seismic Category I requirements,

4

be able to actuate automatically, and be limited to an air flow rate cf approxi-
mately 30,000 cfm.

' Design of instrumentation for ESF atmosphere cleanup systems should conform to
the guidelines of Regulatory Guide 1.52 and to the recommendations of ANSI N509.
Minimum instrumentation, readout, recording, and alarm provisions for ESF

I

atmosphere cleanup systems are given in Table 6.5.1-1 of this SRP section.

i |
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Environmental design guide'ines for acceptability are based on the conditions
following a DBA. Radiatiori source terms snould be consistent with the
guidelines in Regulatory Guides 1.3, 1.4, 1.7, and 1.25 (Ref. 1, 2, 3, and 4).

Components such as demisters, heaters, prefilters, HEPA filters, mounting
.rames, filter housings, adsorbent, fans, ductwork end dampers should be
designed, constructed and tested in accordance with ANSI 509-1980 design and
oualification testing criteria. Water drain design and the accessibility of
components and ease of maintenance should be in accordance with the
recommendations of ERDA 76-21 (Ref. 8) and ANSI 509 (1980).

Acceptability with respect to inplace testing should include meeting the
requirements of ANSI N510-1980 (Ref. 7). For laboratory testing of activated
carbon adsorbent, conformance with ANSI N509-1980 will be used as an
acceptability criterion.

ETSB will accept the following deviations from the above acceptance criteria
for the post loss-of-coolant accident (LOCA) ESF atmosphere cleanup system: |

1. If the calculated dose (sum of the long-term doses from the LOCA and the
purge dose at the low population zone outer boundary) is less than the
guidelines of 10 CFR Part 100, no filtration system is required.

2. If a radioiodine decontamination factor of 10 or less is needed for the
calculated dose to be below Part 100, an atmosphere cleanup system that
meets the acceptance criteria listed in Item 5 of Acceptance Criteria in
SRP Section 11.3 is acceptable. |

3. If a radioiodiae decontamination factor of greater than 10 is needed for
the calculated dose to be below Part 100, the ESF atmosphere cleanup
system meeting all of the above acceptante criteria with the exception of
Items 2b and 2c of Part C of Regulatory Guide 1.52, is acceptable.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from this SRP section, as may
be appropriate for a particular case.

1. In the ETSB review the plant design is reviewc.d to determine where ESF
atmosphere cleanup systems are needed. This effort is coordinated with
AEB.

2. The ETSB review is carried out by making a detailed comparison of
atmosphere cleanup system designs with the acceptance criteria of
Section II, above. The capability of a system to remove fission products
from the atmosphere after a DBA is reviewed, based on a de:ign Icading of
2.5 mg of total iodine (radioactive plus stable) per gram of activated
charcoal adsorbent. Designs consistent with General Design Criteria 19,
41, 42, 43, 61 and 64, and the guidelines of Regulatory Guide 1.52 will
be assigned the system efficiencies for removal of elemental iodine and
organic iodides given in Table 2 of Regulatory Guide 1.52 and a system
efficiency of 993 for removal of particulates resulting from a DBA. The
assigned efficiencies are for AEB use in accident snalyses to calculate
of f site doses to the whole body anr1 thyroid.

O
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TABLE 6.5.1-1 Minimum instrumentation, readout, recording and
alarm provisions for ESF atmosphere cleanup systems

References: ANSI N509 and Regulatory Guide 1.52

Continuously manned coltrol
panel (main control room or
auxiliary control panel if
manning is a tech spec

Sensing location Local readout / alarm requirement)

Unit inlet or outlet Flow rate (indication) Flow rate (recorded indi-
cation, high alarm and low
alarm signals)

Demister Pressure Drop (indica-
tion) (ootional high
alarm signal)

Electric heater Status indication
Space between heater and Temperature (indica- Temperature (indication,
prefilter tion, high alarm and high alarm, low alarm, trip

j low alarm signals) alarm signals)
Prefilter Pressure drop (indica-

1 tion, high alarm
p signal)
'

First HEPA (Pre-HEPA) Pressure drop (indica- Pressure drop (recorded
tion, high alarm indication)
signal)

Space between Adsorber Temperature (two stage Temperature (indication,
and second HEPA (Post- high alarm signal) two stage high alarm signal)
HEPA)

Second HEPA (Post-HEPA) Pressure drop (indica-
tion, high alarm
signal)

Fan (Optional hand switch Hand switch, status
and states indication) indication

Valve / damper op3rator (Optional status indi- Status indicatica
cation)

Deluge valves Hand switch, status Hand switch, states indi-
indication cation;

System inlet to outlet Summation of pressure drop
across total sys<.em, high
alarm signal

bG
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IV. EVALUATION FINDINGS

ETSB verifies that sufficient information has been provided and that the
review is adequate to support conclusions of the following type, to be
included in the staff's safety evaluation report:

IThe staff concludes that the design of the ESF atmosphere cleanup
systems including the equipment and instrumentation to control the
release of radioactive materials in gaseous effluents following a
postulated design basis accident are acceptable. This conclusion is
based on the applicant having met the requirements of General Design
Criteria 19, 41, and 61 by providing ESF atmosphere cleanup systems
on the control room habitability, containment and associated
systems. The applicant has met the requirements of General Design
Criteria 41, 43 and 64 by providing a program for inspecting and
testing the ESF atmosphere cleanup systems atd nanitoring for
radioactive materials in effluents from these systems. In meeting ,

these regulations the applicant has provided an evaluation that
demonstrates that the design of the ESF atmosphere cleanup systems
meets the guidelines of Regulatory Guide 1.52 and the ANSI N509 and
N510 (Ref's. 6 and7) industry standard. We have reviewed the
applicant's system descriptions and design criteria for the ESF
atmosphere cleanup systems. Based on our evaluation, we find the
proposed ESF atmosphere cleanup systems are acceptable, and the
filter efficiencies given in Table 2 of Reguiatory Guide 1.52 are
appropriate for use in accident analyses.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commicsien regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regul3 tory guides.

VI. REFERENCES

1. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Boiling Water
deactors."

2. Regulatory Guide 1.4, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Pressurized
Water Reactors."

3. Regulatory Guide 1.7, " Control of Combustible Gas Cancentrations in
Containment Following a Loss-of-Coolant Accident.

,

4 Regulatory Guide 1.25, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel
Handling and Storage Facility for Boiling and Pressurized Water Reactors."
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5. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for L
<

Post Accident Engineering-Safety-Feature Atmosphere Cleanup System Air t

) Filtration and Adsorption linits of Light-Water-Cooled Nuclear Power
Plants."

i 6. ANSI N509, " Nuclear Power Plant Air Cleaning Units and Components,"
American National Standards Institute (1980).-

7. ANSI N510, " Testing of Nuclear Air Cleaning Systems," American National
Standards Institute (1980).

8. ERDA 76-21, " Nuclear Air Cleaning Handbook," Oak Ridge National
Laboratory, C. A. Burchsted, I. E. Kahn and A. B. Fuller, March 31, 1976.

9. " Building Materials List," Underwriters' Laboratories, Inc.

! 10. 10 CFR Part S0, Appendix A, General Design Criterion 19, " Control Room,"
Criterion 41, " Containment Atmosphere Cleanup," Criterion 42, " Inspection
of Containment Atmosphere Cleanup Systems," Criterion 43, " Testing of
Containment Atmosphere Cleanup Systems," Criterion 61, " Fuel Storage and
Handling and Radioactivity Control," and Criterion 64, " Monitoring
Radioactivity Releases."
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] STANDARD REVIEW PLAN
\.....f OFFICE OF NUCLEAR REACTOR REGULATION

6.5.2 CONTAINMENT SPRAY AS A FISSION PRODUCT CLEANUP SYSTEM

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Chemical Engineering Branch (CMEB) f
I. AREAS OF REVIEW

The AEB reviews the containment spray and spray additive system to determine the
fission product removal effectiveness of the system whenever the applicant claims
a containment air cleanup function for the system. The following areas of the
applicant's Safety Analysis Report (SAR) relating to the fission product removal
and control function of the containment spray system are reviewed by the AEB:

1. Fission Product Removal Requirement for Containment Spray

Sections of the SAR related to accident analyses, dose calculations, and fis-7.s ; sion product removal and control are reviewed to establish whether fission(h product scrubbing of the containment atmosphere for the mitigation of offsite
doses following a postulated accident is claimed by the applicant. This review
usually covers Sectians 6.2.3.1, 6.5.2.1, and Chapter 15 of the SAR.

2. Design Bases

The design bases of such containment spray systems are reviewed to determine
whether they reflect the requirements placed upon this system by the assump-
tions made in the accident evaluations of Chapter 15.

3. System Design

The descriptive information concerning the design of the spray system,
including any subsystems and supporting systems, is reviewed to familiarize
the reviewer with the design and operation of the system. The review includes:

,

I
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a. The descriptive information contained in SAR Sections 6.2, 6.5.2.2,
6.5.2.4, 6.5.2.5, and 6.5.2.6 to establish the basic design concept,
the systen.s, subsystems, and support systems required to carry out
the iodine scrubbing function of the system, and the components and
instrumentation employed in these systems.

b. The process and instrumentation diagrams of SAR Section 6.5.2 or 6.2.2,
whichever contains the relevant information,

c. Layout drawings (plans, elevations, isometrics) of the spray distribu-
tion headers, f rom SAR Chapter 1.0 and Sections 6.5.2 or 6.2.2.

d. Plan views and elevations of the containment layout in Chaoter 1.0
of the SAR.

e. Process and instrumentation diagrams of any ventilation systems opera-
tional in the postaccident environment.

4. Testing and Inspections -

Section 6.5.2.4 of the SAR is reviewed to establish the details of the
preoperational test to be performed for system verification and the post-
operational tests and inspections to be performed for verification of the
continued status of readiness of the spray system.

5. Technical Specifications

At the cperating license stage, the applicant's proposed technical speti-
fications in Chapter 16 of the Final Safety Analysis Report (FSAR) are
reviewed to establish permissible outage times and surveillance
requirements.

A secondary review is performed by the Chemical Engineering Branch (CMEB) and
the results are used by the AEB to complete the overall review of the contain-
ment spray system. CMEB reviews the chemical additive storage requirements
and areas as indicated below. The results of CMEB's analysis are transmitted
to AEB for use in the SER writeup.

In addition, AEB will coordinate other branches evaluations that interface with
the review of the containment spray system as follows: CMER reviews metallic
materials compatibility and organic material decomposition including formation
of organic iodide as part of its primary review responsibility for SRP
Sections 6.1.1 and 6.1.2. The Containment Systems Branch (CSB) reviews the
heat removal and hydrogen mixing function of the containment spray system and

| the containment sump design as part of its primary review responsibility for
SRP Sections 6.2.2 and 6.2.5. The acceptance criteria for the review and the
methods of application are contained in the referenced SRP section of the
corresponding ~imary branch as stated above.

II. ACCEPTANCE CRITERIA
|

The AEB acceptance criteria are based on meeting the relevant requirements of
the following regulations:

O
1
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A. General Design Criterion 41 (Ref. 1) as related to the containment atmos-
phere cleanup system being designed to control fission product relet,es
to the environment following postulated accidents.

B. General Design Criterion 42 (Ref. 2) as related to the containment
atmosphere cleanup system being designed to permit appropriate
periodic inspections.

C. Can3*al Design Criterion 43 (Ref. 3) as related to the containment atmos-
phere cleanup system being designed for appropriate periodic functional
testing.

Specific criteria necessary to meet the relevant requirements of GDC 41, 42,
and 43 are:

1. Design Requirements for Iodine Removal Function

The containment spray system should be designed in accordance with the
ANSI requirements of Reference 4. As used in this SRP section, the term

~

" containment spray system" includes the spray system and the spray addi-
tive subsystem as defined in Reference 4.

| a. System Operation

The containment spray system should be designed to be initiated auto-
matically by an appropriate accident signal and to be transferred

,

automatically from the injection mode to the recirculation mode toi

p assure continuous operation until the design objectives of the system,

have been achieved. In all cases the operating period should not be
less than 2 hours. In addition, the system should be capable of
operation in the recirculation mode, on demand, for a period of at
least 1 month following the postulated accident.

b. Coverage of Containment Volume |
i

In order to assure full spray coverage of the containment volume, '

the following should be observed:

(1) The spray nozzles should be located as high in the containment
as practicable to maximize the spray drop fall distance.

! (2) The layout of the spray nozzler and distribution headers should
be such that the cross-sectional area of the containment covered

' by the spray is maximized and that a nearly homogeneous distribu-
tion of spray in the containment volume is produced. Unsprayed
regions in the upper containment and, in particular, an unsprayed
annulus adjacent to the containment liner should be avoided
wherever possible.

(3) In designing the layout of the spray nozzle positions and orien-
tations, the effect of the postaccident atmosphere should be
considered, including the effects of postaccident conditions
that result in the maximum possible atmosphere density.

N

)

6.5.2-3 Rev. 1 - July 1981
i

+.w .we -,n-er-n--- ,e v-- , ,.----v--- ,,n,- ,- - . e v- - - - . w a--y,e, v.-w- p----,w , - - - , . - - - - - - - - , . - . - , - -- ,e



_ _ _ _ _ _ _ _ _

c. Promotion of Containment Mixing

Because the effectiveness of the containment spray system depends on
a well-mixed containment atmosphere, all design features enhancing
postaccident mixing should be considered. Where necessary, forced
air ventilation should be provided to avoid stagnant air regions.

d. Spray Nozzles

The nozzles used in the containment spray system should be of a design
that minimizes the possibility of clogging while producing drop sizes
effective for iodine absorption. The nozzles should not have internal
moving parts such as swirl vanes, turbulence promoters, etc. They
should not have orifices or internal restrictions which would narrow
the flow passage to less than 1/4-inch diameter. Detailed information
on the drop size distribution for the nozzle, such as a histogram,
should be provided. Designations such as " average," "mean," and
" median" numbers do not provide sufficiently detailed information to
permit an independent evaluation of the performance of the nozzle.

e. Injection Spray Solution

T.Ne partition of iodine between liquid and gas phases is enhanced by
the alkalinity of the solution. The spray system should be designed
such that the spray solution maintains the highest possible pH, within
material compatibility constraints. This requirement is satisfied
by a spray pH in the range of 8.5 to 10.5. A minimum partitioning
of iodine between liquid and gas phases has also been demonstrated
for boric acid solutions with trace levels of impurities (Ref. 5).
In this case, pH requirements are determined solely by material
compatibility constraints, which are reviewed by CMEB. Iodine
scrubbing credit is given for spray solutions whose chemistry,
including any additives, has been demonstrated to be effective for
iodine absorption and retention under postaccident conditions. Both
theoretical and experimental verification are required.

The spray solutions shown in Table 6.5.2-1 have been shown to be
effective for removal of elemental iodine. Acceptable values for
the instantaneous elemental iodine partition coefficient for these
spray solutions are also shown in Table 6.5.2-1. Reference 6 provides
information on spray solutions that are effective for removal of
organic iodides.

Table 6.5.2-1 Spray Solutions and Acceptable
Partition Coefficients

Spray solution Partition coefficient
sodium hydroxide in boric see Figure 6.5.2-1; ph values
acid solution are assumed at room temperature

hydrazine (50 ppm i 5) 5000

boric acid (1500-2500 ppm boron) 50

water (plain or demineralized) 100

trisodium phosphate (added to see Figure 6.5.2-1; same pH
sump during recirculation mode) dependence as sodium hydroxide

solutions
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!

;

f. Containment Sump Mixing
,

The containment sump should be designed to promote mixing of emergency
j core cooling system (ECCS) and spray solutions. Drains to the engineered
'

safety features (ESF) sump should be provided for all regions of the
containment which would collect a significant quantity of the spray,

solution. Alternatively, allowance should be made for " dead" volumes
in the determination of sump pH and the quantities of additives injected.

g. Containment Sump and Recirculation Spray Solutions,

'

The pH of the aqueous solution collected in the containment sump after
completion of injection of containment spray and ECCS water, and all

i additives for reactivity control, fission product removal, or other
i purpose, should be maintained at a level sufficiently high to provide
i assurance that significant long-term iodine re-evolution does not

occur. Long-term iodine retention is calculated based on the expected
i long-term partition coefficient. The instantaneous iodine partition
; coefficients given in Table 6.5.2-1 and Figure 6.5.2-1 may be used
1 in the absence of suitable data for equilibrium iodine partition
i coefficients. Long-term iodine retention with no significant

re-evolution may be assumed only when the equilibrium sump pH, afteri

mixing and dilution with the primary coolant and ECCS injection, is
j above 8.5. This pH value should be achieved at the onset of the spray

recirculation mode. The material compatibility aspect of the long-term ,

sump and recirculation spray solutions is reviewed by the CMEB.

h. Storage of Additives

The design should provide facilities for the long-term storage of
; all spray additives. These facilities should be designed such that
4 the additives required to achieve the design objectives of the system

are stored in a state of continual readiness whenever the reactor is
; critical during the design life of the plant. The storage facilities
; should be designed such that freezing, precipitation, chemical reaction,
i and decomposition of additives are prevented. For Na0H storage tanks,
| heat tracing of tanks and piping is required whenE'r exposure to

temperatures below 40*F is predicted. An inert covo gas should be
provided for solutions that may deteriorate as a consequence of expo-:

i sure to air.
!

i. Single Failur_e
d

: The system should be able to function effectively and meet all the
above criteria with a single failure of an active component in the
spray system, in any of its subsystems, or in any of its support
systems. The system is considered functional with respect to iodine
removal if it is capable of delivering the design spray flow rate

'

with the additive concentration within the acceptable range as' deter-
mined above.

.

2. Testing;

p Tests should be performed to demonstrate that the spray systems, as,
'

Q installed, meet r11 design requirements for an effective iodine scrubbing
function. Such tests should include preoperational verification of:-

i
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freedom of the containment spray piping and nozzles from obstructions,a.

b. capability of the system to deliver the required spray flow, and

capability of the system to deliver the required spray additives withinc.
the specified range of concentrations. For a system whose performance
is sensitive to the as-built piping layout, such as a gravity feed
system, the testing should be performed at full flow.

3. Technical Specifications

The technical specifications should specify appropriate limiting conditions
for operation (LCOs), tests, and inspections to provide assurance that
the systea is capable of its design function whenever the reactor is criti-
cal. These specifications should include:

The operability requirements for the system, including all activea.
and passive devices, as a limiting condition for operation (with
acceptable outage times). The following should be specifically
included:

containment spray pumps,-

additive pumps (if any),-

additive mixing devices (if any),-

valves and nozzles,-

additive quantity and concentration in the additive storage tanks,-

and

nitrogen or other inert gas pressure in the additive storage-

tanks.

b. Periodic inspection and sampling of the contents of the additive tanks
to confirm that the additive quantity and concentrations are within
the limits established by the system design.

Periodic testing and exercising of the active components of the systemc.
and verification that essential piping and passive devices are free
of obstructions.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes aspects covered by this SRP section as
appropriate for a particular plant. The judgment of which areas need to be given
attention and emphasis in the review is based on a determination that the material
presented is similar to that recently reviewed on other plants or that items
of special safety significance are involved. The review of the fission product
removal function of the containment spray system follows the procedurg outlined
below.

The reviewer determines whether the containment spray system is used for fission
product removal purposes. Chapter 15 of the SAR should be reviewed to establish
whether a fission product removal function for the containment spray system is
assumed in accident dose evaluations. If the containment spray system is not
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|

!

used for dose mitigation purposes, no further review is required by the AEB.,

! The CSB reviews the heat removal and hydrogen mixing aspects of the containment
! spray system.

; If the containment spray system is designed to reduce the concentrations of
fission products in the containment, the capability of the system to function
effectively as a fission product removal system is reviewed. If, as a result
of the review, system modifications are required, the AEB reviewer will advise

i the CSB of the required modifications for integration with any other requirements
'

placed on the containment spray system. This is a coordinating review function.

j 1. System Design
1

i Review of the system design includes an examination of the components and
design features necessary to carry out the iodine scrubbing function,

j including:

a. Spray Chemistry

The forms of iodine for which spray removal credit is claimed in the
accident analyses (SAR Chapter 15) are established. Containment spray
systems may be designed for removal of iodine in the elemental form
(i.e. vapor), in the form of organic compounds, and in the particulate
form.

The systems or subsystems required to carry out the iodine scrubbing
function of the containment spray, such as the spray system, recircu-

O lation system, spray additive system, and water source are identified.
The design of the systems involved is reviewed in order to:

,

(1) Determine the chemical additive and to ascertain the effectiveness
of the additise for elemental and organic iodine removal by
comparison with additives of preven effectiveness (see acceptance

1
criteria in subsection II) or by review of theoretical and experi-
mental verifications supplied for new additives.

(2) Ascertain that the range of additive concentrations is within |.

| the limits listed in the acceptance criteria of subsection II |

above or that adequate justification is supplied for the iodine:

removal and retention effectiveness for the range of concentra-
i tions encountered. The concentrations in the storage facility,

the chemical addition lines, the spray solution injection, the
| containment sump solution, and the recirculation spray solution
i should be examined. The extremes of the additive concentrations
! should be determined with the most adverse combination of ECCS,
i spray, and additive pumps (if any) assumed to be operating, and
'

a single active failure of pumps or valves should be considered.
The AEB reviewer coordinates this review aspect with the CMEB
which reviews the storage of the spray additives under subsec-
tion III.1.f. 1

The AEB reviewer consults with the CMEB to verify that the spray and I

sump water solution stability, and the corrosion, solidification,
,

and precipitation behavior cf the chemical additives, have appropriately ||
been taken into consideration for the range of concentrations encountered.,

,

I
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b. System Operation

The time and method of system initiation, including additive addition,
is reviewed to confirm that the acceptance criteria of subsection II
above are met. Autematic initiation of spray and spray additive flow,
without mechanical delays or manual overrides, is required. Credit
for immediate initiation is assumed if the system can be shown, by
test, to deliver the spray solution through the nozzles within
90 seconds, post-LOCA. For those systems where the spray solution
is delivered after 90 seconds, post-LOCA, credit for spray removal
of iodine will be assumed to commence upon the time of actual flow
through the nozzles. The system operation should be continuous until
the iodine removal objectives of the system are met. If a switchover
from the injection to a recirculation mode of operation is required
during this time period, the reviewer should confirm that all require-
ments listed in the acceptance criteria, particularly those concerning
spray coverage and solution pH, are met during the recirculation phase.
Manual switchover from the injection mode to the recirculation mode
during the first 2 hours following the initiation of the spray system
operation is not acceptable.

c. Spray Distribution and Containment Mixing

The r. umber and layout of the spray headers used to distribute the
spray flow in the containment are reviewed. The reviewer verifies
that the layout of the headers assures coverage of essentially the
entire cross section of the containment with spray, under minimum
spray flow conditions. The effect of the high temperature and pressure
conditions in the containment on the spray droplet trajectories should
be taken into account in determining the area covered by the spray.

The layout of the containment and forced ventilation systems (safety-
grade) operating after the LOCA are reviewed to determine if any areas
of the containment free volume are not sprayed. The mixing rate due to
natural convection between the sprayed and unsprayed regions of the
containment, provided that adequate flow area exists between these
regions, is assumed to be 2 turnovers of the unsprayed region (s) per
hour, unless other rates are justified by the applicant; it is also
assumed that forced air ventilation systems designed to operate in
the postaccident environment move air at 50% of their design flow
rates. The containment may be considered a single, well-mixed volume
provided the spray covers regions ccmprising at least 90% of the con-
tainment volume and provided a ventilation system is available for
adequate mixing of any unsprayed compartments,

d. Spray Nozzles

The design of the spray no;zles is reviewed to confirm that the spray
nozzles are not subject to clogging from debris entering tne recircu-
lation system through the sump screens.

e. Sump Mixing

The mixing of the spray water containing the chemical additive and
water without additive (such as spilling ECCS coolant) in the contain-
ment sump is reviewed. The areas of the containment which are exposed
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to the spray but are without direct drains to the recirculation sump
(such as the refueling cavity) are censidered. The reviewer confirms
that the required sump concentrations are achieved within tha appro-

[aL] priate time intervals. The long-term sump pH should be reviewed in
regard to iodine re-evolution, using the criteria given in subsec-,

tion II.1.g above.

The equilibrium partitioning of iodine between the sump liquid and
the containme.t atmosphere is examined for the ex'remes of the additivec
concentrations determined above, in combination with the range of
temperatures possible in the containment atmosphere and the sump solu-
tion. The minimum iodine partition coefficient (H) determined for
these conditions forms the basis of the ultimate iodine decontamination'

factor in the staff's analysis described below. See Reference 7
for a theoretical examination of iodine partition coefficients.

f. Storage of Additives

The design of the additive storage tanks is reviewed by CMEB to estab-
lish whether heat tracing is required to prevent freezing or precipi-
tation in the tanks. The reviewer determines whether an inert cover
gas is provided for the tanks to prevent reactions of the additive
with air, such as the formation of sodium carbonate by the reaction
of sodium hydroxide and carbon dioxide. Alternatively, the reviewer
verifies by a conservative analysis that an inert cover gas is not
required.

g. Single Failure
/ \Q The system schematics are reviewed by inspection, postulating single

failures of any active component in the system, including inadvertent
operation of valves that are not locked open. The review is performed
with respect to the iodine removal function, considering conditions
that could result in too fast as well as too slow an additive injection.

2. Testing

At the construction permit stage, the containment spray concept and the
proposed tests of the system are reviewed to confirm the feasibility of
verifying the design functions by appropriate testing. At the operating
license stage, che proposed tests of the system and its components are
reviewed to verify that the tests will demonstrate that the system, as
installed, is capable of performing, within the bounds established in the
description and evaluation of the system, all functions enential for
effective iodine removal following postulated accidents.

3. Technical Specifications

The technical specifications are reviewed to verify that the system, as
designed, is capable of meeting the design requirements and that it remains
in a state of readiness whenever the reactor is critical.

a. Limiting Conditions for Operation (LCO)

The LCOs should require the operability of the containment spray pumps,'

all associated valves and piping, the spray additive tanks includings
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the appopriate quantity of additives, and any metering pumps or mixing
devices.

b. Tests

Preoperational testing of the system, including the additive tanks,
pumps (if any), piping, and valves is required, as discussed above.
In particular, the preoperational testing should verify that the system,
as installed, is capable of delivering a well mixed solution containing
all additives with concentrations falling within the design margins
assumed in the dose analyses of Chapter 15 of the SAR.

Periodic testing and exercising of all active components should include
the spray pumps, metering pumps (if any), and valves. Confi rmation
that passive components, such as all essential spray and spray addi-
tive piping, and any passive mixing devices are free of obstructions
should be made periodically. The contents of the spray additive tanks
should be sampled and analyzed periodically to verify that the concen-
trations are within the established limits, that ne concentration
gradients exist, and that no precipitates have formed.

4. Evaluation

A calculation of the iodine removal effectiveness of the system is performed
to establisn the degree of iodine dose mitigation by the containment spray
fnllowing the postulated accident. The mathematical model used for this
calculation reflects the preceding steps of the review. The analysis and
assumptions are as follows:

a. The amount of iodine assumed to be released to the containnient is
50% of the core iodine inventory. This has the composition of 95.5%
elemental, 2.5% particulate, and 2.0% organic. The amount of iodine
airborne inside containment depends upon plate-out on interior contain-
ment surfaces, removal by the spray and action of other engineered
safety features present, radioactive decay, and outleakage from the
containment.

b. The removal of iodine from the containment atmosphere by the spray
is considered a first-order removal process. The removal coefficients
A (lambda) for each form of iodine (i.e., elemental, particulate,
and organic) for each of the sprayed regions of the containment is
computed by the methods such as the digital computer code SPIRT
(Ref. 6). Removal coefficients representing time-dependent elemental
iodine wall plate-out are also calculated. The coefficients for spray

removal and wall plate-out are summed for elemental iodine. The removal
lambdas are used as input parameters into a computer model used for
dose calculation. In contrast to previous practice, the coefficients
so calculated do not have an arbitrary maximum allowable value when
used in conjunction with the assumption of 50% of the core iodine
inventory initially airborne.

The maximum elemental iodine decontamination factor, DF, for thec.
containment atmosphere achieved by the spray system is determined
from the the equation (Ref. 4):
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V
s

DF = 1 + V H

c

(' where:

H = equilibrium iodine partition coefficient

V = v lume of liquid in containment sump and sump over flow
s

V = containment net free volume less V
c s

The maximum decontamination factor for plain water, boric acid
solutions, sodium hydroxide and hydrazine additive systems is
DF = 200.ux

DF is defined as the initial iodine concentration in the containment
atmosphere, obtained when 50% of the core iodine is instantaneously
released, divided by the concentration of iodine in the containment
atmosphere at some later time.

The effectiveness of the spray in removing elemental iodine shall be
presumed to end at that time, post-LOCA, when the maximum elemental
iodine DF is reached. Because the removal mechanisms are significantly
different (and slower) for organic and particulate iodines, there is
r3 need to limit the DF allowed in the analysis for these iodine forms.

IV. EVALUATION FINDINGS
7-.
I i
V The staff's evaluation of the iodine removal effectiveness of the containment

spray system should include the following parameters, which are used in the
thyroid dose calculations of a postulated loss-of-coolant accident:

overall first-order removal constants (per hour) for elemantal iodine, A ,-
3

for organic iodine A , and for particulate iodine, A 'p 3

3the effective spray volume, V (ft ),-

the maximum decontamination factor for elemental iodine, DF.-

After the AEB reviewer determines that the containment spray and spray additive
system is effective for iodine removal, the following can be reported in the
staff's safety evaluation report (SER):

The staff concludes that the containment spray system as a fission
product cleanup system is acceptable and meets the relevant :equire-
mentr of General Design Criteric, 41, " Containment Atmosphere Cleanup,"
General Design Criterion 42, " Inspection of Containment Atmosphere
Cleanup Systems," and General Design Criterion 43, " Testing of Contain-'

ment Atmosphere Cleanup Systems." This conclusion is based on the*'

following:

The concept upon which the proposed system is based has been demon-
A strated to be effective for iodine absorption and retention under
I postaccident conditions. The proposed system design is an acceptable
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application of this concept. The system provides suitable redundancy
in components and features such that its safety function can be accom-
plished assuming a single failure. The staff concludes that the
system meets the requirements of General Design Criterion 41.

The proposed pre-operational tests, post-operational testing and
surveillance, and proposed limiting conditions of operation for the
spray system provide adequate assurance that the iodine scrubbing
function of the containment spray system will meet or exceed the
effectiveness assumed in the accident evaluation and, therefore,
meets the requirements of General Design Criteria 42 and 43.

V. IMPLEMENTATION

The following provides guidance to applicants and licenseu regarding the staff's
plans for using this SRP section.

Except in those cases in which the applicant propeses an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Cr;terion 41, " Containment
Atmosphere Cleanup."

2. 10 CFR Part 50, Appendix A, General Design Criterion 42, " Inspection of
Containment Atmosphere Cleanup Systems."

3. 10 CFR Part 50, Appendix A, General Design Criterion 43, " Testing of
Containment Atmosphere Cleanup Systems."

4. ANSI /ANS Standard 56.5-1979. "PWR and BWR Containment Spray System Design
Criteria."

5. D. L. Reid, B. M. Johnson, and A. K. Postma, "Research on Removal of
Iodine by Containmer.t Sprays Containing Trace Levels of Hydrazine," Battelle
Pacific Northwest Laboratories, June 1979.

6. A. K. Postma, R. R. Sherry, and P. S. Tam, "lechnological Bases for Models
of Spray Washout of Airborne Contaminants in Containment Vessels,"
NUREG/CR-0009.

7. L. F. Parsly, " Design Cunsiderations of Reactor Containment Spray Systems -
Part IV. Calculation of Iodine Partition Coefficients," 0RNL-TM-2412,
Part IV. Oak Ridge National Laboratory (1970).

O
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6.5.3 FISSION PRODUCT CONTROL SYSTEMS AND STRUCTURES

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Effluent Treatment Systems Branch (ETSB)

I. AREAS OF REVIQ

The description of the fission product control systems and structures are |
reviewed to (a) provide a basis for developing the mathematical model for design
basis loss-of-coolant accident dose computatio'ns, (b) verify that the values of
certain key parameters are within pre-established limits, (c) confirm the
applicability of important modeling assumptions, and (d) verify the functional
capability of ventilation systems used to control fission product releases. The
parameters which must be established for usE in the calculation of the radio-
logical consequences of accidents in Chapter 15, and the systems whose functions
must be reviewed are outlined below. Many of these areas are the responsibility

[\
] of other branches and are reviewed by the AEB to provide a general knowledge of

~/ the containment systems and their operation following a loss-of-coolant accident
(LOCA). The following areas are revicwed:

1. Primary Containment Design

Primary containment characteristics of (1) the containment isolation
times and methods, (2) leak rates prior to and following containment
isolation if venting, vacuum relief or purging of the containment is
permitted (by technical specification) during operation, (3) total and
mixing volumes to be assumed from the iecirculation characteristics
given in safety analysis reports, and (4) the efficiencies of the ESF.

filters used for post-accident ventilation.

The dose mitigating function of the pressure suppression devices, e.g.,

subatmospheric operation, suppression pools, is described in Sec-
tions 6.2.1 and 6.2.2 of the SAR. The existence and operation of
pressure suppression devices shoulo be determined since their existence
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and performance could affect fission product transport and release,
as well as containment pressure and containment leakage rate.

2. Secondary Containment Design

Containment type, e.g., metal siding, reinforced concrete (see SAR
Section 3.8.4.). The type of secondary containment structure may
affect the potential for exfiltration and the probable leak tightness
of the secondary containment.

Physical layout, e g., volume completely surrounding primary
containment, auxiliary building regions treated, main steam tunnel
treated (BWR's), main steam line leakage control system provided
(BWRs), drawings or plan views defining secondary containment
boundary, clarification of which regions are treated by cleanup
systems (see SAR Sections 6.2.3, 6.5.3, and 9.3) Knowledge of what
regions are treated as part of the secondary containment is
essential to establish the mathematical model for dose calculations.

Fission product removal or holdup system design, e.g., regions
treated by each system, piping and instrun intation drawings of each
system and its operation, fan flow rates, recirculation rate, filter
locations and efficiencies, system redundancy, actuation signals,
time to reduce region pressures below atmospheric, placement of
ducting (see SAR Sections 6.2.3, 6.5.1, and 6.5.3) The reviewer is
responsible for determining that each systcm can perform its
functions as claimed to reduce fission product release following a
postulated design basis accident. Information on fission product
filter systems is provided by the ETSB. Knowledge of fission
products removal systems is necessary for modeling the system for
the dose calculation. CSB has responsibility for evaluating the
pressure transient in the secondary containment to verify secondary
containment region pressures following a design basis accident and
for reviewing bypass leakage paths. MEB has responsibility for
evaluating the structural design of the ventilation system.

General design characteristics, e.g., negative pressure during
normal operation, free volumes and mixing regions, and leakage rates
(see SAR Sections 6.2.3, 6.5.3, and 9.4). Knowledge of these
parameters is necessary for developirg the mathematical model. -

A secondary review is performed by the Ef fluent Treatment Systems Branch
(ETSB) and the results are used by AEB in the overall review of the fission
product control systems and structures. ETSB resiews the efficiencies of
filters used in the fission product control systems. The results of the ETSB
review are transmitted to AEB for use ir the evaluation.

In addition, AEB will coordinate with other branches those evaluations that
interface with the overall review of the system. The Containment Systems
Branch (CSB) evaluates the containment pressure response and mixing fractions,
verifies positive pressure periods, and determines containment leakage rates
as part of its primary review responsibility for SRP Sections 6.2.1 and 6.2.6.
The Auxiliary Systems Branch (ASB) reviews the ventilation system used to
control fission products and the capability te maintain a negative pressure
during accident conditions as part of its primary review responsibility for
SRP Sections 9.4.1 through 9.4.5. Mechanical Engineering Branch (MEB) reviews
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the seismic design and quality group classifications for ventilation systems
as part of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2.

The acceptance criteria for the review of those sections and the methods of
application are contained in the referenced SRP section of the correspondingl

primary review branch.

II. ACCEPTANCE CRITERIA

In establishing the model for estimating the radiological consequences of a
design basis loss-of-coolant accident and determining the acceptability of the'

fission products control systems and structures, AEB uses acceptance criteria
based on the requirements of the following regulations:

A. General Design Criterion 41 (Ref. 1) as it relates to the containment
atmosphere cleanup system being designed to control fission product
releases to the environment following postulated accidents.

B. General Design Criterion 42 (Ref. 2) as it relates to the containment
atmosphere cleanup system being designed to permit periodic inspections.

C. General Design Criterion 43 (Ref. 3) as it relates to the containment
atmosphere cleanup system being designed to permit appropriate functional
testing.

Specific criteria necessary to meet the relevant requirements of GOC 41, 42, and
43 are:

) 1. Primary Containment
a

Primary containment design leakage rates for which credit is given
should not be less than 0.1 percent per day due to difficulties in
measuring lower leakage rates. Containment isolation methods and
times must be such that the calculated radiological doses resulting
from the escape of radioactive material prior to and following
isolation after a LOCA do not exceed the dose guidelines of 10 CFR
Part 100 (Ref. 4) in accordance with the appropriate sections in SAR
Chapter 15.0.

2. Secondary Containment

To be classified as a secondary containment for the purpose of
fission product control, a structure or structures should completely
surround the primary containment, and at least should be held at a
pressure of 0.25 inch (water), below adjacent regions, under all
wind conditions up to the wind speed at which diffusion becomes
great enough to assure site boundary exposures less than those
calculated for the design basis accidents even if exfiltration |

Ioccurs.

Acceptance of other fission product control structures for collection
and control of post-accident releases will be determined following
consultation with the CSB and the SEB, on a case-by-case basis. The

p leakage and filtration rates of such structures are acceptable
Q provided that the offsite doses calculated under SRP Section 15.6.5

will meet the dose guidelines of 10 CFR Part 100, an:1 provided that
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the preoperational testing and appropriate technical specifications
are acceptable.

Other criteria include tpecifications for intake and return headers
on recirculation systems. These should be placed as far away from
each other as practical. The return header should provide a wide
distribution over the secondary containment. The purpose of this
placement is to assure some degree of mixing of the return flow in
the secondary containment volume before it is again drawn into the
system intake.

With judicious placement, up to 50% mixing may be assumed. A claim
for greater than 50% mixing must be supported by the applicant to
the satisfaction of the staff. Spacing between intake and return
headers is reviewed on a case-by-case basis. Adjustments in the
mixing fraction to less than 50% may be indicated by some designs.
Past practice has been to allow mixing in 50% of the volume between
(and within 10 or 20 feet of) the inlet and outlet headers if both
have distributed openings or if one has distributed openings and the
other is at the top of the containment.

3. Partial Dual Containment

Partial dual containments must meet the same basic requirements as
those for secondary containments in order to be given credit for
fission product holdup and removal. The fraction of leakage source
considered to be treated by such partial fission products control
structures is determined after consultation with the CSB and ASB
reviewer on a case-by-case basis.

4. Other Fission Product Cleanup Systems

Fission product retention credit assumed by the applicant for other
systems, e.g., pressure suppression pools, may be acceptable
provided that justification is supplied by the applicant. Such
justification should include analytical bases addressing the
important physical and chemical variables of the fission product
removal and retention processes, supported by experimental
verification.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes aspects of the areas covered by this SRP
section as appropriate for a particular case. The judgment which areas to be

| given attention and emphasis in the review is based on an inspection of the
material presented to see whether it is similar to that recently reviewed on
other plants and whether items of special safety significance are involved.

The purpose of the review of containment systems is to define a model to be
used in DBA (specifically, the LOCA) dose calculations, to check that the
values of certain key parameters are within established limits, to confirm the
correctness of important modeling assumptions, and to verify the functional
capability of the primary and/or secondary containment ventilation systems.
Therefore, the reviewer covers various areas (containment design, positive
pressure periods, filters, etc.) to establish parameters and assumptions for
dose calculation utilizing digital computer codes.
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,

Where a review area is not the primary responsibility.of the AEB, appropriate'

acceptance criteria in applicable SRP sections are used by the responsible
branch and the AEB is informed where inadequacies are identified so that. ._

j \ appropriate modifications of the model may be made. These areas include: :
1

1
'

primary containment leakage rate, bypass leakage, and testing of-4

4 these (CSB)
f

I secondary containment vacuum maintenance systems (normal operation)-

| (ASB)
:

| secondary containment pressure response (post-accident) (CSB)-

i
j containment isolation (CSB)-

structural design of containments (SED) and systems (MEB)|
-

i

| engineered safety feature filter systems (ETSB)-

i

| 1. Primary Containment Design |

!
a. The primary containment design is studied to familiarize the-

reviewer with the overall construction and anticipated perfor-
mance capability of the primary containment. Certain parameters
and design features,'such as design leakage rate, purge / venti

systems leakage rate prior to containment isolation, containment
free volume, internal fission product cleanup systems, should ;

be noted for later use (see example of worksheet, Table 6.5.3-1). '

The performance capability of the internal fission product3

! cleanup systems (if any) should be verified (see SAR '

Sections 6.5.1, 6.5.2, and 6.5.4). '

b. The transient response of the containment pressure following;

! the accident should be studied. Historically, pressurized
water reactor (PWR) containment design leakage rates have been
reduced by a factor of two at one day into the accideht
(Ref. 5), whereas, boiling water reactor (BWR) containment
design leakage rates were assumed to be constant for all time |

,

; periods following the accident (Ref. 6). The reviewer should
i verify with CSB that these modeling assumptions are valid for

each case reviewed. For those containments designed to reach
7
i subatmospheric pressure at some time less than 30 days after

the accident, the CSB verifies the time required to reach
subatmospheric pressure.

;

2. Secondary Containment and Other Fission Product Control Structures
Design

a. The design of the secondary containment and other fission
product control structures is reviewed to determine how it
should be modeled for the dose calculations. The reviewer also
ascertains that the applicant has considered the question of
potential exfiltration from regions of the secondary containment

;
' under varying wind conditions, especially if the structure has

a leakage rate greater than 100%/ day. The anticipated leakage
rate from each region is noted (see example of worksheet,

!

.
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|

Ttblo 6.5.3-2), cnd sp:cial ctt:ntion is psid to th cccur:cy
of the proposed leakage testing if the leakage rates are less
than 10% per day. (No facility reviewed to date has a proposed .

secondary containment leakage rate of less than 10% per day.
Experience indicates that 10% per day may be difficult to j
achieve in actual practice.)

'

b. The boundary of the secondary containment and other fission |
product control structures are determined. Usually, the
secondary containment boundary is composed of more than one
region, e.g. , a shield building (concrete) or enclosure
building (metal siding) around the primary containment and all
or parts (emergency core cooling pump rooms, etc.) of the
auxiliary building. These regions may be treated by one or
more ventilation systems.

c. For PWR containments and BWR HARK III containments, the annular
region between the shield building or enclosure building and
the primary containment may be held at a negative pressure
relative to adjacent areas by a vacuum exhaust system during
normal operation. Since this system is used during normal
operation, it may appear in the SAR under auxiliary systems.
The exhaust system may also treat the auxiliary building
regions which are part of the secondary containment; but if
these regions are maintained at a negative pressure during
normal operation, it is most likely done with the auxiliary
building ventilation system. Both the vacuum exhaust and
auxiliary building ventilation systems fall under the purview
of the ASB. The systems' ability to maintain a negative
pressure of sufficient margin under varying wind conditions and
operational modes prior to a design basis accident is verified
by the ASB. The AEB reviewer consults with the ASB reviewer to
verify the design of systems maintaining negative pressure
following a design basis accident. If an adequate negative
differential pressure (0.25 inch water gauge) is achieved
within 60 seconds from the time the accident, then no positive
pressure time period need be assumed in the dose model. All

positive pressure periods at any time in the secondary
containment regions are treated as direct.outleakage periods
followir.g an accident, and no credit is given for filters or
recirculation systems. The CSB verifies the positive pressure
periods. The large reactor buildings around J1 der BWR contain-
ments are usually maintained at a negative pressure during
normal operation, and the dose model used for these cases has
not assumed any positive pressure period.

d. The exhaust systems used to maintain the negative pressure
differential following the accident should be sized to meet the
negative presU re criterion for the inleakage rate and the
conservatively calculated heat load for the regions treated by
each, and analyses to this effect should be presented by the
applicant. The pressure response analyses are reviewed by the
CSB. The functional capability of the filter design associated j

with the exhaust system is reviewed by the ETSB under SRP |

Section 6.5.1. The reviewer should consult with the ETSB
' |

|
|
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concerning filter system efficiencies. The exhaust systems may
be one of several designs. Common designs are:;

(- (1) Straight exhaust through charcoal and HEPA filters.
Primary containment leakage to these regions is assumed to
go directly to the filter with no mixing or holdup in ther

region being filtered.

(2) Recirculation system with split in flow (some exhausted
through filters and some recirculated to the region being
treated). Primary containment leakage to the region being
treated is assumed to be directly to the intake of the
recirculation fan. There, a fraction of it (the' ratio of
exhaust to total flow) is exhausted through the filters;
the balance is then assumed to return to the region being
treated. The placement of the system intake and return
headers is examined to determine that return flow from the
fans does not have a direct path to the ... cake again.
Credit for mixing in 50% of the region is given for
fission products returned by the recirculation system to
the secondary volume if the header placement is
satisfactory.

(3) Other variations on the recirculation system are
(a) filters in the recirculation line, (b) filters in both
the recirculation line and the exhaust line, and (c) high
exhaust flow to reduce the negative pressure to several
inches water gauge, and then no exhaust with recirculation4 s

' only for some time period.
' The sizing of the system fans for the volumes they are maintaining at a
i negative pressure may be critical in determining the ratio of exhaust flow to
t recirculation flow. Past history shows secondary containment structures are

considerably more leaky than applicants anticipated (2 to 5 times as great as
anticipated), and fan exhaust flows have been increased after testing to
account for this. (When identical flow rates are predicted for two volumes
which differ by a factor of 10 or more, it is difficult to believe that the
negative pressure differential will be the same for both volumes.) The flow
rates, negative pressure differential, and volumes are noted and the appro-
priate AEB reviewer and CSB reviewer (pressure response only) consulted for
verification before performing dose calculations.

The systems should be reviewed to determine volumes treated, system operation,
; fan flow rates, and filter efficiencies. All the applicant's claims should be

verified by appropriate staff members as noted on Table 6.5.3-2 of this SRP
section. Leakage fractions from the primary containment to each volume should
be identified and stated in the technical specifications. Completeness of
information, adequacy of technical specifications and testing methods, and the
adequacy and maintenance of the integrity of the secondary containment
negative pressure considering failures of nonseismic piping or ducting are
verified by the CSB.

IV. EVALUATION FINDINGS
p

The reviewer defines a dose model for the LOCA dose calculations to be
performed under SRP Section 15.6.5 and prepares tables of the data of the
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_ - _ _ - .- _---_ _ _ __ - -- -______-- _ _________-_ _ _ _ -___ _ __ _ ______ _ - _ _ _ _



primary containment and other fission product control structures to be used in
the calculation. In addition, the reviewer verifies that sufficient infor-
mation has been provided and that the review and calculations which are
performed under SRP Section 15.6.5 support conclusions of the following type,
to be included in the staff's safety evaluation report:

The staff concludes that the fission product control systems and
structures are acceptable and meet the relevant requirements of General
Design Criteria 41, 42, and 43. T!.is conclusion is based on the
follocing:

The fission product control systems and structures for mitigation of
offsite doses resulting from design basis LOCA have been reviewed. The
review has included the applicant's proposed design criteria and design
bases for each system and the applicant's analysis of the adequacy of
those criteria and bases. The applicant's analyses of the manner in which
the designs of the fission product control systems conform to the
proposed design criteria have also been reviewed.

The basis for acceptance in the staff review has been conformance of the
applicant's designs, aesign criteria, and design bases for the fission
product control systems and necessary auxiliary supporting systems to the
Commission's regulations as outlined in 10 CFR Part 50, Appendix A,
General Design Criteria 41, 42, and 43, staff technical positions, and
industry standards.

The applicant's design of the fission product control systems has been
reviewed to assure that the parameters presented in Tables 6.5.3-1 and
6.5.3-2 are appropriate for calculation of the post LOCA coses asi

outlined in SRP Section 15.6.5.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP Section.

Except in those cases in which the applicant proposes an acceptable a.ternative
,

| method for complying with specified portions of the Commission's regulations,
| the method described herein will be used by the staff in its evaluation of

conformanc= with Commission regulations.
1

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design CritsEion 41, " Containment
Atmosphere Cleanup." \

_

2. 10 CFR Part 50, Appendix A, General Design Criterica 42, " Inspection of
Containment Atmosphere Cleanup System."

3. 10 CFR Part 50, Appendix A, General Design Criterion 43, " Testing of
Containment Atmosphere Cleanup Systems."

4. 10 CFR Part 100, " Reactor Site Criteria."
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i

5. Regulatory Guide 1.4, " Assumptions Used for Evaluating the Potential
Radiolegical Consequences of a Loss-of-Coolant Accident for Pressurized
Water Reactors."

6. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Boiling Water
Reactors."

|
!

;

I

I
I i

|

,

,

1

O

O
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Table 6.5.3-1

Primary Containment Parameters

Parameter Staff
Data Description Value Verification

Type of Structure SEB

Primary Containment Design Leak Rate CSB

Bypass Leakage Fraction to Volumes CSB

1.

2.

3.

Primary Containment Free Volume CSB

Primary Containment Subatmospheric
Operation CSB

Primary Containment Internal Fission
Product Removal Systems: AAB

Filter System

Other

Primary Containment Purge / Vent
Operation: CSB

Leakage During Normal Operation

| Valve Arrangement
i

' Accident Leakage Via Purge / Vent
System Prior to Containment

| Isolation

1

1

!

O
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!

:, t

: i
Table 6.5.3-2 !

!

!

Secondary Containment Parameters !
,

t

Parameter Staff
Data Description Value Verification

i !

] For each Secondary Containment Region:
3

| Type of Structure SEB |
+

i
i

! Free Volume CSB

!

| Mixing Fraction AAB ,

I
Design Leak Rate CSB

|

Annulus Width (where applicable) CSB.

For each Ventilation System:
,

! Total Recirculation Flow AAB
1 i

Exhaust Flow AAB
;

Filter Placement AAB,
,

Filter Efficiencies ETSB
'

1

4

j Header Placement AAB
>

! Time Sequence for Operation
j Following an Accident or CSB ;

1

Operation of System Prior to an
| Accident if Used During Normal
i Operation ASB

i
-

)
:
i
!

:

!
i

,

4

4
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6.5.4 ICE CONDENSER AS A FISSION PRODUr.T CLEANUP SYSTF.M

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - None

I. AREAS OF REVIEW

The following areas of the applicant's safety analysis repor t (SAR) are reviewed:

1. Fission Product Removal Requirement for the Ice Condenser System

Sections of the SAR related to accident analysis, dose calculaticns,
and fission product removal and control are reviewed to establish
whether fission product scrubbing of the containment atmosphere is
required for mitigation of offsite doses following a postulated
accident. This review usually covers SAR Sections 6.2, 6.5.4, and

[,}/ 15.2.X.X.
sV

2. Design Bases

The design bases for the fi'ision product removal function of the ice
condenser system are reviewed to determine whether they are consistent
with the requirements placed upon this system by the assumptions made I

in the accident evaluations of SAR Chapter 15.

3. System Design

The descriptive information concerning the portions of the ice
condenser system design important to its fission product removal

!function is reviewed to familiarize the reviewer with the design and
post-accident functioning of the ice condenser. This includes:

a. The basic design concept, the systems, subsystems, and support
systems required to carry out the fission product cleanup function I

of the ice condenser. |
|
|

Rev. 2 - July 1981

l SNRC STANDARD REVIEW PLAN
star dard review plans are prepared for the guMince of the office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies, standard review

[ ]) plans are not substitutes f or regulatory guides or the Commission's regulations and compliance with them is not required. The
/

( standard review plar* sections are keyed to the standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.,

L/ Not all sections of the standard Format have a corresponding review plan.
|

Published standard review plans will be revised periodically, as appropriate, to accommodate co. . nents and to reflect new inf orma-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation, Washington. D.C. 20555.

.--



b. Descriptive infornation and figures from SAR Section 6.2, as
related to:

(1) The time required to establish a steady flow of predictable
magnitude of an air-stream-iodine mixture through the ice
beds.

(2) The time of melt-out of the ice beds.

4. Testing and Inspections

The details of the applicant's proposed preoperational test to be
performed for system verification and operational tests and inspec-
tions to verify the continued status of readiness of the iodine
removal capacity of the ice condenser systems are reviewed.

5. Technical Specifications

At the operating license stage, Sections 3 and 4 of SAR Chapter 16
are reviewed to es tablish surveillance requirements for the sodium
hydroxide, sodium tetraborate or other proposed chemical additive |
concentrations in the ice. I

The pressure suppression function of the system is reviewed by the Containment
Systems Branch under SRP Section 6.2.1 and 6.2.1.1 B.

II. ACCEPTANCE CRITERIA

The acceptance criteria for the fission product cleantp function of the ice
condenser system are based on the relevant requirements of the following
regulations: |

A. General Design Criterion 41 as it relates to the ice condenser as a
containment atmosphere cleanup system to control fission products that
riay be released to the primary containment following a postulated accident.

B. General Design Criterion 43 as it relates to the ice condenser system
being designed to permit appropriate periodic functional testing.

Specific criteria necessary to meet the relevant requirements of GDC 41 and 43
are listed below.

1. The ice condenser system is acceptable fer elemental iodine removal
if the ice contains a quantity of sodium hydroxide, sodium tetra-
borate or other proposed chemical additive sufficient to assure that
the water solution from ice melting has a pH of at least 9.0 but not
more than 11.0.

2. The technical specifications are acceptable if they'specify
appropriate limiting conditions for operations (LCO s), tests, and
inspections to provide assurance that the system is capable of its
design function whenever the reactor is critical. These
specifications should include:

The operability requirements for the system, specifice.lly thea.
minimum pH value of the ice melt.
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b. Periodic sampling and testing requirements of the ice to,

confirm that the ice melt pH value is within the limits
('] established by the system design.
V'

3. The acceptability of the inspection program for the adequacy of the
ice quantity and geometry is reviewed by the Containment Systems
Branch under SRP Section 6.2.1 and 6.2.1.1 B with respect to the
pressure suppression function of the ice condenser.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this SRP section as
are appropriate for a particular plant. The judgment on which areas need to
be given attention and emphasis in the review is based on a determination of
whether the material presented is similar to that recently reviewed on other
plants and whether items of special safety significance are irvolved.

The first step in the review of ice condenser fission product removal is to
determine whether the ice condenser system is used for accident dose mitigation
purposes. Based on the information in Chapter 15 of the SAR the reviewer
determines whether a dose reduction credit was assumed for the ice condenser.
If no fission product recoval credit is assumed in the accident enalysis, no
further review is required.

If the ice condenser system is used for iodine removal, the iodine rercoval
effectiveness of the ice condenser system is reviewed. The review includes
the following:

b 1. System Design and Evaluation\j
a. Ice Chemistry

The chemistry of the ice is usually n,odified to include sodium
hydroxide or sodium tetraborate in order to improve the iodine
scrubbing effectiveness of the ice condenser system. If the4

concentration of the chemical additive is such that the ice, ,

after melting but prior to any dilution meets the pH require-
ments (i.e., 11 > pH > 9) stated in the acceptance criteria of
this SRP section' the system is considered effective for
elemental iodine removal. For ice condenser systems similar to
those of the D. C. Cook and Sequoyah plants (with a steady-state |

flow rate of approximately 40,000 cfm) an efficiency of 30% per
pass for elemental iodine is assigned. The system is considered
ineffective for organic and particulate iodine removal. For
designs different from those of D. C. Cook or Sequoyah, recon-
sideration of the system efficiency is required. The reviewer
should consult References 3, 4 and 5 when evaluating the ice
condenser iodine removal efficiency. Reference 4 in particular
=hould be considered if time-dependent recoval efficiencies are
used. Reference 6 provides useful background information.
Removal efficiencies time-varying air steam mixtures or flow
rates should conservatively account for factors that affect
their time dependencies (e.g., fan capacity, fan activation

r time, natural circulation rates).
b]

|
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b. Iodine Scrubbing Function

It is not feasible to specify the exact time of the fission
product release following a postulated loss-of-coolant accident.
In addition, the flow rates and air-steam fractiens of the flow
through the ice condenser vary significantly during and imme-
diately following the accident. For dose calculation purposes,
therefore, the following conservative assumptions are made:

(1) If a 30% iodine removal efficiency is used, the iodine
removal effectivenss of the ice condenser commences with
the establishment of a steady-state air-steam flow.
Steady flow is assumed to start with the operation of the |
post-accident mixing fans. (A single failure of one of
the fans is assumed.)

(2) The initial concentration of iodine is assumed uniform
throughout the entire containment.

(3) The effectiveness of the ice condenser as an iodine removal
system is assumed to cease with the melt-out of the first
ice bed.

c. Upper Compartment Spray Credit

| Plants designed with an upper compartment spray system may
claim credit for such. SRP Section 6.5.2 is used to review
such spray systems.

d. Evaluation

The iodine removal effectiveness and the degree of iodine dose
mitigation by the ice condenser for the loss-of-coolant accident
(see SRP Section 15.6.5, Appendix A) is determined using the
air-steam fan flow rate and the above assumptions.

2. Technical Specifications

The technical specifications are reviewd to assure that they require
periodic inspection and sampling of the ice in order to confirm the
continued state of readiness of the system, i.e., the system meets
the chemistry requirements specified in the acceptance criteria of
this SRP section.

IV. EVALUATION FINDINGS

The ru iewer verifies that sufficient ir.rormation has been provided by the
applicant and that the review and calculations support conclusions of the
following type, to be included in the staff's Safety Evaluation Report:

We have reviewed the fission product scrubbing function of the ice
condenser and find that the addition of [ insert one of the follosing as
appropriate: sodium hydroxide, sodium tetraborate or other additive as
proposed by the applicant; to the ice will reduce the elemental iodine
concentration of the steam-air mixture flowing though the ice beds
following a loss-of-coolant accident. We estimate an elemental iodine
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removal efficiency of % per pass during the time period starting at
minutes after the accident and ending at minutes. The concept

upon which the proposed system is based has been demonstrated to be
effective for iodine sorption and retention under post-accident condi-
tions. The system is largely passive in nature but the active components
are suitably redundant such that its safety function can be accomplished
assuming a single failure. The applicant's proposed program for
preoperational and periodic surveillance tests will assure a continued
state of readiness for the ice condenser iodine removal function.

,

'

The staff concludes that the ice condenser as a fission product cleanup
system is acceptable and meets the requirements of General Design
Criterion 41 with respect to the iodine removal function following a
postulated loss-of-coolant accident and General Design Criterion 43 with
resrect to the capability for periodic testing of the system.

V. IMPLEMENTATION

The following provides guidance to applicants and licensess regarding~the
staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of~

conformance with Commission regulations.

VI. REFERENCES

O 1. 10 CFR Part 50, Appendix A, General Design Criterion 41, " Containment
Atmosphere Cleanup.

2. 10 CFR Part 50, Appendix A, " General Desi
Containment Atmosphere Cleanup Systems." gn Criterion 43, " Testing of

3. Iodine Removal in the Ice Condenser System; Malinowski, D. D.; Picone,
L. F. (Nuclear Energy Systems, Westinghouse Electric Corporation,
Pittsburgh, PA); Nuclear Technology 1971,10(4),428-35.

4. Ice Condenser Containment Model; memo from R. Zavadoski to files, U.S.
Atomic Energy Commission, June 19, 197?.

5. Review of Topical Report WCAP-7426: memo from H. R. Denton To R. C.
DeYoung, U.S. Atomic Energy Commission, November 24, 1972. i

6. Basic Properties of Ice as Releted to the Performance of Ice Condensers,
WASH-1232; Soldano, R. A. (U.S. Atomic Energy Commission, Washington,
DC); September 1972.

v
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SECTION 6.6 INSERVICE INSPECTION OF CLASS 2 AND 3 COMPONENTS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None
|

I. AREAS OF REVIEW

General Design Criterion 36, " Inspection of Emergency Core Cooling System";
Criterion 39, " Inspection of Containment Heat Removal System"; Criterion 42,
" Inspection of Containment Atmosphere Cleanup Systems"; and Criterion 45,
" Inspection of Cooling Water System," of Appendix A to 10 CFR Part 50 require
that the subject systems be designed to permit appropriate periodic inspection of
important component parts to assure system integrity and capability. General
Design Criterion 37, " Testing of Emergency Core Cooling System"; Criterion 40,
" Testing of Containment Heat Removal System"; Criterion 43, " Testing of Contain-
ment Atmosphere Cleanup Systems"; and Criterion 46, " Testing of Cooling Water
System," require in part that the subject systems be designed to permit appro-

("N priate periodic pressure testing to assure the structural and leaktight integrity
( ) of their components.
v

Inservice inspection programs are based on the general requirements of 10 CFR
Part 50, Section 50.55a, as detailed in Section XI of the ASME Code, " Rules for
Inservice Inspection of Nuclear Power Plant Components." Inservice inspection
includes a preservice inspection prior to initial plant startup.

The following areas relating to the inservice inspection (ISI) program for NRC I

Quality Group B and C (ASME Boiler and Pressure Vessel Code, Section III, Code |

Class 2 and 3) components are reviewed:

1. Components Subject to Examination

The descriptive information in the applicant's or licensee's safety analysis
report (SAR) is reviewed to establish that all the ASME Boiler and Pressure
Vessel Code (hereinafter "the Code"), Section III, Article NA-2000, Class 2
and Class 3 components are included in the ISI program. The Mechanical

Rev. 1 - July 1981
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Engineering Branch verifies in SRP Section 3.2.2 that the systems
classified as Code Class 2 and 3 agree with Article NA-2000 of Section III
and with the definitions of the General Design Criteria. The inservice
inspection requirements for ASME Code Class 1 components in the reactor
coolant pressure boundary and steam generator tubes are reviewed by MTEB
as part of its primary review responsibility for SRP Sections 5.2.4 and
5.4.2.2, respectively.

2. Accessibility

The descriptive information, including drawings, is reviewed by the MTEB
to establish that the Code Section XI, Subarticle IWA-1500, provisions
for system accessibility are included in the applicant's or licensee's
layout and design of these systems.

|
3. Examination Categories and Methods

The required examination categories and methods included in IWC-2000 and
IWD-2000 of Section XI are reviewed.

4 Inspection Intervals

The required examinations and inspections listed in the SAR are reviewed
and compared to the requirements in IWC-2000 and IWD-2000 of Section XI
to verify that they will be performed within the designated inspcction
interval.

5. Evaluation of Examination Results

The information concerning repair procedures is reviewed for compliance -

with Articles IWC-4000 and IWD-4000 of Section XI. The information
concerning evaluation of examination results is reviewed for compliance
with IWC-3000 and IWD-3000 of the Code. If these requirements are in
course of preparation in the applicable Code edition for a program,
suitable alternative provisions, such as the requirements in IWB-3000 or
those in later approved editions of the Code, should be proposed by the
applicant or licensee.

6. System Pressure Tests

The pressure test program is reviewed for compliance with Articles IWC-5000 l
and IWD-5000 of Section XI to establish that leakage and signs of
structural distress are inspected for on a periodic basis.

7. Augmented ISI to Protect Against Postulated Piping Failures

The augmented inservice inspection progcco as specified in SRP
Section 3.6.1 to provide assurance against postulated piping failures of
high-energy fluid systems between containment inlation valves is
reviewed.

8. Code Exemptions

The ASME Section XI Code exemptions as permitted by IWC-1220 are
reviewed.

6.6-2 Rev. 1 - July 1981
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9. Relief Requests

A Requests for relief from the ASME Code Section XI examination
requirements which are found to be impractical due to the limitations of('
design, geometry, or materials of construction of components are

'

j evaluated in accordance with Section 50.55a of 10 CFR Part 50.

II. ACCEPTANCE CRITERIA

; The requirements for periodic inspection and testing of Class 2 and 3 systems
in General Design Criteria 36, 37, 39, 40, 42, 43, 45, and 46 are specified in
part in 10 CFR Part 50, Section 50.55a, " Codes and Standards," and detailed in
Section XI of the ASME Code. Compliance with the preservice and inservice
examinations of 10 CFR Part 50, Section 50.55a, as detailed in Section XI of

'

the Code, constitutes an acceptable basis for satisfying in part the require-
ments of General Design Criteria 36, 37, 39, 40, 42, 43, 45, and 46. Specific
acceptance criteria for meeting the ISI requirements of these General Design
Criteria and 10 CFR Part 50, Section 50.55a for the areas of review described
in subsection I of this SRP section are as follows:

1. Components Subject to Inspection

The applicant's or licensee's definition of Code Class 2 and 3 components
and systems subject to an ISI program is acceptable if it is in agreement
with the definitions of Code Section III, Article NA-2000. The inter-
pretation of code classifications by the applicant or licensee is subject
to review by the Mechanical Engineering Branch in SRP Section 3.2.2 for
compliance with safety criteria pertaining to component classification.
(Refer to NA-2000 of Section III.)

%.)
2. Accessibility

The design and arrangement of Class 2 and 3 systems are acceptable if the
; applicant or licensee includes allowances for adequate clearancen to |

conduct the examinations specified in IWC-2000 and IWD-2000 at the
i frequency specified. Special design considerations are given to those

systems that are intended to be examined during normal reactor operation.

3. Examination Categories and Methods

The examination categories and requirements specified in the SAR are
acceptable if in agreement with the criteria of IWC-2000 and IWD-2000 of
the Code. Every area subject to examination should fall. within one or
more of the examination categories and must be examined at least to the
extent specified. The methods of examination for the components are also
listed in the requirements of IWC-2000 and IWD-2000 of the Code.

.

The applicant's or licensee's examination techniques and procedures used
for PSI or ISI are acceptable if in agreement with the following
criteria:

4

a. The methods, techniques, and procedures for visual, surface, or
valumetric examination are in accordance with IWA-2000 of the Code.

(Oj b. Alternative examination methods, combination of methods, or newly
V developed techniques to those given in a. above are acceptable

6.6-3 Rev. 1 - July 1981
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provided that the results are equivalent or superior. The
acceptance standards for these alternate methods are given in
Section XI, IWC-3000 and IWD-3000.

4. Inspection Intervals

The inservice inspection program schedule given in the SAR is acceptable
if the required examinations are completed during each ten year interval,
hereinafter designated as the inspection interval, and as required by
Articles IWC-2000 and IWD-2000 of Section XI. .

5. Evaluation of Examination Results

The methods for evaluation of examination results are reviewed for
compliance with Articles IWC-3000 and IWD-3000 in the Code. If the
applicable edition of the Code states that these articles are in the
course of preparation, the rules of IWB-3000 shall apply.

6. System Pressure Tests

The SAR program for Class 2 and 3 system pressure testing is acceptable
if it meets the criteria of IWC-5000 and IWD-5000 of Section XI.

7. Augmented ISI to Protect Against Postulated Piping Failures

High-energy fluid system piping between containment isolation valves
should receive an augmented ISI as follows:

a. Protective measures, structures, and guard pipes should not prevent
the access required to conduct the inservice examinations specified
in the Code, Section XI, Division 1.

b. For those portions of high energy fluid system piping between
containment isolation valves, the extent of inservice examination
completed during each inspection interval should provide 100%
volumetric examination of circumferent',al and longitudinal pipe
welds within the boundary of these portions of piping.

c. For those portions of high-energy fluid system piping enclosed in
guard pipes, inspection ports should be provided in the guard pipes
to permit the required examination of circumferential pipe welds.
Inspection ports should not be located in that portion of the guard
pipe passing through the annulus of dual barrier contai-
structures.

d. The areas subject to~ examination should be defined in accordance
with Examination Caterc, ries C-F and C-G for Class 2 piping welds in
Article IWC-2000.

8. Code Exemptions

The applicant or licensee should list the exemptions from Code
examination requirements that have been permitted by IWC-1220 of the
Code.

O
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9. Relief Requests

Request for relief from the ASME Code Section XI examination requirements
which are found to be impractical due to the limitations of design,
geometry, or materials of construction of components are evaluated in%

accordance with Section 50.55a of 10 CFR Part 50.

III. REVIEW PROCEDURES
.

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case.

For each area of review the following review procedure is followed:

1. Components Subject to Inspection

The applicant's or licensee's components and system cla.3ifications under
Class 2 are reviewed for agreement with subsection II.1 of this SRP sec-
tien. The interpretation of Code classifications is the responsibility
of the Mechanical Engineering Branch in the review of SRP Section 3.2.2,
should a discrepancy occur between the SAR and subsection II.1 of this
SRP section.

The applicant's or licensee's classification of Class 3 systems is
reviewed for agreement with subsection II.1 of this SRP section. Any
safety related, fluid carrying components not included in Class 1 or
Class 2 and not a part of the containment structure are included in
Class 3.

2. Accessibility

The design and arrangement of Class 2 and 3 systems are reviewed in terms
of accessibility for ISI to establish that the design meets the require-
ments of subsection II.2 of this SRP section. No remote inspection
program is required for Code Class 2 or 3 components.

3. Examination Categories and Methods

The reviewer verifies that the examination categories and methods as
described by the SAR are the same as those specified in subsection II.3
of this SRP section.

4. Inspection Intervals

The inservice inspection program for Class 2 and 3 components in the
plant technical specifications is reviewed to establish that each area
and component in the program is inspected on a schedule in agreement with
subsection II.A of this SRP section.

I 5. Evaluation of Examination Results
i The reviewer verifies that the evaluation of examination results

described in the SAR is in accordance with subsection II.5 of this SRP
section.

V
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6. System Pressure Test

The system pressure test program is acceptable if it meets the criteria
of subsection II.6 of this SRP section.

7. Augmented ISI to Protect Against Postulated Piping Failures

The reviewer verities that the. augmented inservice inspection program as
described in the SAR meets the acceptance criteria identified in
subsection II.7 of this SRP section.

8. Code Exemptions

The reviewer verifies that the exemptions from Code examinations are in
accordance with the criteria in IWC-1220.

'
9. Relief Requests

The reviewer determines if the applicant or licensee has demonstrated
that a code requirement is impractical due to the limitations of design,
geometry, or materials of construction of components.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided in
accordance with the requirements of this SRP section and that his evaluation
supports conclusions of the following type, to be included in the staff's
safety evaluation report:

To ensure that no deleterious defects develop during service in h.ME
Code Class 2 system components, selected welds and weld heat-af fected
zones are inspected prior to reactor startup and periodically through-
out the life of the plant. In addition, Code Class 2 and 3 systems
receive visual inspections while the systems are pressurized in
order to detect leakage, signs of mechanical or structural distress,
and corrosion.

The applicant (licensee) has stated that his inservice inspection
(ISI) program will comply (complies) with the rules published in
10 CFR Part 50, Section 60.55a, and Section XI of the ASME Code,
( ) Edition, includ)..] addenda through the ( ) Addenda. The
ISI program will consist of a preservice inspection plan and an
inservice inspection plan.

Examples of Code Class 2 systems are: residual heat removal
systems, portions of chemical and volume control systems (in PWR
plants), portions of control rod drive systems (in BWR Plants), and
engineered safety features not part of Code Class 1 systems. Exam-
ples of Code Class 3 systems are: component cooling water systems
and portions of radwaste systems. All of these systems transport
fluids.

The staff concludes that the inservice inspection program is
acceptable and meets the inspection ana pressure testing require-
ments of General Design Criteria 36, 37, 39, 40, 42, 43, 45, ar J 46
and 10 CFR Part 50, Section 50.55a. This conclusion is based on the
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applicant's or licensee's meeting the requirements of the ASME
Boiler and Pressure Vessel Code, Section XI, as reviewed by the
staff and determined to be appropriate for this application.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section. Except in those
cases in which the applicant or licensee proposes an acceptable alternative
method for complying with the specified portions of the Commission's regula-
tions, the methods described herein will be used by the staff in its
evaluation of conformance with Commission regulations. Implementation
schedules are defined in Section 50.55a of 10 CFR Part 50.

! VI. REFERENCES

!

1. 10 CFR Part 50, Appendix A, General Design Criterion 36, " Inspection of I

Emergency Core Cooling System"; Criterion 37, " Testing of Emergency Coret

Cooling System"; Criterion 39, " Inspection of Containment Heat Removal
Sy, tem"; Criterion 40, " Testing of Containment Heat Removal System";-
Criterion 42, " Inspection of Containment Atmosphere Cleanup Systems";
Criterion 43, " Testing of Containment Atmosphere Cleanup Systems";
Criterion 45, " Inspection of Cooling Water Systems"; and Criterion 46,
'' Testing of Cooling Water System.";

4

i 2. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NA-2000 and Section XI, " Rules-for Inservice3

Inspection of Nuclear Power Plant Components," Division 1, " Rules for
Inspection and Testing of Components of Light-Water Cooled Plants,"
American Society of Mechanical Engineers.-

!
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6.7 MAIN STEAM ISOLATION VALVE LEAKAGE CONTROL SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

Direct cycle boiling water reactor (BWR) plants have redundant quick-acting isola-
tion valves on each main steam line from the reactor to the turbine. In the event
of a loss-of-ccolant accident (LOC;), any leakage of contaminated steam through
these valves is contrciled by a leakage control system. The leakage control system
must satisfy the reauirements of General Design Criteria 2, 4, and 54.

The review of the main steam isolation valve leakage control system (MSIVLCS)
covers the entire leakage control system including the source of the sealing medium,
if any, and pumps, valves, and piping to the points of connection or interface with
the main steam supply system. Emphasis is placed on the components of the leakage

(/ control systen that are required to remain functional following a design basis LOCA.

1. ASB reviews the design of the MSIVLCS and essential subsystems to assure their
ability to function following a postulated LOCA including the loss of offsite
power. The system is reviewed to deterai7e that:

a. A malfunction or failure of an active component of ti,9 system, or loss of
the source of sealing fluid, if any, will not impair the functional

|performance of the system.

b. The failure of nonseismic Category I equipment or components will not
have an adverse effect on the ability of the system or components to
function.

c. The capability of the system to perform its intended safety function is
maintained assuming a sing'e active failure of a main steam line isola-
tion valve.

Rev. 2 - July 1981
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2. The ASB also reviews the design of the leakage control system with respect
to the following:

a. The capability of the system to withstand the effects of the safe
shutdown earthquake, including the source of sealing medium, if any,

b. The capability of the system to control main steam isolation valve
leakage and preserve containment integrity under design basis LOCA
conditions, including loss of offsite power.

c. The compatibility of initiation means and controls of the system with
loading requirements on the emergency electrical buses, operator reac-
tion times, and with actuation times available in view of the specified
main steam isolation valve leakage limits.

d. The requirements for interlocks to prevent inadvertent system operation.

e. The capability of the system design to permit functional testing of
components, controls, and actuation devices during power operations
to the extent practicable and complete functional testing during plant
shutoown.

f. The capability of the system and main steam supply system components
to withstand effects resulting from the use of a sealing medium, if
any, such as thermal stresses, pressures associated with flashing,
and thermal deformations, so that the structural integrity of the
main steam lines and main steam isolation valves will not be affected
and that any deformation of valve internals will not result in exces-
sive leakage from or through the valves.

g. The design provisions incorporated to prevent or treat main steam
isolation valve stem packing leakage or other direct leakage.

h. The instrumentation and control features necessary to accomplish the
system function, including isolation of coniponents of the system in
the event of malfunctions.

I

i. The need for a third main steam shutoff valve in each main steam line
upstream of the turbine stop valve to assure the safety function of
the MSIVLCS.

3. ASB also performs the following reviews under the SRP sections indicated:

a. Review for flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2.

d. Review of protection against pipe breaks is performed under SRP
Section 3.6.1.
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Related review evaluations will be performed by othar branches and the results
will be coordinated by ASB to complete the overa' e aluation of the system.O The evaluations provided by other branches ara a ws . The Structural
Engineering Branch (SEB) determines the acci./ itin J the design analyses,
procedures, and criteria used to establish the soisity of seismic Category I
structures housing the system and supporting systems to withstand the effects
of natural pheromena such as the safe shutdown earthquakes (SSE), the probable
maximum flood (PMF), and tornado missiles as part of its primary review responsi-
bility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4, and
3.8.5. The Mechanical Engineering Branch (MEB) determines that the components
piping and structures are designed in accordance with applicable codes and
standards as part of -its primary review responsibility for SRP Sections 3.9.1 j
through 3.9.3. The MEB also determines the acceptability of the seismic and
quality group classifications for system components as part of its primary
review responsibility for SRP Sections 3.2.1 and 3.2.2. The MEB also reviews
the adequacy of the inservice testing program of pumps and valves as part of
its primary review responsibility for SRP Section 3.9.6. The Materials Engineer-
ing Branch (MTEB) verifies that inservice inspection requirements are met for
system components as part of its primary review responsibility for SRP Section
6.6, and, upon request, verifies the compatibility of the materials of construc-
tion with service conditions. The Equipment Qualification Branch (EQB) reviews
the seismic qualification of Category I instrumentation and electrical equipment
and the environmental qualification of mechanical and electrical equipment as
part of its primary review responsibility for SRP Sections 3.10 and 3.11, respec-
tively. The 'nstrumentation and Control Systems Branch (ICSB) and the Power
Systems Branch (PSB) determine the adequacy of the design, installation, inspec-
tion, and testing of all electrical components (sensing, control, and power)
required for proper operation as part of their primary review responsibility
for SRP Sections 7.1 and 8.0, respectively. The Containment Systems Branch(,/ (CSB) reviews the MSIVLCS to assure that no malfunction can adversely affect
containment integrity as part of its primary review responsibility for SRP
Sections 6.2.1 and 6.2.4. The review for fire protection, technical specifica-
tions, and quality assurance are coordinated and performed by the Chemical
Engineering Branch, Licensing Guidance Branch, and Quality Assurance Branch as
part of their primary review responsibility for SRP Sections 9.5.1, 16.0, and
17.0, respectively.

For those areas of review identified above as beino the responsibility of other
branches, the acceptance criteria and their methods of application are contained
in the SRP sections corresponding to those branches.

II. ACCEPTANCE CRITERIA
a

Acceptability of the MSIVLCS, as described in the applicant's safety analysis
report (SAR), is based on specific general design criteria and regulatory guides.
An additional basis for determining the acceptability of the MSIVLCS is the
degree of similarity of the design with that of previously reviewed plants.

The design of the MSIVLCS is acceptable if the integrated system design is in
accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system
and the system itself being capable of withstanding the effects of earth-
quakes. Acceptance is based on meeting position C.1 of Regulatory(m) Guide 1.29 and position C.1 of Regulatory Guide 1.96.

v
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2. General Design Criterion 4, as related to structures housing the system
and the system itself being capable of withstanding the effects of pipe
breaks and externally and internally ger erated missiles. Acceptance is
based on meeting positions C.2 and C.4 of Regulatory Guide 1.96.

3. General Design Criterion 54, as related to the capability for leak detection,
isolation, and performance testing for system piping penetrating containment.
Acceptance ir based on meeting positions C.3 and C.5 through C.12 of
Regulatory Guide 1.96.

III. REVIEW PROCEDURES

The procedures below are used during tua construction permit (CP) review to
determine that the design criteria, design bases, and preliminary design meet
the acceptance criteria given in subsection II of this SRP section. For the
review of operation license (0L) applications, the procedures are utilized to
verify that the initial design criteria and bases have been appropriately imple-
mented in the final design. The OL review includes a determination that the
content and intent of the technical specifications prepared by the applicant
are in agreement with the requirements for system testing, minimum performance,
and surveillance developed by the staff. The reviewer will select and emphasize
material from this SRP section, as may be appropriate for a particular case.

Upon request from the primary reviewer, the secondary review branches will
provide input for the areas of, review stated in subsection I of this SRP section.
The primary reviewer obtains and uses such input as required to assure that
this review procedure is complete.

1. The information provided in the SAR pertaining to the design basis and
design criteria, the system piping and instrumentation diagrams (P& ids),
and the system description are reviewed to determine that they clearly
delineate the following:

The method used to accomplish the main steam isolation valve leakagea.
control function and the system components essential for operation
following design basis LOCA conditions.

b. Essential components of the leakage control system are correctly
identified and are isolabic from any n-,nessentia' portions of the
system. The P& ids are reviewed to verify that they clearly indicate
tha physical divisions between such portions and indicate any design
classification changes. System drawings are reviewed to see that
they show the means for accomplishing isolation and the system descrip-
tion is reviewed to identify minimum performance requirements for
the leakage control system isolation valves.

Essential components of the leakage control system, including thec.
isolation valves separating any nonessential portions of the system, <

and the seal fluid source (if used) are classified seismic Category I
and Quality Group A or B, as specified in Regulatory Guide 1.96.
Component and system descriptions in the SAR that identify mechanical
and performance characteristics are reviewed to verify that the above
classifications have been included, and that the P& IDS indicate points
of design classification changes. The review for seismic design is
performed by SEB and the review for seismic and quality group classifi-
cation is performed by MEB, as indicated in subsection I of this SRP
section.

6.7-4 Rev. 2 - July 1981
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d. Design provisions have been made that permit appropriate inservice
inspection and functional testing of system components. It is accept-
able if the SAR information delineates a testing and inspection

' program and if the system drawings show the necessary design provisions
V to accomplish the testing program.

2. The reviewer determines that the safety function of the MSIVLCS will be'

maintained, as required, in the event of adverse environmental phenomena
such as earthquakes. The reviewer uses engineering judgment, the results
of failure modes and effects analyses, and the results of reviews performed
under other SRP sections indicated in subsection I of this SRP section to |determine that the failure of nonessential portions of the system or of
other systems not designed to seismic Category I and located close to essen-
tial portions of the system, or of nonseismic Category I structures located
close to essential portions of the system, will not preclude operation of
the essential portions of the MSIVLCS. Reference to SAR sections describing
site features, the general arrange;nent and layout drawings, and the tabula-
tion of seismic design classifications for systems and structures will be
necessary. Statements in the SAR that the above conditions are met are
acceptable.

3. If the leakage control system is one using a fluid sealing medium:

a. The system design is reviewed to determine that the quantity of sealing
fluid needed for an effective seal of the valves has been provided.
Independent analyses, using the pump performance curves in the SAR,
are made to assure that the design and the location of the pump and
components are such as to maintain the appropriate net positive suction

p) head (NPSH) requirements and provide a continuous supply of sealing
i fluid during the full course of an accident.
%_J

b. The system design is reviewed to determine that effects resulting
from the sealing fluid, scch as thermal stresses, pressures associated
with flashing, thermal deformations, and other effects will not effect
the structural integrity of the steam lines or the main steam isolation
valves, or lead to excessive leakage of the valves. This portion cf

; the review is done on a case-by-case basis. The ASB also accepts
the system design if a statement in the SAR commits to performing
calculations or functional testing to deinenstrate that the above
conditions are met.

4. The MSIVLCS is reviewed to verify that instrumentation, controls, and inter-
locks designed to standards appropriate for an engineered safety feature
are provided to actuate the system in the event of a design bas;is LOCA,

! and to prevent inaavertent actuation. Interlocks to prevent inadvertent
operation of the leakage control system that are actuated by signals from
the reactor protection, engineered safety feature, or containment isolation
systems are acceptable. A statement in the SAR that such instrumentation,
controls, and interlocks will be provided is acceptable for construction
permit (CP) review.

5. The system performance requirements, P& ids, MSIVLCS drawings, and the
results of failure modes and effects analyses are reviewed to assure that
the system can function following a design basis LOCA assuming a concurrent

T single active failure, including the failure of a single main steam isola-
y) tion valve to close. The reviewer evaluates the analyses presented in
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the SAR to assure the function of required components, traces the avail-
ability of these components on system drawings, and checks that the SAR
contains verification that minimum requirements are met for each failure
condition over the required time spans. For each case the design is
acceptable if minimum system functional requirements are met. The revkwer
upon request from AEB provides an estimate of the quantity of fluid pro- |
cessed by the MSIVLCS, for use in calculating radiological consequences of
a LOCA.

6. The leakage control system design is reviewed to verify that valve stem
packing leakage or other direct leakage from the main steam isolation valves
or other components outside containment is prevented or controlled. Such
leakage could bypass the leakage control system and result ii. untreated
releases to the environment. The means for prevention or control need
not be part of the leakage control system itself, but should meet the same
design criteria.

7. The leakage control syste : design is reviewed to determine if a third main
steam line valve, located between the main steam isolation valve and the
turbine stop valve, is required to assure that the MSIVLCS can perform
its safety function following a design basis LOCA.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The main steam isolation valve leakage control system (MSIVLCS)
includes [the source of the sealing medium, (if used)] pumps, valves,
and piping to tha points of connectior, or interface with the main
steam lines. The system is designed to seismic Category I, Quality
Group B requirements since it is necessary for postaccident fission
product ~=:aval. That portion of the system connected to the piping
betvaen the MSIVs is designed to seismic Category I, Quality Group A
requirements since,it is part of the primary coolant system pressure
boundary. Based on the review of the applicant's proposed design
criteria, design bases, safety classification of system and components,
and the requirements for operation of the system during loss-of-coolant
accident conditions, the staff concludes that the design of the main
steam isolation valve leakage control system is in conformance with
the Commission's regulations as-set forth in General Design Criteria
2, 4, and 54. This conclusion is based on the following:

1. The applicant's design meets the requirements of General Design
Criterica 2 since the design is in accordance with position C.1
of Regulatory Guide 1.29 and position C.1 of Regulatory Guide 1.96.

2. The applicant's design meets General Design Criterion 4 with
regards to pipe breaks and missiles since the design meets
positions C.2 and C.4 of Regulatory Guide 1.96.

3. The applicant's design also meets the requirements of General
Design Criterion 54 as related to leak detection, isolation,
and performance testing for system piping penetrating containment.
The bases for acceptance is that the design meets positions C.3
and C.5 through C.12 of Regulatory Guide 1.96.

6.7-6 Rev. 2 - July 1981



. . _ _ . - - - - -. -

1

!

V. IMPLEMENTATION,

The following is intended to provide guidance to applicants and licensees
[ \ regarding the NRC staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
compliance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
i Protection Against Natu.al Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental ianc Missile Design Bases." '
,

3. 10 CFR Part 50, Appendix A, General Design Criterion 54, " Piping Systems
Penetrating Containment." -

4. Regulatory Guide 1.29, " Seismic Design Classification."

5. Regulatory Guide 1.96, " Design of Main Steam Isolation Valve Leakage Control
Systems for Boiling Water Reac'9r Nuclear Power Plants."
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7.1 INSTRUMENTATION AND CONTROLS - INTRODUCTION

REVIEW RESPONSIBILITIES

Primary - Instrumentation and Control Systems Branch (ICSB)

Secondary - None

I. AREAS OF REVIEW

The instrumentation and control systems important to safety fall into the follow-
ing categories and are addressed in detail in subsequent sections of Chapter 7 or
other sections of the safety analysis report (SAR).

Protection Systems are those instrumentation and control systems which initiate
safety actions to mitigate the consequences of design basis events. The protec-
tion systems include the Reactor Trip System (RTS) discussed in Section 7.2 and
the engineered safety features actuation system (ESFAS) discussed in Section 7.3
of the SAR.

,r
( ) Engineered Safety Features (ESF) Control Systems are those control systems which
'' regulate the operation of ESF systems following their initiation by the protec-

tion system. The ESF control systems are discussed in Section 7.3 of the SAR.

Safe Shutdown Systems are those sys. ems which must function to achieve and main-
tain a safe shutdown condition of the plant. The safe shutdown systems include
those instrumentation and control systems which are used to maintain the reactor
core in a subcritical condition and provide adequate core cooling to achieve and
maintain both hot and cold shutdown conditions. Safe shutdown systems are dis-
cussed in Section 7.4 of the SAR.

Iriformation Systems Important to Safety are those systems which provide informa-
| tion for the safe operation of the plant during normal operation, anticipated

operational occurrences, and accidents. The information systems important toi

l safety include those systeals which provide information for manual initiation and
| control of safety systems, to indicate that plant safety functions are being
| accomplished, and to provide information from which appropriate actions can be
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taken to mitigate the consequences of anticipated operational occurrences and
accidents. During normal plant operation, the information systems impactant
to safety provide information on the bypassed and inoperable status of a fety
systems. Information systems important to safety are discussed in Section 7.5
of the SAR.

Interlock Systems Important to Safety are those systems which operate to reduce
the probability of occurrence of specific e>ents or to maintain safety systems
in a state to assure their availability in an accident. These systems differ
from protection systems in that their safety action is taken prior to or to
prevent accidents. Interlock systems important to safety are discussed in
Section 7.6 of the SAR.

Control Systems are those systems used for normal operation that are not relied
upon to perform safety functions following anticipated operational occurrences
of accidents, but which control plant processes having a significant impact on
plant safety. Control systems are discussed in Section 7.7 of the SAR.

Essential Auxiliary Supporting Systems are those systems that must function to
assure the capability of the instrument and control systems important to safety
to perform safety functions. Heating, ventilation and air conditioning systems,
electrical power systems, and cooling water systems are typical examples of
essential auxiliary supporting systems. Essential auxiliary supporting systems
are discussed in other chapters of the SAR.

The instrumentation and control aspects of essential auxiliary supporting systems
are addressed in the review of those SAR sections which discuss those systems.
To the extent that the operation of essential auxiliary supporting systems are
initiated by the protection system, this aspect is included in the review of
the protection systems in Section 7.2 or 7.3 of the SAR.

All other instrumentation and control systems important to safety such as fire
protection, fuel handling, radiation monitoring, and ccatrol of essential
auxiliary supporting systems are addressed in the review of other SRP sections
which discuss these systems.

The review of Section 7.1 of the SAR includes the tabulation of instrumentation
and control systems important to safety and the acceptance criteria and guidelines
applicable to each of these systems. The review also includes the identification
of those instrumentation and control systems important to safety that are identi-
cal to those which have previously been reviewed by the staff and where the
adequacy of these systems is based upon prior Commission approval. The bases
for prior approval includes the staff's evaluation of applications for construc-
tion permits and operating licenses, preliminary and final design approvals
for standardized plants, and topical reports.

II. ACCEPTANCE CRITERIA

The General Design Criteria (GDC), which are provided in the Commission regula-
tions, establish minimum requirements for the design of nuclear power plants.
IEEE Standard 279 " Criteria for Protection Systems for Nuclear Power Generating
Stations," is also incorporated in 10 CFR Part 50, e50.55a(h) of the Commission's
regulations. These criteria establish the necessary design, fabrication, con-
struction, testing, and performance requirements for structures, systems, and
components important to safety. The structures, systems, and components important
to safety are those that provide reasonable assurance that the facility can be
operated without undue risk to the health and safety of the public.

7.1-2 Rev. 2 - July 1981



Regulatory guides amplify soecific regulations, describe acceptable methods
for meeting their requirements and provide guidance to applicants. Industry

p codes ard standards set forth requirements and recommended practices applicable
i to instrumentation and control systems for nuclear power plants. These standards,(b as modified by the regulatory guides which endorse them, also provide acceptable

methods for meeting the requirements of the regulations.

The acceptance criteria consist of the GDC and IEEE Std 279 which establish the
Commission requirements for instrumentation and control systems important to
safety. The regulatory guides and the endorsed industry codes and standards
are the guidelines which are used as a basis for the evaluation of conformance
to the requirements of the Commission's regulations. Table 7-1, " Acceptance
Criteria and Guidelines fc. 'nstrumentation and Control Systems Important to
Safety" (Ref. 1), lists the acceptance criteria and guidelines applicable to
instrumentation and control systems important to safety which are included in
the evaluation of these systems as addressed in Chapter 7 of the SAR. TMI Action
Plan requirements for instrumentation and control systems important to safety
are identified in Table 7-2 (Ref. 2).

Other acceptance criteria which are applicable to instrumentation and control
systems important to safety are not included when the evaluation of conformance
to such criteria is addressed in the review of other SAR sections. For example,
GDC 3 " Fire Protection," is not included in Table 7.1 since conformance to the
requirements of GDC 3 is addressed in the review of Section 9.5.1 of the SAR.

Appendix A (Ref. 3) to this SRP section provides guidance on the applicability
and review methods to be used in the evaluation of conformance to the acceptance
criteria and guidelines for instrumentation and control systems important to

(G safety. Appendix B (Ref. 4) to this SRP section provides guidance to be used in
v) the evaluation of conformance to the requirements of IEEE Std 279.t

Ill. REVIEW PROCEDURES

The cbjectives of the review are to confirm that the instrumentation and control
systems important to safety, addressed in Chapter 7 of the SAR, are identified
with the appropriate acceptance criteria and guidelines applicable to each of
these systems. This identification meets the applicable requirements of General
Design Criterion 1, " Quality Stanoards and Records," of Appendix A of 10 CFR
Part 50. General Design Criterion 1 requires that, " Structures, systems and
components important to safety shall be designed, fabricated, erected and tested
to quality standards commensurate with the importance of the safety function
to be performed." Therefore, the review should confirm that the SAR includes
(1) a discussion regarding the applicability of each criterion and guideline
for each system important to safety, and (2) a statement that the criteria and
guidelines are implemented (OL) or will be implemented (CP) in the design of
instrumentation and control systems important to safety. If exceptions are
taken to the guidelines, tne review confirms that an acceptable basis has been
provided for any exceptions.

The review of Section 7.1 of the SAR is performed as follows:

1. The categories of systems important to safety included in the areas of
review for Chapter 7 of the SAR provided above should be used in assessing
the completeness of the identification. The identification of instrumenta-

/ tion and control systems important to safety are reviewed to confira.that
(- it is consistent with the design bases for safety systems as provided in

other sections of the SAR, particularly in Chapters 5, 6, 8, 9, 10, and
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15, and in subsequent sections of Chapter 7. The review of the systems
identified is coordinated with the branches which have primary review
responsibility for these systems.

2. The acceptance criteria applicable to each of the instrumentation and
control systems important to safety are reviewed to confirm that the
appropriate criteria have been identified for each system. Appendix A to
this SRP section identifies the acceptance criteria applicable to the
instrumentation and control systems important to safety and describes the
method and scope of the review required to verify conformance.

3. The guidelines applicable to each of the instrumentation and control
syste.cs important to safety are reviewed to confirm that the appropriate
guidelines have been identified for each system. Appendix A to this SRP
section identifies the guidelines applicable to the instrumentation and
control systcms important to safety and describes the method and scope of
the review required to verify confor; nance.

4. When the applicant takes exceptions to the guidelines applicable to instru-
mentation and control systems important to safety, the bases for such
exception are reviewed to confirm that they are acceptable. The bases
for the exceptions to the guidelines must demonstrate that a significant
reduction in the margin of safety does not result and that the exceptions
do not result in nonconformance to the requirements of the acceptance
criteria.

5. The review includes those instrumentation and control systems important
to safety that are identified as identical to systems that have been
reviewed and approved by the staff. The evaluation of these syctems in
subsequent sections of Chapter 7 may be based upon prior staff approval.
Where differences exist between prior approvals, they should be identified
and the review should confirm that an adequate basis has been provided.
The review should include an evaluation of differences to confirm that
they are acceptable.

IV. EVALUATION FINDINGS

The review confirms that sufficient information has been provided and that the
| review supports conclusions of the following type to be included in the staff's

|safety evaluation report (SER). 8

The applicant has identified the instrumentation and control
systems important to safety and the acceptance criteria consisting
of the General Design Criteria (GDC) and IEEE 5td. 279, included in
the Commission's regulations, which are applicable to those sy, stems
as identified in the Standard Review Plan (SRP). The appl! cant has
also identified the guidelines consisting of the egulatorf guides
and the industry codes and standards which are applicable to the
systems as identified in the SRP. (If excsptior to the guidelines
has been taken by the applicant an evaluation of the exception or a
reference to the section of the SER which addresses those exceptions
should be provided.) We conclude that the in plementation of the
identified acceptance criteria and guidelines satisfies the require-
ments of GDC 1 with respect to the design, fabrication, erection,
and testing to quality standards commensurate with the importance of
the safety functions to be performed.
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V. IMPLEMENTATION

'h The following is intended to provide guidance to applicants and licensees
4

,/ regarding the NRC staff's plans for " ing this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

4

VI. REFERENCES

1. Standard Review Plan Section 7.1, Table 7-1, " Acceptance Criteria and 4

Guidelines for Instrumentation and Control Systems Important to Safety." '

2. Standard Review Plan Section 7.1, Table 7-2, "TMI Action Plan Requirements
for Instrumentation and Control Systems Important to Safety."

'

3. Standard Review Plan Section 7.1, Appendix A, " Acceptance Criteria and
Guidelines for Instrumeritation and Control Systems Important to Safety."

4. Standard Review Plan Section 7.1, Appendix B, " Guidance for Evaluation of
Conformance to IEEE Std 279."

5. Standard Review Plan, Appendix 7-A, " Branch Technical Position (ICSB)."
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STANDARD REVIEW PLAN

TABLE 7-1

ACCEPTANCE CRITERIA AND GUIDELINES FOR

INSTRUMENTATION AND CONTROL SYSTEMS IMPORTANT TO SAFETY

The matrix of Table 7-1 identifies the acceptance criteria (denoted by "A")
and the guidelines (denoted by "G") and their applicability to the various
sections of Chapter 7 of the SAR. These acceptance criteria include the
applicable General Design Criteria and IEEE Standard 279 which establish the
Commission requirements for the instrumentation and control systems important
to safety. The guidelines for implementation of these requirements are provided
in Regulatory Guides, the endorsed IEEE Standards and the Branch Technical
Positions (BTP) of the Instramentation and Control Systems Branch (ICSB). The
BTPs listed in this table are contained in Appendix 7-A to Chapter 7 of the
SRP. The guidelines are not mandatory and only set forth acceptable methods
of implementing the acceptance criteria. The branch technical positions (Ref. 5)
are used when a particular design problem has an identified and acceptable solu-
tion; they also are not mandatory. In all cases, the primary basis for acceptance
of the design is conformance to the acceptance criteria.

Industry standards that are not endorsed by regulatory guides or incorporated
in regulations or branch technical po:itions, or that have not been previously
used and accepted in the licensing process, must be reviewed before they can
be accepted as a sole basis for approval of a design. They are useful as guidance
for identifying the subjects of 'mportance to be considered in the review of
the systems important to safety.

!

I

O
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ACCEPTANCE CRITERIA FOR INSTRUMENTATION AND CONTROL SYSTEMS IMPORTANT TO SAFETY - TABLE 7-1

CRITERIA TITLE APPLICABILITY REMARKS

_

7.1 7.2 7.3 7. 4 7.5 7.6 7.7
|

1. 10 CFR Part 50

a. S 50.55a(h) Criteria for Protection A A * * *

Systems for Nuclear
Power Generating Stations
(IEEE Std 279)

2. General Design
,

! Criteria (GDC),
'

Appendix A to
10 CFR Part 50

5 a. GDC 1 Quality Standards A

| 4 and Records

b. GDC 2 Design Bases for A A A A A

Protection Against
Natural Phenomena

c. GDC 4 Environmental and A A A A A

Missile Design Bases

d. GDC 13 Instrumentation and A A A A A A

g Control
T

e. GDC 19 Control Room A A A A A A
y

[ f. GDC 20 Protection System A A

E Functionsi

v
g *Although not required by the Commission Regulations, the criteria of IEEE Std 279 address considerations such as design
3 bases, redundancy, independence, single failures, qualification, bypasses, status indication and testing that are used

as guidance, where appropriate, for systems addressed in these sections of the SRP.
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; TABLE 7-1 (CONTINUED)
!

CRITERIA TITLE APPLICABILITY REMARKS

| 7.2 7.3 7.4 7.5 7.6 7.7

g. GDC 21 Protection Systems A A

Reliability and
Testability

| h. GDC 22 Protection System A A

Independence

i. GDC 23 Protection System Failure A A
Modes

j. GDC 24 Separation of Protection A A

and Control Systems

u k. GDC 25 Protection System Require- A
* ments for Reactivity Control-

k Malfunctions
._

l. ( ' 29 Protection Against Antici- A A
pated Operational Occurrences

3. Regulatory Guides
(RG)

a. RG 1.22 Periodic Testing of Protection G G G G G

System Actuation Functions

k b. RG 1.47 Bypassed and Inoperable Status G G G G G

Indication for Nuclear Power*

Plant Safety Systems

E' c. RG 1.53 Application of the Single- G G G G G See IEEE Std 379
G Failure Criterion to Nuclear (AFST N41.2)

Power Plant Protection-
*
g Systems

O O O
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TABLE 7-1 (CONTINiiED)

CRITERIA TITLE APPLICABILITY REMARKS
.

7. 2 7.3 7.4 7.5 7.6 7.7

d. RG 1.62 Manual Initiation of Protec- G G G G
tion Actions

e. RG 1.75 Physical Independence of G G G G G See IEEE Std 384
Electric Systems (ANSI N41.14)

'

f. RG 1.97 Instrumentation for Light G See ANSI /ANS 4.5
Water Cooled Nuclear P1wer
Plants to Assess Plant Condi-
tions During and Following an
Accident

g. RG 1.105 Instrument Spans and Setpoints G G G G G

7 h. RG 1.118 Periodic Testing of Electric G G G G G See IEEE Std 338*
Power and Protection Systems

4 Branch Technical
Positions (BTP) ICSB

a. BTP ICSB 3 Isolation of Low Pressure G
Systems from the High Pres-
sure Reactor Coolant System -

b. BTP ICSB 4 Requirements on Motor-Operated G
Valves in the ECCS Accumulator:o

y Lines
" c. BTP ICSB 12 Protection System Trip Point G G'

Changes for Operation with
E' Reactor Coolant Pumps Out of
Q' Service

$ d. BTP ICSB 13 Design Criteria for Auxiliary G~

Feedwater Systems



TABLE 7-1 (CONTINUED)

C71TERIA TITLE APPLICABILITY REMARKS

7.2 7.3 7.4 7.5 7.6 7.7

e. BTP ICSB 14 Spurious Withdrawals of Single G G

Control Rods in Pressurized
Water Reactars

f. BTP ICSB 16 Control Element Assembly (CEA) G

Interlocks in Combustion
Enginerring Reactors

g. BTP i'SB 20 Design of Instrumentation and G

Controls Provided to Accomplish
Changeover from Injection to
Recirculation Mode

[ h. BTP ICSB 21 Guidance for Application of G G G G G

2, Reg. Guide 1.47
o

i. BTP ICSB 22 Guidance for Application of G G G G G

Reg. Guide 1.22
|

j. BTP ICSB 26 Requirements for Reactor G

Protection System Anticipa-
tory Trips

| E?
?
m
i

G
e
b

O O O
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| STANDARD REVIEW PLAN
1

|_ TABLE 7-2
4

| TMI ACTION PLAN REQUIREMENTS FOR i

INSTRUMENTATION AND CONTROL-SYSTEMS IMPORTANT TO SAFETY

i
i

i The matrix of Table 7-2 identifies the TMI action plan requirements and their ;

applicability (denoted by "A") to the various sections of Chapter 7 of the SAR. '

,! Further clarificatio'n of the action plan requirements-are provided in the'
i referenced NUREGs. ;
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IMI ACTION PLAN REQUIREME;1TS FOR INSTRUMENTATION AND CONTROL SYSTEMS IMPORTANT TO SAFETY - TABLE 7-2

APPLICABILITY

ITEM TITLE 7.2 7. 3 7.4 7.5 7.6 7.7 NUREGs*

II.D.3 Relief and safety valve position indication A 0718, 0737, 0694

II.E.1.2 Auxiliary feedwater system automatic
initiation and flow indication A 0718, 0737, 0694

II.E.4.2 Containment Isolation Dependability
Positions (4), (6) & (7) A

II.F.1 Accident monitoring instrumentation
Positions (4), (5), and (6) A 0718, 0737, 0694

II.F.3 Instrumentation for monitoring accident
conditions (RG 1.97, Rev. 2) A 0718

y

II.K.1 IE Bulletins
.21 Safety grade anticipatory trip Superceded by II.K.2.10N

.23 RV level indication A 0694

II.K.2 Orders on B&W plants
.8 Auxiliary feedwater system upgrading Superceded by II.E.1.2
.9 FMEA on i.he ICS A 0718, 0737, 0694
.10 Safety grade anticipatory trip A 0718, 0737, 0694

II.K.3 Final recommendations, B&O Task Force
.1 Auto PORV isolation A 0737

y .9 PID controller A 0737, 0694

:c .10 Proposed anticipatory trip modification A 0737, 0694
.12 Anticipatory reactor trip A 0737, 0694

o
.13 HPCI and RCIC initiation levels A 0718, 0737
.15 Isolation of HPCI and RCIC A 0737,

$ .18 ADS actuation A 0718, 0737
'< .21 Restart of LPCS and LCPI A 0718, 0/37

.22 RCIC automatic switchover A 0737--

$ .23 Central water level recording A 0718

*NUREG-0718,"LicensingRequirementsforPendingApplicationsforConstructionPermitsAndManufacturingLicense,"
NUREG-0737, " Clarification of TMI Action Plan Requirements," and NUREG-0694, "TMI-Relateo Requirements for New

j Operating Licenses."

O O O
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APPENDIX A

: p STANDARD REVIEW PLAN SECTION 7.1
i
b'

ACCEPTANCE CRITERIA AND GUIDELINES FOR INSTR" MENTATION

AND CONTROL SYSTEMS IMPORTANT TO SAFETY

The acceptance criteria and guidelines for instrumentation and control systems
important to safety are divided into two categories: (1) Regulations including
the General Design Criteria and IEEE 279 (paragraph 50.55a(h) of 10 CFR Part 50)
and (2) Regulatory Guides (including endorsed industry codes and standards)
and Branch Technical Positions. For each criterion and guideline, a statement
is provided on its applicability to the review of instrumentation and control
systems. Conformance to the requirements of GDC 1 is evaluated in the review,

of Section 7.1 of the SAR. 'Conformance to the requirement of the remainder of
the GDC applicable to instrumentation and concrol systems is evaluated on a
system basis in the review of the system as described in SAR Sections 7.2
through 7.7. Likew' a, the degree of conformance to the guidelines provided
in regulatory guides and industry codes and standards is evaluated on a system
basis in the review of Sections 7.2 through 7.7 of the SAR. Where exceptions
are taken to the guidance provided by regulatory guides and endorsed industry
codes and standards, Dsy should be evaluated as a part of the review of the
applicability of these criteria. The evaluation findings should be provided
as a part of the review of Section 7.1 of the SAR or the exception should be
noted and a reference provided to the section where it is addressed. i

/ Acceptance criteria and guidelines are not included herein when the primary
review responsibility for these aspects of instrumentation Ond control systems,

i are reviewed in accordance with sections other than Chapter / of the SRP.
i

1. Regulations (General Design Criteria and IEEE Std 279)

a. Criterion 1 - Qeality standards and records:

" Structures, systems, and components important to safety shall
i

be designed, fabricated, erected, and tested to quality stand-
ards commensurate with the importance of the safety functions
to be performed. Where generally recognized codes and stand-
ards are used, they shall be (dentified and evaluated to deter-
mine their applicability, adequacy, and sufficiency and shall
be supplemented or modified as necessary to assure a quality
product in keeping with the required safety function. A
quality assurance program shall be established and implemented'

in order to provide adequate assurance that these structures,
systems, ~nd components will satisfactorily perform their
safety functions. Appropriate records of the design, fabrica-
tion, erection, and testing of structures, systems, and compo-
nents important to safety shall be maintained by or under
the control of the nuclear power unit licensee throughout
the life of the unit."

Applicability: All instrumentation and control systems and(n; components important to safety.
%/
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Review Methods: Regulatory guides and endorsed codes and
standards applicable to instrumentation and control systems
important to safety are identified in Section 2 of this
Appendix. These guidelines provide the information required
h determine their applicability. The review of Section 7.1
of the SAR should confirm that the appropriate regulatory
guides and endorsed standards are identified as applicable
for each instrument and control system important to safety.
The evaluation of the quality assurance program and appro-
priate records therefore are addressed in the review of
Section 17 of the SAR.

b. Criterion 2 - Design Bases for Protection Against Natural
Phenomena.

" Structures, systems, and components important to safety
shall be designed to withstand the effects of natural phenom-
ena such as earthquakes, tornadoes, hurricanes, floods,
tsunami, and seiches without loss of capability to perform
their safety functions. The design bases for these structures,
systems, and components shall reflect: (1) appropriate con-
sideration of the most severe of the natural phenomena that
have been historically reported for the site and surrounding
area, with sufficient margin for the limited accuracy,
quantity, and period of time in which the historical data
have been accumulated, (2) appropriate combinations of tne
effects of normal and accident conditions with the effects
of the natural phenomena, and (3) the importance of the safety
functions to be performed."

Applicability: All instrumentation and control systems and
components important to safety.

Review Pethods: The design bases for protection against
natural phenomena for instrumentation and control systems
important to safety should be provided for each system in
the subsequent sections of Chapter 7 of the SAR. The design
bases should identify those systems and components which are
qualified to survive the effects of earthquakes and other
12taral phenomena. The review should confirm that the instru-
ment and control systems important to safety are qualified
for protection against natural phenomena consistent with the
analysis of these events as provided in Chapter 2 of the SAR,
and that they are located and housed in structures consistant
with these 'equirements.

The evaluation of the adequacy of qualification programs to
demonstrate the capability of instrumentation and control
systems to withstand the effects of natural phenomena is
addressed in the review of Section 3.10 of the SAR.

Criterion 4 - Environmental and Missile Design Bases.c.

" Structures, systems, and components important to safety shall
be designed to accommodate the effects of and to be compatible
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with the environmental conditions associated with normal
operation, maintenance, testing, and postulated accidents,
including loss-of-coolant accidents. These structures,
systems, and components shall be appropria W y protected( ,

against dynamic effects, including the effects of missiles,
pipe whipping, and discharging fluids that may result from
equipment failures and from events and conditions outside
the nuclear power unit."

Applicability: All instrumentation and control systems and
components important to safety.

Review Methods: The environmental ano missile design bases
,

for instrumentation and control systems important to safety '

should be provided for each system in subsequent sections of
Chapter 7 of the SAR. The design bases should identify those
systems and components which are qualified to accommodate
the effects of environmental conditions and protected for
dynamic effects of missiles, pipe whipping, aid discharging
fluids. If systems or components are qualified to survive
the environmental effects of postulated accidents for only
finite periods of time, the base.c for limited operability
should be provided. The review should confirm that the instru-
ment and control systems important to safety are qualified
to be compatible with the environmental effects of accidents
consistent with the analysis of these events as provided in
Chapter 15 and with the effects of missiles as proviacd in
Chapter 3 of the SAR.

( ,/ The evaluation of the adequacy of qualification programs to
demonstrate he capability of instrumentation and control
systems to accommodate the environmental effects of postulated
accidents and missiles is addressed in the review of
Section 3.11 of the SAR.

d. Criterion 13 - Instrumentation and Control.

" Instrumentation shall be provided to monitor variables and
systems over their anticipated ranges for normal operation,
for anticipated operational occurrences, and for accident
conditions as appropriate to assure adequate safety, includ-
ing those variables and systems that can affect the fission

. process, the integrity of the reactor core, the reactor
' coolant pressure boundary, and the containment and its

associated systems. Appropriate controls shall be provided
to maintain these variables and systems within prescribed
operating ranges."

Applicability: All instrumentation and control systems.

Review Methods: Regulatory Guide (RG) 1.97 provides guidance
on conformance to GDC 13 for information systems important
to safety. The evaluation of conformance to this aspect of
GDC 13 is addressed in the review of Section 7.5 of the SAR.s

V') The evaluation of control systems to maintain system variablesi ,

within prescribed operating ranges is addressed in the review ~

j of Section 7.7 of the SAR.
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e. Criterion 19 - Control Room.

"A control room shall be provided from which actions can be
taken to operate the nuclear power unit safely under normal
conditions and to maintain it in a safe condition under
accihnt condition , including loss-of-coolant accidents.
Adequate radiation protection shall be provided to permit
access and occupancy of the control room under accident con-
ditions without personnel receiving radiation exposures in
excess of 5 rem whole body, or its equivelent to any part of
the body, Jor the duration of the accident.

" Equipment at appropriate locations outside the control room
shall be provided (1) with a design capability for prompt

t shutdown of the reactor, including necessary instrumenta-
tion and co.itrols to maintain the unit in a safe condition
during hot shutdown, and (2) with a potential capability for
subsequent cold shutdown of the reactor through the use of
suitable procedures."

Applicability: The control room and instrumentation and
control systems important to safety.

Review Methods: RG 1.97 provides guidance on conformance to
GDC 19 for information systems provided in the control room
from whQh actions can be taken to operate the unit safely.
The evaluation of conformance to this aspect of GDC 19 is
addressed in the review of Section 7.5 of the SAR. The
evaluation of plant control systems used during normal opera-
tion is addressed in the review of Section 7.7 of the SAR.

The adequacy of the human factor aspects of the control room
design is addressed in the review of Chapter 18 of the SAR.
The evaluation of the habitability aspects of GDC 19 with
respect to radiation protection is addressed in the review
of Section 6.4 of the SAR.

Guidance does not exist to specifically define indication and
controls features which should be provided at appropriate
locations outside the control room. Guidelines for the review
of remote shutdown capabilities are provided in SRP Section
7.4. The evaluation of conformance to this aspect of GDC 19
is addressed in the review of Section 7.4 of the SAR.

f. Criterion 20 - Protection System Functions.

"The protection system shall be designed (1) to initiate auto-
matically the operation of appropriate systems including the
reactivity control systems, to assure that specified accept-
able fuel design limits are not exceeded as a result of
anticipated operational occurrences and (2) to sense acci-
dent conditions and to initiate the operation of systems and
components important to safety."

O
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Applicability: The protection systems: reactor trip system
(RTS), engineered safety features actuation system (ESFAS).

\ Review Method: Chapter 15 of the SAR provides the bases for'''
protective system functions for anticipated operational<

occurrences and accidents. The evaluation of conformance to'

GDC 20 is addressed in the review of Sections 7.2 and 7.3 of
the SAR.

g. Criterion 21 - Protec: lon System Reliability and Testability.

"The protection system shall be designed for high functional
reliability and inservice testability commensurate with the
safety functions to be performed. Redundancy and independence
designed into the protection system shall be sufficient to
assure that (1) no single failure results in loss of the pro-

,

tection function and (23 re:noval from service of any component
or channel does not resuit in loss of the required minimum
redundancy unless the acceptable reliability of operation of
the protection system can be otherwise demonstrated. The
protection system shall be designed to permit periodic testing p"
of its functioning when the reactor is in operation, including -

a capability to test channels independently to determine :
failures and losses of redundancy that may have occurred." -

Applicability: The protection systems: RTS and ESFAS.

Review Methods: See RGs 1.22, 1.47, 1.53, 1.118 and IEEE-p
b') Stds 338 and 379 below. The evaluation of conformance to

GDC 21 is addressed in the review of Sections 7.2 and 7.3
of the SAR.

h. Criterion 22 - Protection System Independence.

"The protection system shall be designed to assure that the
effects of natural phenomena, and of normal operating, main-
tenance, testing, and postulated accident coriditions on
redundant channels do not result in loss of the protection
function, or shall be demonstrated to be acceptable on some,

other defined basis. Design techniques, such as functional
diversity or diversity in component design and principlac of
operation, shall be used to tue extent practical to prevent
loss of the protection function."

Applicability: The protection systems: RTS and ESFAS.

Review Methods: See RG 1.75 and IEEE Std 384 below. Th,e
evaluation of conformance to GDC 22 is addressed in the

i review of Sections 7.2 and 7.3 of the SAR.

i. Criterion 23 - Protection System Failure Modes.

"The protection system shall be designed to fail into a safe

O) state or into a state demonstrated to be acceptable on sone
( other defined basis if conditions such as disconnection of

j v
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'the system, loss of energy, (e.g., electric power, instrument
air), or postulated adverse environments (e.g., extreme heat
or cold, fire pressure, steam, water, and radiation) are
experienced."

Applicability: The protection systems: RTS and ESFAS.

Review Methods: RG 1.70, " Standard Format and Content of
Safety Analysis Reports for Nuclear Power Plants," states
that an analysis should be performed to demonstrate confor-
mance to the requirements of the GDC. Conformance to the
requirements of GDC 23 is addressed in the review of
Sections 7.2 and 7.3 of the SAR.

j. Criterion 24 - Separation of Protection and Control Systems.

"The pro.ection system shall be separated from control systems
to the extent that failure of any single control system com-
ponent, or channel, or failure or removal from service of
any single protection system component or channel which is
common to the control and protection systems leaves intact a
system satisfying all reliability, redundancy, and independence
requirements of the protection systru. Interconnection of
the protection and control systems shall be limited so as to
assure that safety is not significantly impaired."

Applicability: The protection systems: RTS and ESFAS.

Review Methods: Requirements related to control and protection
system interaction are given in Section 4.7 of IEEE Std 279.
Conformance to the requirements of GDC 24 is addressed in the
review of Sections 7.2 and 7.3 of the SAR.

k. Criterion 25 - Protection System Requirements for Reactivity
Control Malfunctions.

"The protection system shall be designed to assure that speci-
fied acceptable fuel design limits are not exceeded for any
single malfunction of the reactivity control systems, such
as accidental withdrawal (not ejection or dropout) of control
rods."

Applicability: The reactor trip system and reactivity control
system interlocks identified in Chapter 15, if required, to
assure that specified acceptable fuel design limits are not
exceeded for any single malfunction of the reactivity control
systems.

Review Methods: Chapter 15 of the SAR provides the bases
for the protection system and reactivity control system inter-
locks. Section 7.7 should provide an evaluation of failures
in the reactivity control systems. The evaluation of confor-
mance to the requirement of GDC 25 is addressed in the review
of the reactor trip system in Section 7.2, and in the review
of reactivity control system interlocks in Section 7.7 of
the SAR. See BTP ICSB 14.
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1. Criterion 29 - Protection Against / :ticipated Operational
occurrences.O

\d "The protection and reactivity control systems shall be
designed to assure an entremely high probability of accomp-
lishing their safety functions in the event of anticipated
operational occurrences."

Applicability: The protection systems and reactivity control
systems.

Review Methods: Conformance to requirements of GDC 29 is
concluded based upon conformance of the protection system
and reactivity control systems to the above applicable GDCs.
Probabilistic reliability assessments may be performed by
the Commission to provide a basis for development of deter-
ministic criteria for specific systems. However, the review
of these systems will address conformance to the deterministic
criteria so established. Conformance of the reactivity
control systems to GDC 29 is addressed in the review of
Section 7.2 of the SAR.

m. IEEE-279, Criteria for Protection Systems for Nuclear Power
Generating Stations (10 CFR Part 50, 6 50.55a(h)).

Applicability: The protection systems: RTS and ESFAS.

Review Methods: Appendix B to SRP Section 7.1 providess
} guidance for the evaluation of conformance to tie requirements

of IEEE Std 279, including the applicable regulatory guidesv

as noted in Item 2 below.

2. Regulatory Guides (including endorsed industry codes and standards) and
Branch Technical Positions.

RG 1.22, " Periodic Testing of Protection System Functions."a.

Applicability: The protection systems: RTS and ESFAS.

Review Methods: Provides bases for evaluating conformance
to GDC 21 and IEEE Std 279, Sections 4.10 through 4.13.

b. RG 1.47, " Bypassed and Ino erable Status Indication for Nuclear
Power Plant Safety System.p'

Applicability: All instrumentation and control systems which
perform a safety function.

Review Methods: Provides a bases for evaluating conformance
to GDC 21 and IEEE Std 279, Section 3.14 for protection systems.
Provides a bases for evaluating the adequacy of bypass and
inoperable status indication for instrumentation and control
systems important to safety as addressed in the review of

O Section 7.5 of the SAR.
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c. RG 1.53, " Application of the Single-Failure Criterion to
Nuclear Power Plant Protection Systems." (Endorses IEEE Std
379, " Guide for the Application of the Single Failure Criterion
to Nuclear Power Generating Station Protection System.")

Applicability: The protection systems: RTS and ESFAS.

Review Methods: Provides a bases for evaluating conformance
to GDC 21 and EEE Std 279, Section 4.2.

d. RG 1.62, " Manual Initiation of Protection Action."

Applicability: The protection syster.,: RTS and ESFAS.

Review Methods: Provides a basis e evaluating conformance
to IEEE Std 279, Section 4.17.

e. RG 1.75, " Physical Independence of Electrical Systems."
(Endorses IEEE Std 384, " Criteria for Separation of Class 1E
Equipment and Circuits.")

Applicability: All instrumentation and control systems impor-
tant to safety.

Review Methods: Provides a basis for evaluating conformance
to GDC 21 and IEEE Std 279, Section 4.6 for protection systems.
Provides a basis for evaluating the adequacy of instrumenta-
tion and control systems important to safety which incorporate
redundant or diverse features to satisfy the single failure
criterion. The ICSB evaluation is limited to the review of
components and electrical wiring internals to racks, panels,
and control boards for systems important to safety. The
evaluation of the physical separation of electrical cables
is addressed in the review of Chapter 8 of the SAR.

f. RG 1.97, " Instrumentation for Light-Water-Cooled Nuclear Power
Plants to Assess Plant and Environs Conditions During and
Following an Accident."

Applicability: Information systems important to safety.

Review Methods: Provides a basis for evaluating conformance
to GDC 13. The ICSB evaluation is limited to the review of
instrumentation for monitoring plant conditions. The evalu-
ation of instrumentation for monitoring environs conditions
and radiation monitoring systems are addressed in the review
of other sections of the SAR.

g. RG 1.105, " Instrument Spans and Setpoints."

Applicability: The instrumentation and control systems
important to safety.

Review Methods: Provides a basis for evaluating conformance
to GDC 13 and IEEE Std 279, Section 3.

7.1-20 Rev. 0 - July 1981



..

.

h. RG 1.118, " Periodic Testing of Electric Power and Protection
Systems." (Endorses IEEE Std 338, " Criteria for Periodic
Testing of Nuclear Power Generating Station Protection

; Systems."),

t

Applicability: The protection system: RTS and ESFAS.
N

Review Methods: Provides a basis for evaluating conformance -.

to GDC 21 and IEEE Std 279, Section 4.16. The ICS8 evalua-
tion is limited to the review of testing of protection

; systems. The evaluation of testing of electric power systems
; is addressed in the review of Chapter 8 of the SAR.

i. Branch Technical Positions (BTPs).

Applicability: As noted in the BTPs in Appendix 7-A of the
SRP.

i Review Methods: The BIPs provide bases for evaluating specific
.i

problem areas as identified in the BTPs.
!
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APPENDIX B

STANDARD REVIEW PLAN SECTION 7.1

GUIDANCE FOR EVALUATION OF CONFORMANCE TO
IEEE STD 279

10 CFR Part 50, 6 50.55a(h) of the Commission Regulations requires protection
systems to meet the requirements of IEEE Std 279. The Scope of IEEE Std 279
indicates that protection systems include those systems that actuate reactor
trip and that in the event of a serious reactor accident, actuate engineered
safeguards features. This appendix ci:, cusses the requirements of IEEE Std 279,
Sections 3 and 4, as they are used in the review of the RTS and ESFAS to deter-
mine that these systems meet Commission Regulations, although not required by
Commission Regulations, the criteria of IEEE Std 279 address considerations
such as design bases, redundancy, independence, single failures, qualification,
bypasses, status indication, and testing that are used as guidance, where
appropriate, for instrumentation and control systems not a part of the protection
system but having a high degree of importance to safety.

1. Section 3, Design Bases - This section requires that a specific protection
system design basis be provided. Section 3(1) requires the identification
of conditions which require protectivt. action. This information should
be consistent with the analysis provided.in Chapter 15 of the SAR.

Section 3(2) requires the identification of variables that are monitored
in order to provide protective action. The tables in Sections 7.2 and
7.3 of the SAR should provide this information.

Section 3(3) requires the identification of the minimum number and loca-
tion of sensors for those variables in 3(2) that have a spatial dependence.
The applicant's analysis should deconstrate that the number and location
of sensors are adequate.

Sections 3(4), 3(5), and 3(6) require the identification of operational
limits, the margin between operational limits and the level for the onset
of unsafe conditions (setpoint), and limits which require protective action
(safety limit - i.e., value assumed in the safety analysis) for each vari-
able. The applicant's analysis should confirm that there is adequate margin
between operating limits and setpoints such that there is a low probability
for inadvertent actuation of the system. The applicant's analysis should
confirm that there is adequate margin between set points and safety limits
such that the system initiates protective actions before safety limits
are exceeded.

Section 3(7) requires that the range of transient and steady-state condi-
tions of both the energy supply and the environment during normal, abnor-
mal, and accident conditions for which the system must perform be identi-
fied. This information is used in subsequent evaluations.

Section 3(8) requires that the malfunctions, accidents, or other unusual
events which could physically damage protective system components or
could cause ervironmental changes leading to functional degradation of
system performance, and for which provisions must be incorporated to
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retain necessary protective action be identified. This information is
used in subsequent evaluations.

Section 3(9) requires that the performance requirements including system
j response times, system accuracies, ranges, and rates of change of sensed

variables to be accommodated until conclusion of the protective action be
identified. The applicant's analysis, including the applicable portion
provided in Chapter 15, should confirm that the system performance require-
ments are adequate to assure complet#on of protective actions. Regulatory
Guide (RG) 1.105, " Instrument Spans and Set Points," provides guidance for
evaluating Sections 3(5) and 3(9).

2. Section 4.1, General Functional Requirements - This section requires that
the protection system shall, with precision and reliability, automatically
initiate protective action for tt.e range of conditions and performance
enumerated in Sections 3(7) through 3(9). The applicant's analysis should
confirm:that the protection system has been qualified to demonstrate that
the performance requirements are met. The evaluation of the precision
of the protection system is addressed to the extent that setpoints,
margins, errors, and response times are factored into the analysis. The
evaluation of reliability of the protection system is addressed to ti:a
extent that conservatively rated high quality components are used. Auto-
matic initiation is required for all protective functions. Manual initia-
tion is also a requirement (see Section 4.17 and RG 1.62).

3. Section 4.2, Single Failure Criterion - This section requires that any
single failure within the protection system shall not prevent proper
protective action at the system level when required. The applicant's
analysis should confirm that the requirements of the single failure crite-

) rion are satisfied. Guidance in the application of the single failureg
V criterion is provided in IEEE Std 379 as supplemented by RG 1.53. Compo-

nents and systems not qualified for seismic events or accident environ-
ments and nonsafety grade components ans' systems are assumed to fail to
function if failure adversely affects protection system performance. These
components and systems are assumed to ft.nction if functioning adversely
affects protection system pe.formance. All failures in the protection
system that can be predicted as a result of an event for which the protec-
tion system is designed to provide a protective function are assumed to
occur if the failure adversely affects the protection system performance.
In general, the lack of equipment qualification may serve as a bases to
assume failures. After assuming the failures of nonsafety grade, nonquali-
fied equipment and those failures caused by a specific event, a random
single failure is arbitrarily assumed. With these failures assumed, the
protection system must be capable of performing the protective functions
required to mitigate the consequences of the specific event.

4. Section 4.3, Quality of Components and Podules - The applicant should
confirm that quality assurance provisions of Appendix B to 10 CFR Part 50
are applicable to the protection system. The evaluation of the adequacy
of the quality assurance program is addressed in the review of Chapter 17
of the SAR.

J

7.1-23 Rev. 0 - July 1981



5. Section 4.4, Equipment Qualification - The applicant s,.'uld confirm that
the protection system equipment is designed to meet the functional perfor-
mance requirements over the range of normal environmcatal conditionc 'or
the area in which it is located. The applicant should confirm that a
single failure with#n the environmental control system for any area in
which protection system equipment is located will not result in conditions
which could result in damage to the protection system equipment nor prevent
the balance of the protection system not within the area from accomplishing
its safety function. In this regard, the loss of ar environmental control
system is treated as a single failure which should rot prevent the protec-
tion system from accomplishing its safety functions. In that loss of
environmental control systems do not usually result in prompt changes in
environmental conditions, the design bases may rely upon monitoring
e.vironmental conditions in areas and taking appropriate action to assure
that extremes in environmental conditions are maintained within non-
damage limits until the environmental control systems are returned to
normal operation. If such bases are used, the applicant should confirm
that there is independence between environmental control systems and
sensing systems which would indicate the failure or malfunctioning of
environmental control systems.

The evaluation of conformance to the requirements of GDC 2 and 4 satisfies
the requirements for equipment qualification to harsh environments and
seismic events. Guidance for the review of this aspect of equipment
qualification is given in Appendix A to SRP Section 7.1.

6. Section 4.5, Channel Integrity - Information provided in Sections 3(7)
and 3(8) is reviewed to confirm that the design includes the qualification
of equipment for the conditions identified in the design bases. Consequen-
tial failures are not an acceptable base for satisfying this requirement.
The review should confirm that tests have been conducted on protection
system eqt.ipment components and the system racks and panels as a whole to
demonstrate the functional nerformance requirements of the protection
system over the range of tre sient and steady-state conditions of both
the energy supply and the environment. Where tests have not been conducted,
the applicant should confirm that the protection system components are
conservatively designed to operate over the range of service conditions.

7. Section 4.6, Channel Independence - Guidance for evaluation of channel
independence is provided in IEEE Std 384 as supplemented by RG 1.75.
The applicant should confirm that the protection system design precludes
the use of components that are common to redundant channels, such as
actuation, reset, mode, and test switches; common sensing lines; or any
other features which could compromise the independence of redundant
channels. Electrical independence shall include the utilization of
separate power sources. Physical independence is attained by physical
separation and physical barriers.

8. Section 4.7, Control and Protection System Interaction - Control and pro-
tection system interaction involves more than examining the electrical
isolation and interconnection. The functional performance of control
systems must be such that a control system cannot prevent proper action
of a protection system. This section of IEEE Std 279, with regard to
isolation devices and multiple failures resulting from a credible single
event, is explained by example in the document. The applicant's analysis

.
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should confirm that the requirements for control and protection system
interaction are satisfied. See Section 4.2 above.

9. Section 4.8, Derivation of System Inpots - This requirement is self-
V explanatory. A protection system that requires loss of flow protection

would normally derive its signal from flow sensors. A design might use
an indirect parameter such as a pressure signal or pump speed. However,
the applicant should verify that any indirect parameter would be valid
for all events.

Even a directly measured variable should be reviewed and its response to
postulated events compared with the credit taken for the parameter in the
events for which it provides protection.

10. Section 4.9, Capability for Sensor Checks - The most common method used to
verify the availability of the input sensors is by cross checking between
redundant channels that have readout available. When only two channels of
readout are provided, the app W nt should state the basis used to ensure
that in operator will not take inc.orrect action when the two channel read-
outs differ. The applicant should state the method to be used for checking
the operational availability of nonindicating sen;r 4.

11. Section 4.10, Capability for Test and Calibration - Guidance on periodic-
testing of the protection system is provided in RG 1.22 and in IEEE Std
338 as supplemented by RG 1.118. The extent of test and calibration capa-
bility provided bears heavily on whether the design meets the single

I failure criterion. Any failure that is not detectable must be considered
concurrently with any random postulated, detectable, single failure.
Periodic testing should duplicate, as closely as practical, the overall
performance required of the protection system. The test should confirm
operability of both the automatic and manual circuitry. The capability
should be provided to permit testing during power operation. When this
capability can only be achieved by overlapping tests, the test scheme
must be such that the tests do, in fact, overlap from one test segment
to another. Test procedures that require disconnecting wires, installing
jumpers, or other similar modifications of the installed equipment are
not acceptable test procedures for use during power operation. Periodic
tests conducted during power operation should use only permanently
installed test equipment.

12. Section 4.11, Channel Bypass and Removal from Operations - In general, it
is an operational rather then a safety problem if testing causes the
initiation of a protective action.

13. Section 4.12, Operating Bypass - The requirement for automatic removal of
operational bypasses means that the reactor operator shall have no role
in such removal. The operator may be required to take action to prevent
the unnecessary initiation of a protective action, and this is acceptable.

14. Section 4.13, Indication of Bypass - Guidance on bypasses and inoperable
status indication is provided in RG 1.47 and BTP IC58.21.

.

J .
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15. Section 4.14, Accesc to Means for Bypassing - In practice, administrative
control is used as the. basis for assuring that access to the means for
bypassing .is limited to qualified plant personnel and that permission of
the control room operator is obtained to gain access.

16. Section 4.15, Multiple Setpoints - The staff interpretation of " positive
means" is that automatic action is provided to ensure that the more
restrictive setpoint is used when required.

17. Section 4.16, Completion of a Protective Action Once it is Initiated -
Self explanatory.

18. Section 4.17, Manual Initiation - Guidance on manual initiation of protec-
tive action is provided in RG 1.62.

19. Section 4.18, Access to Setpoint Adjustments, Calibrations, and Test
Points - See procedure above for Section 4.14.

20. Section 4.19, Identification of Protective Actions - The method of identifi-
cation of status at the enannel level may be accomplished by lights, indi-
cators, and annunciato's.

21. Section 4.20, In" , tion Read-out - The method used to establish adequacy
of information re uout would include a review of the protection system
inputs to annunci_ tors and event recorders.

22. Section 4.21, System Repair - Self-explanatory.

23. Section 4.22, Identification - Guidance on identification is provided in
IEEE Std 384 as supplemented by RG 1.75. The preferred identification
method is color coding of components, cables, and cabinets.

G
~
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7.2 REACTOR TRIP SYSTEM

REVIEW RESPONSIBILITIES

Primary - Instrumentation and Control Systems Brcnch (ICSB)

Secondary - None
|

I. AREAS OF REVIEW

This SRP section describes the review of the reactor trip system (RTS), which is
part of the reactor protec^. ion system, and includes those power sources, sensors,
initiation circuits, logic matrices, bypasses, interlocks, racks, panels and con-
trol boards, and actuation and actuated devices, that are required to initiate
reactor shutdown. The RTS is designed to initiate automatically the reactivity
control system (control rods), to assure that specified acceptable fuel design
limits are not exceeded. The review of the controls, inhibits, and interlocks for
the withdrawal, insertion, and sequence of control rods is included in Section 7.7
of the safety analysis report (SAR).

,

( ) The objectives of the review are to confirm that the RTS satisfies the requirements
\u/ of the acceptance criteria and guidelines applicable to the protection system and

will perform its safety function during all plant coaditions for which they are
required.

The review performed for a construction permit application may be based on
preliminary designs and the depth of information need only be sufficient to pro-
vide reasonable assurance that the final design will conform to the design bases
and applicable criteria with an adequate margin for safety. The review performed
for an operating license (0L) application is based upon detailed design information
that confirms that the final design conforms to the design bases and applicable
criteria. The depth of the review for an OL application should be sufficient to
conclude that the requirements of the Commission regulations have been satisfied.
The depth of the review for the balance of the criteria applicable to the pro-
tection system should be sufficient to conclude that the systems conform with the
guidelines to the extent required to support the findings of conformance to the
reguldtions.
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The scope of the ICSB review of Section 7.2 of an SAR includes:

1. The descriptive information, including functional control diagrams (CP)
and schematic diagrams (0L) pertaining to the RTS. The RTS includes all
electrical and electromechanical equipment involved in detecting a plant
condition requiring and in initiating a reactor trip.

2. The acceptance criteria, guidelines, and design bases used for the design
of the RTS (CP).

3. The applicant's analysis of the conformance to the acceptance criteria,
guidelines, and design bases for the RTS (0L).

In addition. +he ICSB will coordinate with other branches that interface with
the overall .eview of the following aspects of RTS:

1. The adequacy of the monitored variables, i.e., the suitability of
parameters, such as pressure, for initiating a reactor trip.

2. The acceptability of the proposed trip setpoints, time delays, accuracy
requirements, and actuated equipment response consistent with the safety
analysis included in Chapter 15 of the SAR.

The coordinated reviews include the following:

The Power Systems Branch (PSB) evaluates the adequacy of physical separa-
tion criteria for cabling and electrical power equipment and determines
that control and motive power supplied to redundant systems is from
appropriate redundant sources as part of its primary review responsibility
for SRP Sections 8.2, 8.3.1 and 8.3.2.

The Auxiliary Systems Branch (ASB) evaluates the adequacy of the essential
auxiliary support (EAS) systems to assure these systems satisfy the
applicable acceptance criteria as part of its primary review responsi-
bility for SRP Chapter 9 and 10. This review confirms that the design of
the EAS systems is compatible with the single failure requirements of the
RTS to perform its acquired safety functions and that the EAS systems
that are essential to RTS operation will adequately maintain the required
environmental condition in areas where RTS equipment is located.

| The Reactor Systems Branch (RSB) evaluates the adequacy of protective
| functions consistent with the accident analysis as part of its primary

review responsibility for SRP Chapter 15.
1

The Core Performance Branch (CPB) reviews the reactivity control aspects
of the RTS, including the placement of neutron sensors with regard to
measurement of the flux spatial dependence, the flux magnitude, and
calibration effects of all operating modes throughout core life as part

|
of its primary review responsibility for SRP Section 4.3.

I The Equipment Qualification Branch (EQB) reviews . seismic and environ-
| mental qualification of instrumentation and electrical systems as part of

its primary review responsibility for SRP Sections 3.10 and 3.11. This
review includ. the design criteria and testing methods employed in the
seismic design and installation of Category Instrumentation and Control
equipment.
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For those areas of review identified above as being reviewed as part of the

m\ primary review responsibility of other branches, the acceptance criteria

(d necessary for the review and their methods of application are contained in the
referenced SRP sections of the corresponoing primary branch.

'
II. ACCEPTANCE CRITERIAC

,

The acccptance criteria and guidelines applicable to the RTS are identified in
SRP Section 7.1. The review of Sectica 7.1 of the SAR confirms that the
appropriate acceptance criteria and guidelines have been identified as applic-
able for this system. The review of the RTS in this section of the SAR confirms
that this system conforms to the requirements of the acceptance criteria and
guidelines. The branch technical positions are used when a particular design
problem and an acceptable solution have been identified.

Acceptance criteria for the review of the RTS are based on melting the relevant
requirements of the following regulations:

1. 10 CFR Part 50, 650.55a(h), " Codes and Standards" - IEEE Std 279, " Criteria
for Protection Systems for Nuclear Power Generating Stations."

2. General Design Criteria 2, " Design Basis fer Protection Against Natural
Phenomena."

3. General Design Criterion 4, " Environmental and Missile Design Basis."

4. General Design Criterion 20, " Protection Systems Functions."

/ 5. General Design Criterion 21, " Protection System Reliability and
V Testability."

6. General Design Criterion 22, " Protective System Independence."

7. General Design Criterion 23, " Protection System Failure Modes."

8. General Design Criterion 24, " Separation of Protection and Control
Systems."

9. General Design Criterion 25, " Protection System Requirements for Reactivity
Control Malfunctions."

Regulatory Guides, Branch Technical Positions and industry standards that
provide information, recommendations and guidance and in general describe a
basis acceptable to the staff that may be used to implement the relevant
requirements of the Commission Regulations identified above are given in SRP
Section 7.1, Table 7-1 (Ref. 1) and SRP Appendix 7-A (Ref. 2). In addition,
Task Action Plan items are also implemented to meet the above regulations as
identified in SRP Section 7.1, Table 7-2 (Ref. 3).

III. REVIEW PROCEDURES

This subsection describes the general procedures to be followed in reviewing
the RTS. The bases for the evaluation of conformance to the requirements of
the acceptance criteria and guidelines may be based upon referenced approved

n.) designs. The category of referenced approved designs include topical reports,
standard design approvals, ud designs of systems which have been reviewed and
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approved by the Staff. If any aspect of a design is not identical to that
which is eferenced, an evaluation must be made to address the adequacy of the
differences and the conclusions included in the safety evaluation report.

Background information of interest in the review of the RTS is founri in a
number of SAR sections. A list of these is given in SRP Section 7.c for
reference purposes.

The GDC include requirements for the RTS. Review guidance for conformance to
the GDC are provided in Appendix A of SRP Section 7.1 (Ref. 4). The review
guidance includes references to the guidelines in regulatory guides and
industry codes and standards where applicable. An audit review of the RTS
should be made to confirm that the system conforms to the guidelines to support
the conclusions of conformance to the regulations.

The review is to evaluate the protection system design against the requirements
of IEEE Std. 279. This procedure is detailed in Appendix B to SRP Section 7.1
(hf 5). The procedures in Appendix B address only those design requirements
that are soecific in nature. For example paragraph 4.9 of IEEE Std 279 requires
that the design include means for checking the availability of each system
input sensor during operation. Appendix B outlines a straightforward procedure
that can be used to determ ne whether or not this requirement is met.i

Appendix B a . cusses the requirements of IEEE Std 279 and how they are used in
the review of the RTS. Although the primary emphasis is on the equipment
comprising the RTS, the reviewer should consider the protective functions on a
systems level. It is necessary that the RTS design be compatible with the
accident analysis. It is not sufficient to judge the adequacy of the RTS only
on the basis of the design meeting the specific requirements of IEEE Std 279.

Major desig', considerations in the review of the RTS are as follows:

1. Sys'.em Redundancy Requirements

The review should confirm that the system redundancy requirements are
satisfied. General.ly, a minimum degree of redundancy of one satisfies
RTS requirements. Most RTS parameters are monitored by four sensor
channels with only two channels required to initiate the RTS logic channel
protective action.

Where it is determined that the spatial dependence of a parameter requires
several sensor channels to assure core protection, the redundancy require-
ments are determined for the individual case. In certain designs adequate
monitoring of core power requires a minimum number of sensors arranged in
a given configuration to provide adequate protection. This aspect of
redundancy is dealt with in coordination with the CPB 1. establish
redundancy requirements.

The redundancy requirements when considered strictly from an electrical
point of view, is only necessary to assure that at least two redundant
logic trains (minimum degree of redundancy of one) are provided to initiate
reactor trip. From this standpoint the review may be reduced to a simple
analysis in which rodundant paths for sensors to logic and to actuation
devices are identified to assure that the RTS functional requirements are
met.
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2. System Conformance with the Single Failure Criterion

g
- In evaluating the adequacy of the RTS system in meeting the single failure

N criterion, both electrical and physical independence must be considered.

a. Electrical Independence

To assure electrical independence, the design bases governing the
electrical independence of redundant sensors, logic elements, and
actuation channels are required to satisfy Paragraph 4.6 of IEEE
Std 279, which states that, " channels that provide signals for the
same protection function shall be independent, and the likelihood of
interaction between channels is considered," and the requirement of
Paragraph 4.7.2. This paragraph rec,uires that, "th transmission of
signals from protection system channels that are used for other
purposes (non protective), such as control or readout and indi-
cation, are properly isolated to ensure that no credible failure at
the output of an isolation device shall prevent the associated
protective channel from meeting performance requirements." Examples

, of credible failures at the output of isolation devices are provided
in Paragraph 4.7.2.

b. Physical Independence

To assure physical independence, the design bases governing the
physical separation of redundant equipment including sensors, racks,
panels,andcontrolboardsareevaluatedinaccordancewithRegu-

s latory Guide 1.75, " Physical Independence of Electric Systems.
(j This regulatory guide sets forth guidelines for the physical separa-s

L tion of circuits and electrical equipment that is included in the
RTS.

1

This review should determine whether the RTS is located in seismic
Category I structures. I certain designs, RTS sensors may be
located in non-seismic Cauegory I structures such as the turbine
building. For these special cases, the reviewer must assure that

i the most reasonable installation of sensors and circuits is provided
in regard to physical protection against damage from a seismic
event. Further guidance is provided by Branch Technical Position
ICSB 15.

c. Single Failure Criterion

To assess the RTS acceptability with regard to the single failure
criterion, IEEE Std 379 and Regulatory Guide 1.53 are used. Again,
as was the case for redundancy requirements, review for compliance'

, with the single failure criterion rr.ty be reduced to an analysis in
which it is determined that the system can perform all protective
functions concurrent with failure of any sensor, logic circuitry and

| components that meet the single failure criterion. IEtiE Std 279,
i paragraph 4.2, provides an additional example of single failure
I criterion application.

O With regard to power requirements, the RTS is required to assure
C/ that no failure of a power supply will result in maintaining power

to the system such that the protective function (trip) of the RTS is
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negated (fail-safe design). For example, loss of power to a sensor
channel should cause a channel trip. Similarly, a loss of power to
a logic element or actuator channel should asult in a trip. Exception
to this lattur rule may be taken, as long as the single failure
criterion is satisfied and the power sources required are designed
as Class IE power systems.

The RTS logic matrices should be reviewed to determine whether
redundant circuitry includes the contacts of relays or switches in
mutually redun6 ant logic ciruits. This task can be accomplished
during the detailed drawing review. When violations of the single
failure criterion are found, they are to be identified to the appli-
cant and corrected. The staff safety evaluation report should
discuss the final disposition of designs that are revised to satisfy
the acceptance criterion.

3. System Testing and Inoperable Surveillance

The descriptive information as supplemented by functional logic diagrams
(CP and OL) and electrical schematics (0L) are reviewed to verify that
che design has the necessary provisions to permit testing of the RTS on a
periodic basis when the reactor is in operation. The reviewer is guided
by the recommendations set forth in Regulatory Guide 1.22 and IEEE Std 279,
paragraph 4.10, in arriving at an acceptable method of periodic testing
of actuation devices (e.g., solenoids, breakers) and actuated equipment
(control rods). The same guidance is used to review testability of all
modules, relays, permissives, bypasses, and control Jevices.

The descriptive information (CP and OL) and the design implementation as
depicted on electrical drawings (OL) of the means proposed for auto-
natically indicating, at the system level, bypassed or deliberately
inoperable RTS protection channels are reviewed to ascertain that the
design is consistent with Regulatory Guide 1.47 as supplemented by Branch
Technical Position ICSB *1 and with IEEE Std 279, paragraph 4.13.

An important part of the review is the engineering design review at the
OL stage. The drawing review should confirm that the design and layout
meet the applicable criteria listed under subsection II.

A site visit should be performed before the evaluation findings are
written for an OL. A site visit should include an audit verification
that the design and layout criteria reviewed during the drawing review
are implemented. An outline of topics for a site visit is provided
in Appendix 7-B (Ref. 6) to SRP Chapter 7.

In certain instances, it will be the reviewer's judgment that for a specific
case under review, emphasis should be placed on specific aspects of the design,
while other aspects of the design need not receive the same emphasis and
in-depth review. Typical reasons for such a non-uniform placement of emphasis
are the introduction of new design features or the utilization in the design
of design teatures previously reviewed and found acceptable. However, in all
cases, the review must be sufficient to conclude conformance to the acceptance
criteria, i.e., the requirements of the Commission's regulations.

O
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j IV. EVALUATION FINDINGS

)' The reviewer verifies that sufficient information has been provided and that
his review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

! The staff concludes that the design of the reactor trip system (RTS) and
the design of the EAS system are acceptable and meet the relevant require-
ments of General Design "riteria 2, 4, 20, 21, 22, 23, 24, and 25 and
10 CFR Part 50, 950.554 n):

We have conducted an audit review of these systems for conformance to
guidelines of the regulatory guides and industry codes and standards!

applicable to these systems. In Section 7.1 of this SER we cor:luded
that the applicant had adequately identified the guidelines applicable to
these systems. Based upon our addit review of the system design for
conformance to the guidelines we find that there is reasonable assurance
that systems conform fully to the guidelines applicable to these systems.

i Our review has included the identification of those systems and components ,

for the RTS which are designed to survive the effects of earthquakes,a

other natural phenomena, abnormal environments and missiles. Based upon
our review we conclude that the applicant has identified those systemt
and components consistent with the design bases for those systems.
Sections 3.10 and 3.11 of this SER address the qualification programs to

| demonstrate the capability of these systems and components to survive
these events. Therefore we find that the identification of these systems
and components satisfies this aspect of the GDC 2 and 4.

Based on our review we conclude that the RTS conforms to the design bases
requirements of IEEE Std 279 and that the system includes the provision
to sense accident conditions and anticipated operational occurrences to
initiate reactor shutdown consistent with the accident analysis presented

i in Chapter 15 of the SAR. Therefore, we find that the RTS satisfies the
]

requirements of GDC 20.

The RTS conforms to the guidelines for periodic testing in Regulatory
Guide (R.G.) 1.22 and IEEE St' 338 as supplemented by R.G. 1.118. The

j bypassed and inoperable statt.. ndication conforms to the guidelines of.

R.G. 1.47. The RTS conforms to the guidelines on the application of the'
,

single failure criterior in IEEE Std 379 as supplemented by R.G. 1.53.
Based on our review we conclude that the RTS satisfies the requirement of
IEEE Std 279 with r gards to the system reliability and testability.
Therefore we find that the RTS satisfies the reqtiirement of GDC 21.

The RTS conforms to the guidelines in IEEE Std 384 as supplemented by
R.G. 1.75 for the protection system independence. Based on our review we
conclude that the RTS satisfies the requirement of IEEE Std 279 with
regards to the systems independence. Therefore, we f'nd that the RTS
satisfies the requirement of GDC 22.

Based on our review of 1.ne failure modes and effects analysis for the RTS
we conclude that the system is designed to fail into a safe mode if

,l conditions such as disconnection of the system, loss of energy, post-
i ulated adverse environment are experienced. Therefore, we find that the
i M RTS satisfies the requirements of GDC 23.
I
!
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|

|
|

Bned on our review of the interfaces between the RTS and plant operating |

control systems we conclude that the system satisfies the requirements of
)IEEE Std 279 with regards to control and protection system interactions. '

Our conclusions noted above are based upon the requirements of IEEE
Std 279 with respect to the design of the RTS. Therefore, we find that
the RTS satisfies the requirement of 10 CFR Part 50, S50.55a(h) with
regards to IEEE Std 279.

-OR-

The RTS is completely independent of any plant operating control system.

-AND-

Therefore, we find that the RTS satisfies the requirement of GDC 24.

Based on our review of the reactor protection system, we conclude that
the system satisfies the protection system requirements for malfunctions
of the reactivity control system such as accidental withdrawal of control
rods. Section 15 of the SAR addresses the capability of the system to
assure that fuel design limits are not exceeded for such events. fhere-
fore we find that the RTS satisfies the requirements of GDC 25.

Our review of the RTS has examined the dependence of this system on the
availability of essential auxiliary support (EAS) systems. Based on our
review and coordination with those having primary review responsibility
of the EAS systems, we conclude that the design of the RTS is compatible
with the functional performance requirements of EAS systems.

The applicant has also incorporated in the system design the recommendations
of Task Action Plan items [ identify item number and how implemented]
which we have reviewed and found acceptable.

The conclusion noted above for the RTS is applicable to all portions of
the systems except for the follow.ng for which acceptance is based upon
prior Commission review and approval as noted. [ List applicable system
or topics and identify references].

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. Standard Review Plan Section 7.1, Table 7-1, " Acceptance Criteria and
,

Guidelines for Instrumentation and Control Systems Important to Safety."

~
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2. Standard Review Plan Appendix 7-A, " Branch Technical Positions (ICSB)."

3. Standard Review Plan Section 7.1, Table 7-2, "TMI Action Plan Requirements
for Instrumentation and Control Systar, Important to Safety."

4. Standard Review Plan Section 7.1, Appendix A, " Acceptance Criteria and
,

Guidelines for Instrumentation and Control Systems Important to Safety." '

'

5. Standard Review Plan Section 7.1, Appendix B, " Guidance for Evaluation of
Conformance to IEEE Std 279."

6. Standard Review Plan Appendix 7-B, " General Agenda, Station Site Visits."

[

O
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APPENDIX A
STANDARD REVIEW PLAN $ECTiON 7.2

USE OF IEEE STD 279 IN THE REVIEW 0F THE RTS

(Appendix A to SRP Section 7.2 has been superseded
by Appendix B to SRP Section 7.1)

O
,

1

!

O
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Q,Mf,.sj STANDARD REVIEW PLAN
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7.3 ENGINEERED SAFETY FEATURES SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Instrumentation and Control Systems Branch (ICSB)

Secondary - None

I. AREAS OF REVIEW

This SRP section describes the review for the portion of the protection system
usad to initiate the operation of the engineered safety features (ESF) systems
and essential auxiliary supporting (EAS) systems. This portion of the protection
system is called the engineered safety features actuation system (ESFAS}. The
ESFAS includes both automatic and manual initiation of these systems. This SRP
section also includes the review of control systems which regulates the operation
of ESF systems following their initiation by the protection system. The ESF
control systems include both the automatic and manual features which control the
operation of ESF systems.,

/

( ')The review of instrumentation and control systems for EAS systems is incluaed in
the SRP sections which address these systems. SRP Section 7.5 includes the
information systems important to safety that provide information which is used to
indicate the need for manual initiation and for the manual control of ESF
systems.

The functional performance requirements of ESF and EAS systems are reviewed by
other branches in accordance with the SRP sections which address these systems.
The accident analysis described in Chapter 15 of the SAR establishes the bases
for monitored variables and the values of monitored variables including asso-
ciated time delays used to initiate protective system actions. The review
verifies that the functional performance requirements of the ESFAS satisfy the
design bases for the protection system actions consistent with the accident
analysis described in Chapter 15.

The objectives of the review are to confirm that the ESFAS satisfies the
requirements of the acceptance criteria and guidelines applicable to the protec-
tion system and will perform its safety function during all plant conditions for

Rev. 2 - July 1981
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which they are required. The review confirms that the control systems for ESF
systems satisfies the requirements of the acceptance criteria and guidelines
applicable to ESF systems, including their performance requirements.

The review performed for a construction permit application may be based on
preliminary designs and the depth of information need only be sufficient to
provide reasonable assurance that the final design will conform to the design
bases and applicable criteria with an adequate margin for safety. The review
performed for an operating license (OL) application is based upon detailed
design information that confirms that the final design conforms to the design
bases and applicable criteria. The depth of the review for an OL application
should be sufficient to conclude that the requirements of the Commission
regulations have been satisfied. The depth of the review for the balance 9
the criteria applicable to the protection system should be sufficient to
conclude that the systems conform with the guidelines to the extent required
to support the findings of conformance to the regulatons.

The review of the iM ormation presented and referenced in Section 7.3 of an
SAR is directed to the engineered safety features actuation system (ESFAS) and
the control systems which are used to regulate the operation of the ESF
systems folicwing their initiation by the ESFAS, i.e., the instrumentation and
controls used to initiate and control the operation of the engineered safety
features.

Typical ESF systems are:
*

Containment and Reactor Vessel Isolation Systems
Emergency Core Cooling Systems (ECCS)
Containment Heat Removal and Depressurization Systems
Pressurized Water Reactor (PWR) Auxiliary Feedwater Systems
Boiling Water Reactor (BWR) Standby Gas Treatment Systems
Containment Air Purification and Cleanup Systems
Containment Combustible Gas Control Systems

Typical EAS systems are:

Electric Power Systems'

Diesel Generator Fuel Storage and Transfer Systems
i Instrument Air Systems
| Heating, Ventilating, and Air Conditioning (HVAC) Systems for ESF
| Areas

|
Essential Service Water and Component Cooling Water Systems

| The scope of the ICSB review of Section 7.3 of an SAR includes:

1. The descriptive information, including functional control diagrams (CP),
piping and instrument diagrams, and schematic diagrams (OL) pertaining to
the ESFAS. The ESFAS includes all electric and electromechanical equip-

| ment involved in detecting a plant condition requiring operation of ca ESF
or EAS :,ystem and in initiating the operation of the ESF or EAS system.1

O
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2. The descriptive information pertaining to the instrumentation and control
systems for the control of ESF systems that are essential to the operation
of the ESF systems.m

3. The acceptance criteria, guidelines, and design bases used for the design
of the ESFAS and the ESF control systems (CP). |

C The applicant's analysis of the co_nformance to the acceptance criteria,
guidelines, and design bases for the ESFAS and for the ESF control systems
(OL). !

In addition, the ICSB will coordinate with branches that interface with the
overall review of ESF systems for the following aspects of ESFAS:

(1) The adequacy of the monitored variables, i.e., the suitability of
parameters, such as pressure, for initiating operation of a given ESF or
EAS system.

(2) The acceptability of the proposed trip setpoints, time delays, accuracy
requirements, and actuated equipment response consistent with the safety
analysis included in Chapter 15 of the SAR.

The coordinated reviews include the following:

The Power Systems Branch (PSB) evaluates the adequacy of physical separation
criteria for cabling and electrical power equipment and determines that
control and motive power supplied to redundant systems is from appropriate
redundant sources and the adequacy of the instrumentation and controls

p associated with the proper functioning of the onsite and offsite power
g systems as part of its primary review responsibility for SRP Sections 8.2,

8.3.1, and 8.3.2.

The Auxiliary Systems Branch (ASB) evaluates the adequacy of the EAS
systems to assure that the instrucentation and control aspects of the EAS
systems satisfy the acceptance criteria applicable to these systems as
part of its primary review responsibility for SRP Chapter 9 and 10. This
review confirm that the design of the EAS systems is compatible with the
single failure requirements of ESF systems to perform their required
safety functions and that the EAS systems that are essential to ESF
systems operation will adequately maintain the required environmental
conditions in the areas where equipment is located.

The Reactor Systems Branch (RSB) evaluates the adequacy of protective
functions consistent with the accident analysis and the operating require-
ments of the ESF systems as part of its primary review responsibility for
ESF Systems in SRP Chapters 5, 6 and 15 of the SAR.

The Equipment Qualifications Branch (EQB) reviews the seismic and environmental
qualification of instrumentation and electrical systems as part of its primary
review responsibility for SRP Sections 3.10 and 3.11. This includes the
design criteria and testing methods and procedures instrumentation and electrical
equipment.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria

d necessary for the review and their methods of application are contained in the
corresponding sections of the SRP.
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II. ACCEPTANCE CRITERIA

Acceptance criteria and guidelines applicable to the ESFAS and ESF control
systems are identified in SRP Section 7.1. The review of Section 7.1 of the
SAR confirms that the appropriate acceptance criteria and guidelines have been
identified as applicable for these systems. The review of the ESFAS and ESF
control systems in this section of the SAR confirms that these systems conform
to the requirements of the acceptance criteria and guidelines. The branch
technical positions are used when a particular design problem and an
acceptable solution have been identified.

Acceptance criteria for the review of ESFAS and ESF control systems are:

1. General Design Criterion 2, " Design Basis for Protection Against Natural
Phenomena."

2. General Design Criterion 4, " Environmental and Missile Design Basis."

The following acceptance criteria are applicable to the review of the ESFAS:

1. 10 CFR Part 50, 650.55a(h), " Protection Systems": IEEE Std 279,
" Criteria for Protection Systems for Nuclear Power Generating Stations."

2. General Design Criterion 20, " Protection System Function."

3. GeneralDesignCriterion21,"ProtectionSystemReliabilityand
Testability

4. General Design Criterion 22, " Protection System Independence."

5. General Design Criterion 23, " Protection system Failure Modes."

6. General Design Criterion 24, " Separation of Protection and Control
Systems."

In addition, the ESF control systems are reviewed for conformance to the
following acceptance criteria *, applicable to ESF systems with regards to
conformance to the single failure criterion on a system basis, and to
operability from onsite and offsite electrical power:

1. General Design Criterion 34, " Residual Heat Removal."

2. General Design Criterion 35, "E.argency Core Cooling."

3. General Design Criterion 38, " Containment Heat Removal."

4. General Design Criterion 41, " Containment Atmosphere Cleanup."

Regulatory Guides, Branch Technical Positions, and industry standards that
provide information, recommendations and guidance, and in general describe a
basis acceptable to the staff that may be used to implement the requirements

"For E5FA5 these requirements are included in the General Design Criteria
which specifically address protection systems. '
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of the Commission regulations identified above are given in SRP Section 7.1,
Table 7-1 (Ref. 1) and Appendix 7-A (Ref. 2). In addition, Task Action Plan

'_N items are also implemented to meet these regulations as identified in SRP
Section 7.1, Table 7-2 (Ref. 3).

III. REVIEW PROCEDURES

This subsection describes the general procedures to be followed in reviewing
the ESFAS and ESF control systems. The bases for the evaluation of confor-
m.nce to the requirements of the acceptance criteria and guidelines may be
based upon referenced approved designs. The category or referenced approved
designs include topical reports, standard design approvals, and designs of
systems which have been reviewed and approved by the staff. If any aspect of
a design is not identical to that which is referenced, an evaluation must be
made to addreso the adequecy of the differences and the conclusions included
in the safety evaluation report.

Background information of interest in the review of the ESFAS and ESF control |
systems is found in a number of SAR sections. A list of these is given below
for reference purposes. Most of these reference sections also provide
b&ckground information for other SRP sections in Chapter 7.

Chapter 1: for familiarization with the general operation of the plant,
both safety and nonsafety aspects.

Chapter 3: for a general understanding of the principal architectural and
engineering designs of those structures, components, equipment,
and systems important to safety.

V Section 3.1: for exceptions to criteria applicable to the ESFAS and ESF
control systems, and for structures suitable for housing this |
equipment.

Sections 3.10 for an understanding of the qualification program for
and 3.11 ESFAS and ESF control system components. I

Chapters 4 for an understanding of the reactor and the reactor coolant
and 5 system and its interconnections with the ESF systems.

! Chapter 6: for the design bases, design features, and functional
performance requirements of the ESF systems.

|
Chapter 8: for an understanding of the electrical power systems. |

Chapter 9: for the design bases, design features, and functional
performance requirements of essential auxiliary supporting
systems.

|
Chapter 15: for the courses of accidents for which the ESF system provides

protective functions, the effects of failures of the protective,

; functions, and the assumptions and initial conditions that form
| the bases of the accident analyses.

pi Chapter 16: for the proposed limiting conditions for operation for the ESF
systems and the ESFAS.
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Reference to the above sections of the SAR is made to gain an understanding of
the purpose of the ESF systems and an understanding of how the ESF systems and
the ESFAS are designed and how they are to function.

The General Design Criteria (GDC) include requirements for the ESFAS and the
ESF control systems. Revi'w guidance for conformance to the GDC are provided
in Appendix A of SRP Scri ) 7.1 (Ref. 4). The review guidance includes
references to the guide: ies in regulatory guides and industry codes and
standards where applicable. An audit review of the ESFAS and ESF control
systems should be made to confirm that the systems conform to the guidelines
to support the conc 1 ions of conformance to the regulations.

The review is to evaluate the protection system design against the
requirements of IEEE Std 279. This procedure is detailed in Appendix B to SRP
dection 7.1 (Ref. 5). The precedures in Appendix B address only those desi7n
requirements that are specific in nature. For example paragraph 4.9 of IEEL
Std 279 requires that the design include means for checking the availability of
each system input sensor during operation. Appendix B outlines a straight-
forward procedure that can be used to determine whether or not this requirement
is met.

Appendix B discusses the requirements of IEEE Std 279 and how they are used in |
the review of the protection system. Although the primary eniphasis is on the
equipment comprising the protection system, the reviewer should consider the
protective functions on a systems level. It is necessary that the ESFAS
design be compatible with ti;e ESF systems and EAS systems and that the ESFAS
design and the accident analpis are compatible. It is not sufficient to

judge the adequacy of the ESFAS only on the basis of the design meeting the
specific requirements of IEEE Std 279. It is also necessary to judge the ,

functional relationsh,> between the ESFAS and the ESF systems themselves.

An important part of the review is the engineering drawing review at the OL
stage. The drawing review should confirm that the design and layout meet the
applicable criteria listed under subsection II.

A site visit should be performed before the evaluation findings are written
for an OL. The site visit should include an audit verification that the
design and layout criteria reviewed during the drawing review are implemented.

|
An outline of topics for a site visit is provided in SRP Appendix 7-B (Ref. 6).,

,

In certain instances, it will be the reviewer's judgment that for o specific
| case under review, emphasis should be placed on specific aspects of the
,

design, while other aspects of the design need not receive the same emphasis
and indepth review. Typical reasons for such a nonuniform placement of
emphasis are the introduction of new design features or the utilization in the
design of aesign features previously reviewed and found acceptable. However,
in all cases, the review must be sufficient to conclude conformance to the
acceptance criteria, i.e. , the requirements of the Cot 1ission's regeiations.

IV. EVALUATION FINDINGS

| The reviewer verifies that sufficient information has been provided and that
his review supports conclusions of the following type, to be included in the
staf f's safety evaluation report:
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The review of the instrumentation and control aspects of the engineered
safety feature (ESF) systems included the engineered safety features

Q(~N
actuation systems (ESFAS) and the ESF control systems. The ESFAS detects
a plant condition requiring the operation of an ESF system and/or
essential auxiliary supporting (EAS) system and initiates operation of
these systems. The ESF control systems regulates the operation of the
ESF systems following automatic initiation by the protection system or
manual initiation by the plant operator.

The staff concludes that the ESFAS and the ESF control systems are
acceptable and meet the relevant requirements of General Design
Critr ' 2, 4, 20 thru 24, 34, 35, 38, and 41 and 10 CFR Part 50,
"0. F This conclusion is based on the following:

~

' |- , conducted an audit review of these systems for conformance to.

g;ioesines of the regulatory guides and industry codes and standards
applicable to these systems. In Section 7.1 of this SER we concluded
that the applicant had adequately identified the guidelines applicable to
these systems. Based upon our audit review of the system design for
conformance to the guidelines, we find that there is reasonable assurance
that systems conform fully to the guidelines applicable to these systems.

Our review has included the identification of those systems and
components for the ESFAS and ESF control systems which are designed to
survive the effects of earthquakes, other natural phenomena, abnormal
environments, and missiles. Based upon our review, we conclude that the
applicant has identified those systems and components consistent with the
design bases for thu e systems. Section 3.10 and 3.11 of this SER

[V
3

) address the qualification programs to demonstrate the capability of these
systems and components to survive these events. Therefore, we find that
the identification of these systems and components satisfies this aspect
of GDC 2 and GDC 4.

Based or, our review we conclude that the ESFAS conforms to the design
bases requirements of IEEE Std 279 and that the system includes the
provision to sense accident conditions and anticipated operational
occurrences to initiate the operation of ESF and EAS systems consistent
with the accident analysis presented in Chapter 15 of the SAR. There-
fore, we find that the ESFAS satisfies the requirements of GDC 20.

The ESFAS conformt to the guidelines for periodic testing in Regulatory
Guide (R.G.) 1.2f. and IEEE Std 338 as supplemented by R.G. 1.118. The
bypassed and froperable status indication conforms to the guidelines of
R.G. 1.47. The ESFAS conforms to the guidelines or,the application of
the single failure criterion in IEEE Std 379 as supplemented by R.G. 1.53.
Based on our review, we conclude that the ESFAS meets the criteria of
IEEE Std 279 with regards to the system reliability and testability.
Therefore, we find that the ESFAS satisfies the requirement of GDC 21.

The ESFAS conforms to the guidelines in IEEE Std 384 as supplemented by
R.G. 1.75 for the protection system independence. Based on our review,;

we conclude that the ESFAS satisfies the requirement of IEEE Std 279 with
regards to the systems independence. Therefore, we find that the ESFAS
satisfies the requirement of GDC 22.

v
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Based on our review of the analysis for the ESFAS, we conclude that the
system is designed with due consideration of safe failure modes if
conditions such as disconnection of the system, loss of energy, or
postulated adverse environment are experienced. Therefore, we find that
the ESFAS satisfies the requirements of GDC 23.

Based on our review of the interfaces between the ESFAS and plant
operating control systems, we conclude that the system satisfies the
requirements of IEEE Std 279 with regards to control and protection
system interactions.

-0R-

The ESFAS is completely independent of any plant operating control system
or channel.

-AND-

Therefore, we find that the ESFAS satisfies the requirement of GDC 24.

Our conclusions noted above are based upon the requirements of IEEE
Std 279 with respect to the design of the ESFAS. Therefore, we find that
the ESFAS satisfies the requirement of 10 CFR Part 50, 650.55a(h) with
regards to IEEE Std 279.

Our review of the ESF control systems included conformance to the
requirements for testability, operability with onsite and offsite
electrical power, and single failures consistent with the General Design
Criteria applicable to these ESF systems. We conclude that the ESF
control systems are testable and are operable on either onsite or offsite
power (assuming only one source is available) and that the controls
associated with redundant ESF systems are independent and satisfy the
single failure criterion and therefore meet the relevant requirements of
GDCs 34, 35, 38, and 41.

The applicant has also incorporated into system design the recommendation
of Task Action Plan item [ identify item number and how implemented] which
we have reviewed and found acceptable.

Our review of the ESFAS and ESF control systems has examined the
dependence of these systems on the availability of essential auxiliary

| supporting (EAS) systems. Based on our review and coordination with
! those having primary review responsibility of the EAS systems, we

conclude that the design of the ESFAS and ESF control systems are
compatible with the functional performance requireraents of EAS systems.

| Therefore, we find the interfaces betwcen the des'gn of ESFAS acd ESF
control systems and the design of EAS systems to he acceptable.

| The conclusions noted above for the ESFAS and ESF control systems are
applicable to all portions of the systems except for the following for
which acceptance is based upon prior Commission .eview and approval as
noted.

[ List applicable system or topics and identify references]
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V. IMPLEMENTATION

(- The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.5

l

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs. '

VI. REFERENCES

1. Standard Review Plan Section 7.1, Tabie 7-1, " Acceptance Criteria and
Guidelines for Instrumentation and Control Systems Important to Safety."

2. Standard Review Plan Appendix 7-A, " Branch Technical Positions (ICSB)." '

3. Standard Review Plan Section 7.1, Table 7-2, "TMI Action Plan
Requirements for Instrumentation and Control Systems Important to
Safety."c

4. Standard Review Plan Section 7.1, Appendix A, " Acceptance Criteria and
Guidelines for InstrLmentation and Control Systems Important tv-Safety."

'

5. Standard Review Plan Section 7.1, Appendix B, " Guidelines for
Evaluation of Conformance to IEEE Std 279."

6. Standard Review Plan Appendix 7-8, " General Agenda, Station Site Visits.";

|
.

t

:

>

1

:
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APPENDIX A

STANDARD REVIEW PLAN SECTION 7.3

USE OF IEEE Std 279 IN THE REVIEW OF THE ESFAS AND
INSTRUMENTATION AND CONTROLS OF ESSENTIAL AUXILIARY SUPPORTING SYSTEMS

(Appendix A to SRP Section 7.3 has been superseded by Appendix B to SRP
Section 7.1)

O

,

|
1

0
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SECTION 7.4 SAFE SHUTDOWN SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Instrumentation and Control Systems Branch (ICSB)

Secondary - None
|

I. AREAS OF REVIEW

The areas reviewed in this section of the applicant's safety analysis report
(SAR) include those instrumentation and control systems associated with systems
used to achieve and maintain a safe shutdown condition of the plant. To the
extent that the engineered safety feature (ESF) systems are used to achieve and
maintain safe shutdown, the review of these systems in this section is limited to
those features which are unique to safe shutdown and not directly related to
accident mitigation. Such features may involve individual component control for
safe shutdown versus sytem level actuation for accident mitigation or system
operating modes which involve considerations which differ for safe shutdown andc s

(/) accident mitigation. This SRP section also addresses the review of those systems
v. required for safe shutdown which are not classified as ESF systru. The specific

arrangement of these systems depends on the type of plant (pressuiized water
reactor, PWR; boiling water reactor, BWR; etc.) as well as on individual plant
design features, and the conditions under which the safe shutdown has to be
achieved and maintained. The functional performance requirements of safe shut-
down systems and essential auxiliary supporting systems are reviewed by other
branches in accordance with the SRP sections which address these systems.

There are two kinds of shutdown conditions: hot shutdown and cold shutdown. In
either case, it is necessary that reactivity control systems maintain a sub-
critical condition of the core and that residual heat removal systems operate to
maintain adequate cooling of the core. For a precise definition of both shutdown

| conditions for a specific plant, see Chapter 16, " Technical Specifications," in
the applicant's safety analysis report (SAR). Section 7.5 includes the
information systems important to safety that provide information which is used
for the manual control of systems required foi safe shutdown.

Rev. 2 - July 1981
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The objective of the review are to confirm that the safe shutdown systems
satisfy the requirements of the acceptance criteria and guidelines applicable
to safety systems and will perform their safety functions during all plant
conditions for which they are required.

The review performed for a construction permit application may be based on pre-
liminary designs and the depth of information need only be sufficient to provide
reasonable assurance that the final design will conform to the design bases and
applicable criteria with an adequate margin for safety. The review performed for
an operating license (OL) application is based upon detailed design information
that confirms that the final design conforms to the design bases and applicable
criteria. The depth of the review for an OL application should be sufficient to
conclude that the requirements of the Commission regulations have been satisfied.
The depth of the review for the balance of the criteria should be sufficient to

conclude that the systems conform with the guidelines to the extent to support
the findings of conformance to the regulations.

The review includes the process to sensor coupling, sensors, initiating circuitry,
logic bypasses, interlocks, redundancy features, and actuated devices of those
systems which provide the necessary instrumentation and control functions to
achieve and maintain safe shutdown.

Typical systems required for safe shutdown are: '

Auxiliary Feedwater Systems
Residual Heat Removal Systems
Boric Acid Transfer Systems

Typical essential auxiliary supporting (EAS) systems are:

Electric Power Systems
Diesel Generator Fuel Storage and Transfer Systems
Instrument Air Systems
Heating, Ventilation, and Air Conditioning (HVAC) Systems for Areas

Containing Systems Required for Safe Shutdown
Essential Service Water and Component Cooling Water Systems

The scope of the ICSB review of Section 7.4 of an SAR includes:

1. The descriptive information, functional control diagrams, piping and
instrument diagrams (CP), and electrical schematics (OL) pertaining to
safe shutdown systems.

2. The acceptance criteria, guidelines, and design bases for the design of the
systems required for safe shutdown (CP).

3. The applicant's analysis of conformance to the acceptance criteria,
guidelines, and design bases for the systems required for safe shutdown
(0L).

In addition, the ICSB will coordinate with branches that interface with the
overall review of systems required for safe shutdown including the following:

The Power Systems Branch (PSB) evaluates the redundancy of power sources,
the criteria for physical separation of redundant electrical equipment,
cabling, and cable trays; criteria for providing control and motive power
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to these systems and the provisions for sharing electrical systems between
unit plants as part of its primary review responsibility for SRP Section 8.2,
8.3.1, and 8.3.2.

The Chemical Engineering Branch (CMEB) evaluates the conformance to the
fire protection requirements with respect to remote shutdown capability
as part of its primary review responsibility for SRP Section 9.5.1.

The Auxiliary Systems Branch (ASB) evaluates the adequacy of those
auxiliary systems required for the proper operation of the systems
required for safe shutdown as part of its primary review responsibility
for SRP Chapters 9 and 10. These systems include compressed air, cooling
water, boration, lighting, communications, heating, air conditioning,
etc. The ASB review confirms the physical arrangement of components and
structures related to the systems required for safe shutdown and their
supporting systems, and determine that single events will not disable
redundant systems.

The Containment Systems Branch (CSB) reviews the containment ventilation
and atmosphere control systems provided to maintain required environmental
conditions for electrical and instrumentation equipment associated with |

the systems for safe shutdown and located inside containment as part of
its primary review responsibility for SRP Chapter 6.0.

The Equipment Qualifications Branch (EQB) reviews the seismic and
environmental qualification of instrumentation and electrical systems as
part of its primary review responsibility for SRP Sections 3.10 and 3.11.
This includes the design criteria and testing methods and procedures

(Vn)
employed in the seismic design and installation of Category I

,

instrumentation and electrical equipment.,

The Reactor Systems Branch (RSS) reviews the systems identified as
reouired for safe shutdown, and confirms that the configuration and
design bases of these systems are acceptable, and that all design para-
meters such as temperature, pressure, flow rate, and reactivity can be
controlled within acceptable limits as part of its primary review
responsibility for these systems in SRP Chapters 5 and 6.

The Human Factors Evaluation Branch (HFEB) evaluates the adequacy of the
,

arrangement and location of instrumentation and controls required fori

safe shutdown, for situations where shutdown is to be accomplished from!

locations outside of the main control room as part of its primary review'

responsibility for SRP Chapter 18.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the'

referenced SRP section of the corresponding primary branch.

! II. ACCEPTANCE CRITERIA

| The acceptance criteria and guidelines applicable to the systems required for ,
safe shutdown are identified in SRP Section 7.1. The review of Section 7.1 of
the SAR confirms that the appropriate acceptance criteria and guidelines have

g been identified as applicable for these systems. The review of the systems-

required for safe shutdown in this section of the SAR confirms that these4
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systems conform to the requirements of the acceptance criteria and guidelines.
The branch technical positions are used when a particular design problem and
an acceptable solution have been identified.

Acceptance criteria for the review areas of this SRP section are:

1. General Design Criterion 2, " Design Bases for Protection Against Natural
Phenomena."

2. General Design Criterion 4, " Environmental and Missile Design Bases."

3. General Design Criterion 13, " Instrumentation and Control."

4. General Design Critorion 19, " Control Room."

In addition to the acceptance criteria indicated above, the instrumentation
and control systems are reviewed for conformance to the following acceptance
criteria, applicable to systems required for safe shutdown, with regards to
operability from onsite and offsite electrical power and with regards to
single failure assumptions:

1. General Design Criterion 34, " Residual Heat Removal."

2. General Design Criterion 35, " Emergency Core Cooling."

3. General Design Criterion 38, " Containment Heat Removal."

Regulatory Guides, Branch Technical Position and industry standards that
provide information, recommendations and guidance and in general describe a
basis acceptable to the staff that may be used to implement the requirements
of the Commission regulations identified above are given in SRP Section 7.1,
Table 7-1 (Ref. 1) and SRP Appendix 7-A (Ref. 2).

III. REVIEW PROCEDURES

This subsection describes the general procedures to be followed in reviewing
~

the systems required for safe shutdown. The bases for the evaluation of
ccnformance to the requirements of the acceptance criteria and guidelines may
be based upon referenced approved designs or a specific design review of the
system as documented in the SAR. The category of referenced approved designs
include topical renorts, standard design approvals, and designs of systems
which are identical to plants which have been reviewed and approved by the
Staff. If any aspect of a design is not identical to that which is referenced,
an evaluation must be made to address the adequacy of the differences and the
conclusions included in the safety evaluation report.

Background information of interest in the review of the systems required for
safe shutdown is found in a number of SAR sections. A list of these is given

in SRP Section 7.3 for reference purposes. Most of these reference sections also
provide background information for other SRP sections in Chapter 7. Reference
to these sections of the SAR given in SRP Section 7.3 is made to gain an under-
standing of the purpose of ths cystems and an understanding of how the systems
are designed and how they func nn. The main objective of the review of
systems required for safe shutdown is to confirm that the design of these
systems conform to the regt :, ements of the acceptance criteria.
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Review guidance for conformance to the GC2 are provided in Appendix A of SRP
m Sectior, 7.1 (Ref. 3). The review guidance includes referen:es to the guide-

'

lines it' regulatory guides and industry codes and standards where applicable.
An audi; review of the safe shutdown systems should be made to confirm that
the systems conform to the guidelines to support the conclusions of
conformance to the regulations.

The review confirms that the systems required for safe shutdown include the
required redundancy; meet the single failure criterion; provide the required
capacity and reliability to perform intended safety functions on demand;
provice the capability to function during and after design basis events such
as earthquakes and anticipated operational occurrences; provide the capability
to operate with onsite electric power available (assuming offsite power is not
available) and with offsite electric power available (assuming onsite power is
not available); and provide the capability to be tested during reactor operation.

A major portion of the systems required for safe shutdown are also used as
engineered safety features systems, as discussed in SRP Section 7.3. Therefore,
the review under this SRP section includes those aspects of ESF systems which
are unique to safe shutdown in addition to those systems required for safe shut-
down which are not classified as ESF systems. The review is coordinated with
RSB and ASB to confirm the acceptability of the redundancy and independence of
systems required for safe shutdown.

The descriptive information, including the electrical one-line diagrams aid
P& ids (CP and OL) and electrical schematics (OL), should be reviewed to verify
that the necessary redundancy is provided. This should include instrumentation
channels used to sense vital parameters such as temperatura, pre,sure, water

Q level, etc.; the associated logic and actuated devices; and the motive and
control power sources.

Conformance with the single failure criterion is verified by review of the
same information as for redundancy. The guidance provided by IEEE Std 379 and
Regulatory Gu: 'e (RG) 1.53 should be used for ascertaining that a given design
is single failure proof. A particularly important but subtle point to check is
one cited in position 4 of RG 1.53, wherein a single d-c source supplies control
power for one channel of system logic and for the redundant actuator circuit.

Certain areas of review need close coordination between review branches in
order to make a determination that a specific aspect of the design meets the
applicable criteria. Seismic qualification of Class 1E equipment, flood
protection of safety-related systems and components, and effects of high
energy fluid line breaks inside containment or near safety-related equipment
are the major areas for which branch coordination is essential in evaluating
the acceptability of a given design feature.

RG 1.75 provides guidance for satisfying the acceptance criteria with respect
to the identification of power and signal cables, cable trays, and instrument
panels related to systems required for safe shutdown. The criteria for identi-
fication and separation of redundant systems discussed in RG 1.75 are pre-
sented in sufficient detail to make their application self-explanatory.

RGs 1.22, 1.47, and 1.68 provide the requirements that the design of systemss
required for safe shutdown should meet with regard to preoperational andi

h periodic inservice testing. The primary review responsibility for the pre-
operational testing is with the PTRB. Periodic testing and downtime
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restrictions are specified in the technical specifications. The review
procedures for technical specifications are covered in SRP Chapter 16.0.

An important area to be reviewed is the remote or local control stations that
are required by GDC 19 for the safe shutdown of the plant in case the main
control room becomes uninhabitable. Plant designs should p.' ovide for control

stations in locations removed from the main control room that may be used for
manual control and alignment operations needed to achieve and maintain a hot
shutdown and subsequently to be abie to achieve a cold shutdown. Equipment
required for safe shutdown should be operable from local control panels.
Access to these local control panels should be under strict administrative
controls. Communications between the local control panels / stations should be
provided. The design of these control stations should provide appropriate
readouts so that the operator can monitor the status of .he shutdown. Typical
readouts are steam generator level, steam generator pressure, pressurizer
pressure, pressurizer level, reactor coolant temperature, and auxiliary feed-
water flow.

The remote control stations and the equipment used to maintain safe shutdown
should be designed to accommodate a single failure.* Equipment located at
these stations which is required for safe shutdown should be cap 3ble of operat-
ing independently (without interaction) of the equipment in the main control
room. The design should be such that a single failure will not prevent the
capability for affecting safe shutdown from the remote control stations. The
remote control stations should be capable of accommodating expected plant
respense following a reactor trip including protective system actions which
coulu occur as a result of plant cooldown. The remote control station equip-
ment should be designed to the same standards as the corresponding equipment
in the main control room. Control transfer devices should be located remote
from the main control room and their use should initiate an alarm in the
control room.

Ar important part of the review is the engineering drawing review at the
OL stage. The drawing review should confirm that the design and layout meet
the applicable criteria listed under subsection II. An applicant may choose
to take exceptiors to some of the guidelines in the branch technical positions,

A

Shutdown remote from the control room is not an event analyzed in the accident
analysis in Chapter 15 of the SAR. Specific scenarios have not been speci-
fied upon which the adequacy of shutdowr, capability remote from the control
room is evaluated. However, smoke due to a fire in the control room has long
been recognized as the type of event which could force the evacuation of the
control room and result in a need to effect safe shutdown remote from the
control room. Branch Technical Position CMEB 9.5-1 to SRP Section 9.5.1
establishes the bases for safe shutdown with respect to fire protection.
Specifically fire damage limits as they impact on safe shutdown have been
established therein. These limits do not require consideration of an
additional random single failure in the evaluation of the capability to safely
shutdown as a consequence to fires. The evaluation of conformance to the BTP
is addressed in SRP Section 9.5.1. Therefore, the application of the single
failure criterion to remote shutdown is only applicable for other events which
could cause the control room to be uninhabitable. These events would not
result in consequential damage or unavailability of systems required for safe
shutdown.
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regulatory guides, IEEE standards and propose alternate ways of meeting the
General Design Criteria require.ments (which are mandatory). Any exceptions to

p the criteria are evaluated on an individual case basis. Exceptions are judged
t on the basis of the proposed design providing an equivalent level of safety

,

and conservatism.

A site visit should be performed before the evaluation findings are writte. Mr
an OL. A site visit should include an audit verification that the design and
layout criteria reviewed during the drawing review are implemented. An outline
of topics for a site visit is provided in Appendix 7-B (Ref. 4) to SRP Chapter 7.

In certain instances, it will be the reviewer's judgment that for a specific
case under review, emphasis should be placed on specific aspects of the design,
while other aspects of the design need not receive the same emphasis and
in-depth review. Typical reasons for such a nonuniform placement of emphasis
are the introduction of new design features or the utilization in the design
of design features previously reviewed and found acceptable. However, in all
cases, the review must be sufficient to conclude conformance to the acceptance
criteria, i.e., the requirements of the Commission's regulations.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been submitted and the
review supports conclusions of the follwing type, to be included in the
staff's safety evaluation report:

The review of systems required for safe shutdown included the processor
to sensor coupling sensors, initiating circuitry, logic elements, inter-

(j-) locks, redundancy features, and actuated devices, and that provide the
instrumentation and control functions that prevent the reactor from
returning to criticality and provide means for adequate residual heat
removal from the core, containment, and other vital components and
systems.

The staff concludes that the systems required for safe shutdown are
acceptable and meet the relevant requirements of General Design
Criteria 2, 4, 13, 19, 34, 35, and 38. This conclusion is basad on
the following:

We have conducted an audit review of these systems or conformance to
guidelines of the regulatory guides and industry codes and standards
applicable to these systems. In Section 7.1 of this SER we concluded
that the applicant had adequately identified the guidelines applicable to
these systems. Based upon our audit review of the system design for
conformance to the guidelines we find that there is reasonable assurance
that systems conform fully to the guidelines appliciale to these systems.

Our review has included the identification of those systems and components
required for safe shutdown which are designed to survive the effects of
earthquakes, other natural phenomena, abnormal environments and missiles.
Based upon our review we conclude that the applicant has identified those
systems and components consistent with the design bases for those systems.
Sections 3.10 and 3.11 of this SER address the qualification programs to
demonstrate the capability of these systems and components to survive
these events. Therefore we find that the identification of these systems
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and components satisfies this aspect of the General Design Criterion
(GDC) 2 and GDC 4.

Based on our review we conclude that instrumentation and controls have
been provided to maintain variables and systems which can affect the
fission process, the integrity of the reactor core, the reactor coolant
pressure boundary, and the containment and its associated systems within
prescribed operating ranges during plant shutdown. Therefore, we find
that the systems required for safe shutdown satisfy the requirements of
GDC 13.

Instrumentation and Controls have been provided within the control room
to allow actions to be taken to maintain the nuclear power unit in a safe
condition during shutdown including a shutdown following an accident.
Equipment at appropriate locations outside the control room have been
provided (1) with a design capability for prompt hot shutdown of the
reactor, including necessary instrumentation and controls to maintain the
unit in a safe condition during hot shutdown, and (2) with a potential
capability for subsequent cold shutdown of the reactor through the use of
suitable procedures. Therefore, we conclude that the systems required
for safe shutdown satisfy the requirements of GDC 19.

Our review of the instrumentation and controls required for safe shutdown
has examined the dependence of these systems on the availability of
essential auxiliary supports (EAS) systems. Based on our review and
coordination with those having primary review responsibility for the EAF
system, we conclude that the design of EAS systems are compatible with
the functional performance requirements of these systems. Therefore, we
find the interfaces between the design of safe shutdown systems and the
design of EAS systems to be acceptable.

Our review of the instrumentation and control systems required for safe
shutdown included conformance to the requirements for testability, oper-
ability with onsite and offsite electrical power, and single failures
consistent with the General Design Criteria applicable to safe shutdown
cystems. We ccnclude that these systems are testable, and are operable

either onsite or offsite electrical power, and that the controls
associated with redundant safe shutdown systems are independent and
satisfy the requirements of the single failure criterion and therefore
meet the relevant requirements of GDC 34, 35, and 38.

The conclusions noted above for the systems required for safe shutdown
are applicable to all portions of the system except for the following for
which acceptance is based upon prior Commission review and approval as
noted. (List applicable systems or topics and identify references)

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.
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Implementation schedules for conforr.ance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. Standard Review Plan Section 7.1, Table 7-1, " Acceptance Criteria and Guide-
lines for Instrumentation and Control Systems Important to Safety."

>

2. Standard Review Plan Appendix 7-A, " Branch Technical Positions (ICSB)."

3. Standard Review Plan Section 7.1, Appendix A, " Acceptance Criteria and
Guidelines for Instrumentation and Control Systems Important to Safety."

4. Standard Review Plan Appendix 7-B, " General Agenda, Station Site Visits."

O
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SECTION 7.5 INFORMATION SYSTEMS IMPORTANT TO SAFETY

REVIEW RESPONSIBILITIES

Primary - Instrumentation and Control Systems Branch (ICSB)

Secondary - None
|

I. AREAS OF REVIEW

The areas reviewed in ti.is section of the applicant's safety analysis report
(SAR) include those which provide information for manually initiated and manually
controlled safety functions, to indicate that plant safety functions are being
accomplished, and to provide information from which appropriate actions can be
taken to mitigate the consequences of anticipated operational occurrences and
accidents. During normal operation these systems provide information on the
bypassed or inoperable status of safety systems. The safety parameter display
system, information systems associated with the emergency response facilities and
nuclear data link are included in the review. Radiation monitoring systems, fire

f N detection systems, and the information systems for environs conditions during and
(v)following an accident are addressed in the review of other sections of the SAR.

The objectives of the review are to confirm that the information systems important
to safety satisfy the requirements of the acceptance criteria and guidelines
applicable to these systems and that they will provide the information to assure
plant safety during all plant conditions for which they are required. The review
verifies that all functional performance requirements of the information systems
important to safety satisfy the design bases for safety system functions
consistent with the safety analysis described in Chapter 15 of the SAR.

The review performed for a construction permit application may be based on
preliminary designs and Ge depth of information need only be sufficient to
provide reasonable assurance that the final design will conform to the design
bases and applicable criteria with an adeat' ate margin for safety. The review
performed for an operating license (0L) application is based upon detailed design
information that confirms that the final design conforms to the design bases and
applicable criteria. The dep'.. of the review for an OL application should be
sufficient to conclude tiiat the requirements of the Commission regulations have
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been satisfied. The depth of the review for the balance of the criteria
should be sufficient to conclude that the systems conform with the guidelines
to the extent required to support the findings of conformance to the regulations.

In addition, ICSB will coordinate with other branches that interface with the
overall review of the information systems important to safety, including the
following:

The Equipment Qualification Branch (EQB) assures that the instrumentation
which requires seismic and/or environmental qualifications is included in
the qualification programs as part of its primary review responsibility
for SRP Sections 3.10 and 3.11.

The Human Factors Evaluation Branch (HFEB) confirms the adequacy of human
factors engineering of the control room and emergency response facilities
as part of its primary review responsibility for SRP Chapter 18.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The acceptance criteria and guidelines applicable to the information systems
important to safety are identified in SRP Section 7.1. The review of
Section 7.1 of the SAR confirms that the appropriate acceptance criteria and
guidelines have been identified as applicable for these systems. The review
of the information systems importut to safety in this section of the SAR
confirms that these systems conform to the requirements of the acceptance
criteria and guidelines. The branch technical positions are used when a
particular design problem and an acceptable solution have been identified.

The acceptance criteria applicable to the the information systems important to
safety are:

1. General Design Criterion 2, " Design Basis for Protection Against Natural
Phenomena." .

2. General Design Criterion 4, " Environmental and Missile Design Basis."

General Design Criteria 2 and 4 are applicable to variables which are
classifieJ as Category 1 and 2 in Regulatory Guide 1.97.

3. General Design Criterion 13, " Instrumentation and Control."

4. General Design Criterion 19, " Control Rcom."

Regulatory Guides, Branch Technical Positions and industry standards that
provide information, recommendations and guidance and in general describe a
basis acceptable to the staff that may be used to implement the requirements
of the Commission regulations identified above are given in SRP Section 7.1,
Table 7-1 (Ref. 1) and SRP Appendix 7-A (Ref. 2). In addition, Task Action

Plan items are also implemented to meet the regulations as identified in SRP
Section 7.1, Table 7-2 (Ref. 3).
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III. REVIEW PROCEDURES

m This subsection describes the general procedures to be followed in reviewing
the information systems important to safety. The bases for the evalua! fon of
conformance to the requirements of the acceptance criteria and guidelines may
be based upon referenced approved designs. The category of referenced approved
designs include topical reports, standard design approvals, and designs of
systems which have been previously reviewed and approved by the Commission.
If any aspect of a design is not identical to that which is referenced, an
evaluation must be made to address the adequacy of the differences and the
conclusions included in the safety evaluation report.

Reviev guidance for conformance to the GDC are provided in Appendix A of SRP
Section 7.1 (Ref. 4). The review guidance includes references to the guide-
lines in regulatory guides and industry codes and standards where applicable.
An audit review of the information systems important to safety should be made
to confirm that the systems conform to the guidelines to support the conclusions
of conformance to the regulations.

The information systams important to safety are reviewed as follows:

1. The information systems important to safety are reviewed to confirm that
they conform to the requirements of the GDC identified in the acceptance

; criteria in subsection II of this SRP section.

2. The guidelines for the instrumentation to assess plant conditions during
and following an accident are provided in Regulatory Guide (RG) 1.97.
The review should confirm that the information systems important to

p safety are designed and implemented in accordance to the guidelines of
RG 1.97. The information systems should cover appropriate variables,
consistent with the assumptions for accident analyses and with the
information needs of the operators in transient and accident conditions.

3. The guidelines for the instrumentation for bypassed and inoperable status
indication for safety systems are provided in RG 1.47. The review should
confirm that the information systems important to safety are designed and
implemented in accordance to the guidelines of RG 1.47.

'

4. The guidelines for the physical independence of electrical systems are
provided in RG 1.75. The review should confirm that the variables which
are classified as Category I in RG 1.97 are designed and implemented in
accordance to the guidelines of RG 1.75.

5. The guidelines for instrument spans and set points are provided in
RG 1.105. The review should confirm that the information systems
important to safety are designed and implemented in accordance to the
guidelines of RG 1.105. The accuracy and range of indicating instru-
mentation should be consistent with the assumptions of the accident
analyses. Any exceptions to these requirements will be referred to the
appropriate branch for resolution on an individual case basis.

6. The safety parameter display system (SPDS), the information systems
associated with these emergency response facilities, and nuclear data
link are reviewed to confirm that they conform to the guidelines in.\1

_
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NUREG-0696, " Functional Criteria for Emergency Response Facilities"
(Ref. 5).

An important part of the review is the engineering drawing review at the OL
stage. The drawir.g review should confirm that the design and layout meet the
applicable criteria listed under r bsection II.

A site visit should be performed before the evaluation findings are written for
an OL. The site visit should include an audit verification that the design and
layout criteria reviewed during the drawing review are implemented. An outline
of topics for a site visit is provided in Appendix 7-B (Ref. 6) to SRP Chapter 7.

In certain instances, it will be the reviewer's judgment that for a specific
case under review, emphasis should be placed on specific aspects of the design,
while other aspects of the design need not receive the same emphasis and
indepth review. Typical reasons for such a nonuniform placement of emphasis
are the introduction of new % sign features or the utilization in the desi ub
of design features previous!y reviewed and found acceptable. However, in all
cases, the review must be sufficient to conclude con *armance to the acceptance
criteria, i.e., the requirements of the Commission's regulations.

IV. EVALUAT'_JN FINDINGS

The reviewer confirms that sufficient information has been provided and the
review supports conclusions of the fo! lowing type, to be included in the
staff's safety evaluation report:

The information systems important to safety provide the operator with
information on the status of the plant to allow manual safety actions
to be performed when necessary. The scope of review included tables
of system variables and component states to be indicated, functional
control diagrams (CP and OL), electrical and physical layout drawings
(OL), and descriptive information. The review has included the a,oli-n

cable acceptance criteria and guidelines and design bases, including
that for indicati,n of bypassed or inoperable safety-related systems.
The review has also included the applicant's analyses of the manner in
which the design of information systems conforms to the acceptance
criteria and guidelines which are applicable to these systems as noted
in the staff's Standard Review Plan.

The staff concludes that the information systems important to safety
are acceptable and meet the requirements of General Design Criteria 2,
4, 13 and 19. This conclusion is based on the uilowing:

We have conducted an audit review of these systems for conformance to
guidelines of the regulatory guides and industry codes and standards
applicable to these systems. In Section 7.1 of this SER we concluded
that the applicant had adequately identified the guidelines applicable
to these systems. Based upon our audit review of the system design
for conformance to the guidelines we find that there is reasonable
assurance that systems conform fully to the guidelines applicable to
these systems.

Our review has included the identification of thost. systems and
components for the information systems which are designed to survive
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i

! the effects of earthquakes, other natural phenomena, abnormal environ-
ments, and missiles. Based upon our review we conclude that the

i applicant has identified those systems and components consistent with
V the design basis for those systems. Sections 3.10 and 3.11 of this

SER address the qualification programs to demonstrate the capability
of these systems and components to survive these events. Therefore
we find that the identification of these systems and components
satisfies this aspect of GDC 2 and GDC 4.

The information systems important to safety conform to the guidelines
for the instrumentation to access plant conditions during and follow-
ing an accident provided in ANSI /ANS-4.5-1980, " Criteria for Accident
Monitoring Functions in Light-Water-Cooled Reactors" as supplemented
by Regulatory Guide (RG) 1.97. The redundant information systems
conform to the guidelines for the physical independence of electrical
systems provided in RG 1.75. The instrument spans and set points
conform to the guidelines of Regulatory Guide 1.105. The safety
parameter display system, the information systems associated with
the emergency response facilities and the nuclear data link conform
to the guidelines in NUREG-0696, " Functional Criteria for Emergency
Response Facilities."

Wu conclude that the information systems important to safety include
appropriate variaoles and that their range and accuracy are consistent
with the plant safety analysis. Therefore, we find that the informa-
tion systems satisfy the requirements of GDC 13 for monitoring vari-
ables and systems over their anticipated ranges for normal operation,4

! for anticipated operational occurrences, and for accident conditions.
,

Further, we find that conformance to GDC 13 and the applicable guide-
lines satisfies the requirements of GDC 19 with respect to information-

systems provided in the control room from which actions can be taken
to operate the unit safety under normal conditions and to maintain it
in a safe condition under accident conditions.

The applicant has also incorporated into the system design the recom-
mendation of Task Action Plan items [ identify item number and how
implemented] which we have reviewed and found acceptable.

:

i The conclusions noted above for the information systems important to
safety are applicable to all portions of the system except for thei

following for which acceptance is based upon prior commission review
and approval as noted: [ List applicable sys;em or topics and identify
references]

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

| Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.
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Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs. *

VI. REFERENCES

1. Standard Review Plan Section 7.1, Table 7-1, " Acceptance Criteria for
Instrumentation and Control Systems Important to Safety."

2. Standard Review Plan Appendix 7-A, " Branch Technical Positions (ICSB)."

3. Standard Review Plan Section 7.1, Table 7-2, "TMI Action Plan
Requirements for Instrumentation and Cont ol Systems Important to
Safety."

4. Standard Review Plan Section 7.1, Appendix A, " Acceptance Criteria and
Guidelines for Instrumentation and Control Systems Important to Safety."

5. NUREG-0696, " Functional Criteria for Emergency Response Facilities."

6. Standard Review Plan Appendix 7-B, " General Agenda, Station Site Visits."

O

O
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7.6 INTERLOCK SYSTEMS IMPORTANT TO SAFETY

REVIEW RESPONSIBILITIES

Primary - Instrumentation and Control Systems Branch (ICSB)

Secondary - None

I. AREAS OF REVIEW

The ar;as reviewed in this section of the applicant's safety analysis report
(SAR' include those interlock systems important to safety which operate to reduce
the probability of occurrence of specific events or to maintain safety systems in
a state to assure their availability in an accident. These systems include
interlock systems to prevent overpressurization of low pressure systems (e.g.,
RHR) when these systems are connected to high pressure systems (e.g. , primary
coolant), interlocks to prevent overpressure of the primary coolant system during
low temperature operation of the reactor vessel, valve interlocks to assure the

p) availability of ECCS accumulators, interlocks to isolate safety systems from
non-safety systems (e.g. seismic and non-seismic portions of auxiliary support-(

/ ing systems), and interlocks to prer.lude inadvertent interties between redundant
or diverse safety systems where such interties exist for the purposes of testing
or maintenance.

The ojectives of the review are to confirm that design considerations such as
redundancy, independence, single failures, qualification, bypasses, status indi-
cation, and testing are consistent with the design bases of these systems and
commensurate with the importance of the safety functions to be performed.

The review performed for a construction permit application may be based on
preliminary designs and the denth of information need only be sufficient to
provide reass.'nable assurance that the final design will conform to the design
bases and applicable criteria with an adequate margin for safety. The review
performed for an operating license (OL) application is based upon detailed design
information that confirms that the final design conforms to the design bases and
applicable critt -ia. The depth of the review for an OL application should be
sufficient to conclude that the !equirements of the Commission regulations have
been satisfied. The depth of the review for the balance of the criteria should
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be sufficient to conclude that the systems conform with the guidelines to the
extent necessary to support the findings of conformance to the regulations.

This review is coordinated with primary review branches which have
responsibility for the systems which interface with the interlock systems
important to safety.

II. ACCEPTANCE CRITERIA

The acceptance criteria and guidelines applicable to interlock systems are
identified in SRP Section /.1. The review of Section 7.1 of the SAR confirms
that the appropriate acceptance criteria and guidelines have been identified
as applicable for these systems. The review in this section of the SAR con-
firms that these systems conform to the requirements of the acceptance
criteria and guidelines. The Branch Technical Positions are used when a
particular design problem and an acceptable solution have been identified.

The acceptance criteria applicable for the review of interlock systems are:

1. General Design Criterion 13, "Instrume .ation and Control."

2. General Design Criterion 19, " Control Room."

In addition to the acceptance criteria indicated above, the interlock systems
important to safety are reviewed for conformance to the following acceptance
criteria, where applicable, with regards to performance requirements
commensurate with the importance of the safety function to be performed.

1. General Desiga Criterion 2, " Design Bases for Protaction Against Natural
Phenomena."

2. General Design Criterion 4, " Environmental and Missile Design Bases."

The following acceptance criteria are applicable to safety systems with which
interlock systems may have an interface. These criteria are used as guidance,
where applicable, in establishing the importance to safety for functions
performed by interlock systems:

1. General Design Criterion 10, " Reactor Design."

2. General Design Criterion 15," Reactor Coolant System Design."

3. General Design Criterion 16, " Containment Design."

4. General Design Criterion 28, " Reactivity Limits."

5. General Design Criterion 33, " Reactor Coolant Makeup."

6. General Design Criterion 34, " Residual Heat Removal."

7. General Design Criterion 35, " Emergency Core Cooling."

8. General Design Criterion 38, " Containment Heat Removal."

9. General Design Criterion 41, " Containment Atmosphere Cleanup."

10. General Design Criterion 44, " Cooling Water."
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Regulatory Guides, Branch Technical Positions and industry standards that
provide information, recommt-ndations and guidance and in general describes a
basis acceptable to the staff that may be used to implement the requirements
of the Commission regulations identified above are given in SRP Section 7.1,
Table 7-1 (Ref. 1) and SRP Aopendix 7-A (Ref. 2). In addition, Task Action
Plan items as identified in SRP Section 7.1, Table 7-2 (Ref. 3) are also
implemented to meet the above regulations.

III. REVIEW PROCEDURES

This subsection describes the general procedures to be followed in reviewing
the interlock systems important to safety. The bases for the evaluation of
conformance to the requirements of the acceptance criteria and guidelines may
be based upon referenced approved designs. The category of referenced
approved designs include topical reports, standard design approvals, and
designs of systems which have been previou:;1y reviewed and approved by the
Staff. If any aspect of a design is not identical to that which is refer-
enced, an evaluation must be made to address the adequacy of the differences
and the conclusions included in the safety evaluation report.

Review guidance for conformance to the GDC are provided in Appendix A of
Section 7.1 (Ref. 4). The review guidance includes references to the guide-
lines in regulatory guides and industry codes and standards where applicable.
An audit review of the interlock systems should be made to confirm that the
systems conform to the guidelines to the extent necessary to support the
conclusions of conformance to the regulations.

The interlock systems important to safety are reviewed as follows:

1. The interlocks to prevent overpressurization of low pressure systems are
reviewed. Guidance for the review of this area is provided in BTP ICSB 3,
" Isolation of Low Pressure Systems from the High Pressure Reactor Coolant

'

System."

2. The interlocks to prevent overpressure of the primary coolant system
during low temperature operations of this vessel are reviewed. Guida.'ce
for the review of thir area is provided in BTP RSB 5-2.

3. The interlocks for ECCS accumulator valves are reviewed. Guidance for
the review of this area is provided in BTP ICSB 4, " Requirements of Motor
Operated Valves in the ECCS Accumulator Lines."

| 4. Any interlocks required to isolate safety systems from non-safety syscems
g

[ and any interlock required to preclude inadvertent interties between j
redundant or diverse safety systems are addressed on an individual case'

basis.

For those interlock systems for which the staff has taken the position that
they should conform to the requirements of IEEE-279, review guidance is
provided in Appendix B of SRP Section 7.1 (Ref. 5) for evaluating conformance.

i

| The design basis for all interlock systems important to safety are reviewed to
confirm the adequacy of the system design consistent with the importance to

i % safety of the functions performed. Design considerations such as redundancy,
independence, single failures, qualification, bypasses, status indication, and'

- testing should be considered. To the extent applicable, the guidelines used
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to demonstrate conformance to the acceptance criteria for safety systems may
be used as a guide to address the adequacy of the design features for
interlock systems important to safety.

An important part of the review is the engineering drawing review at the OL
stage. The drawing review should confirm that the design and layout meet the
applicable criteria listed under subsection II.

A site visit should be performed before the evaluation findings are written for
an OL. The site visit should include an audit verification that the design and
layout criteria reviewed during the drawing review are implemented. An outline
of topics for a site visit is provided in Appendix 7-B (Ref. 6) to SRP Chapter 7.

In certain instances, it will be the reviewer's judgment that for a specific
case under review, emphasis should be placed on specific aspects of the design,
while other aspects of the design need not receive the same emphasis and
indepth review. Typical reasons for such a nonuniform placement of emphasis
are the introduction of new design features or the utilization in the design
of design features previously reviewed and found acceptable. However, in all
cases, the review must be sufficient to conclude conformance to the acceptance
criteria, i.e., the requirements of the Commission's regulations.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and the
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The staff concludes that the design of the interlock systems impor-
tant to safety are acceptable and meet the relevant requirements of
General Design Criteria 2 and 4. This conclusion is based on the
following:

The review of the interlock systems important to safety included the
interlocks to prevent overpressurization of low pressure systems when
connected to the primary coolant system. The staff position with
regards to this interlock system is set forth in Branch Technical
Position ICSB-3, " Isolation of Low Pressure Systems from the High
Pressure Reactor Coolant System." Based on our review, we conclude
that the design of this system satifies the staff's guidelines.

Our review included the interlock provided to prevent overpressur-
ization of the primary coolant system cluring low temperature opera-
tion. The staff's position with regards to this interlock system
is set forth in Branch Technical Position RSB 5-2, "Overpre:sur-
ization Protection of Pressurized Water Reactors While Operating at
low Temperatures." Based on our review we conclude that the design
of this system satisfies the staff's guidelines.

Our review included tne interlock for the ECCS accumulator valves.
The staff's position with regards to this interlock system is set
forth in Branch Technical Position ICSB 4, " Requirements of Motor
Operated Valves in the ECCS Accumulator Lines." Based on our review
we conclude that these interlocks satisfy the staff's guidelines.
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Based on our review of the interlock systems importaht to safety,
we conclude that their design bases is consistent with the plant
safety analysis and the systems importance to safety. Further,

Q we conclude that the aspects of the design of those systems with
respect to single failures, redundancy, independence, qualification
and testatility ue adequate to assure that the functional perform-
ance requirements of these systems will be met and meet the applicable
requirements of u0C 2 and 4. The applicant has also incorporated into
the system design the recommendations of Task Action Plan item [iden-
tify item number and how implemented] which we have reviewed and found
acceptable.

The conclusions noted above for the interlock systems important to
safety are applicable to all portions of the systems except for the
following for which acceptance is based upon prior Commission review
and approval as noted: [ List applicable system or topics and
identify references]

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
gj herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. Standard Review Plan Section 7.1, Table 7-1, " Acceptance Criteria and
Guidelines for Instrumentation and Control Systems Important to Safety."

2. Standard Review Plan Appendix 7-A, " Branch Technical Positions (ICSB)."

3. Standard Review Plan Section 7.1, Table 7-2, "TMI Action Plan
Requirements for Instrumentation and Control Systems Important to Safety."

4. Standard Review Plan Section 7.1, Appendix A, " Acceptance Criteria and
Guidelines for Instrumentation and Control Systems Important to Safety."

5. Standard Review Plan Section 7.1, Appendix B, " Guidance for Evaluation of
Conformance to IEEE Std 279."

6. Standard Review Plan Appendix 7-B, " General Agenda, Station Site Visits."

O
V
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SECTION 7.7 CONTROL SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Instrumentation and Control Systems Branch (ICSB)

Secondary - None
|

I. AREAS OF REVIEW

The areas siewed in this section of the applicant's safety analysis report
(SAR) incit_ those control systems used for normal operation that are not relied
upon to perform safety functions following anticipated operational occurrences or
accidents but which control plant processes having a significant impact on plant
safety. These control systems include the reactivity control systems; the reactor
coolant pressure, temperature, flow, and inventory controls; and the secondary
system pressure and flow controls (PWR).

These systems are reviewed to assure that they conform to the acceptance criteria,m
) and guidelines, that the controlled variables can be maintained within prescribed

( d operating ranges, and that effects of operation or failure of these systems are\

bounded by the accident analyses in Chapter 15 of the SAR. The evaluation of the
separation of protection systems and control systems is addressed in the reviews
of Sections 7.2 and 7.3 of the SAR.

The review performed for a construction permit application may be based on
preliminary designs and the depth of information need only be suf ficie'it to
provide reasonable assurance th it the final design will conform to the design
bases and applicable criteria with an adequate margin for safety. The review
performed or an operating license (0L) application is based upon detailed design
information that confirms that the final design conforms to the design bases and

i applicable criteria. The depth of the review for an OL application should be
sufficient to conclude that the requirements of the Commission regulations have
been satisfied. The depth of the review for the balance of the criteria should
be sufficient to conclude that the systems conform with the guidlines to the
extent necessary to support the findings of conformance to the regulations.

l

|
l
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In addition, ICSB will coordinate with other branches that interface with the
overall review of the control systems including the following:

The Reactor Sy4tems Branch (RSB) confirms the adequacy of control systems
with respect ti maintaining variables within operational limits and the
impact of cont'ol systems failures and actions included in the safety
analysis as p:rt of its primary review responsibility for SRP Chapters 5
and 6.

The Core Performance (CPB) confirms the adequacy of reactivity control
systems to maintain the reactor power distribution within operations and
the impact of control system failures and actions included in the safety
analysis as part of its primary review responsibility for SRP Section 4.3.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The acceptance criteria and guidelines applicable to control systems are
identified in SRP Section 7.1. The review of Section 7.1 of the SAR confirms
that the appropriate acceptance criteria and guidelines have been identified
as applicable for these systems. The review of the control systems in this
section of the SAR confirms that these systems conform to the requirements of
the acceptance criteria and guidelines. The Branch Technical Positions are
used when a particular design problem and an acceptable solution have been
identified.

The acceptance criteria applicable for the review of control systems are:

1. General Design Criterion 13, " Instrumentation and Control."

2. General Design Criterion 19, " Control Room."

If the safety analysis precludes consideration of consequential failures of
specific control system components on the basis that these components are
qualified to survive the effects of accidents, additional acceptance criteria
would be applicable to these components.

Regulatory Guides, Branch Technical Positions and industry standards that
provide information, recommendations and cuidance and in general describes a
basis acceptable to the staff that may be used to implement the requirements
of the Commission regulations identified above are given in SRP Section 7.1,
Table 7-1 (Ref. 1) and SRP Appendix 7-A (Ref. 2). In addition, Task Action
Plan items are also implemented to meet the regulations as identified in SRP
Section 7.1, Table 7-2 (Ref. 3).

III. REVIEW PROCEDURES

This subsection describes the general procedures to be followed in reviewing
control systems. The bases for the evaluation of conformance to the require-
ments of the acceptance criteria and guidelines may be based upon referenced
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approved designs. The category of referenced approved designs include topical ;

reports, standard design approvals, and designs of syst6ms which have been
previously reviewed and approved by the Staff. If any aspect of a design is'

/ji

\ not identical to that which is referenced, an evaluation must be made to'

address the adequacy of the differences and the conclusions included in the
safety evaluation report.

Review guidance for conformance to the GDC are provided in Appendix A of SRP
Section 7.1 (Reference 4). The review procedures are as follows:

1. The review should confirm that the control systems satisfy the
requirements of the acceptance criteria and the system design bases.

2. The review should confirm that the plant accident analysis in Chapter 15
of the SAR does not rely on the operability control systems to assure
safety.

3. The review should confirm that the safety analysis includes consideration
of the effects of both control systems action and inaction in assessing'

the transient response of the plant for accidents and anticipated
operational occurrences.

4. The review should confirm that the consequential effects of anticipated
operational occurrences and accidents do not lead to control systems
failures which wc d sc ult in consequences more severe than those
bounded by the analysis in Chapter 15 of the SAR.

5. The review should confirm that the failure of any control system

(mU} cause plant conditions more seiere than those bounded by the analysis of
component or any auxiliary suptorting system for control systems do not

anticipated operational occurrences in Chapter 15 of the SAR. (The
evaluation of multiple independent failures is not intended.)

In certain instances, it will be the reviewer's judgment that for a specific
case under review, emphasis should be placed on specific aspects of the design,
while other aspects of the design need not receive the same emphasis and
indepth review. Typical reasons for such a nonuniform placement of emphasis
are the introduction of new design features or the utilization in the design
of design features previously reviewed and found acceptable. However, in all

,

cases, the review must be sufficient to conclude conformance to the acceptance
criteria, i.e., the requirements of the Commission's regulations.

IV. EVALUATION FINDINGS

The reviewer confirms that sufficient information has been provided and the
review supports conclusions of the following type, to be included in the
Staff's safety evaluation report:

The control systems used for normal operation, that are not relied.

upon to perform safety functions but which control plant processes
having a significant impact on plant safety, have been reviewed.
These control systems include the reactivity control systems and
the control systems for the primary and secondary coolant (PWR)

I systems.

v
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The staff concludes that the control systems are accer. table and meet
the relevant requirements of General Design Criteria 13 and 19.
This conclusion is based on the following:

Based on our review of the plant transient response to normal loaa
changes and anticipated operational occurrences such as reactor trip,
turbine trip, upsets in the feedwater and steam bypass steams, we
conclude that the control systems are capable of maintaining system
variables within prescribed operating limits. Therefore, we find
that the control systems satisfy this aspect of GDC 13.

Our review of control systems included features of these systems for
both manual and automatic control of the process systems. We con-
clude that the features for manual and automatic control facilitate
the capability to maintain plant variables within prescribed operating
limits. We find that the control systems permit actions which can be
taken to operate the plant safely during normal operation, including
anticipated operational occurrences, and therefore the control systems
satisfy GDC 19, " Control Room" with regards to normal plant operations.

The conclusions of the analysis of anticipated operational occurrences
and accidents as presented in Chapter 15 oi the SAR have been used to
confirm that plant safety is not dependent upon the response of the
control systems. We have confirmed that failure of the systems of
themselves or as a consequence of supporting systems failures, such
as power sources, do not result in plant conditions more severe than
those bounded by the analysis of anticipated operational occurrences.

Finally, we have confirmed that the consequential effects of antici-
pated operational occurrences and accidents do not result in control
systems failures that would cause plant conditions more severe than
those bounded by the analysis of the events and we find that the
control systems are not relied upon to assure plant safety. The
applicant has also incorporated into the systems design the recom-
mendations of Task Action Plan items [ identify item number and how
implemented] which we have reviewed and found acceptable.

The conclusions noted above for the control systems are applicable to all
portions of the systems except for the following for which acceptance is based
upon prior Commission review and approval as noted: [ List applicable system

j or topics and identify references]

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this.SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

|
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VI. REFERENCES

(, ,\ 1. Standard Review Plan Section 7.1, Table 7-1, " Acceptance Criteria and
's,,/ Guidelines for Instrumentation and Control Systems Important to Safety."

2. Standard Review Pian Appendix 7-A, " Branch Technical Positions (ICSB)."

3. Standard Review Plan Section 7.1, Table 7-2, "TMI Action Plan
Requirements for Instrumentation and Control Systems Important to
Safety."

4. Standard Review Plan Section 7.1, Appendix A, " Acceptance Criteria and
Guidelines for Instrumentation and Control Systems Important to Safety."

,,-~ )
(,Ns

b
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APPENDIX 7-A BRANCH TECHNICAL POSITIONS (ICSB)

The ICSB Branch Techniccl Positions (BTPs) represent guidelines intended to
supplement the acceptance criteria established in Commission regulations and the
guidelines provided in regulatory guides and applicable IEEE standards. The BTP3 |originate in technical problems or questions of interpretation that arise in the
deteiled reviews of plant designs. The staff must make a judgment in each such
case, in order to complete its review of the particular application. Where the
same technical problem or question of interpretation arises in several cases, the
staff's judgment on the point at issue is formalized in a BTP. The BTP is primar-
ily an instruction to staff reviewers that outlines an acceptable approach to the
particular issue and e.nsures a uniform treatment of the issue by staff reviewers.
The approaches taken in the BTPs, like the recommendations of regulatory guides,
are not mandatory, but do provide defined, acceptable, and immediate solutions to
some of the technical problems and questions of interpretation that arise in the
review process. In some instances, regulatory guides may be developed from BTPs
after a sufficient experience in their use has accumulated.

All ICSB BTPs applicable to the SRP sections in Chapter 7 have been collected ing) this Appendix for convenience. Other ICSB BTPs applicable to Chapter 8 are pre-(n.- sented in SRP Appendix 8-A. When another branch or division is assigned review
responsibility for a BTP, that branch or division is identified parenthetically
as pari,of the BTP designation.

Branch Tecnnical Positions of the Instrumentation
BTP ICSB and Control Systems * Inch

1. Deleted |

3. Isolation of Low Pressure Systems from the High Pressure
Reactor Coolant System.

4. Requirements of Motor-0perated Valves in the ECCS |
Accumtlator Lines.

5. [BTP has been superseded by Standard Technical
Specifications.]

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Staridard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of

gg applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
e \ Commission's policy to inform the nuclear industry and the gennral public of regulatory procedures and policies. Standard review
( ) plans are not substitutes for regulatory guides or %e Commission's regulations and complia..ce with them is not required. The
( ./ standard review plan sections are keyed to the Sta dard Format and Content of Safety Analysis Reports for Nuclear Pcwor Plants.

Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be rev: sed periodically, as appropriate, to accommodate comments and to reflect new mforma-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission.
Office of Nuclear Reactor Regulation, Washingtnn, D.C. 20555.

._
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9. [B./ has been superseded by Standard Technical
Specifications.]

12. Protection System Trip Point Changes for Operation
~ h Reactor Coolant Pumps Out of Service.ti

13. Design Criteria for Auxiliary Feedwater Systems.

14. Spurious Withdrawals of Single Control Rods in
Pressurized Water Reactor.

16. Deleted.

19. Deleted.

20. Design of Instrumentation and Controls Provided to
Accomplish Changeover from Injection to Recirculation
Mode.

21. Guidance for Application of Regulatory Guide 1.47.

22. Guidance for Application of Regulatory Guide 1.22.

25. [BTP has been superseded by Standard Technical
Specifications.]

26. Requirements for Reactor Protection System
Anticipatory Trips.

O
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BRANCH TECHN! CAL POSITION ICSB 1 (00R)
BACKFITTING OF THE PROTECTION AND EMERGENCY POWER SYSTEMS OF NUCLEAR REACTORS

|

[BTP ICSB 1 has been deleted]

O

O
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BRANCH TECHNICAL POSITION ICSB 3
ISOLATION OF LOW PRESSURE SYSTEMS FROM THE HIGH PRESSURE REACTOR COOLANT cv5 TEM

A. BACKGROUND

During normal and emergency conditions, it is necessary to keep low pressure
systems that are connected to ti;e high pressure reactor coolant system
properly isolated in order to avoid damage by overpressurization or the
potential for loss of integrity of the low pressure system and possible
radioactive releases. The residual heat removal system used for cold shutdown
conditions when in service becomes an extension of the reactor coolant
pressure boundary. General Design Criteria 15 requires that reactor coolant
system and associated auxiliary, control and protection systems shall be
designed with sufficient margin to assure that the design conditions of the
reactor coolant pressure boundary are not exceeded during any condition of
normal operation, including anticipated operational occurrences. There have
been a number of recommendations for accomplishing this aim. Until a more
definitive guide i', published, the criteria in Part B, below, provide an
adequate and acceptable design solution for this concern.

B. BRANCH TECHNICAL POSITION

The following measures should be incorporated in designs of the interfaces
between low pressure systems and the high pressure reactor coolant system:

1. At least two valves in series should be provided to isolate any subsystem
whenever the primary system pressure is above the pressure rating of the

,subsystem.
j

2. For system interfaces where both valves are motor operated, the valves
should have independent and diverse interlocks to prevent both from
opening unless the primary system pressure is below the subsystem designpressure. Also, the valve operators should receive a signal to close

i

automatically whenever the primary system pressure exceeds the subsystemdesign pressure.

3. For those system interfaces where one check valve and one motor operated
valve are provided, the motor-operated valve should be interlocked to
prevent the valve from opening whenever the primary pressure is above the
subsystem design pressure, and to close automatically whenever the
primary system pressure exceeds the subsystem design pressure.

4. Suitable valve position indication should be 0.rovided in the control room
for the interface velves.

j
5. For those interfaces where the subsystem is required for ECCS operation,

the above recommendations need r.ot be implemented. System interfaces of
this type should be evaluated on ai individual case basis.

6.
The system should satisfy the requirements of the General Design Criteria
and Section 50.55a(h) of 10 CFR Part 50 with regards to the protection
system requirements (IEEE Std 279).

;

C. REFERENCES

None
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BRANCH TECHNICAL POSITION ICSB 1 (00R)
BACKFITTING OF THE PROTECTION AND EMERGENCY POWER SYSTEMS OF NUCLEAR REACTORS

,

[BTP ICSB 1 has been deleted]

j
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BRANCH TECHNICAL POSITION ICSB 3
ISOLATION OF LOW PRESSURE SYSTEMS FROM THE HIGH PRESSURE REACTOR COOLANT SYSTEM

A. BACKGROUND

During normal and emergency conditions, it is necessary to keep low pressure
systems that are connected to the high pressure reactor coolant system
properly isolated in order to avoid damage by overpressurization or the
potential for loss of integrity of the low pressure system and possible
radioactive releases. The residual heat removal system used for cold shutdown
conditions when in service becomes an extension of the reactor coolant
pressure boundary. General Design Criteria 15 requires that reactor coolant
system and associated auxiliary, control and protection systems shall be
designed with sufficient margin to assure that the design conditions of the
reactor coolant pressure boundary are not exceeded during any condition of
normal operation, including anticipated operational occurrences. There have
been a number of recommendations for accomplishing this aim. Until a more
definitive guide is published, the criteria in Part B, below, provide an
adequate and acceptable design solution for this concern.

B. BRANCH TECHNICAL POSITION

The following measures should be incorporated in designs of the interfaces
between low pressure systems and the high pressure reactor coolant system:

1. At least two valves in series should be provided to isolate any subsystem
whenever the primary system pressure is above the pressure rating of the
subsystem.

2. For system interfaces where both valves are motor-operated, the valves
should have independent and diverse interlocks to prevent both from
opening unless the primary system pressure is below the subsystem design
pressure. Also, the valve operators should receive a signal to close
automatically whenever the primary system pressure exceeds the subsystem
design pressure.

3. For those system interfaces where one check valve and one motor-operated
valve are provided, the motor-operated valve should be interlocked to

|, prevent the valve from opening whenever the primary pressure is above the
subsystem design pressure, and to close automatically whenever theI

primary system pressure exceeds the subsystem design pressure.

4. Suitable valve position indication should be provided in the control room
for the interface valves.

5. For those interfaces where the subsystem is required for ECCS operation,
the above recommendations need not be implemented. System interfaces of
this type should be evaluated on an individual case basis.

6. The system should satisfy the requirements of the General Design Criteria
and Section 50.55a(h) of 10 CFR Part 50 with regards to the protection
system requirements (IEEE Std 279).

C. REFERENCES

None
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BRANCH TECHNICAL POSITION ICSB 4
REQUIREMENTS OF MOTOR-0PERATED VALVES IN THE ECCS ACCUMULATOR LINES

b
A. BACKGROUND

For many postulated loss-of-coolant accidents, the performance of.the
emergency core cooling system (ECCS) in pressurized water reactor plants
depends upon proper functioning of the safety injection tanks (also referred
to as " accumulators" or " flooding tanks" in some applications). In these
plants, a motor-operated isolation valve (MOIV) and two check valves are
provided in series between each safety injection tank and the reactor coolant
(primary) system.

The M0IVs must be considered to be " operating bypasses" because, when closed,
they prevent the safety injection tanks from performing the intended protec-
tive function. IEEE Std 279 has a requirement for " operating bypasses" which-

states that the bypasses of a protective function will be removed automati-
cally whenever permissive conditions are not met. This Branch Technical
Position provides specific guidance in meeting the intent of IEEE Std 279 for
safety injection tank M0lVs.

It should be noted that BTP ICSB 18 (PSB), " Application of the Single Failure
Criterion to Manually-Controlled Electrically-Operated Valves," als; applies
to these isolation valves and should be used in conjunction with this
position.

B. BRANCH TECHNICAL POSITION

tO The following features should be incorporated in the design of M0lV systems
for safety injection tanks to meet the intent of IEEE Std 279:

1. Automatic opening of the vaWes when either primary coolant system
,

| pressure exceeds a preselected value (to be specified in the technical
specifications), or a safety injection signal is present. Both primary>

i coolant system pressure and safety injection signals should be provided
to the valve operator.

|

! 2. Visual indication in the control room of the open or closed status of the
valve.,

.

3. Bypassed and inoperable status indication in accordance to Regulatory
; Guide 1.47.
!

| 4. Utilization of a safety injection signal to remove automatically
|

(override) any bypass feature that may be provided to allow an isolation
valve to be closed for short periods of time when the reactor coolant

i system is at pressure (in accordance with provisions of the technical
; specifications).

! C. REFERENCES

1. Arkansas 1, Unit 1, Safety Evaluation Report, January 23, 1973.
i

( 2. IEEE Std 279, " Criteria for Protection Systems for Nuclear Power
Generating Stations."'
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,

3. BTP ICSB 18 (PSB), " Application of th: Single Failure Criterion to
Manually-Controlled Electrically-Operated Valves."

O

i
l

O

O
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BRANCH TECHNICAL POSITION ICSB 5 t

SCRAM BREAKER TEST REQUIREMENTS - TECHNICAL SPECIFICATIONS
'

[BTP has been superseded by Standard Technical Specifications] |

i

i

O
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BRANCH TECHNICAL POSITION ICSB 9
DEFINITION AND USE OF " CHANNEL CALIBRATION" - TECHNICAL SPECIFICATIONS

[BTP has been superseded by Standard Technical Specifications] |

?

O

O
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BRANCH TECHNICAL POSITION ICSB 12
PROTECTION SYSTEM TRIP POINT CHANGES FOR OPERATION WITH REACTOR COOLANT

PUMPS OUT OF SERVICE

A. BACKGROUND

For the past several years, including a time prior to the development of IEEE
Std 279, the staff has required automatic adjustment to more restrictive
settings of trips affecting reactor safety by means of circuits satisfying the
single failure criterion. The basis for this requirement is that the function

. can be accomplished more reliably b3 automatic circuitry than by a human'

operator. This design practice, which has also been adopted independently by
the national laboratories and by much of industry, served as the basis for
paragraph 4.15, " Multiple Set Points," of IEEE Std 279.

More recently, all applicants have stated that their protection systems were
designed to meet IEEE Std 279. Paragraph 4.15 of IEEE Std 279 specified that
where a mode of reactor operation requires a more re:trictive set point, the
means for ensuring use of the more restrictive set point shall be positive and
must meet the other requirements of IEEE Std 279. A number of designs have
been proposed and accepted which reliably and simply satisfy this requirement.
During the review of some applications, however, certain design deficiencies
have been found. The purpose of this position is to provide additional
guidance on the application of Section 4.15 of IEEE Std 279.

B. BRANCH TECHNICAL POSITION

1. If more restrictive safety trip points are required for operation with aQ reactor coolant pump out of service, and if operation with a reactor
\ ^j coolant pump out of service is of sufficient likelihood to be a planned

mode of operation, the change to the more restrictive trip points should
be accomplished automatically.

2. Plants with designs not in accordance with the above should have included
in the plant technical specifications a requirement that the reactor be
shut down prior to changing the set points manually.

C. REFERENCES

1. Millstone-3 Safety Evaluation Report, September 24, 1973.

2. Beaver Valley-2 Safety Evaluation Report, October 10, 1973.

3. IEEE Std 279, " Criteria for Protection Systems for Nuclear Power|
; Generating Stations."
|
|

|

im

,

:
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BRANCH TECHNICAL POSITION ICSB 13
DESIGN CRITERIA FOR AUXILIARY FEEDWATER SYSTEMS

A. BACKGROUND

The function of the auxiliary feedwater system in pressurized water reactors
is to provide an emergency source of feedwater supply to the steam generators.
It is required to ensure safe shutdown in the event of a main turbine trip
with loss of offsite power. The system is also started on a safety injection
signal. Feedwater is pumped to each steam generator through normally open
control valves. It was found that in some plant designs the auxiliary
feedwater system did not meet the single failure criterion. It is the purpose
of this Branch Technical Position to provide guidance and to establish uniform
requirements for acceptable designs of auxiliary fecdwater systems.

B. BRANCH TECHNICAL POSITION

The auxiliary feedwater system should be capable of satisfying the system
functional requirements after a postulated break in the auxiliary feedwater
piping inside containment together with a single electrical failure. The
basis for the position is that an auxiliary feedwater piping break would
result in tripping the unit and, in turn, might cause loss of offsite power.
Standard staff assumptions for analyzing postulated accidents include the
assumption of loss of offsite power if the affected unit generator is tripped
by the accident. Such a circumsti.nce would leave the plant without adequa e
means for removal of afterheat even though the reactor coolant pressure
boundary was intact, an unacceptable result. Plant heat removal systems must,
in any postulated piping break, be capable of removing afterheat to the
ultimate heat sink assuming a single electrical (active) failure anywhere in
the auxiliary feedwater system or in the onsite power system.

C. REFERENCES

None

O
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BRANCH TECHNICAL POSITION ICSB 14
SPURIOUS WITHDRAWALS OF SINGLE CONTROL RODS IN PRESSURIZED WATER REACTORS

A. BACKGROUND

Recent operating experience with PWRs and subsequent reviews of PWR designs
with regard to the requirements of General Design Criteria 20 and 25 have
shown that single failures can cause inadvertent single rod withdrawals. The

i intent of this Branch Technical Position is to provide specific guidance
toward an acceptable interpretation and application of GDC 20 and 25.

B. BRANCH TECHNICAL POSITION
,

GDC 20 requires that the protection system shall be designed to initiate
automatically the operation of appropriate systems including the reactivity
control systems, to assure that specified acceptable fuel desig~n limits are
not exceeded as a result of anticipated operational occurrences. GDC 25
requires these limits shall not be exceeded for any single malfunction of the
reactivity control systems, such as accidental withdrawal (not ejection) of
control rods. Within the context of GDC 20 the staff considers operator error-
to be an anticipated operational occurrence, in addition to the consideration
of single malfunction requirements of GDC 25, for which conformance to these
requirements is to be evaluated. The applicant should perform analyses of the
reactivity control systems * and analyze the consequences of operator error to
assess the impact of these events on fuel design limits. If the results of
these analyses show that specified acceptable fuel design limits may be
excecded for these events, the protection syster. must be designed to detect
and terminate these events prior to exceeding these limits.

\j With regards to the evaluation of malfunctions within the reactivity control!

! systems, consideration should be given to failures which cause actions as well
as prevent actions such that all possible effects are examined. Further,

; consideration of failures which could lead to single or multiple rod position
changes or out of sequence rod patterns should be analyzed, as well as,
failures which could lead to reactivity changes by boron control systems.

C. REFERENCES

1. Surry 3 and 4 Safety Evaluation Report, March 26, 1974. *

2. 10 CFR Part 50 Appendix A, General Design Criteria.

|

|

|

|

x
Reactivity control systems include interlocks within the system which limit

; the consequences of control system failures.
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BRANCH TECHNICAL POSITION ICSB 16
CONTROL ELEMENT ASSEMBLY (CEA) INTERLOCKS IN COMBUSTION ENGINEERING REACTORS

[BTP has been deleted]

|

|
|

9

i

|
|

<

l
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BRANCH TECHNICAL POSITION-ICSB 19
; ACC'PTABILITY OF DESIGN CRITERIA FOR HYDROGEN MIXING AND DRYWELLt

| VACUUM RELIEF SYSTEMS

[BTP has been deleted]

|

;

'
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|
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E"ANCH TECHNICAL POSITION ICSR 20
DESIGN OF J:STRUMENTATION AND CONTROLS PROVIDED TO

ACCOMPLISH CHANGE 0VER FROM INJECTION TO RECIRCULATION MODE

A. BACKGROUND

Designs are reviewed with regard to the automatic and manual initiation of
protective actions, as set forth in paragraph 4.17 of IEEE Std 279. For some
recent designs, the staff concluded that the proposed design of the circuits
used to change over to the recirculation mode of operation following a
loss-of-coolant accident did not cor. form to IEEE Std 279, and the complexity
of the proposed changeover procedure raised questions as to whether the
operator could be expected to perform correctly the required actions within
the time and based on the information available to him.

B. BRANCH TECHNICAL POSITION

1. A design that provides manual initiation at the system level of the
transfer to the recirculation mode, while not ideal, is sufficient and
satisfies the intent of IEEE Std 279 provided that adequate instrumenta-
tion and information display are available to the operator so that he can
make the correct decision at the correct time. Furthermore, it should be
shown that, in case of operator error, there are sufficient time and
information available so that the operator can correct the error, and the
consequences of such an error are acceptable.

2. Automatic transfer to the recirculation mode is preferable to manual
transfer, for the reasons cited above, and should be provided for
standard plant designs submitted for review on a generic basis under the
Commission's standardization policy.

C. REFERENCES

1. IEEE Std 279, " Criteria for Protection Systems for Nuclear Power
Generating Stations."

O
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: BRANCH TECHNICAL POSITION ICSB 21
GUIDANCE FOR APPLICATION OF REGULATORY GUIDE 1.47

("'

( A. BACKGROUND
,

The recommendations of Regulatory Guide 1.47 need further detailing as to,

| methods of providing an acceptable design for the bypass and inoperable status
'

indicators for engineered safety feature (ESF) systems. The purpose of this
Branch Technical Position is to provide supplemental guidance for
implementation of the recommendations of Regulatory Guide 1.47.

'

B. BRANCH TECHNICAL POSITION

The design criteria for bypass and inoperable status indication systems for
ESF should reflect the importance of providing accurate information for the
operator and reducing the possibility for the indicating equipment to affect
adversely the monitored safety systems. In developing the design criteria,
the following should be considered:

| 1. The bypass indicators should be arranged to enable the operator to
4 determine the status of eats safety system and determine whether

continued reactor operation is permissible.
.

2. When a protective function of a shared system can be bypass , indication
of that bypass condition should be provided in the control room of each
affected unit.

! 3. Means by which the operator can cancel erroneous bypass indications, ife

{ provided, should be justified by demonstrating that the postulated cases
of erroneous indications cannot be eliminated by another practicalq
design.

,

'

4. Unless the indication system is designed in conformance with criteria
established for safety systems, it sheuld not be used to perform
functions that are essential to safety. Administrative procedures should
not require immediate operator action based solely on the bypass
indications.

;

;
' 5. The indication system should be designed and installed in a manner which

piecludes the possibility of adverse effects on plant safety systems.
Failure or bypass of a protective function should not be a credible
consequence of failures occurring in the indication equipment, and the
bypass indication should not reduce the required independence between

I redundant safety systems.

; The indication system should include a capability of assuring its..

operable status during normal plant operation to the extent that the
indicating and annunciating function can be verified. '

: C. REFERENCES

1. Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication for
Nuclear Power Plant Safety Systems."

O),

\(
V'

;

;
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BRANCH TECHNICAL POSITION ICSB 22
GUIDANCE FOR APPLICATION OF REGULATORY GUIDE 1.22

A recert application listed eight functions that are not tested while the
reactor is operating at power. The applicant claimed that the periodic
testing complied with Regulatory Guide 1.22. Regulatory Guide 1.22 does make
provisions for actuated equipment that is not tested during reactor operation
but it does not have provisions for excluding any portion of the protection
system from the requirements of paragraphs 4.9 and 4.10 of IEEE Std 279.

B. BRANCH TECHNICAL POSITION

All portions of the protection systems should be designed in accordance with
IEEE Std 279, as required by M CFR Part 50, 650.55a(h). All actuated |
equipment that is not tested during reactor operation should be identified and
a discussion of how each conforms to the provisions of paragraph D.4 of
Regulatory Guide 1.22 should be submitted.

C. REFERENCES

1. Regulatory Guide 1.22, " Periodic Testing of Protection System Actuation
Functions."

2. IEEE Std 279, " Criteria for Protection Systems for Nuclear Power
Generating Stations."

O

.
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| BRANCH TECHNICAL POSITION ICSB 25 |
j GUIDANCE FOR THE INTERPRETATION OF GENERAL DESIGN CRITERION 37 FOR TESTING THE >

OPERABILITY OF THE EMERGENCY CORE COOLING SYSTEM AS A WHOLE '
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BRANCH TECHNICAL POSITION ICSB 26
REQUIREMENTS FOR REACTOR PROTECTION SYSTEM ANTICIPATORY TRIPS

A. BACKGROUND

Several reactor designs have incorporated a number of anticipatory or
"back-up" trips for which no credit was taken in the accident analyses. These

trips, as a rule, were not designed to the requirements of IEEE Std 279 and
therefore introduced nonsafety grade equipment into the reactor protection
system. It was determined by the staff that this was not an acceptable
practice, because of possible degradation of the reactor protection system.

B. BRANCH TECHNICAL POSITION

All reactor trips incorporated in the reactor protection system should be
designed to meet the requirements of IEEE Std 279. This position applies to
the entire trip function from the sensor to the final actuated device. For
censors located in nonseismic areas the installation (including circuit
routing) and design should be such that the effects of credible faults (i.e.
grounding, shorting, application of high voltage, or electromagnetic inter-
ference) or f ailures in these areas could not be propagated back to the RPS
and degrade the RPS performnce or reliability. The sensors should be
c,ualified to operate in a seismic event, i.e. , not fail to initiate a trip f6r
conditions which would cause a trip.

C. REFERENCES

1. Shearon Harris Safety Evaluation Report, September 15, 1972.

2. IEEE td 279, " Criteria for Protection Systems for Nuclear Power
Generating Stations."

3. NUREG 0718 and 0737, Items II.K.2.10* and II.K.3.12.

Task Action Plan item II.K.1.21 has been superseded by item II.K.2.10.

7A-18 Rev. 2 - July 1981
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APPENDIX 7-B GENERAL AGENDA, ;7ATION SITE VISITS

An important part of the review at the operating license stage is a site visit. It

is preferable to have the site visit sometime before the completion of the drawing
review. The purpose of the site visit is to supplement the review of the design
based on the drawings and to evaluate the actual implementation of the design as
installed at the site. The NRC Regional Office having jurisdiction over the plant
under consideration should be notified ahead of time of the visit so that the
regional inspectors can becorne familiar on a first-hand basis with findings that
may require followup action. Since proper implementation of design is the ultimate
goal of the technical review procer s, the importance of a site visit is self-evident.
The following is a typical general agenda that may be used as a guide for developing
a specific agenda for the plant under review.

1. Preliminary Ciscussions

a. Unresolved items.

b. Plant layout for touring.
/ \

V c. yecial interest areas.

2. Control Room

a. General layout.

b. Nuclear and reactor protection instrument arrangement, separation, and
layout.

c. Rod position indication.

d. Protection system initiation, bypass switch arrangements, and status panels.

Engineered safety feature initiation and bypass switch arrangements ande.
status panels.

f. Panel wiring separation and isolation.

Rev. 1 - July 1981
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3. Instrument Rooms

a. General layout.

b. Protection system racks and panels.

c. Test' 'ea tu re s.

d. Coi separation and isolation.

e. Pane ng separation and isolation.

4. Local Instrument Racks / Piping

a. Physical separation and single failure.

b. Potential for damage due to fire, flooding, etc.

c. Test features.

5. Reactor Building and Turbine Building

a. Protection system instrument arrangement, separation, and layout.

b. Poten'.ial for instrument damage due to fire, missiles, etc.

c. Separation of piping and wiring to redundant instruments.

d. Provisions for testing protection instruments.

6. Shutdown Outside Control Room

a. Remote shutdown panels arrangement, separation, and layout.

b. Local control and indication features.

O
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8.1 ELECTRIC POWER - INTRODUCTION

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Eecondary - None |

I. AREAS OF REVIEW

The PSB reviews the applicant's description of the offsite power grid system with
regard to the interrelationships between the riuclear unit, the utility grid and
the interconnecting grids. The PSB reviews the onsite power systems to assure
that given a loss of the offsite power system and a single failure in the onsite
power system sufficient power will be available for mitigating the design basis
events. PSB also reviews acceptance criteria that will be implemented in the
design of the above systems.

II. ACCEPTANCE CRITERIA

(') Table 8-1, " Acceptance Criteria and Guidelines for Electric Power Systems," lists
the acceptance criteria currently applied by the staff to electric power systems.
Implementation of these criteria in accordance with applicable guidelines of
regulatory guides and Branch Technical Positions will provide assurance that
systems will perform their design safety functions when required.

III. REVIEW PROCEDURES

The PSB reviews Section 8.1 of the SAR to assure the following items are
included: a brief description of the utility grid and its interconnections to
other grids and to the nuclear unit; a brief general description of the onsite
power system; and the design bases, criteria, standards, regulatory guides, and
technical positions that will be implemented in the design of the electric power
systems, including a discussion describing the extent to which these criteria,

! and guidelines are followed and a positive statement with regard to conformance
| of the design to each.
l

!

1
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The review is performed as follows:

1. PSB will establish that the utility grid is adequately described,
and that the interconnections between the nuclear unit, the utility
gr!J, and other grids are clearly defined. The descriptions should
state whether facilities are existing or planned; if planned, the
respective completion dates should be provided. The descriptions
should not conflict with the more detailed information in subsequent
sections of Chapter 8 of the SAR, and may reference these sections.

2. PSB confirms that the description of the onsite power system is not |
in conflict with the more detailed information on this system in
subsequent sections of Chapter 8, and descriptions may reference
these sections.

3. PSB will confirm that the criteria and guidelines identified as
being applicable to the design of electric power systems include
those listed in Table 8-1. The SAR should include a discussion
regarding the applicability of the criteria and guidelines listed
and a statement to the effect that they will be implemented (CP) or
are implemented (OL) in the design of electrical power systems.

4. A typical agenda for a site visit to be carried out as part of the
operating license review has been included as Appendix 8-B to this
SRP section.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information is presented in the SAR and
that his review supports conclusions of the following type, to be included in
the staff's Safety Evaluation Report:

Section 8.1 of the Safety Analysis Report provides a brief
description of the utility grid and its interconnections to other
grids and the nuclear unit; a brief general description of the
onsite a-c and d-c power system; and the design criteria that has
been implemented in the design of the electric power systems.

The staff has determined that an electric power system design that
conforms to the applicable general design criteria and positions of

Table 8-1, guides,andbranchtechnicalpositionssetforthinAcceptance Criteria and Guidelines for Electric Powerregulatory

Systems," provides a sufficient basis for acceptance of the electric
power system.

The staff concludes that the design criteria that has been
implemented for the electric power system are in accordance with the
acceptance criteria set forth in Table 8-1 and are acceptable as
noted below in the following sections of Chapter 8.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

8.1-2 Rev. 2 - July 1981
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1 ,

i Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation ofi ,

conformance with Commission regulations.I

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.>

VI. REFERENCES

i None

I
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ATTACHMENT

STANDARD REVIEW PLAN

TABLE 8-1

ACCEPTANCE CRITERIA AND GUIDELINES FOR ELECTRIC POWER SYS1 MS

The matrix of Table 8-1 identifies tFe acceptance criteria (denoted by "A") and the guidelines (denoted by "G") and
their applicability to the various sections of Chapter 8.0. The acceptance criteria define the requirements established
by the Commission for power systems important to safety; the guidelines amplify these requirements and provide more
explicit basis for evaluation of the conformance of the power systems to these Commission requirements. Acceptance
criteria and guidelines are not included herein when the primary review responsibility for these aspects of power
systems are reviewed in accordance with sections other than Chapter 8.0 of the SRP.

The Branch Technical Positions listed herein are contained in Appendix 8-A to Section 8.1 of the SRP.

m ACCEPTANCE CRITERIA AND GUIDELINES FOR ELECTRIC POWER SYSTEMS - TABLE 8-1
*

,-.

A APPLICABILITY (SAR Section)
CRITERIA TITLE 8.2 8.3.1 8.3.2 REMARKS

1. Gereral Design
Criteria (GDC),
Appendix A to
10 CFR Part 50

a. GDC 2 Design Bases for Protection Against A A
Natural Phenomena

b. GDC 4 Environmental and Missile Design Bases A A

c. GDC 5 Shai::.g of Structures, Systems, and A A A
Components

d. GDC 17 Electric Power Systems A A A

O O O
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O O O
TABLE 8-1 (CONTINUED)

APPLICABILITY (SAR Section)
CRITERIA TITLE 8.2 8.3.1 8.3.2 REMARKS

e. GDC 18 Inspection and Testing of Electrical A A A
Power Systems

f. GDC 50 Containment Design Bases A A

2. Regulatory Guides (RG)

a. RG 1.6 Independence Between Redundant G G
Standby (Onsite) Power Sources and
Between Their Distribution Systems

b. RG 1.9 Selection, Design, and Qualification G See IEEE 387-
of Diesel-Generator Units Used as
Standby (Onsite) Electric Power Systemsco

y at Nuclear Power Plants
m

c. RG 1.32 Use of IEEE Std 308, " Criteria for G G G See IEEE 308
Class IE Power Systems for Nuclear

<Power Generating Stations"

d. RG 1.47 Bypassed and Inoperable Status G G, G
Indication for Nuclear Power Plant
Safety Systems

_.

e. RG 1.63 Electric Penetration Assemblies in G G See IEEE 317
Containment Structures for Light-
Water-Cooled Nuclear Power Power Plants

f. RG 1.75 Physical Independent:e of Electric Systems G .G See IEEE 384

g. RG 1.81 Shared Emergency and Shutdown Electric G G G

Systems for Multi-Unit Nuclear Power
Plants

h. RG 1.106 Thermal Overload Protection for G G i

Electric Motors on Motor-0perated Valves



TABLE 8-1 (C.ONTINUED)

APPLICABILITY (SAR Section)
CRITERIA TITLE 8.2 8.3.1 8.3.2 REMARKS

i. RG 1.108 Periodic Testing of Diesel Generators G
Used as Onsite Power Systems at Nuclear
Power Plants

j. RG 1.118 Periodic Testing of Electric Power and G G See IEEE 338
Protection Systems

k. RG 1.128 Installation Design and Installation G See IEEE 484
of large Lead Storage Batteries for '

Nuclear Power Plants

1. RG 1.129 Maintenance, Testing, and Replacement G See IEEE 450
of Large Lead Storage Batteries for

m Nuclear Power Plants

53. Reanch Technical
Positions

a. BTP ICSB 4 Requirements on Motor-Operated Valves G

in the ECCS Accumulator Lines

b. BTP ICSB 8 (PSB) Use of Diesel-Generator Sets for Peaking G

c. BTP ICSB 11 (PSB) Stability of Offsite Power Systems G

d. BTP ICSB 18 (PSB) Application of the Single Failure G

Criterion to Manually-Controlled
Electrically-Operated Valves

e. BTP ICSB 21 Guidance for Application of RG 1.47 G G G

f. BTP PSB-1 Adequacy of Station Electric G

Distribution System Voltages

O O O
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TABLE 8-1 (CONTINUL3) [

i
APPLICABILITY (SAR Section) .i

CRITERIA TITLE 8.2 8.3.1 8.3.2 REMARKS i

i

h. BTP PSB-2 Criteria for Alarms and Indications G
"

Associated with Diesel-Generator Unit
Bypassed and Inoperable Status

4. NUREG Reports

a. NUREG/CR 0660 Enhancement of Onsite Diesel Generator G

Reliability I

,
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8.2 0FFSITE POWER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None
|

I. AREAS OF REVIEW

The descriptive information, analyses, and referenced documents, including electrical
single line diagrams, electrical schematics, logic diagrams, tables, and physical
arrangement drawings for the offsite power systems, presented in the applicant's
safety analysis report (SAR), are reviewed. The objective of the review is to
determine that this system satisfies the requirements of GDC 5, 17, and 18, and
will perform its design functions during all plant operating and accident conditions.

The offsite power system is referred to in industry standards and regulatory
guides as the " preferred power system." It includes two or more physically

a independent circuits capable of operating independently of the onsite standby
f, O power sources and encompasses the grid, transmission lines (overhead or underground),

i

transmission line towers, transformers, switchyard components and control systems,
switchyard battery systems, the main generator, and disconnect switches, provided
to supply electric power to safety-related and other equipment.

The PSB will review the following features of the preferred power systems during
both the construction p.ermit (CP) and operating license (OL) stages of the licensing
process:

1. The preferred power system arrangement is reviewed to determine that the
required minimum of two separate circuits from the transmission network to
the onsite distribution system is provided. In determining the adequacy of |
this system, the independence of the two (or more) circuits is examined to
see that both electrical and physical separation exists so as to minimize
the chance of simultaneous failure. This includes a review of the assign-
ment of power sources from the grid, location of rights-of-way, transmission
lines and towers, transformers, switchyard interconnections (breakers and

Rev. 2 - July 1981
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bus arrangements), switchyard control systems and power supelies, location
of switchgear (in plant), interconnections between switchr.ar, cable
routings, main generator disconnect, and the disconnect control system
and power supply.

2. The independence of the preferred power system with respect to the onsite |
power system is evaluated. The scope of review extends to the safety-
related distribution system buses that are capable of being powered by
standby power sources. It does not include the supply breakers of the
safety-related distribution system buses. This evaluation will include a
review of the electrical protective relaying and breaker control circuits
and power supplies to assure that loss of one preferred system circuit
will not cause or result in loss of the redundant counterpart, nor any
standby power source.

3. Design information and analyses demonstrating the suitability of the
power sources from the grid, including transmission lines, breakers, and
transformers used for supplying preferred power from distant sources are
reviewed to assure that each path has sufficient capacity and capability
to perform its intended ft;nction. This will require examination of loads
required to be powered for each plant operating conditions; continuous
and fault ratinas of breakers, transformers, and transmission lines;
loading, unloading, and transfer effects on equipment; and power capacity
available from each source.

4. The instrumentation required for monitoring and indicating the status of
the preferred power system is reviewed to assure that any change in the
preferred power system which would prevent it from performing its intended
function will be immediately identified by the cnntrol room operator.
Also, all instrumentation for initiating safety actions associated with
the preferred power system is reviewed.

5. The capability to test the pref rred power system is reviewed. |e

6. Environmental conditions such as those resulting from floods, hurricanes,
high and low atmospheric temperatures, rain, snow and ice are considered |
in the review of the preferred power system to determine any effects on
function.

7. Quality group classifications of equipment of the preferred power system
are reviewed.

In the review of other areas associated with the offsite, the PSB will coordi-
nate other branches' evaluations that interface with the overall review of the
system as follows:

The Reactor Systems Branch (R58) determines those system components requiring
electric power as a function of time for each mode of reactor operation and
accident condition as part of its primary review responsibility for SRP
Sections 5.4.6, 5.4.7, and 6.3.

The Auxiliary Systems Branch (ASB) determines those system components requiring
electric power as a function of time for each mode of reactor operation and
accident condition as part of its primary review responsibility for SRP
Sections 6.7, 9.1.3, 9.1.4, 9.2, 9.3, 9.4, 9.5.1, 10.4.7, and 10.4.9. The ASB
also verifies, on request, the adequacy of those auxiliary systems required

8.2-2 Rev. 2 - July 1981
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i

for the proper operation of the preferred power system. These include such
i systems as heating and ventilation sytems for switchgear in the circuits from

the preferred power sources to the onsite power distribution system buses and\ main generator auxiliary systems such as the cooling water system, hydrogen
cooling system, electro-hydraulic system, and air supply system. The ASB
verifies, on request, the physical arrangements of components and structures
of the preferred power system to assure that the paths from the preferred

I power sources to the standby power distribution systm buses will not experience
simultaneous failure under operating or postulated amident environmental
conditions. This includes the effects of floods, missiles, pipe whipping and;

discharging fluids that result from equipment failures.-

.

The Hydrological and Geotechnical Engineering Branch (HGEB) provides, on
request, the information necessary to assess the effects of environmental
conditions (i.e. , high and low atmospheric temperature, high winds, rain, ice,
and snow) on the preferred power system.

The Instrumentation and Control Systems Branch (ICSB) determines those system
components requiring electric power as a function of time for each mode of
reactor operation and accident condition as part of its primary review responsi-
bility for SRP Sections 7.2 through 7.7. The ICSB also verifies, on request,
the adequacy of the preferred power system instrumentation and controls.

The reviews for technical specifications and quality assurance including
periodic testing, are coordinated and performed by the Licensing Guidance.

Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 16.0 and 17.0, respectively. !

The Containment Systems Branch (CSB) determines those system components requir-
ing electric power as a function of time for each mode of reactor operation
and accident condition as part of its primary review responsibility for SRP
Sections 6.2.2, 6.2.4, and 6.2.5.

The Effluent Treatment Systems Branch (ETSB) determines those system components
requiring electric power as a function of time for each mode of reactor opera-
tion and accident condition as part of its primary review responsibility for
SRP Section 6.5.1.

,

.

The Procedures and Test Review Branch (PTRB) determines the acceptability of;

the preoperational and initial startup and test programs 's part of its primary
review responsibility for SRP Section 14.0.

The Chemical Engineering Branch (CMEB) examines the fire detection and fire
fighting systems in the preferred power system areas to assure that adverse

| effects of fire are minimized as part of its primary review responsibility for
: SRP Section 9.5.1. This includes the adequacy of protection provided redundant

power circuits to determine that a single design basis fire will not disable
all or. site and offsite power supply circuits to the onsite distribution system.,

For those areas of review identified above as being reviewed as part of the
priraary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the<

referenced SRP section of the corresponding primary branch.

8.2-3 Rev. 2 - July 1981
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II. ACCEPTANCE CRITERIA

In general, the preferred power system is acceptable when it can be concluded
that two separate circuits from the transmission network to the onsite Class 1E
power distribution system are provided adequate physical and electrical repara-
tion exists, and the system has the capacity and capability to supply powcr to
all safety loads and other required equipment.

Table 8-1 lists General Design Criteria, regulatory guices, and staff technical
positions utilized as the bases for arriving at this corclusion.

The PSB acceptance criteria for the integrated design of the offsite power
system are based on meeting the relevant requirements and guidelines of the
following:

1. General Design Criterion 5 as it relates to sharir.1 of structures, systems,
and components of the preferred power systems; and guidelines of Regulatory
Guide 1.32 as related to its endorsement of Section 8.1 of IEEE Standard
308-1974, relating to sharing of structures, systems, and components of
the preferred offsite power system.

2. General Design Criterion 17 as it relates to the preferred power system's
(i) capacity and capability to permit functioning of structures, systems,
and components important to safety, (ii) provisions to minimize the prob-
ability of losing electric power from any of the remaining supplies as a
result of, or coincident with, the loss of power generated by the nuclear
power unit or loss of power from the onsite electric power supplies,
(iii) physical independence, and (iv) availability, and the guidelines of
Regulatory Gaide 1.32 (see also IEEE 308-1974) as related to the avail-
ability and number of immediate access circuits from the transmission
network.

3. General Design Criterion 18 as it relates to the offsite power system.

4. The design requirements for an offsite power supply for systems covered
by General Design Criteria 33, 34, 35, 38, 41, and 44 are encompassed in
General Design Criterion 17.

III. REVIEW PROCEDURES

The primary objective in the review of the preferred power system is to
determine that this sytem satisfies the acceptance criteria stated in sub-
section II and will perform its design functions during plant normal operation,

I anticipated operational occurrences, and accident conditions. In the CP

| review, the descriptive information, including the design bases and their
relation to the acceptance criteria, preliminary analyses, electrical single|

line diagrams, and preliminary physical arrangement and layout drawings are
examined to determine that the final design will meet this objective if pro-
perly implemented. During the OL review, this objective is verified by exam-
ination of final electrical schematics, physical arrangement and layout drawings,
and equipment ratings identified in the SAR and confirmed during a visit to
the site (SRP Section 8.1, Appendix 8-B). To assure that acceptance criteria
stated in subsection II are satisfied, the review of the proposed design is
performed as described below.

8.2-4 Rev. 2 - July 1981
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The primary reviewer will coordinate this review with the other branch areas |
of review as stated in subsection I. The primary reviewer obtains and usesc

T[d such input as required to assure that this review procedure is complete.
I

1. 'To assure that the requirements of General Design Criterion 17 are satis-
find, the following review steps should be taken (as applicable for a CP
or OL review):

(a) The electrical drawings should be examined to assure that at least
two separate circuits from the transmission network to the onsite
power distribution system buses are provided (a single switchyard
may be common to these paths).

(b) The routing of transmission lines should be exa'nined on the station
layout drawings and verified during the site visit to assure that at
least two independent circuits from the offsite grid to the onsite
distribution buses are physically separate and independent. No
other lines should cross above these two circuits. Attention should
be directed towards assuring that no single event such as a tower
falling or a line breaking can simultaneously affect both circuits
in such a way that neither can be returned to service in time to
prevent fuel design limits or design conditions of the reactor
coolant pressure boundary from being exceeded.

(c) As the switchyard may be common to both offsite circuits, the elec- i
trical schematics of the switchyard breaker control system, its 1

: power supply and the breaker arrangement itself should be examined
for the possibility of simultaneous failure of both circuits fromc

( single events such as a breaker not operating during fault conditions,
spurious relay trip, loss of a control circuit power supply, or a ifault in a switchyard bus or transformer. I

(d) The design is examined to determine that at least one of the two
: required circuits can, within a few seconds, provide power to safety-

related equipment following a loss-of coolant accident. General
Design Criteri.on 17 does not require these circuits in themselves to
be single- failure proof for this acident. However, it is required
that each circuit have the capability to be available in sufficient
time to prevent fuel design limits and design conditions of the
reactor coolant pressure boundary from being exceeded. Therefore,
the design is examined to determine that the period of time that the
station can remain in a safe condition assuming no ac power is
available is greater than the time required to reestablish ac power
from the offsite grid to the onsite Class 1E distribution buses for
each single failure event. The switchyard circuit breaker control
scheme should be such that any incoming transmission line, switchyard,

bus, or any path to the onsite safety related distribution buses can
be isolated so that ac power can be reestablished to the onsite
Class 1E buses through its redundant counterpart. This should be
achieved with separate and redundant breaker tripping and closing
devices, that are actuated by redundant dc battery supplies. Air
stored under pressure in accumulators or spring energy should be
used to open and/or close breakers independent of ac power.

n
For those designs that utilize a backfeed path through the m'in.

generator step-up transformer, the reviewer must first ascertain if
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this path is required to satisfy the GDC 17 requirement for an
immediate or delayed access circuit. If the circuit is for delayed
access only, then the same determination (as discussed in the previous
paragraph) must be made, i.e., there is sufficient time to make this
circuit available (assuming the availability of the grid itself but
the unavailability of the immediate access circuit and the onsite
power supplies) such that the reactor remains in a safe condition.
Ifthecircuitisreguiredforimmediateaccess,thereviewershould
refer to NUREG-0442 ' Safety Evaluation Report - McGuire Nuclear
Station Units 1 and 2" Section 8.2 and Appendix E on generator
circuit breakers.

(e) Each of the circuits from the offsite system to the onsite distribu- |

tion buses should have the capacity and capability to supply the
loads assigned to the bus or buses it is connected to during normal
or abnormal operating conditions, accident conditions, or plant
shutdown conditions. Therefore, the loads to be supplied during
these conditions should be determined from information obtained in I

coordination with other branches. The capacity and electrical
characteristics of transformers, breakers, buses, transmission
lines, and the preferred power source for each path should be
evaluated to assure that there is adequate capability to supply the
maximum connected load during all plant conditions. The design |
should also be examined to assure that during transfer from one
power source to another the design limits of equipment are not
exceeded.

(f) The results of the grid stability analysis must show that loss of
the largest single supply to the grid does not result in the com-
plete loss of preferred power. The analysis should consider the
loss, through a single event, of the largest capacity being supplied
to the grid, removal of the largest load frcm the grid, or loss of
the most critical transmission line. This could be the total output
of the station, the largest station on the grid, or possibly several
large stations if these use a common transmission tower, transformer,
or a breaker in a remote switchyard or substation. The station
layout and the grid system layout drawings are reviewed to determine
that all the above events were included in the analysis. |

The applicant should include in the grid stability analysis the con-
sideration of failure modes that could result in frequency variations
exceeding the maximum rate of change determined in the accident
analysis for loss of reactor coolant flow.

(g) During the review of the electrical schematics, it should be deter-
mined that loss of standby power will not result in loss of preferred
power, loss of one preferred power circuit will not result in loss
of the other circuit, and loss of the main generator will not result
in loss of either preferred power circuit.

(h) The preferred power system must be independent of the onsite power
system. The basis for acceptance is that no single event, including
a single protective relay, interlock, or switchgear failure, in the
event of loss of all standby power sources, will prevent the separa-
tion of the preferred power system from the onsite power distribution
system or prevent the preferred power system from accomplishing its
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intended functions. In additior, the preferred and standby power
supplies should not have common failure modes. An acceptable design[' must be capable of restoring the preferred power supply after the1

-

loss of either circuit in a time period such that the plant can be
safely shutdown, taking into account the effects of a single failure
in the onsite distribution system. This item is also addressed in
SRP Section 8.3.1.

2. To assure that the requirements of General Design Criterion 18 are satis-
fled, the electrical schematics should be examined to determine that the
design includes provisions for testing the transfei s? power to the
ons,ite distribution system from the main generator supply to the preferred

,

power system, or to any other supply. It should also be established that
the circuitry required to perform these transfer functions has the capabil-
ity of being tested during plant operation. PTRB will review preoperational

! and initial startup tett procedures. QAB will review the periodic test
procedures.

3. General Design Criteria 33, 34, 35, 38, 41, and 44 set forth requirements
for the safety systems whose source of power is the preferred power
system. These criteria state that safety system redundancy shall be such
that, for preferred power system operation (assuming standby power is not
available), the system safety function can be accomplished assuming a

j single failure.

To assure that these requirements of the General Design Criteria identified
above are satisfied, the electrical schematics of the systems required

p for reactor coolant makeup, residual heat removal, emergency core cooling,
containment heat removal, containment atmosphere cleanup, and cooling
water should be examined to assure that the circuits from the preferred,

power system can supply redundant portions of these systems. If the |minimum design required by General Design Criterion 17 is provided, the
immediately available preferred circuit must be made available to the

' redundant portions of these systems.
'

4. It should be determined that all equipment from and including the switch-
yard to the onsite Class IE system are included in the quality assurance.

: program. The QAB will determine the adequacy of the quality assurance
program.

5. To assure that the requirements (excluding seismic, tornado, and floods)
of General Design Criterion 2 are satisfied for the facility being con-,

sidered, the Hydrological and Geotechnical Engineering Branch (HGEB) will>

provide to PSB upon request information on the design basis, high and low
atmospheric. temperatures, high wind, rain, ice, and snow conditions.
This information will be considered during the review to assure that the.

design minimizes in accordance with GDC 17 the effects of these conditions.
Items such as switchyard and transformer locations and associated trans-
mission lines could be affected by these conditions.

6. To assure that the requirements of General Design Criterion 4 are satisfied,
the ASB, on request, will review the location of structures, systems, and I
components of the preferred power system to determine the protection
provided against dynamic effects, including effects of missiles, pipe,

d whipping, and discharging fluids, that may result from equipment failures
'

'

and from events and conditions outside the station. This information
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will be used to determine the possibility of simultaneous loss of both
paths of preferred power.

7. To assure that the requirements of General Design Criterion 5 are satis-
fied, the structures, systems, and components of the preferred power
systems will be examined to identify any t%t are shared between units of
a multi- unit station. These will be reviewed to ascertain that they
have sufficient capacity and capability of performing all required safety |
functions in the event of an accident in one unit, with a simultaneous
orderly shutdown and cooldown of the remaining units. Review of the
design criteria should establish that the capacity and capability of
incoming lines, power sources, and transformers for each required drcuit
have margin to achine this. Spurious or false accident signals should
not overload these circuits. SRP Section 8.3 further discusses spurious
or false accident signal considerations.

8. The preferred power system instrumentation provided to monitor variables
and equipment status should be identified during the electrical schematic
and system description review. It should be ascertained that these
instruments present status information that can be used to determine the
condition of the preferred power system at all times. Review of the
electrical schematics should determine that controls (automatic, manual |
or remote) are provided to maintain these variables and systems within
prescribed operating ranges. It should also be determined during the
review of the electrical schematics as to what effects failures of these
controls and instruments might have on the preferred power system.

9. The review of any automatic load dispatch system should ascertain that I

load dispatch system actions (including normal and postulated failure
modes of operation) will not interfere with safety actions that may be
required of the reactor protection system. This system should also be
reviewed to assure that no failure mode of tne load dispatch system will
cause an incident at the generating station which would require protective
action.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The offsite power system includes two or more identified circuits
from the grid to the onsite distribution system. The review of the
offsite power syster.? for the plant covered single line
diagrams (CP and OL), station layout drawings (CP and OL) and
schematic diagrams C,L), and descriptive information.

The basis for acccptance of the offsite power system in our review
was conformance of the design criteria and bases to the Commission's
regulations as set forth in the General Design Criteria (GDC) of
Appendix A to 10 CFR Part 50. The staff concludes that the plant
design is acceptable and meets the requirements of GDC 5, 17 and 18.
This conclusion is based on the following:

1. The applicant has met the requirements of GDC 5, " Sharing of
Structures, Systems, and Components," with respect to sharing

.

i
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of circuits of the preferred power system between units. Each
circuit has sufficient capacity to operate the engineered

[- ,]/ safety featues for a design basis accident on one unit and
\ those systems required for concurrent safe shutdown on the

remaining units.

2. The applicant has met the requirements of GDC 17, " Electric
Power Systems," with respect to the offsite power system's
(a) capacity and capability to permit functioning of structures,
systems, and components important to safety, (b) provisions to
minimize the probability of losing electric power from any of
the remaining supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit or loss of
power from the onsite electric power supplies, (c) physical '

independence of circuits, and (d) availability of circuits.
The preferred power system consists of two physically indepen-
dent circuits routed from the electrical grid system by trans-
mission lines to the onsite power distribution system. At
least one circuit will be available within a few seconds
following a loss of coolant accident and is considered an
immediate access circuit. Each circuit is designed and located
so as to minimize to extent practical the likelihood of their
simultaneous failure under operating and postulated accident
and environmental conditions. Each circuit has been sized with
sufficient capacity to supply all connected loads. Each circuit
can be made available to the onsite power system assuming loss
of the onsite a-c standby power supplies and loss of the other
offsite circuit to assure that fuel design limits and designs
conditions of the reactor coolant pressure boundary are notY) exceeded. The switchyard is arranged such that each offsite
circuit can be isolated from other circuits to permit reestab-
lishment of offsite power to the onsite distribution system.
The switchyard is also arranged such that single events (e.g.,
a spurious relay trip or a breaker not operating during fault
conditions) will not cause simultaneous failure of all offsite
circuits to the switcnyard. The results of the applicant's
grid stability analysis indicated that loss of the largest
generating capacity being supplied to the grid, loss of largest
load from the grid, loss of the most critical transmissien line
or loss of the unit itself will not cause grid instability.

This meets the guidelines of Regulatory Guide 1.32, " Criteria
for Safety-Related Electric Power Systems for Nuclear Power
Plants."

3. The applicant has met the requirements of GDC 18, " Inspection
and Testing of Electric Power Systems," with respect to the
capability to test systems and associated components during
normal plant operation and the capability to test the transfer
of power from the nuclear power unit, the offsite preferred
power system, and the onsite power system.

V. JNPLEMENTATION

(A) The following is intended to provide guidance to applicants and licensees
V regarding the NRC staff's plans for using this SRP section.
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Except in those cases in which the applicant proposes an acceptable alternative
method for complying with 3pecified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide and NUREG.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

2. 10 CFR Part 50, Appendix A, General Design Criterion 17, " Electric Power
Systems."

3. 10 CFR Part 50, Appendix A, General Design Criterion 18, " Inspection and
Testing of Electric Power Systems."

4. Regulatory Guide 1.32, " Criteria for Safety-Related Electric Power Systems
for Nuclear Power Plants."

5. IEEE Standard 308-1974, "IEEE Standard Criteria for Class 1E Power Systems
for Nuclear Power Generating Stations."

6. Branch Technical Position ICSB-11 (PSB), " Stability of Offsite Power
Systems."

7. NUREG-0442, " Safety Evaluation Report - McGuire Units 1 and 2."

8. Standard Review Plan Section 8.1, Table 8-1, " Acceptance Criteria f or
Electric Power. ''

9. Standard Review Section 8.1, Appendix 8-B, " General Agenda, Station Site
Visits."

O
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UM-fj STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION%

..ee e

SECTION 8.3.1 A-C POWER SYSTEMS (ONSITE)

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None
|

I. AREAS OF REVIEW

The descriptive information, analyses, and referenced documents, including
functional logic diagrams, functional piping and instrument diagrams, electrical
single-line diagrams, tables, physical arrangement drawings, and electrical
schematics, for the a-c onsite power system presented in the applicant's safety
analysis report (SAR) are reviewed. The intent of the review is to determine
that the a-c onsite power system satisfies the requirements of General Cesign
Criteria 2, 4, 5, 17, 18 and 50 and will perform its intended functions during
all plant operating and accident conditions.

The a-c onsite power system includes those standby power sources, distribution
p) systems, and vital supporting systems provided to supply power to safety-related
(V equipment. Diesel generator sets have been widely used as the standby power

source for the a-c onsite power system and will be covered in this SRP section.
Other standby power sources such as nearby hydroelectric, nuclear, or fossil
units including gas turbine generator sets will not be addressed herein. These
sources, when proposed, will be evaluated on an individual case basis. In
addition, those interface areas between the onsite and offsite power systems at
the station distribution system level are within the scope of review of this SRP
section insofar as they relate to the independence of the onsite power system.

The PSB will review the following features of the a-c onsite power system durit g
|both the construction permit (CP) and operating license (0L) stages of the

,

licensing process:

1. System Redundancy Requirements
|

3' The onsite power system is reviewed to determine that the required
| redundancy of safety-related components and systems is provided. This
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includes an examination of the a-c power system configuration
including the power supplies, power supply feeders, switchgear
anrangement, loads supplied from each bus, and power connections to

'
i

the instrumentation and control devices of the power system.

2. Conformance with the Single Failure Criterion

In establishing the cdequacy of this system to meet the single
failure criterion, both electrical and physical separation of
redundant power sources and associated distribution systems are
examined to assess the independence between redundant portions of
the system. This will include a review of interconnections between
redundant buses, buses and leads, and buses and power supplies;
physical arrangement of redundant switchgear and power supplies;
criteria and bases governing the installation of electrical cables
for redundant power systems; and proposed sharing of the a-c power
system between units at the same site.

3. Onsite and Offsite Power System Independence

In evaluating the independence of the onsite power system with
respect to the offsite power system, the scope of review extends to
the station distribution load centers which are powered from the
unit auxiliary transformers and the startup transformers (considered
for the purposes of this SRP section as the offsite or preferred
p'ower sources). It includes the supply breakers connecting the
low" side of these transformers to the distribution buses. This

evaluation includes a review of the electrical protective relaying
circuits and power supplies to ensure that in the event of a loss of
offsite power, the independence of the onsite power system is
established through prompt opening of isolation-feeder breakers.

4. Standby Power Supplies

Design information and analyses demonstrating the suitability of the
diesel generators as standby power supplies are reviewed to ensure
that the diesel generators have sufficient capacity and capability
to perform their intended function. This will include an examina-
tion of the characteristics of each load and the length of time each
load is required, the combined load demand connected to each diesel
generator during the " worst" operating condition, automatic and'

manual loading and unloading of each diesel generator, voltage and
frequency recovery characteristics of the diesel generators,
continuous and short-term ratings for the diesel generators,
acceptance criteria with regard to the number of successful diesel
generator tests and allowable failures to demonstrate acceptability,
and starting and load shedding circuits. In addition, where the
proposed design provides for the connection of non safety loads to
the diesel generators or sharing of diesel generators between
nuclear units at the same site, particular review emphasis is given
to the possibility of marginal capacity and degradation of
reliability that may result from such design provisions.

O
.
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5. Identification

C)
The means proposed for identifying the a-c onsite power system
components including cables, raceways, and terminal equipment as
safety-related equipment in the plant are reviewed. Also, the
identification scheme used to distinguish between redundant cables,
raceways, and terminal equipment of the power system is reviewed.

6. Vital Supporting Systems

The instrumentation, control circuits, and power connections of
vital supporting systems are reviewed to determine that they are
designed to the same criteria as those for the safety-related loads
and power systems that they support. This will include an examina-
tion of the vital supporting system component redundancy; power feed
assignment to instrumentation, controls, and loads; initiating
circuits; load characteristics; equipment identification scheme, and |

i

design criteria and bases for the installation of redundant cables.

7. System Testing and Surveillance

Onsite testing capabilities are reviewed. The means proposed for
automatically monitoring the status of system operability are
reviewed.

8. Other Review Areas

The a-c power system is reviewed to determine that:

O' a. The system and its components have the appropriate seismic
design classification.

b. The system and its components are hcused in a structure with
seismic category I classification.

c. The system and its components are designed to withstand
er.vironmental conditions associated with normal operation,
natural phenomena, and postulated accidents.

d. The system and its components have a " Class 1E" quality
assurance classification.

In the review of other areas associated with the a-c onsite power
system, the PSB will coordinate other branches evaluations that
interface with the overall review of the system as follows: The
Auxiliary Systems Branch (ASB), evaluates the adequacy of those
auxiliary systems that are vital to the proper nperation and/or
protection of the a-c power system as part of its primary review
responsibility for SRP Section 9.4. This includes such systems as
the heating and ventilation systems provided to maintain a controlled

ienvironment for safety-related instrumentation and electric equ p-
ment. In particular, ASB determines that the piping, ducting, tnd
dampering for these heating and ventilation' systems are adequate.
In addition, the ASB examines the physical arrangement of components
and structures for Class 1E systems and their supporting auxiliary4

systems, to determine that single events and accidents will not
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disable redundant features as part of its primary review
responsibility for SRP Sections 3.4.1, 3.5.1.1, 3.5.2, and 3.6.1.
The ASB determines those system components requiring electric power
as a function of time for each mode of reactor operation and
accident condition as part of its primary review responsibility for
SRP Sections 6.7, 9.1.3, 9.1.4, 9.2, 9.3, 9.4, 9.5.1, 10.4.7, and
10.4.9. The Containment Systems Branch (CSB) evaluates the adequacy
of those containment ventilation systems provided for maintaining a
controlled environment for safety-related electrical equipment
located inside the containment as part of its primary review
responsibility for SRP Section 6.2.2. The CSB determines those
system components requiring electric power as a function of time for
each mode of reactor operation and accident condition as part of its
primary review responsibility for SRP Sections 6.2.2, 6.2.4, and
6.2.5. The Equipment Qualification Branch (EQB) determines the
environmental qualification of safety-related electrical equipment
as part of their primary review responsibility for SRP Section 3.11.
In particular, the EQB determines the capability of safety related
electrical equipment to perform their designed safety function when
subject to and following (1) the effects of accident environments
such as loss of coolant and steam line break accidents, (2) the
effects of normal environments that exceed the equipments design
parameters such as temperature and humidity, (3) the effect:, of
environments caused by 1 css of non-Class 1E haating and ventilation
systems, (4) the effects of seismic shaking, oad (5) the effects of
normal design environments on redundant safety related electrical
equipment that do not have diversity of design such as redundant
components manufactured and designed by the same supplier. The
Reactor Systems Branch (RSB) determines those system components
requiring electric power as a function of time for each mode of
reactor operation and accident condition as part of its primary
review responsibility for SRP Sections 5.4.6, 5.4.7, and 6.3 The
Instrumentation and Control Systems Branch (ICSB) determines those

,

system components requiring electric power as a function of time fer
each mode of reactor operation and accident condition as part of its
primary review responsibility for SRP Sections 7.2 through 7.7. In
addition, ICSB verifies the adequacy of safety-related display
instrumentation and other instrumentation systems required for
safety as part of its primary review responsibility for SRP
Sections 7.5 and 7.6. The Effluent Treatment Systems Branch (ETSB)
determines those system components requiring electric power as a
function of time for each mode of reactor operation and accident
condition as part of its primary review responsibility for SRP
Section 6.5.1. The Procedures and Test Review Branch (PTRB)
determines the acceptability of the preeperational and initial
startup tests and programs as part of its primary review responsi-
bility for SRP Section 14.0. The Mechanical Engineering Branch
(MEB) reviews as part of its review responsibility for SRP Sec-
tion 3.11 the criteria for seismic qualification and the test and
analysis procedures and methods to ensure the mechanical surviv-
ability of Category I instrumentation and electrical equipment
(including raceways, switchgear, control room boards, and instrument
racks and panels) in the event of a seismic occurrence. Electrical
operability is reviewed by EQB as described above. The Chemical
Engineering Branch (CMEB) examines the fire detection and fire
protection systems for the a-c power system and its supporting

8.3.1-4 Rev. 2 - July 1981



D,

auxiliary system components to assure that adverse effects of fire
are minimized as part of its primary review responsibility for SRP

3 Section 9.5.1. This includes the adequacy of protection provided
j redundant safe shutdown circuits to determine that a single design

basis fire will not disable both redundant circuits. The reviews
i for technical specification; and auality assurance including

periodic testing are coordinated and performed by the Licensing
Guidance Branch and Quality Assurance Branch as part of their
primary review responsibility for SRP Sections 16.0 and 17.0
respectively.

For those areas of review identified above as being rrviewed as part
of the primary review responsibility of other branches, the
acceptance criteria necessary for the review and their methods of
application are contained in the referenced SRP section of the
corresponding primary branch.

II. ACCEPTANCE CRITERIA -

In general, the onsite a-c power syste'n is acceptable when it can be concluded
that this system has the required redundancy, meets the single failure
criterion, is protected from the effects of postulated accidents, is testable,
and has the capacity, and capability to supply power to all safety loads and
other required equipment in accordance with GDC 2, 4, 5, 17, 18, and 50.
Table 8-1 lists General Design Cr(teria (GDC), regu!atory guides, and branch
technical positions used as the bases for arriving at this conclusion.

The design of the a-c power system is acceptable if the integrated design is,

in accordar.ce with the following criteria and guidelines:

1. General Design Criterion 2, as related'to structures, systems, and
components of the a-c onsite power syste;n being capable of with-
standing the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, end floods, as established in Chapter 3 of

| the SAR, and reviewed by the ASB and the Structural Engineering
Branch (SEB) as part of their primary review responsibility.

2. General Design Criterion 4, ns related to structures,' systems, and
components of the a-c power system being capable of withstanding 'he
effects of missiles and environmental conditions associated with
normal operation and postulated accidents, as established in
Chapter 3 of the SAR and reviewed by ASB, RSB and EQB as part of
their primary review responsibility.

3. General Design Criterion 5, as related to the sharing of structures,
systems, and components of the a-c power system, and the following
guidelines:

a. Regulatory Guide 1.32 (see also IEEE 308), as related to the
sharing of structures, systems, and components of the a-c power
system,

b. Regulatory Guie 1.81, as related to the sharing of structures,
systems, and components of the a-c power system, positions C.2p) and C.3.,

V
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4. General Design Criterion 17, as related to the onsite a-c power
system's (a) " pacity and capability to permit functioning of \
structures, t j ems, and components important to safety,s(b) theindependence, redundancy, and testability to perform it safety
function assuming a single failure, and (c) provisions to minimize

.

the probability of losing electric power from any of the remaining
supplies as a result of, or coincident with, the loss of power
generated by the nuclear power unit or the loss of power from the
transmission network. Acceptance is based on meeting the following
specific guidelines:

a. Regulatory Guide 1.6, as related to the independence of the
onsite a-c power system, positions D.1, D.2, D.4, and D.5.

b.' Regulatory Guide 1.9 (see also IEEE 387).

Regulatory Guide 1.32 (see also IEEE 308) as related to designc.
criteria for onsite a-c power systems.

d. Regulatory Guide 1.75 (see also IEEE 304) as related to the
onsite a-c power system.

e. Regulatory Guide 1.108 as related to the testability of the
onsite a-c power system.

f. NUREG/CR 0660, as related to the following recommendations:

(1) The diesel generator sets shall be capable of operation at
less than full load for extended periods of time without
degradation of performance or reliability. With offsite
power available, no load operation of the diesel generators
will cccur following a safety injection signal. Extended
no load operation of this equipment shall be minimized.
Operating procedures shall be provided that limit extended
no load operation of the diesel generators. The procedures
shall require loading the diesel engine to a minimum of
25% of full load for one hour after eight hours of
continuous no load operation or to a load as recommended
by the engine manufacturer.

(2) A complete formal training program shall be provided for
all personnel who will be responsible for the maintenance
and availability of the diesel generators. The depth and
quality of training shall be at least equivalent to that
provided by major diesel engine manufacturers training
programs.

(3) A preventive maintenance program shall be provided which
encompasses investigative testing of components which have
a history of repeated malfunctioning and a plan for the
replacement of those components which require constant
attention and repair with other products of proven
reliability.

(4) Repair ar.d maintenance procedures shall provide for a
final equipment check prior to an actual start-run-load
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:

' test to assure that all electrical circuits are functional
.(i.e. fuses in place, no loose wires, test leads removed

; etc.) and all valves are in the proper position. The test
"

g procedure (s) shall explicitly state that upon satisfactory
test completion the diesel generator unit shall be
returned to a ready automatic standby service under the
control of the control room operator.,

! -(5) Except for sensors and other equipment that must be :
'

4 directly mounted on the engine or associated piping, the
controls and monitoring instruments shall be installed on
a free standing floor mounted panel located on a vibration-

free floor area.

1 NOTE: If the floor is not vibration free the panel shall
j be equipped with vibration mounts.

,.

|

!. 5. General Design Criterion 18, as related to the testability of the
'

onsite a-c power system, and the guidelines of Regulatory Guide 1.118
(see also IEEE 338), as related to the capabilitj for testing the

: onsite a-c power system.
,

,

#

b. The design requirements for an onsite a-c power supply for systems
covered by General Design Criteria 33, 34, 38, 41 and 44 are
encompassed in General Design Criterion 17.,

'
7. General Design Criterion 50, as related to the design of containment

electrical penetrations containing circuits of the a-c power system'

and the guidelines of Regulatory Guide 1.63 (see also IEEE 317) as
related to the capability of the electric penetration assemblies to,

withstand, without loss of mechanical integrity,- the maximum
i possible fault current versus time condition that could occur given
i single random failure of circuit overload protective devices located

in circuits of the onsite a-c power systems.'

;

Branch Technical Positi6ns and industry standards that provide information,4

J recommendations and guidance and in general describe a. basis acceptable to the
staff that may be used to implement the requirements of General Design.

' Criteria 2, 4, 5, 17, 18, and 50 are identified in SRP.Section 8.1, Table 8.1
and Appendix 8-A. In addition, Task Action Plan items II.E.3.1 and II.G.1 of
NUREG's 0737 and 0718 are also implemented to meet these regulations.

III. REVIEW PROCEDURES

! The primary objective in the review of the a-c power system is to determine
that this system satisfies the acceptance criteria stated in subsection II and
will perform its design functions during plant normal operation, anticipated
operational occurrences and accident conditions. In the CP review, the
descriptive information, including the design bases and their relation to the *

acceptance criteria, preliminary analyses, electrical single-line diagrams,
functional logic diagrams, preliminary functional piping and instrumentation
diagrams (P& ids), and preliminary physical arrangement drawings are examined

: to determine that there is reasonable assurance.that the final design will
meettheseobjectives. AttheOLstage,theseobjectivesareverifiedduringi

-the review of final electrical schematics, functional P& ids, and physical,

! arrangement drawings 'and are confirmed during a visit to the site. To ensure
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that accepiance criteria stated in subsection II are satis ed, the review is
performed as detailed below.

The primary reviewer will coordinate this review with the omher branch areas
of review as stated in subsection I. The primary reviewer obtains and uses
such input as required to ensure that this review procedure is complete.

1. System Redundancy Requirements

General Design criteria 33, 34, 35, 38, 41 and 44 set forth
requirements with regard to the safety systems that must be supplied
by the a c onsite power system. Also, these criteria state that
safety system redundancy should be such that for onsite power system
operation (assuming offsite power is not available), the system
safety functior,can be accomplished assuming a single failure. The
acceptability of the onsite power system with regard to redundancy
is based on conformance to the same degree of redundancy of
safety-related components and systems required by these General
Design Criteria. The descriptive informstion including electrical
single-line diagrams (CP and Ol_ stage), functional P& ids (CP and OL
stage), and electrical schematics (0L stage) is reviewed to verify
that this redundancy is reflected in the standby power system with
regard to both power sources and associated distribution systems.
Also, it is verified in coordination with other branches that
redundant safety loads are distributed between redundant distribution
systems, and that the instrumentation and control devices for the
Class IE loads and power system are supplied from the related
redundant distribution systems.

2. Conformance with the Single Failure Criterion

As required by General Design Criterion 17, the onsite a c power
system must be capable of performing its safety function assuming a
single failure.

In evaluating the adequacy of this system in meeting the single
failure criterion both electrical and physical separation of
redundant power sources and distribution systems, including their
connected loads, are reviewed to assess the independence between
redundant portions of the system.

To ensure electrical independence, the design criteria, analyses,
description, and implementation as depicted on functional logic
diagrams, electrical single-line diagrams, and electrical schematics
are reviewed to determine that the desigr meets the requirements set
forth in IEEE Std 308 and satisfies the positions of Regulatory
Guide 1.6. Additional guidance in evaluating this aspect cf the
design is derived from IEEE Std 379, " Guide for the Application of
the Single-Failure Criterion to Nuclear Power Generating Station
Protection Systems," as augmented by Regulatory Guide 1.53,
" Application of the Single-Failure Criterion to Nuclear Power Plant |Protection Systems." Other aspects of the design where special
review attention is given to ascertain that the electrical indepen-
dence and physical separation has not been compromised are as
follows:
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Should the proposed design provide for sharing of the a-ca.
onsite power system between units at the same site, the
criteria of IEEE Std 308 governing the sharing of this system

Q between units are not specific enough to be used as the basis
for assessing the adequacy of the design in meeting the
requirements of General Design Criterion 5 and satisfying the
single failure criterion. Therefore, the acceptability of such
a design is determined by reviewing the proposed system design
criteria and electrical schematics and analyses substantiating
the adequacy of the design to withstand the consequences of
electrical faults and failures in one unit with respect to
the others. Generally, the PSB is guided by the requirements
set forth in Position 2 of Regulatory Guide 1.81, " Shared
Emergency and Shutdown Electric Systems for Multi-Unit Nuclear

i Power Plants," for CP applications docketed before June 1, 1973
and for OL applications. Position 3 of this Regulatory Guide
prohibits the sharing of onsite power systems between nuclear |units for construction permit applications docketed after
June 1, 1973. Further details of the review with regard to
Position 2 on sharing of the onsite power system between units |
are covered in item 4, below.

b. The interconnections between redundant load centers through bus
tie breakers and multi-feeder breakers used to connect extra
redundant loads to either of the redundant distribution systems
are examined to assure that no single failure in the intercon-
nections will cause the paralleling of the standby power
supplies. To ensure this, the control circuits of the bus tie[m breakers or multi-feeder breakers must preclude automatic*

_h transferring of load centers or loads from the designated
supply to the redundant counterpart upon loss of the designated
supply (Position 4 of Regulatory Guide 1.6). Regarding the
interconnections through bus tie breakers, an acceptable design
will provide for two tie breakers connected in series and
physically separated from each other in accordance with the
acceptance criteria for separation of the onsite power system, |which is discussed below. Further, the interconnection of
redundant load centers must be accomplished only manually.
With respect to the interconnections through the multi-feeder
breakers supplying power to extra redundant loads, the review
relates to the use of the extra redundant unit as one of the,

required operating units (if the substituted-for-normal unit is
inoperable). If this is the selected mode of operation prior
to an accident concurrent with the loss of offsite power, it is
verified by reviewing the breaker arrangement and associated
control circuits that no single failure the feeder breaker
which is not connected to the extra redum .t unit could cause
the closing of this breaker resulting in the paralleling of the
power supplies. To ensure against compromising the independence
of the redundant power systems under this situation, an
acceptable design for connecting extra redundant loads to
either distribution system will provide for at least dual means
for connecting and isolating each load from each redundant bus.

' p Such a design must also meet the acceptance criteria for
electrical and physical separation of the onsite power system. |
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In addition, the provisions of the design to automatically
break all the interconnections (e.g., open tie and multi-feeder
breakers) between redundant load centers immediately following
an accident condition concurrent with the loss of offsite power
are reviewed to ascertain that the independence of the redundant
portions of this system is established given a single failure.

c. To assure physical independence, the criteria governing the
physical separation of redundant equipment, including cables
and raceways, and their implementation as depicted on prelimi-
nary (CP stage) or final (0L stage) physical arrangement
drawings are reviewed to determine that the design arrangements
satisfy the requirements set forth in IEEE Std 384 as augmented
by Regulatory Guide 1.75. This standard and regulatory guide
set forth acceptance criteria for the separation of circuits
and e!ectrical equipment contained in or associated with the
Class 1E power system. To determine that the independence of
the redundant cable installation is consistent with satisfying
the requirements set forth in IEEE Std 384 as augmented by
Regulatory Guide 1.75, the proposed design criteria governing
the separation of Class 1E cables and raceways are reviewed
including such criteria as those for cable derating; raceway
filling; cable routing in containment, penetration areas, cable
spreading rooms, control rooms and other congested areas;
sharing of raceways with nonsafety-related cables or with
cables of the same system or other systems; prohibiting cable
splices in raceways; control wiring and components associated ~

with Class IE electric systems in control boards, panels, and
relay racks; and fire barriers and separation between redundant
raceways.

3. Onsite and Offsite Power System Independence

In ascertaining the independence of the onsite power system with
respect to the offsite power system, the electrical ties between
these two systems as well as the physical arrangement of the
interface equipment are reviewed to assure that no single failure
will prevent the separation of the redundant portions of the onsite
power system from the offsite power system when required. The scope
of the review for independence extends from the supply breakers
conn ~ ted to the low side of the unit auxiliary transformers and
startup transformers (referred to as the offsite or preferred power
supplies) to the station safety related distribution system. The

number and capability of electrical circuits from the offsite power |

system to the safety buses are to be consistent with satisfying the
requirements of General Design Criterion 17. Then, downstream of
the offsite power breakers at the safety buses, the design must I

satisfy the requirements for redundancy and independence of General
Design Criteria 34, 35, 38, 41 and 14; that is, for onsite power i
system operation (assuming offsite power is not available), the I

system safety function can be accomplished assuming a single
failure.

To determine that the physical independence of the preferred power
circuits to the Class 1E buses is consistent with satisfying the
requirements of General Design Criterion 17 and IEEE Std 308, the
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physical arrangement drawings are examined to verify that each
circuit is physically separate and independent from its redundant

(Vm)
counterparts. In addition, the final feeder-isolation breaker in
each circuit through which preferred power is supplied to the safety
buses must be designed and physically separated in accordance with
the requirements for the onsite power system. Following the loss of
preferred power, the safety buses are powered solely from the
standby power supplies. Under this situation, the design of the
feeder-isolation breaker in e~ach preferred power circuit must
preclude the automatic connection of preferred power to the
respective safety bus upon the loss of standby power. In this
regard, an acceptable design will include the capability for
restoring preferred power to the respective safety bus by manual

*actuation only.
'#

In assessing the adequacy of the electrical ties between the onsite
and offsite power systems, and the capability of the preferred power
circuits to deliver power to the safety related buses, both primary
and secondary backup protective relaying schemes and their coor-
dination, relay setthgs, and assignec control power supplies are
reviewed by PSB to a:,sure that in the event of an electrical fault,
occurring between the preferred power transformer supply breakers
and the safety buses, no single failure will result in reducing the
number of preferred power circuits to less than the minimum required
for safety or prevent the separation of the affected circuit from ,

the respective redundant portion of the onsite power system. In I
addition, it is verified that no single protective relay or
interlock failure'will prevent separation of the required redundant

(dA) portions of the onsite power system from the preferred power system |
' upon loss of the latter.

In reviewing the mode of operation where both power systems are
being operated in parallel (such is the case during full load
testing of standby power supply diesel generator sets), the
interlock scheme including electrical protective relay coordinaticn
and settings are closely examined to verify that the independence of
the required redundant portions of the onsite power system is
established upon a failure in the offsite power system. The event
of concern under this mode of operation is an accident concurrent
with a loss of offsite power and a single failure preventing the
opening of the feeder-isolation breaker through which the paralleling
of the power systems was being accomplished. Because the signal to
start the diesel generator sets is normally derived from undervoltage,

relays, and under this situation tha voltage is maintained above the
trip relay settings by the diesel generator under test, the remaining
redundant diesel generators will not be commanded to start running.
Consequently, the added capacity resulting from the connection of
non-safety related loads to the diesel generator under test will
cause the tripping of this diesel due to overload. The end result
could be the total loss of power to the safety buses. However, this
power interruption could be of momentary duration if the remaining
redundant diesel generators are commanded automatically to start by
undervoltage relay action immediately after total power is lost.
The diesel generator under test will be inoperable due to the self-

(O locking feature preventing restarting after an overload trip-) condition. The reviewer ascertains that the time delay introduced
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in making power available to the safety buses as a result of this
event is within the response time limits assumed in the accident
analyses. Included is verification that subsequent failures such as
those resulting from improper electrical relaying coordination and
self-locking features will not impair the automatic starting of the
remaining redundant diesel generators required to meet minimum
safety requirements. If the time delay introduced in making power
available to the safety buses is not tolerable, it must be demon-
strated that either the probability of occurrence of this event is
low when compared to the frequency and duration of testing each
diesel, or the design must provide diverse automatic signals, other
than undervoltage, to ensure the availability of standby power to
the safety buses.

As an outcome of reviewing the parallel operation of the offsite and
onsite power systems, the use of the standby power supply diesel-
generator sets to supply power to the electrical system during peak
load demand periods was found by the staff to be unacceptable. The
basis for this conclusion is that the required frequent intercon-
nections of the offsite and standby power supplies do not minimize |
the probability of their ccincident loss (General Design Crite-
rion 17) nor can the design be made immune to common failure modes
(Section 5.2.1(5) of IEEE Std 308). Further details amplifying the
basis for this conclusion are included in Branch Technical Position
ICSB 8 (PSB) which sets forth the basis for prohibiting the use of
diesel generator sets for purposes other than emergency standby
power supplies. -

h.4. Standby Power Supplies

In ensuring that the requirements of General Design Criterion 17 and
IEEE Std 308 have been met with regard to the standby power supply
diesel generator sets having sufficient capacity and capability to |
supply the required distribution system loads, the design bases,
design criteria, analyses, description, and implementation as
depicted on electrical drawings and functional P& ids, the diesel-
generator sets are reviewed to verify that the bases for their
selection satisfy the positions of Regulatory Guide 1.9. Specifi-
cally, the reviewer first becomes familiar with the purpose and
operation of each safety system, including system component
arrangement as depicted on functional P& ids, expected system
performance as established in the accident analyses, modes of system
operation and their interactions during normal and accident
conditions, and interactions between systems. Following this, it is
verified that the tabulation of all safety-related loads to be
connected to each diesel generator is consistent with the informa-
tion establishing the safety-related systems and loads and their
required redundancy. The characteristics of each load (such as
motor horsepower, volt-amp rating, in-rush current, starting
volt amps and torque), the length of time each load is required, and
the basis used to establish the power required for each safety load
(such as motor nameplate rating, pump run-out condition, or
estimated load under expected flow and pressure) are used to verify
the calculations establishing the combined load demand to be
connected to each diesel during the " worst" operating condition. In
applying this combined load demand to the selection of each diesel
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generator capacity, an acceptable design must satisfy Positions 1
and 2 of Regulatory Guide 1.9.

,.

/ \

\"/ To ensure that each diesel generator is capable of starting and
accelerating to rated speed all the connected loads in the required
sequence and within the minimum time intervals established by the
accident analyses, the PSB reviewer examines for each diesel
generator the loading profile curves, voltage and frequency
recovering characteristic curves, and the response time of the
excitation system to laad variations. This examination must verify
that the capability of each diesel generator to respond to voltage
and frequency variatiois satisfies Position 5 of Regulatory
Guide 1.9. In additirn, the adequacy of the circuit design for
starting and disconnecting and connm. ting safety loads from and to
each diesel generato? is checked. Tiiis includes a review of the
starting initiating circuits; manual and automatic sequential
loading and unloading circuits; interrupting capacity of switchgear,
load centers, control centers, and distribution panels; grounding
requirements; and electrical protective relaying circuits including
their coordination, relay settings, and assigned control power
supplies for each load and each diesel generator. In reviewing the
criteria governing the design of the thermal overload protection for
motors of motor operated safety related valves, the reviewer is
guided by Regu b tory Guide 1.106.

Regarding the review of the electrical protective trip circuits of
the diesel generator sets, Positions 8 and 9 of Regulatory Guide 1.9
are used as an evaluation guide. The capability of the automatic

[m) sequential loading circuits to reset during a sustained low voltage
(> condition on the diesel generators is reviewed to ensure that upon

restoration of normal voltage, the safety-related. loads can be |
connected in the prescribed sequence. Otherwise, the reconnection
of all the loads at the same time could result in an overload
condition causing the trip of the respective diesel generator. In
ensuring that those safety-related loads being powered through. |
latched-type breakers are capable of being reconnected to their
respective buses after restoration of power, the design must provide
for resetting the breaker anticycle feature when there is an under-
voltage condition. The normal function of this feature is to '

prevent immediate reclosure of a breaker following a trip.'

Where the proposed design provides for the sharing of diesel
generators between units at the same site, and connection and
disconnection of non-Class 1E loads to and from the Class 1E
distribution buses, particular attention is given in the review to
ensure that the implementation of such design provisions does not
compromise the capacity or capability of the standby power supplies.

General Design Criterion 5 prohibits sharing unless it can be shown
that the diesel generators are capable of performing all required
safety functions in the event of an accident in one unit and an
orderly shutdown and cooldown of the remaining units. In ensurin;;'

that the proposed design for sharing diesel generators between units
meets the requirements of General Design Criteria 5 and 17 asp) supplemented by General Design Criteria 30, 35, 38, 41 and 44 and(V satisfies the positions of Regulatory Coide 1.9, the PSB reviewer is
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guided by Regulatory Guide 1.81. This guide sets forth two
principal positions. Position 3 applies to those construction
permit applications docketed after June 1, 1973, and prohibits the
sharing of onsite power systems between units. Conformance of the |
design with Position 3 is verified by reviewing the descriptive
information including electrical drawings to ensure that the onsite |

power system of each unit is electrically independent with respect i

to the onsite power system of other units. I

Position 2 of Regulatory Guide 1.81 establishes ccceptable bases |under which sharing of onsite power systems between units is
permitted. Conformance with Position 2 with regard to the adequacy
of diesel generator capacity and capability under the sharing mode
of operation is verified by following the. procedure discussed above
for tabulating and summing all loads. In particular, the load
tabulation and calculations establishing the diesel generator
capacity are examined to ensure that the selected capacity is
sufficient to power the minimum ESF loads in any unit and safely
shut down the remaining units in the event of an accident in one
unit and a single failure or spurious or false accident signal from
another unit and loss of preferred power to all the units. In
addition, the physical arrangement of instrumentation and control
devices on control room panels and consoles in one unit with respect
to the other units is examined to ensure that the design minimizes
the coordination needed between unit operators to accomplish sharing
of the standby power systems.

In the absence of specific criteria in ItEE Etd 308 governing the
connection and disconnection of non-Class 1E loads to and from the
Class 1E distribution buses, the review of the interconnections will
consider isolation devices as defined in IEEE Std 384 and augmented
by Regulatory Guide 1.75 to determine the adequacy of the design.
In ensuring that the interconnections between non-Class IE loads and
Class 1E buses will not result in the degradation of the Class 1E
system, the isolation device through which standby power is supplied
to the non-Class 1E lead, including contr01 circuits and connections
to the Class 1E bus, must be designed to meet Class 1E requirements.
Should the standby power supplies not have been sized to accommodate
the added non-Class IE loads during emergency conditions, the design
must provide for the automatic disconnection of those non-Class 1E
loads upon the detection of the emergency condition. This action
must be accomolished whether or not the load was already connected
to the power supply. Further, the design must also prevent the
automatic or manual connection of these loads during the transient
stabilization period subsequent to this event.

The description of the qualification test program (CP stage) and the
results of such tests (0L stage) for demonstrating the suitability
of the diesel generators as standby power supplies are judged to be
acceptable if they satisfy the acceptance criteria stated in
subsection II. In the event that diesel generators have not been
selected for a particular plant, a commitment from the applicant to
obtain diesel generators of a design that has been previously
qualified for use in nuclear power plant applications, or to perform
qualification tests on diesel generators of a new design in
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accordance with the acceptance criteria, is considered acceptable at
the CP stage of review.

The review of the diesel generator auxiliary systems is reviewed in
SRP Sections 9.5.4 through 9.5.8.

To assure that diesel generator reliability and operation will not
be degraded, the reviewer evaluates the diesel generator descriptive
information and the results of failure modes and effects analyses
in the SAR and using engineering judgement verifies the following
items:

a. Provisions have been made in the facility design and in the
design and installation of electrical equipment associated with
the starting of the diesel generators to minimize engine
failure to start on demand due to accumulation of dust and
other deleterious material ingested via the ventilation system
or generated in the diesel engine room during normal plant
operation on the electrical starting equipment, e.g. Auxiliary
Relay contacts, control switches -- etc. panel or individually
mounted.

b. The diesel generator sets are capable of operation at less than
full load without degradation of performance or reliability and
operating procedures limit no load operation.

c. A complete formal training program is provided for all
mechanical and electrical maintenance, quality control ando) operating personnel, including supervisors who are responsible(V for the maintenance and availability of the diesel generators.

d. A preventive maintenance program is provided which encompasses
i investigative testing of components and a replacement plan as

specified in subsection II.
,

e. The repai.r and maintenance procedures provide for a final
equipment check and test procedures provide for returning the

i diesel engine to automatic standby service and under the
| control of the control room operator.
,

f. Operating experience at certain nuclear power plants which havej
' two cycle turbocharged diesel engines manufactured by the

Electromotive Division (E,0) of General Motors driving
( emergency generators have experienced a significant number of
| turbocharger mechanica' gear drive failures occurring as the

result of running the emergency diesel generators at no load or
light load conditions for extended periods. When this

, equipment is operated under no load conditions insufficient
| exhaust gas volume is generated to operate the turbocharger; as

a result the turbocharger is driven mechanically from a gear
drive in order to supply enough combustion air to the engine to
maintain rated speed. The turbocharger and mechanical drive
gear normally supplied with these engines are not designed for

(] standby service encountered in nuclear power plant application
'j where the equipment may be called upon to operate at no load or! t

light load condition and full rated speed for a prolonged
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period, where no load speeds for the engine and generator are
much lower than full load speeds. The locomotive turbocharger
diesel hardly ever runs at full speed except at full load. EMD
has developed heavy duty turbo charger mechanical drive gear
assemblies for installation on their diesel engines. EMD
diesel engines drives proposed for driving emergency generators
for nuclear power plants should be provided with heavy duty
turbocharger mechanical drive gear assembly as recommended by
the manufacturer. The reviewer verifies that the EMD diesel
engine is provided a heavy, duty turbocharger mechanical gear
drive assembly to assure optinum availability of the emergency
generators on demand.

g. Except for sensors and other equipment that must be mounted
direct!y on the engine or associated piping, the controls and
monitoring instruments are installed on a free standing floor
mounted panel located on a vibration free floor area. If the
floor is not vibration free, the panel should be equipped with
vibration mounts. In the event that the instruments and
controls cannot be removed from the engine skid, due to plant
design, the controls and instrumentation should be environ-
mentally qualified for vibration service. Until the
environmental qualification of the components is completed, the
applicant has implemented an augmented inspection, test, and
calibration program. Verify that this program has been
adequately described in the SAR.

5. Identification of Cables, Raceways, and Terminal Equipment

The identification scheme used for safety related cables, raceways,
and terminal equipment in the plant and internal wiring in the
control boards is reviewed to see that it is consistent with IEEE
Std 384 as augmented by Regulatory Guide 1.75. This incicdes the
criteria f r differentiating between (a) safety-related cables,
raceways .nd terminal equipment of different channels or divisions,
(b) nonsafety-related cable which is run in safety raceways,
(c) nonsafety-related cable which is not associated physically with
any safety division, and (d) safety-related cables, raceways, and
terminal equipment of one unit with respect to the other units at a
multi-unit site.

6. Vital Supporting Systems

The PSB will review those auxiliary systems identified as being
vital to the operation of safety-related loads and systems. The PSB
reviews the instrumentation, control, and electrical aspects of the
vital supporting systems to ensure that their design conforms to the
same criteria as those for the systems that they support. Hence,
the review procedure to be followed for ascertaining the adequacy of
the vital supporting systems is the same as that discussed herein
for the onsite systems. In essence, the reviewer first becomes |
familiar eith the purpose and operation of each vital supporting
system, including its comp 1nents arrangement as depicted on
functional P& ids. Subsequently, the design criteria, analyses, and
description and implementat'on of the instrumentation, control and
electrical equipment, as depicted on electrical drawings, are
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reviewed to verify that the design is consistent with satisfying the
acceptance criteria for Class 1E systems. In addition, it is

'_ ', verified that the vital supporting system redundant instrumentation,
;' ' control devices, and loade are examined to verify that they are
"' powered from the same redundant distribution system as the system

that they support. The PSB will also verify that tha vital
supporting systems which are associated with the emergency diesel
engine such as the fuel oil storage ard transfer system, cooling
water system, starting air system and lubrication system are in
accordance with the acceptance criteria.

The ASB reviews the other aspects of the vital supporting systems to
verify that the design, capacities, and physical independence of
these systems are adequate for their intended functions. Included
is a review of the heating and ventilation (H&V) systems identified
as necessary to Class 1E systems, such as the H&V systems for the
electrical switchgear and diesel generator rooms. The ASB will
verify the adequacy of the H&V system design to maintain the
temperature and relative humidity in the ro m required for proper
operation of the safety equipment during boti normal and accident
conditions. It will also verify that redundant M&V systems are
located in the same enclosure as the redunda w unit they serve, or
are separated in accordance with the same criteria as those for the
systems they support.

7. System Testing and Surveill ace

In ensuring that the proposed periodic onsite testing capabilities.

of the a-c onsite power system satisfies the requirements of General**

Design Criterion 18 and the positions of Regulatory Guides 1.108 and
1.118, the descriptive information (CP and OL stages) functional
logic diagrams (CP and OL stages), and electrical schematics (OL
stage) are reviewed to verify that the design has the built-in
capability to permit integral testing of Class 1E systems on a
periodic basis when the reactor is in operation.

The descriptive information (CP and OL stages) and the design
implementation as depicted on electrical drawings (0L stage) of the
means proposed for automatically indicating at the system level a
bypassed or deliberately inoperative status of a redundant portion
of a safety related system are reviewed to ascertain that the design |
is consistent with Regulatory Guide 1.47 and Branch Technical
Position ICSB 21 (PSB). This position establishes the basis to be
considered in arriving at an acceptable design for the inoperable
status indication system.

8. Fire Protection for Cable Systems

In ensuring that the requirements of General Design Criterion 3 have
been met, CMEB will review the design of the fire stops and seals, |
including the materials, their characteristics with regard to
flammability and fire retardancy, and their fire underwriters rating
in accordance with SRP Section 9.5.1. All cable and cable tray
penetrations through walls and floors as well as any other types of'm

,
c ;1e ways or conduits should have fire stops installed. PSB will<
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review cable derating and raceway fill to ensure compliance with
accepted industry practices. |

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the review supports conclusions of the following type, to be inc~uded in the
staff's safety evaluation report:

The onsite power system includes the standby power sourcrs,
distributio: systems, vital auxiliary supporting systems, and
instrumentation and controls required to supply power to safety-
related components and systems. The review of the a-c power system
for the plant covered the descriptive information (CP and
OL), functional logic diagrams (CP and OL), functional piping and
instrument diagrams (CP and OL), eiectrical single-line diagrams (CP
and OL), preliminary (CP) and final (0L) physical arrangement
drawings, and electrical schematics (0L).

The basis for acceptance of the a-c power system in our review was
conformance of the design criteria and bases to the Commission's
regulations as set forth in the General Design Criteria (GDC) of
Appendix A to 10 CFR Part 50. The staff concludes that the plant
design is acceptable and meets the requirements of GDC 2, 4, 5, 17,
18 and 50. This conclusion is based on the following:

1. The applicant has met the requirements of GDC 2, " Design Basis
for Protection Against Natural Phenomena", with respect to
structures, systems, and components of the a-c power systems
being capable of withstanding the effects of natural phenomena
such as earthquakes, tornadoes, hurricanes, and floods by
locating the a-c power system and components in seismic
Category I structures which provides protection from the
effects of tornadoes, tornado missiles, and floods. In
addition the a-c power system and components have a quality
assurance designation of Class 1E.

, 2. The applicant has met the requirements of GDC 4, " Environmental
and Missile Design Bases", with respect to structures, systems,
and components of the a-c power system being capable of
withstanding the effects of missiles and environmental
conditions associated with normal operation and postulated
accidents by adequate plant design and equipment qualification
program.

3. The applicant has met the requirements of GDC 5, " Sharing of
Structures, Systems, and Components", with respect to struc-
t'.es, systems components of the onsite a-c power system. The
onsite a-c power system and components associated with the
multi-unit facility are housed in physically separate seismic
Categcry I structures, are not shared between units and the
appli; ant has met the positions of Regulatory Guide 1;32,
posi. ion C.2.a, and Regulatory Guide 1.81, positions C.2 and C.3.

4. The applicant has met the requirements of GDC 17, " Electric
Power Systems", with respect to the onsite Class 1E a-c power i
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system's (a) capacity and capability to permit functioning of
structures, systems, and components important to' safety,
(b) the independence and redundancy to perform their safety

( function assuming a single failure, and (c) provisions to
minimize the probability of losing electric power frem any of
the remaining supplies as a result of, or coincident with, the
loss of power generated by the nuclear power unit or the loss
of power from the transmission network. Acceptability was
based on the applicant meeting the positions of Regulatory |

!Guides 1.6, 1.9, 1.32, 1.75, and 1.108, and NUREG/CR 0660.
l

5. The applicant has met the requirements of GDC 18, "Insp?ction
and Testing of Electric Power Systems", with respect to ihe

,

onsite Class 1E a-c power system. The a-c power system is
designed to be testable during operation of the nuclear power
generating station as well as during those intervals when the
station is shutdown. This meets the positions of Regulatory
Guide 1.118.

6. The applicant has met the requirements of GDC 50, " Containment
Design Bases", with respect to penetrations containing circuits (
of the safety and non-safety a-c power system. Containment I

|electric penetrations have been designed to accommodate, without
exceeding their design leakage rate, the calculated pressure
and temperature conditions resulting from any loss-of-coolant
accident concurrent with the maximum short-circuit current
versus time condition that could occur given single random
failures of circuit overload protective devices. This meets
the positions of Regulatory Guide 1.63.

V. IMPLEMENTATION

The following is intended to proside guidance to applicants and licensees
regarding the NRC staff's plans far using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contai ed in the referenced regulatory guides and NUREG.

VI. REFERENCES

1. Standard Review Plan Section 8.1, Table 8-1, " Acceptance Criteria
and Guidelines for Electric Power Systems".

2. Standard Review Plan Appendix 8-A, " Branch Tcchnical Position
(PSB)."

3. Standard Review Plan Appendix 8-B, " General Agenda, Station Site
Visits."

Ov 4. NUREG-0718, " Licensing Requirements for Pending" Applications for
Construction Permits and Manufacturing License.
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5. NUREG-0737, " Clarifications of TMI Action Plan Requirements."

6. NUREG/CR-0660, "Enchancement of Onsite Emergency Diesel Generators
Reliability."

|
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APPENDIX

CRITERIA FOR ALARMS AND INDICATIONS ASSOCI/,TED WITH DIESEL-GENERATOR UNIT
BYPASSED AND INOPERABLE STATUS

[ Appendix to SRP Section 8.3.1 has been superseded by Branch Technical
Position PSB-2]
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8.3.2 D-C POWER SYSTEMS (ONSITE)

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

The descriptive information, analyses, and referenced documents, including
electrical single line diagrams, electrical schematics, functional piping and
instrument diagrams, logic diagrams, tables, and physical arrangement drawings
for the d-c onsite power system, presented in the applicant's safety analysis
report (SAR), are reviewed. The intent of the review is to determine that the
d-c onsite power system satisfies the requirements of General Design Criteria 2,
4, 5, 17, 18 and 50 and will perform its intended functions during all plant
operating and accident conditions.

p he d-c power systems include those d-c power sources and their distribution
( Jystems and vital supporting systems provided to supply motive or control power
'"to safety-related equipment. Batteries and battery chargers are used as the

power sources for the d-c power system, and inverters are used to convert d-c
from the d-c distribution system to a-c instrumentation and control power as
required.

The PSB will pursue the following phases in the review of the d-c power systems
during both the construction permit (CP) and operating license (0L) stages of the
licensing process:

1. System Redundancy Requirements
The system is reviewed to determine that the required redundancy of
components and subsystems is provided. This requires an examination of the
d-c power system configuration including power supplies, power supply |feeders, load center arrangements, ioads supplied from each bus, and power
connections to the instrumentation and control devices of the system.

Rev. 2 - July 1981
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2. Conformance with the Single Failure Criterion
In determining the adequacy of this system to meet the single failure
criterion, the electrical and physical separation of redundant power
sources and associated distribution systems are examined to assess the
independence between redundant portions of the system. This will include
a review of the interconnections between redundant buses, buses and
loads, and buses and power supplies; proposed sharing of the d-c power
system between units at the same site; the design criteria and bases |
governing the installation of electrical cable for redundant portions of
the systems; and physical arrangement of redundant switchgear and powe*
supplies.

3. Power Supplies
Design information and analyses demonstrating the suitability of batteries
and battery chargers as d-c power supplies and inverters that convert d-c
to a-c for instrumentation and control power are reviewed to assure that
i. bey have sufficient capacity and capability to perform their intended
functions. This will require an examination of the characteristics and
design requirements of each load; the length of time each load is required;
the combined load demand connected to each battery or battery charger
during the " worst" operating condition; the voltage recovering character-
istics of the battery and battery chargers; and the continuous and
short-term ratings for the battery and battery chargers.

In addition, where the proposed design provides for the connection of
nonsafety-related loads to the d-c power system and sharing of batteries
and battery chargers between units at the same site, particular review
emphasis is given to assuring against marginal capacity and degradation
of reliability that may result from implementing such design provisions.

4. Identification
The means proposed for identifying the d-c power system components
including cables and cable trays as safety-related equipment in the plant
are reviewed. Also, the identification scheme used to distinguish between
redundant cables and raceways of the power system is reviewed.

5. Vital Supporting Systems
The instrumentation, control circuits, and power connections of vital
supporting systems are reviewed to determine that they are designed to
the same criteria as those for the Class 1E loads and power systems that
they support. This will include an examination of the vital supporting

system component redundancy, power feed assignment to instrumentation,
control of loads, initiating circuits, load characteristics, equipment
identification scheme, and design criteria and bases for the installation
of redundant cables.

6. Surveillance and Testing
The means proposed for monitoring the status of system operability are
reviewed. Periodic onsite testing capability is reviewed. |

7. Other Review Areas
The d-c system is reviewed to determine that:

(a) The system and its components have the appropriate seismic design
classification.
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(b) The system and its components are housed in a structure with seismic
Category I classification.

(c) The system and its components are designed to withstand environmental*

conditions associated with normal operation, natural phenomena, and
postulated accidents.

(d) The system and its components have a " Class IE" quality assurance
classification.

In the review of other areas associated with the d-c onsite power system, the
PSB will coordinate other branches' evaluations that interface with the overallreview of the system as follows: The Auxiliary System Branch (ASB) evalutes
the adequacy of those auxiliary systems that are vital to the proper operation
and/or protection of the d c power system as part of its primary review
responsibility for SRP Section 9.4. This includes such systems as the heating
and ventilation systems for load center, battery, battery charger, and inverter

In particular, the ASB determines that the piping, ducting, and valvingrooms.

arrangements of redundant vital auxiliary supporting systems meet the singlefailure criterion. In addition, the ASB examines the physical arrangement of
the d c power system and its supporting auxiliary system components and associ-
ated structures to determine that single events and accidents will not disable
redundant features as part of its primary review responsibility for SRP
Section 3.4.1, 3.5.1.1, 3.5.2, and 3.6.1. The ASB determines those system
components requiring electric power as a function of time for each mode of
reactor operation and accident conditions as part of its primary review
responsibility for SRP Sections 6.7, 9.1.3, 9.1.4, 9.2, 9.3, 9.4, 9.5.1,

q 10.4.7, and 10.4.9. The Containment Systems Branch (CSB) evaluates the

[ V controlled environment for safety-related electrical equipment located insideadequacy of those containment ventilation systems provided for maintaining a)

the containment as part of its primary review responsibility for SRP
Section 6.2.2. The CSB determines those system components requiring electric
power as a function of time for each mode of reactor operation and accident
condition as part of its primary review responsibility for SRP Sections 6.2.2,6.2.4, and 6.2.5. The Equipment Qualification Branch (EQB) determines the
environmental qualification of safety-related electrical equipment as part of
its primary review responsibility for SRP Section 3.11. In particular, the
EQB determines the capability of safety-related electrical equipment to perform
their designed safety function when subject to and following (1) the effects
of accident environments such as loss-of-coolant and steamline break accidents,
(2) the effects of normal environments that exceed the equipment's design
parameters such as temperature and humidity, (3) the effects of environments
caused by loss of non-Class 1E heating and ventilation systems, (4) the effects
of seimsic shaking, and (5) the effects of normal design environments on
redundant safety-related electrical equipment that do not have diversity of
de:>ign such as redundant components manufactured ond designed by the same
supplier. The Reactor Systems Branch (RSB) determines those system components
requiring electric power as a function of time for each mode of reactor opera-
tion and accident condition as part of its primary review responsibility for
SRP Sections 5.4.6, 5.4.7, and 6.3. The Instrumentation and Control Systems
Branch (ICSB) determines those system components requiring electric power as a
function of time for each mode of reactor operation and accident condition as
part of its primary review responsibility for SRP Sections 7.2 through 7.7.

A In addition, ICSB verifies the adequacy of safety related display instrumenta-
g / tion and other instrumentation systems including bypass indication requiredU for safety as part of its primary review responsibility for SRP Sections 7.5
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and 7.6. The Effluent Treatment Systems Branch (ETSB) determines those system
components requiring electric power as a function of time for each mode of
reactor operation and accident condition as part of its primary review responsi-
bility for SRP Section 6.5.1. The Procedures and Test Review Branch (PTRB)
determines the acceptability of the preoperational and initial startup tests
and programs as part of its primary review responsibility for SRP Section 14.0.
The Mechanical Engineering Branch (MEB) reviews the criteria for seismic
qualification and the test and analysis procedures and methods to ensure the
mechanical survivability of Category I instrumentation and electrical equipment
(including raceways, switchgear, control room boards, and instrument racks and
panels) in the event of a seismic occurrence. Electrical operability is
reviewed by EQB as described above. The Chemical Engineering Branch (CMEB)
examines the fire protection and fire fighting systems for the d c power
system and its apporting auxiliary system components to assure that adverse
effects of fire are minimized as part of its primary review responsibility for
SRP Section 9.5.1. This includes the adequacy of protection provided redundant
safe shutdown circuits to determine that a single design basis fire will not
disable both redundant circuits. The reviews for technical specifications and
quality assurance including periodic testing are coordinated and performed by
the Licensing Guidance Branch and Quality Assurance Branch as part of their
primary review responsibility for SRP Sections 16.0 and 17.0, respectively.

For those areas of review identified above as being reviewed as part of the
primary review reponsibility of other branches, the acceptance criteria necessary
for the review and their methods of application are contained in the referenced
SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

In general the d-c power system is acceptable when it can be concluded that
this system has the required redundancy, meets the single failure criterion,
is protected from the effects of postulated accidents, is testable, and has
the capacity and capability to supply d-c power to all safety loads and other
required equipment in accordance with GDC 2, 4, 5, 17, 18, and 50.

SRP Section 8.1 Table 8-1 lists General Design Criteria, regulatory guides and
staff technical positions, utilized as the bases for arriving at this conclusion.

The design of the d-c power system is acceptable if the integrated design is
in accordance with the following criteria and guidelines:

1. General Design Criterion 2, as related to structures, systems, and
components of the d-c power system being capable of withstanding the
effects of natural phenomena such as earthquakes, tornadoes, hurricanes,
and floods, as established in Chapter 3 of the SAR and reviewed by ASB,
and SEB as part of their primary review responsibility.

2. General Design Criterion 4, as related to structures, systems, and
components of the d-c power system being capable of withstanding the
effects of missiles and environmental conditions associated with normal
operation and postulated accidents as established in Chapter 3 of the SAR
and reviews by ASB, RSB and EQB as part of their primary review
responsibility.

O
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3. General Design Criterion 5, as related to the sharing of structures,
systems, and components of.the d-c power system, and the followingp; guidelines:g

v
a. Regulatory Gu'Je 1.32 (see also IEEE 308), as related to the sharing

of structures, systems, and components of the d-c power system,
position C.2.a.

b. Regulatory Guide 1.81, as related to the sharing of structures,
systems, and components of the d-c power system, position C.I.

4. General Design Criteron 17, as related to the onsite d-c power system's
(a) capacity and capability to permit functioning of structures, systems,
and components important to safety, (b) the independence and redundancy
to perform its safety function assuming a single failure, and (-) provi-
sions to minimize the probability of losing electric power from any of
the remaining supplies as a result of, or coincident with, the loss of
power generated by the nuclear power unit or the loss of power from the
transmission network. Acceptance is based on meeting the following
specific guidelines:

a. Regulatory Guide 1.6, as related to the onsite d-c power system,
positions D.1, 0.3, and D.4.

b. Regulatory Guide 1.32 (see also IEEE 308), as related to the onsite
d-c power system.

p c. Regulatory Guide 1.75 (see also IEEE 384), as related to the onsite() d-c power system.

5. General Design Criterion 18, as related to the testability of the onsite
d-c power system, and the following guidelines:

a. Regulatory Guide 1.32 (see also IEEE 308), as related to test
capability of the onsite d-c power system.

b. Regulatory Guide 1.118 (see also IEEE 378), as related to the
capability for testing the onsite d-c power system.

6. The design requirements for an onsite d-c power supply for systems covered
by General Design Criteria 33, 34, 38, 41 and 44 are encompassed in
General Design Criterion 17.

7. General Design Criterion 50, as related to the design of containment
electrical penetrations containing circuits of safety-related and
nonsafety-related d-c power systems and guidelines of Regulatory
Guide 1.63 (see also IEEE 317), as related to the capability of the
electric penetration assemblies to withstand, without loss of mechanical
integrity, the maximum possible fault current versus time condition that
could occur given single random failure of circuit overload protective
devices located in circuits of the onsite Class 1E and non-Class 1E d-c
power systems.

Branch Technical Positions and Re ulatory Guides that provide information,'

recommendations and guidance and n general describe a basis acceptable to the
' staff that may be used to implement the requirements of General Design
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Criteria 2, 4, 5, 17, 18, and 50 are identified in SRP Section 8.1, Table 8.1
and Appendix 8-A.

III. REVIEW PROCEDURES

The primary objective in the review of the d-c power system is to determine
that this system satisfies the acceptance criteria stated in subsection II and
will perform its design functions during plant normal operation, anticipated
operational occurrences, and accident conditions. In the CP review, the
descriptive information, including the design bases and their relation to the
acceptance criteria, preliminary analyses, electrical single line diagrams,
functional logic diagrams, preliminary functional piping and instrumentation
diagrams (P& ids), and preliminary physical arrangement drawings are examined
to determine that there is reasonable assorance that the final design will
meet these objectives. Ist the OL stage, these objectives are verified during
the review of final electrical schematics, functional P& ids, and physical
arrangement drawings and are confirmed during a visit to the site. To assure
that acceptance criteria stated in subsection II are satisfied, the review is
performed as detailed below.

The primary reviewer will coordinate this review with the other branch areas
of review as stated in subsection I. The primary reviewer obtains and uses
such input as required to assure that this review procedure is complete.

1. 5 stem Redundancy Requirements
63, 34, 35, 38, 41, and 44 set forth requirements with regard to

safety-related systems that must be supplied by the onsite (a-c and d-c)
power systems. Also, these criteria state that safety related system
redundancy shall be such that for onsite power system operation (assuming
offsite power is not available) the system safety function can be accom-
plished assuming a single failure. The acceptability of the onsite d-c
power system with regard to redundancy is based on conformance to the
same degree of redundancy required of safety-related components and
systems required by these GDC. The descriptive information including
electrical single line diagrams (CP and OL stages), functional P& ids (CP
and OL stages), and electrical schematics (OL stage) is reviewed to
verify that this redundancy is reflected in the d-c power system w'th
regard to both power sources and associated distributico systems. Also,
it is verified in coordination with other branches that redundant safety- !
related loads are distributed between redundant distribution systems, and
that the instrumentation and control devices for the sa"ety-related loads
and power system are supplied from the related redundant distribution
systems.

2. Conformance with the Single Failure Criterion
As required by GDC 17, the d-c power system must be capcble of performing
its safety function assuming a single failure. In evaluating the adequacy
of this system to meet the single failure criterion, both electrical and
physical separation of redundant power sources and distribution systems,
including their connected loads, are reviewed to assess the independence
between redundant portions of the system.

To assure electrical independence, the design criteria, analyses,
description, and implementation as depicted on functional logic diagrams,
electrical single line diagrams, and electrical schematics are reviewed
to determine that the design meets the requirements set forth in IEEE

8.3.2-6 Rev. 2 - July 1981



- . -. -=- -- -. .. -_ - -- - -. .. - .

4

Std 308 and satisfies the positions of Regulatory Guide 1.6. Additional
: guidance in evaluating this aspect of the design is derived from IEEE
"

Std 379, " Guide for the Application of the Single Failure Criterion to
j Nuclear Power Generating Station Protection Systems," as augmented by

Regulatory Guide 1.53. Other aspects of the design where special review,

i attention is given to ascertain that the electrical independence and '

physical separation has not been compromised are as follows: |
The interconnections between redundant load centers through bus tiea.

breakers and multi-feeder breakers used to connect extra redu'ndant
,

loads to either of the redundant distribution systems are examined
to assure that no single failure in the interconnections will cause
the paralleling of the d-c power supplies. To assure this, the
control circuits of the bus tie breakers or multi-feeder breakers
must preclude automatic transferring of load centers or loads from

j the designated supply to the redundant counterpart upon loss of the
designated supply (Position 4 of Regulatory Guide 1.6). Regarding

i the interconnections through bus tie breakers, an acceptable design
will provide for two tie breakers connected in series and physically
separated from each other in accordance with the acceptance criteriaa

#

for. separation of safety related systems which is discussed below.
Further, the interconnection of redundant load centers must be
accomplished only manually.

.

b. To assure physical independence, the ri9tia governing the physical
! separation of redundant equipment including cables and cable trays,
j and their implementation as depicted on preliminary (CP stage) or

final (0L stage) physical arrangement drawings are reviewed to,

determine that the design arrangement satisfies the requirements of
IEEE Std 384 and positions of Regulatory Guide 1.75. These guides
and standards set forth acceptance criteria for the separation of
circuits and electrical equipment contained in or associated with
the safety-related power system. To determine that the independence |- of the redundant cable installation is consistent with the require-
ments set forth in IEEE Std 384 and the positions set forth in
Regulatory Guide 1.75, the proposed design criteria governing the,

separation of safety-related cables and raceways are reviewed includ-
ing such criteria as those for cable derating; raceway filling;
cable routing in containment penetration areas, cable spreading
rooms, control rooms, and other congested areas; sharing of raceways
with nonsafety-related cables or with cables of the same system or
other systems; prohibiting cable splices in raceways; spacing of
power and control wiring and components associated with safety-<

| related electric systems in contrei boards, panels, and relay racks;
1 and fire barriers and separatics be m en redundant raceways.
1

3.
'

D-C Power Supplies and Distribution Syr ems;

In assuring that the requirements of Gbc 17 and IEEE Std 308 have been
met with regard to the d-c power system having sufficient capacity and

j capability to supply the required distribution system loads, the design
bases, design criteria, analyses, description, and implementation asd

depicted on electrical drawings and performance characteristic curves are,

i reviewed. To establish that the capacity of the d-c supply is adequate
, to power the prescribed loads, the nameplate capacity claimed in the
! design bases is checked against the loads identified in electrical distri-
! bution diagrams. The capability of the system is reviewed by evaluating

8.3.2-7 Rev. 2 - July 1981

_ . . _ . _ _ . _ - . _ _ . - _ _ _ . _ . . _ . _ . _ _ - _ , . _ _ . _ . _ _ _ . _ . _ _ , _ . _ . -



the performance characteristic curves that illustrate the response of the
supplies to the most severe loading conditions at the plant. The perfor-
mance characteristic curves would include voltage profile curves, discharge
rate curves, and temperature effect curves. The capacity of the d"c
supplies should be assured by periodic discharge tests of the batteries
as described in IEEE Std 450 and Regulatory Guide 1.129.

The reviewer incoordination with other branches becomes familiar with the |
purpose and the operation of each safety system, including system component
arrangements as depicted on functional P& ids, expected system performance
as established in the accident analyses, modes of system operation and
interactions during normal and accident conditions, and interactions
between systems. Following this, it is verified that the tabulation of
all safety-related loads to be connected to each d-c supply is consistent
with the information obtained incoordination with other branches.

The characteristics of each load (such as motcr horsepower and volt-amp
ratings, inrush current, starting volt-amps and torque), the length of
time each load is required, and the basis used to establish the power
required for each safety related load (such as motor name plate rating,
pump run out condition, or estimated load undar expected flow and pressure)
are utilized to verify the calculations establishing the combined load
demand to be connected to each d-c supply during the " worst" operating
conditions. In reviewing the design of the therme.: overload protection
for motors of mator operated safety-related valves, the reviewer is
guided by Regulatory Guide 1.106.

Where the proposed design provides for the sharing of d-c supplies between
units av the same site, and connection and disconnection of nonsafety-
related loads to and from the safety-related distribution buses, particular
attention is given in the review to assure that the implementation of
such design provisions does not compromise the capacity, capability, cr
reliability of these supplies.

In the absence of specific criteria in IEEE Std 308 governing the connection
and disconnection of nonsafety-related loads to and from the safety-related
distribution buses, the review of the interconnections will consider
isolation devices as defined in Regulatory Guide 1.75 and engineering
judgement to determine the adequacy of the design. In assuring that the
interconnections between nonsafety-related loads and safety-related buses
will not result in the degradation of the safety-related system, the
isolation device through which d-c power is supplied to the nonsafety-
related load, including control circuits and connections to the safety-
related bus, must be designed to meet safety Class 1E requirements.
Should the d-c power supplies not have been sized to accommodate the
added nonsafety-related loads during emergency conditions, the design
must provide for the automatic disconnection of those nonsafety-related
loads upon detection of the emergency condition. This action must be
accomplished whether or not the load was already connected to the power |

Isupply.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the review supports conclusions of the following type, to be included in the
staff's Safety Evaluation Report.
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The d-c power system includes power supplies, distribution system:, and
load groups arranged to provide d-c electric power to safety ralated d-c

(m) loads and for control and switching of the safety-related power systems.
n/ The d-c power system also provides d-c electric power to inverters. The

inverter convert the d-c to a-c and are arranged to provide a dependable
power supply for safety-related instrumentation and control loads. The
review of the d-c power system for the plant covered the single
line diagrams (CP and OL), station layout drawings (CP and OL), schematic
diagrams (O'_), and descriptive information. The basis for acceptance of
the d-c power system in our review was conformance of the design criteria
and bases to the Commission's regulations as set forth in the General
Design Criteria (GDC) of Appendix A to 10 CFR Part 50. The staff concludes
that the plant design is acceptable and meets the requirements of GDC 2,
4, 5, 17, 18, and 50. This conclusion is based on the following:

1. The applicant has met the requirements of GDC 2, " Design Basis for
Protection Against Natural Phenomena," with respect to structures,
systems, and components of the d-c power systems being capable of
withstanding the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, and floods as the d c power system and compo-
nents are located in seismic Category I structures which provides
protection from the effects of tornadoes, tornado missiles, and
floods. Inaddition,thed-cpowersystemandcomponentshavea
quality assurance designation ' Class 1E."

2. The applicant has met the requirements of GDC 4, " Environmental and
Missile Design Bases," with respect to structures, systems, and
components of the d-c power system being capable of withstanding the(a) effects of missiles and environmental conditions associated withv' normal operation and postulated accidents by adequate plant design
and equipment qualification program.

3. The applicant has met the requirements of GDC 5, " Sharing of
Structures, Systems, and Components," with respect to structures,
systems, and components of the d-c power system. The d-c power
system and components associated with the multi-unit design are
housed in physically separate seismic Category I structures, and are
not shared between units. Acceptability was based on the applicant
meeting Regulatory Guide 1.32, position C.2.a, and guidelines of
Regulatory Guide 1.81, position C.1.

4. The applicant has met the requirements of GDC 17, " Electric Power
| Systems," with respect to the onsite d-c power system's (a) capacity
! and capability to permit functioning of structures, systems, and

components important to safety, (b) the independence and redundancy
to perform their safety function assuming a single failure, and
(c) provisions to minimize the probability of losing electric power
from any of the remaining supplies as a result of, or coincident
with, the loss of power generated by the nuclear power unit or the
loss of power from the transmission network. Acceptability was
based on the applicant's design of the d-c power systems meeting the
guidelines of Regulaory Guide 1.6, positions D.1, 0.2 and D.4, thei

guidelines of Regulatory Guide 1.32 and the guidelines of Regulatory
/N Guide 1.75.
t )v
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5. The applicant has met the requirements of GDC 18, " Inspection and
Testing of Electric Power Systems," with respect to the onsite 'i-c
power system. The d-c power system is designed to be testable
during operation of the nuclaar power generating station as wels as
during those intervals when the station is shutdown. Acceptability
was based on the applicant meeting test capability guidelines of
Regulatory Guide 1.32 and the guidelines of Regulatory Guide 1.118.

6. The applicant has met the requirements of GDC 50, " Containment
Design Bases," with respect to penetrations containing circuits of
the safety and nonsafety related d-c power system. Containment
electric penetrations have been designed to accommodate, without
exceeding their design leakage rate, the calculated pressure and
temperature conditions resulting from any loss-of-coolant accident
concurrent with the maximum short-circuit current versus time condi-
tion that could occur given single random failures of circuit over-
load protective devices. This meets the positions of Regulatory
Guide 1.63,

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. Standard Rview Plan Section 8.1, Table 8-1, " Acceptance Criteria and
Guidelines for Electric Power Systems."

2. Standard Review Plan Appendix 8-A, " Branch Technical Positions (PSB)."

3. Standard Review Plan Appendix 8-B, " General Agenda, Station Site Visits."

O
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Appendix 8-A BRANCH TEC3NICAL POSITIONS (PSB)

The PSB Branch Technical Positions (BTPs) represent guidelines intended to
supplement the acceptance criteria established in Commission Regulations, guide- j

lines presented in Regulatory Guides, and recommendations preser,ed in applicable
IEEE standards. As technic &l problems or questions of interpre .ition arise in
the detailed reviews of plant designs, the staff must determine an acceptable
resolution for each such case to complete its review of a particular application.
Where the same technical problem or question of interpretation arises in several
cases, the staff's determination on the point at issue is formalized in a BTP.
The BTP is primarily an instruction to staff reviewers that outlines an accer,c-
able approach to the particular issue and ensures a uniform treatment of tN issue
by staff reviewers. The approaches taken in the BTPs, like the approaches taken
in regulatory guides, are not mandatory, but do provide defined, acceptable,
and immediate solutions to some of the technical problems and questions of inter-
pretation that arise in the review process. In some instances, regulatory guides
may be developed from BTPs after sufficient experience in their use has accumu-
lated. All PSB BTPs applicable to Chapter 8 of the Standard Review Plan have
been included in this appendix for convenience. They are listed below:

[m)
,

V BTP ICSB (PSB)* Branch Technical Positions of the PSB
2 Diesel-Generator Reliability Qualification Testing (Deleted) |
4 Requirements on Motor-0perated Valves in the ECCS Accumulator

Lines
8 Use of Diesel-Generator Sets for Peaking

11 Stability of Offsite Power Systems
15 Reactor Coolant Pump Breaker Qualification (Deleted)
17 Diesel-Generator Protective Trip Circuit Bypasses (Deleted)
18 Application of the Single Failure Criterion to Manually-

Controlled Electrically crarated Valves
21 Guidance for Applicat Regulatory Guide 1.47-

"These BTPs are formerly EICSB BTPs which are now in the area of review responsi-
bility of the Power Systems Branch (PSB). Their EICSB (now ICSB) number has
been retained in order to provide continuity and correlation with completed
reviews.

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Star.dard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of

y' apphcations to construct and operate nuclear power plants. These documents are made available to 9 public as part of the/ ]) Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
k / plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The
\d standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reposts f ar Nuclear Power Plants

Not all sections of the Standard Format have a cntresponding review plan.

Pubbshed standard review plans will be revised periodically, as appropriate, to accomenodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission.
Of fice of Nuclear Reactor Regulation. Washington D.C. 20555.
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/
BTP PSB

1 Adequacy of Shutdown Electronic Distribution System Voltages
2 Criteria for Alarms and Indications Associated with Diesel-

Generator Unit Bypassed and Inoperable Status

O

O
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BRANCH TECHNICAL POSITION ICSB-4 (PSB)
REQUIREMENTS ON MOTOR-0PERATED VALVES IN THE ECCS ACCUMULATOR LINES

A. BACKGROUND

For many postulated loss-of-coolant accidents, the performance of the emergency
core cooling system (ECCS) in pressurized water reactor plants depends upon
proper functioning of the safety injection tanks (also referred to as "accumula-
tors" or " flooding tanks" in some applications). In these plants, a motor-
operated isolation valve (MOIV) and two check valves are provided in series
between each safety injection tank and the reactor coolant (primary) system.

The M0lVs must be considered to be " operating bypasses" because, when closed,
they prevent the safety injection tanks from performing the intended protective
function. IEEE Std 279 has a requirement for " operating bypasses" which
states that the bypasses of a protective function will be removed automatically
whenever permissive conditions are not met. This Branch Technical Position
provides specific guidance in meeting the intent of IEEE Std 279 for safety
injection tank MOIVs.

It should be noted that BTP ICSB 18 (PSB), " Application of the Single Failure
Criterion to Manually-Controlled Electrically-Operated Valves," also applies
to these isolation valves and should be used in conjunction with this position.

B. BRANCH TECHNICAL POSITION

The following features should be incorporated in the design of MOIV systems
for safety injection tanks to meet the intent of IEEE Std 279:

1. Automatic opening of the valves when either primary coolant system pressure
exceeds a preselected value (to be specified in the technical specifications),
or a safety injection signal is present. Both primary coolant system
pressure and safety injection signals should be provided to the valve
operator.

2. Visual indication in the control room of the open or closed status of the
valve.

3. An audible and visual alarm, independent of item 2., above, that is
actuated by a sensor on the valve when the valve is not in the fully-open
position.

4. Utilization of a safety injection signal to remove automatically (override)
any bypass feature that may be provided to allow an isolation valve to be
closed for short periods of time when the reactor coolant system is at
pressure (in accordance with provisions of the technical specifications).

C. REFERENCES

1. Arkansas 1, Unit 1, Safety Evaluation Report, January 23, 1973.

O
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2. IEEE Std 279, " Criteria for Protection Systems for Nuclear Power Generating |
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. 3. BTP ICSB 18 (PSB), " Application of the Single Failure Criterion to Manually- .
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BRANCH TECHNICAL POSITION ICSB-8 (PSB)
USE OF DIESEL-GENERATOR SETS FOR PEAKING

A. BACKGROUj@

General Design Criterion 17 requires that provisions be included to minimize
the probability of losing electric power from any of the remaining supplies as
a result of, or coincident with, loss of the main generator, loss of power
from the grid, or loss of standby power supplies. Additfor. ally, IEEE Std 308
requires that, the preferred (offsite) and standby power supplies shall not
have a common failure mode. Common fa.flure mode is defir.ed as "a mechanism by
which a single design basis event can cause redundant equipment to be inoperable."
Although IEEE Std 308 does not preclude the use of emergency diesels for
nonsafety purposes, the staff concludes that the potential for common failure
modes should preclude interconnection of onsite and offsite power sources
except for short periods for the purpose of load testing.

Review of the use of emergency diesel generator sets for peaking service leads
to the conclusion that the required frequent interconnection of the preferred
and standby power supplies increases the probability of their common failure.

B. BRANCH TECHNICAL POSITION

General Design Criterion 17 and IEEE Std 308 should be interpreted as prohibit-
ing the use of plant emergency power diesel generator sets for purposes other
than that of supplying standby power when needed. In particular, emergency
power diesel generator sets should not be used for peaking service.

C. REFERENCES

IEEE STD 308, " Criteria for Class IE Systems for Nuclear Power Generating
Stations."

O
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O BRANCH TECHNICAL POSITION 1C58-11 (PSB)
STABILITY Or 0FFSITE POWER SYSTEMS

A. BACKGROUND

The staff has traditionally required each applicant to perform stability
studies for the electrical transmission grid which would be used to provide
the offsite power sources to the plant. The basic requirement is that loss of
the largest operating unit on the grid will not result in loss of grid stability
and availability of offsite power to the plant urider consideration. In some
cases, such as plants on the island of Puerto Rico, the plant is connected to
an isolated power system of limited generating capacity. These kinds of;

isolated power systems are inherently less stable than equivalent systems with
supporting grid interties. It is also obvious that limited systems are more
vulnerable to natural disasters such as tornadoes or hurricanes.

B. BRANCH TECHNICAL POSITION

1. The staff has concluded, from a review of appropriate reliability data,
that power systems with supporting grid interties meet the grid availabil-
ity criterion with some margin. This conclusion is applicable to the
review of most plants located on the U.S. mainland.

2. There is also strong indication that an isolated system large enough to
justify inclusion of a nuclear unit will also meet this criterion.
However, as a conservative approach, the staff will examine the available

O generating capacity of a system, including interties if available, to
withstand outage of the largest unit. If the available capacity is
judged marginal to provide adequate stability of the grid, additional
measures should be taken. These may include provisions for additional
capability and margin for the onsite power system beyond the normal
requirements, or other measures as may be appropriate in a particular
case. The additional measures to be taken should be determined on an
individual case basis.

C. REFERENCES

None.

OO
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BRANCH TECHNICAL POSITION ICSB-15 (PSB)
REACTOR COOLANT PUMP BREAKER QUALIFICATION

(BTP ICSB-15 (PSB) has been Deleted) |

.

O

O
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BRANCH TECHNICAL POSITION ICSB 18 (PSB)
APPLICATION OF THE SINGLE FAILURE CRITERION TO MANUALLY-CONTROLLED

ELECTRICALLY-0PERATED VALVES

A. BACKGROUND

Where a single failure in an electrical system can result in loss of capability
to perform a safety function, the effect on plant safety must be evaluated.
This is necessary regardless of whether the loss of safety function is caused
by a component failing to perform a requisite mechanical motion, or by a
component performing an undesirable mechanical motion.

This position establishes the acceptability of disconnecting power to electrical
components of a fluid system as one means of designing against a single failure
that might cause an undesirable component action. These provisions are based
on the assumption that the component is then equivalent to a similar component
that is not designed for electrical operation, e.g., a valve that can be
opened or closed only by direct manual operation of the valve. They are also
based on the assumption that no single failure can both restore power to the
electrical system and cause mechanical motion of the components served by the
electrical system. The validity of these assumptions should be verified when
applying this position.

B. BRANCH TECHNICAL POSITION

1. Failures in both the " fail to function" sense and the " undesirable function"
sense of components in electrical systemt including valves and other
fluid system components should be considered in designing against a
single failure, even though the valve or other fluid system component may
not be called upon to function in a given safety operational sequence.

2. Where it is determined that failure of an electrical system component can
cause undesired mechanical motion of a valve or other fluid system component
and this motion results in loss of the system safety function, it is
acceptabir, in lieu of design changes that also may be acceptable, to
disconnect power to the electric systems of the valve or other fluid
system component. The plant technical speci'ications should include a
list of all electrically-operated valves, a J the required positions of
these valves, to which the requirement for removal of electric power is
applied in order to satisfy the single failure criterion.

3 Electrically-operated valves that are classified as " active" valves,
i.e. , are required to open or close in various safety system operational
sequences, but are manually-controlled, should be operated from the main
control room. Such valves may not be included among those valves from
which power is removed in order to meet the single failure criterion
unless: (a) electrical power can be restored to the valves from the main
control room, (b) valve operation is not necessary for at least ten
minutes follow |ng occurrence of the event requiring such operation, and

O
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:

O (c) it is demonstrawJ that there is reasonable assurance tha' all
v necessary operator actions will be performed within the time shown to be

adequate by the analysis. The plant technical specifica m ns should
include a list of the required positions of manualiy-controlled,
electrically-operated valves and should identify those valves to which
the requirement for removal of electric power is applied in order to
satisfy the single failure criterion.

4. When the single failure criterion is satisfied by removal of electrical
power froni valves described in 2. and 3. , above, these valves should have
redundant position indication in the main control room and the position
indication system should, itself, meet the single failure criterion.

5. The phrase " electrically-operated valves" includes both valves operated
directly by an electrical device (e.g., a motor-operated valve or a
solenoid-operated valve) and those valves operated indirectly by an
electrical device (e.g. , an air-operated valvc whose air supply is con-
trolled by an electri al solenoid valve).

C. REFERENCES

None.

O

.
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BRANCH TECHNICAL POSITION ICSB-21
GUIDMCE FOR APPLICATION OF REGULATORY GUIDE 1.47

A. BACKGROUND

The uidance of Regulatory Guide 1.47 needs further detailing as to methods of |
prov ding an acceptable design for the bypass and inoperabic status indicators
for engineered safety feature (ESF) systems. The purpose of this Branch
Technical Position is to provide supplemental guidance for implementation of
the guidance of Regulatory Guide 1.47.

B. BRANCH TECHNICAL POSITION

The design criteria for bypass and inoperable status indication systems for
ESF should reflect the importance of providing accurate information for the
operator and reducing the possibility for the indicating equipment to affect
adversely the monitored safety systems. In developing the design criteria,
the following should be considered:

1. The bypass indicators should be arranged to enable the operator to deter-
mine the status of e.ch safety system and determine whether continued
reactor operation is permissible.

2. When a protective function of a shared system can be bypassed, indication
of that bypass condition should be provided in the control room of each

| affected unit.

3. Means by which the operator can cancel erroneous bypass indications, if
I provided, should be justified by demonstrating that the postulated cases

of erroneous indications cannot be eliminated by another practical design.

| 4. Unless the indication system is designed in conformance with criteria
established for safety systems, it should not be used to perform func-

i

I tions that are essential to safety. Administrative procedures should not
require immediate operator action based solely on the bypass indications.

,

|
5. The indication system should be designed and installed in a manner which

precludes the possibility of adverse effects on plant safety systems.
Failure or bypass of a protective function should not be a credible
consequence of failures occurring i. the indication equipment, and the
bypass indication should not reduce the required independence between
redundant safety systems.

| 6. The indication system should include a capability of assuring its operable
status during normal plant oparation to the extent that the indicating

I and annunciating function can be verified.

C. REFERENCES

1. Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication for
Nuclear Power Plant Safety Systems."

8A-12 Rev. 2 - July 1981
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O
Q BRANCH TECHNICAL POSITION PSB-1

ADEQUACY OF STATION ELECTRIC DISTRIBUTION SYSTEM VOLTAGES

A. BACKGROUND

Events at the Millstone station have shown that adverse effects on the Class IE
loads can be caused by sustained low grid voltage conditions when the Class 1E
buses are connected to offsite power. These low voltage conditions will not
be detected by the loss of voltage relays (loss of offsite power) whose low
voltage pickup setting is generally in the range of .7 per unit voltage or
less.

The above events also determined that imporper voltage protection logic can
itself cause adverse effects on the Class IE systems and equipment such as
spurious load shedding of Class IE loads from the standby diesel generators
and spurious separation of Class 1E systems from offsite power due to normal
motor starting transients.

A more recent event at Arkansas Nuclear One (ANO) station and the subsequent
analysis performed disclosed the possibility of degraded voltage conditions
existing on the Class 1E buses even with normal grid voltages, due to
deficiencies in equipment between the grid and the Class IE buses or by the
starting transients experienced during certain accident events not originallym considered in the sizing of these circuits.

B. BRANCH TECHNICAL POSITION

1. In addition to the undervoltage scheme provided to detect loss of offsite
power at the Class IE buses, a second level of undervoltage protection
with time delay should also be provided to protect the Class 1E equipment;
this second level of undervoltage protection shall satisfy the following
criteria:

a) The selection of undervoltage and time delay setpoints shall be
determined from an analysis of the voltage requirements of the
Class 1E loads at all onsite system distribution levels;

b) Two separate time delays shall be selected for the second level of
undervoltage protection based on the following conditions:

1) The first time delay should be of a duration that established
the existance of a sustained degraded voltage condition (i.e.,
something longer than a motor starting transient). Following
this delay, an alarm in the control room should alert the
operator to the degraded condition. The subsequent occurrence
of a safety irijection actuation signal (SIAS) should immediately
separate the Class 1E distribution system from the offsite
power system.

O
('j 2) The second time delay should be of a limited duration such that

the permanently connected Class 1E loads will not be damaged.
Following this delay, if the operator has failed to restore

SA-13 Rev. 0 - July 1981
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adequate voltages, the Class IE distribution system should be
automatically separated from the offsite power system. Bases
and justification must be provided in support of the actual
delay chosen.

c) The voltage sensors shall be designed to satisfy the following
applicable requirements derived from IEEE Std. 279-1971, " Criteria
for Protection Systems for Nuclear Power Generating Stations":

1) Class IE equipment shall be utilized and shall be physically
located at and electrically connected to the Class IE switchgear.

2) An independent scheme shall be provided for each division of
the Class IE power system.

3) The undervoltage protection shall include coincidence logic on
a per bus basis to preclude spurious trips of the offsite power
source;

4) The voltage sensors shall automatically initiate the disconnec-
tion of offsite power sources whenever the voltage set point
and time delay limits (cited in item 1.b.2 above) have been
exceeded;

5) Capability for test and calibration during power operation shall
be provided.

6) Annunciation must be provided in the control room for any
bypasses incorporated in the design.

d) The Techni:al Specifications shall include limiting conditicris for
operations, surveillance requirements, trip setpoints with minimum
and maximum limits, and allowable values for the seco3d-le/el volt-
age protection sensors and associated time delay devicic.

2. The Class 1E bus load shedding scheme should automatically prevent shedding
during sequencing of the emergency loads to the bus. The load shedding
feature should, however, be reinstated upon completion of the load sequenc-
ing action. The technical specifications must include a test requirement
to demonstrate the operability of the automatic bypass and reinstatement
features at least once per 18 months during shutdown.

In the event an adequate basis can be provided for retaining the load
shed feature during the above transient conditions, the setpoint value in
the Technical Specifications for the first level of undervoltage protec-
tion (loss of offsite power) must specify a value having maximum and
minimum limits. The basis for the setpoints and limits selected must be
documented.

3. The voltage levels at the safety-related buses should be optimized for
the maximim and minimum load conditions that are expected throughout the
anticipated range of voltage variations of the offsite power sources by
appropriate adjustment of the voltage tap settings of the intervening
transformers. The tap settings selected should be based on an analysis

8A-14 Rev. 0 - July 1981
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O of the vv Mage at the terminals of the Class IE loads. The analyses
performed to determine minimum operating voltages should typically con-
sider maximum unit steady state and transient loads for events such as a
unit trip, loss-of-coolant accident, startup or shutdown; with the off-
site power supply (grid) at minimum anticipated voltage and only the
offsite source being considered available. Maximum voltages should be
analyzed with the offsite power supply (grid) at maximum expected voltage
concurrent with minimum unit loads (e.g. cold shutdown, refueling). A
separate set of the above analyses should be performed for each available
connection to the offsite power supply.

4. The analytical techniques and assumptions used in the voltage analyses
cited in item 3 above must be verified by actual measurement. The veri-
fication and test should be performed prior to initial full power reactor
operation m all sources of offsite power by:

a) loading the station distribution buses, including all Class IE buses
down to the 120/208 v level, to at least 30%;

b) recording the existing grid and Class IE bus voltages and bus loading
down to the 120/208 volt level at steady state conditions and during
the starting of both a large Class IE and non-Class IE motor (not
concurrently); ,

1

:
Note: to minimize the number of instrumented locations,

|p (recorders) during the m9 tor starting transient
|Dj tests,'the bus voltages a d loading need only be>

recorded on that string of buses which previously
showed the lowest analyzed voltages from item 3 above.

c) using the analytical techniques and assumptions of the previous
voltage analyses cited in item 3 above, and the measured existing
grid voltage and bus loading conditions recorded during conduct of
the test, calculate new set of voltages for all the Class IE buses
down to the 120/208 volt level;

1

d) ccmpare the analytically derived voltage values against the test
results.

With good correlation between the analytical results and a test results,the test verification requirement will be met. That is, the salidity of
the mathematical model used in performance of the analyses of item 3 will
have been established; therefore, the validity of the results of the
analyses is also established. In general the test results should not be |

:

more than 3% lower than the analytical results; however, the difference
between the two when subtracted from the voltage levels determined in the

,

!
original analyses should never be less than the Class IE equipment ratedvoltages.

|

C. REFERENCES

; ] 1. General Design Criterion 17, " Electric Power Systems."

8A-15 Rev. 0 - July 1981

- . _ -_ _._ _ _ _ _ _ , _ _ _ _ , _ , _ . _ _ _ _ - _ _ _



2. IEEE Std. 279, " Criteria for Protection Systems for Nuclear Power Stations."

3. Millstone Unit No. 2, Sa 9ty Evaluation Supporting Amendment No. 16 to
License No. DPR-65.

4. NRC Summary of Meeting for Arkansas Nuclear One Incident of September 16,
1978, dated February 9, 1979.
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O Branch Technical Posititen PSB-2V
CRITERIA FOR ALARMS AND INDICATIONS ASSOCIATED WITH DIESEL-GENERATOR UNIT

BYPASSED AND INOPERABLE STATUS

1. BACKGROUND

Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems," describes an acceptable method for complying with
the requirements of IEEE 279, " Criteria for Protection Systems for Nuclear
Power Generating Stations," with respect to indicating the bypass or inoperable
status of portions of the protection system systems actuated or controlled by
the protection system, and auxiliary or supp,ortig systems that must be operable
for the protection system and the system it actuates to perform their safety-related functions. This appendix gives more specific guidance on meeting the
provisions of Regulatory Guide 1.47 as they pertain to diesel generator units.Diesel generator units, as defined in Regulatory Guide 1.108, Periodic Testing
of Diesel Generator Units Used as Onsite Electric Power Systems at Nuclear
Power Plants," consist of the engine, generator, combustion air system, cooling
water system up to the supply, fuel supply system, lubricating oil system,
starting energy sources, autostart controls, manual controls, and diesel-generator breaker.

Operating experience has shown that there have been incidents where diesel-
generator units failed to respond to an automatic start signal because controls

switches or lockout and shutdown relays (which require manual reset) were left
in the shutdown condition without control room operators being aware of their

'

status. The principal reasons for this lack of awareness were the (a) sharin
of annunciator stations for both disabling and nondisabling alarm conditions;g
(b) wording on annunciator windows for disabling conditions that did not
specifically sy a diesel generator unit was unavailable for an automatic
emergency start; and (c) disabling conditions that were not annunciated in the
control room.

In order that the operator can act appropriately to supply emergency power
when required in the operation of diesel generator units, it is esential that
he has accurate and sufficient information about the status of the units
(e.g., is a unit under test; is a unit locked out for repair, maintenance, or
otherwise unavailable) on which to base his decisions.
2. BRANCH TECHNICAL POSITION

2.1 Diesel generator unit bypass or deliberately induced inoperability status
should be automatically indicated in the control room where the bypass or
deliberately induced inoperable condition can be expected to occur more
frequently ttin once per year and can render the unit unavailable to respond to
an automtic t,r operator-initiated emergency start signal (e.g., nonreset, mode
switch position, loss of control voltage, low starting air pressure). Manually
induced indication may be desirable and is permitted for diesel generator unit
bypass or deliberately induced inoperability status for those conditions

O expected to occur less frequently than once per year.
V |
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2.2 All status indication should be sufficiently precise to prevent mis-
interpretation. Further, disabling or bypass indicators should be separate
from nondisabling indicators and should be physically arranged to enable the
operator to clearly determine the status of each diesel generator unit. An
acceptable design would include a separate alarm for each disabling condition
or a single shared alarm with reflash capability. The alarms should be displayed
in the control room and at the diesel generator unit for all disabling conditions,
with wording that indicates that the diesel generator unit is incapable of
re'pc1 ding to an automatic start signal.

2.3 When a shared diesel generator unit can be bypassed, indication of that
bypass condition should be provided in the control room of each affected unit.

2.4 The indication system should be designed and installed in a manner that
precludes the possibility of adverse effects on the diesel generator units.
Failures in the indication equipment should not result in diesel generator
unit failure or bypass of the diesel generator unit, and the bypass indication
should not reduce the required independence between redundant diesel generator
units.

2.5 The indication system should include a capability of ensuring its operable
status during normal plant operation to the extent that the indicating and
annunciating function can be verified.

3. REFERENCES

Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication fora.
Nuclear Power Plant Safety Systems."

b. IE Circular 77-16, " Emergency Diesel Generator Electrical Trip Lock-Out
Features," December 13, 1977.

c. Branch Technical Position ICSB, " Guidance for Application of Regulatory
Guide 1.47," Appendix 8-A to Standard Review Plan Section 8.1, Standard
Review Plan Section 7.

O
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APPENDIX 8B* GENERAL AGENDA, STATION SITE VISITS
|

An important part of the review at the operating license stage is a site visit. It
is praierable to have the site visit sometime before the completion of the drawing
review. The purpose of the site visit is to supplement the review of the design
based on the drawings and to evaluate the actual implementation of the design as
installed at the site. The Regional Office of Regulatory Operations having juris-
diction over the plant under consideration should be notified ahead of time of the
visit so that the regional inspectors can become familiar on a first-hand basis
with findings that may require followup action. Since proper implementation of
design is the ultimate goal of the technical review process, the importance of a
site visit is self-evident. The following is a typical general agenda that may be
used as a guide for developing a specific agenda for the plant under review.

I1. Preliminary Discussions
'

a. Unresolved items.
b. Plant layout for touring.
c. Special interest areas.

/m') 2. Control Room

,

;
%./

a. General layout.
b. Diesel control board.

Cabling in control room (separation, loading, etc.).c.
d. Engineered safety feature initiation and bypass switch arrangements and

status panels.
Power system control and mimic panel.e.

f. DC system monitoring and alarms.

3. Cable Runs and Cable Spreading Area

a. General layout.
b. Degree of separation.

N ovi;;rly part of SRP Section 7 Appendix 7B.I

!
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c. Diverse wiring.
d. Tray or wireway density (percentage fill).
e. Fire detection and protection.
f. Penetrations and cable terminations.
g. Identification of cables and raceways. |

4. Switchgear Rooms

a. General layout.
b. Physical and electrical separation of redundant units.
c. Potential for damage due to fire, missiles, etc.
d. Cable installation.
e. Fire protection. |

5. Battery and Charger Installations

a. General layout.
b. Physical and electrical separation.
c. Potential for damage due to fire, missiles, etc.
d. Fire protection. g
e. Ventilation protection.
f. Monitoring instrumentation and alarms, |

6. Diesel Generators

a. General layout.
b. Physical and electrical separation of redundant units.
c. Fire supply system.
d. Fire protection.
e. Diesel generator local control panel (s) and instruments and controls.
f. Auxiliary systems - starting air, combustion air, ventilation, engine

cooling, etc.
g. Potential for damage and degradation due to flooding, missiles, dust,

etc.

7. Instrument Piping

a. Potential for damage due to fire, flooding, etc.

8. Switchyard

a. General layout,
b. Physical and electrical separation of transmission circuits, buses,

breakers, and control circuits.
c. Relay house.
d. Control power supplies (AC and DC).
e. Potential for damage due to fire, missiles, etc.
f. Fire detection and protection.

9. Reactor Building

a. General layout.
b. Potential for cable damage due to fire, missiles, pipe breaks etc.
c. Separation of piping and cable to redundant equipment.
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10. Turbine Building

a. General layout.
) b. Turbine overspeed protection systems: instrumentation arrangementg

N- - and layout.
c. Provisions for testing overspeed protection system; turbine stop,

control, intercept, and extraction steam valves.
d. Potential for cable damage due to fire, missiles, pipe break, etc.
e. Turbine bypass system, general arrang' . nt.

11. Shared Systems for Multi-Unit Sites

Equipment location and potential for damage.a.
b. Control room control and assignment to accident unit.
c. Status information provided to all operators.

|d. Availability upon completion of first unit.

12. Main Steam Lines

a. Flow path below MSIVs - type of shutoff valves and source of control
(local, control room, etc.).

13. Shutdown Outside Control Room

a. Remote shutdown panels arrangement, separation, and layout.
b. Potential for damage due to fire, missiles, etc.
c. Identification of control and monitoring equipment.

O 14. Relay Room

NY
a. General layout.
b. Nuclear and reactor protection instrument cabinet arrangement,

separation, and identification.
c. Potential for damage due to fire, missiles, etc.

15. ESF Systems and Pump 3ooms

a. General layout.
b. Physical and electrical separation of redundant equipment.
c. Potential for damage due to fire, missiles, etc.
d. Cable and raceway layout.
e. Identification of cables, raceways, and equipment.

16. Vital Instrumentation Power Supply Installation

a. General layout.
b. Physical and electrical separation.
c. Potential for damage from fire, missiles, etc.
d. Monitoring instrumentation.
e. Cable ad raceway layout.
f. Identification of cables, raceways, and equipment.

G
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9.1.1 NEW FUEL ST0" AGE

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systc.us Branch (ASB)

Secondary - None
i

I. AREAS OF REVIEW

Nuclear reactor plants include storage facilities for the storage of new fuel.
The quantity of new fuel to be stored varies from plant to plant, depending upon
the specific design of the plant and the individual refueling requirements. The
ASB verifies that the storage facility maintains the new fuel in a subcritical
array during all credible storage conditions in accordance with General Design
Criteria 2, 5, 61, and 62. The ASB reviews the new fuel storage facility design
including the fuel assembly storage racks and storage vault with respect to the
following:

O 1. The quantity of fuel to be stored.

2. The iesign and arrangement of the storage racks for maintaining a subcritical
arrr/ during all storage conditions.

3. T h .: degree of subcriticality, and the supporting analysis and associated
assumptions.

4. The effects of external loads and forces on the new fuel storage racks and
vault (e.g., safe shutdown earthquake, crane uplift forces).

5. The effects of sharing in multi-unit complexes, and failures of other plant
equipment close to the new storage facility.

I

6. ASB also performs the following reviews under the SRP sections indicated.

(e) Review of flood protection is performed under SRP Section 3.4.1,

(b) Review of the protection against internally generated missiles is per-
formed under SRP Section 3.5.1.1,

Rev. 2 - July 1981
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(c) Review of structures, systems, and components to be protected against
externally generated missiles is performed under SRP Section 3.5.2,
and

(d) Review of high and moderate energy pipe breaks as performed under
SRP Section 3.6.1.

Should the design deviate significantly from previously accepted designs, ASB
will request for a review by the Core Performance Branch (CPB) to verify the
K f the loaded storage racks is acceptable.
eff

In addition, ASB will coordinate other branches evaluations that interface with
the overall review of the system as follows:

The Structual Engineering Branch (SEB) determines the acceptability of the
design snalyses, procedures, and criteria used to establish the ability of
seismic Category I structures housing the system and supporting systems to with-
stand the effects of natural phenomena such as the safe shutdown earthquake (SSE),
the probable maximum flood (PMF), and tornadoes and tornado missiles as part
of its primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1,
through 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) deter-
mines that the components and structures are designed in accordance with appli-
cable codes and standards as part of its primary review responsibility for SRP
Sections 3.9.1 through 3.9.3. The MEB also determines the acceptability of
the seismic and quality group classifications for system components as part of
their primacy review responsibility for SRP Section 3.2.1 and 3.2.2. The
Radiological Assessment Branch (RAB) reviews the adequacy of the radiation
monitoring system as part of its primary review responsibility for SRP Sec-
tion 12.3-12.4. The Equipment Qualification Branch (EQB) reviews the adequacy of
the equipment qualification as part of their review responsibility for SRP Sec-
tion 3.11. The Materials Engineering Branch (MTEB) verifies that inservice
inspection requirements are met for system components as part of its primary
review responsibility for SRP Section 6.6 and, upon request, verifies the com-
patibility of the materials of construction with services conditions. The
review for Fire Protection, Technical Specifications, and Quality Assurance are
coordinated and performed by the Chemical Engineering Branch, Licensing Guidance
Branch and Quality Assurance Branch as part of their primary review responsi-
bility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being the responsibility of other
branches, the acceptance criteria and their methods of application are contained
in the SRP sections corresponding to those branches.

II. ACCEPTANCE CRITERIA

Acceptability of the new fuel storage facility design as described in the appli-
cant's analysis report (SAR) is based on specific general design criteria, regu-
latory guides, industry standards, and on independent calculations and staff
judgments with respect to facility functions and component selection. The
design of the new fuel storage facility is acceptable if the integrated design
is in accordance with the following criteria:

1. General Design Criterion 2, as it relates to the ability of structures hous-
ing the facility and the facility components to withstand the effects of
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| earthquakes. Acceptance is based on meeting the guidance of Regulatory
i Guide 1.29, position C.1.1, as it relates to seismic classification of facil-
i ity components.
i

j 2. General Design Criterion 5, as it relates to shared structures, systems and ,

components important to safety being capable of performing required safety
functions.

j 3, General Design Criterion 61, as it relates to the facility design for fuc1 L

: storage.
;

! 4. General Design Criterion 62, as it relates to the prevention of criti-
cality by physical systems or processes utilizing geometrically safe;

j configurations.

] Specific criteria necessary to meet the requirements of General Design Criteria
61 and 62 are ANS 57.1, " Design Requirements for LWR Fuel Handling Systems," and,

ANS 57.3, " Design Requirements for New LWR Fuel Storage Facilities" (proposed), as |i

i they relate to the prevention of criticality and to the aspects of the radio-
logical design.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) application
review to determine that the applicant's design criteria and bases and the pre- i

i liminary design meet the acceptance criteria given in subsection II of this SRP -

! section. For operating license (OL) applications, the review procedures and
I g acceptance criteria are utilized to verify that the initial design criteria and
| bases have been appropriately implemented in the final design as set forth in

l.
the final safety analysis report. The review procedures given are for a typical
storage system. Any variance of the review, to adjust to a proposed unique

! design, is such as to assure that the facility design conforms to the criteria
: in subsection II of this SRP section. The reviewer selects and emphasizes mate-

rial from this SRP section as may be appropriate for a particular case.
2 On those occasions were the design deviates significantly from previously

approved designs ASB will request the coordinating review branches to provide
| input for the areas of review stated in subsection I of this SRP section. The

ASB will incorporate such input as required to assure that this review proce-!

i dure is complete.

! 1. The quantity of new fuel to be stored onsite forms the basis for the design
.

capacity of the vault and the number of storage racks provided. The SAR
i is reviewed to determine that the facility description includes the stor-

age capacity provided by the design. The SARs for recent light-water
reactor applications have stated that the storage space provided is con-
sistent with the number of new fuel assemblies used during the refuelingj

cycle. In general, storage capacity for approximately one-third of a core
is usuhlly provided for each unit of a plant (e.g., 1/3 core for single
unit design and 2/3 core for a dual unit design).

2. The information provided in the SAR pertaining to criticality safety of -

the new fuel storage facility is evaluated by CPB upon request. The facil-
ity design criteria, safety evaluation, system description, and the layout'

j drawings for the storage vault and racks are reviewed to verify that:

9.1.1-3 Rev. 2 - July 1981
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a. Criticality information (including the associated assumptions and
input parameters) in the SAR must show that the spacing between
fuel assemblies in the storage racks is sufficient to maintain the
array, when fully loadeo and flooded wits potential moderators such
as nonborated water fire extinguishant aerosols, in a subcritical
condition, i.e., K f less than about 0.95. Furthermore, the

eff

design of the new fuel storage racks will be such that the Keff "III
not exceed 0.98 with fuel of the highest anticipated reactivity in
place assuming optimum moderation. Credit may be taken for neutron
absorbing materials.

b. The design is such that a fuel assembly cannot be inserted anywhere
in the racks other than in the design locations and provisions have
been made for drainage of the vault design, to prevent the accumula-
tion of a fluid moderator.

c. Failures of nonsafety-related systems or structures not designed to
seismic Catecory I criteria that are located in the vicinity of the
new fuel storage facility are reviewed to assure that they will not
cause an increase in K beyond the maximum allowable. The SAR

eff

description section, the general arrangement and layout drawings, and
the tabulation of seismic design classifications for structt.res and
systems are reviewed and evaluated to assure that this condition is
met. A statement in the SAR establishing the above condition as a
design criterion is acceptable at the CP review stage.

d. Design calculations should show that the storage racks and the
anchorages can withstand the maximum uplift forces available from

A statement in |the lifting devices without an increase in Keff.
the SAR that excessive forces cannot be applied due to the design
of the lifting devices is acceptable if justification is presented. |
The evaluation procedures identified in SRP Section 9.1.4 are usca
to validate this statement.

e. The vault and racks have been designed to preclude damage from
dropped heavy objects.

f. Sharing of a storage facility in multi-unit plants does not result
in any added potential for increasing the K f the storage

effarray.

3. The reviewer verifies that the safety function of the facility will be
maintained, as required, if the facility is subjected to natural phenomena
such as earthquakes, tornadoes, hurricanes, and floods. In making this
determination, the reviewer considers the following points:

The facility design basis and criteria, and the component classifica-a.
tion tables presented in the SAR are rcviewed to verify that the new
fuel storage facility, including storage vault and racks, have been
classified and will be designed to seismic Category I requirements.

b. The essential portions of the new fuel racks and storage vault are
reviewed to verify that protection from the ef fects of floods, hurri-
canes, tornadoes, and internally or externally generated missiles
is provided. Flood protection and missile protection criteria are

9.1.1-4 Rev. 2 - July 1981
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discussed in sections of the SRP contained in Chapter 3. The
reviewer utilizes the procedures of those SRP sections, as appro-
priate, to assure that the analyses presented are valid. A state-

\ ment to the effect that the storage will be located in a seismic
Category I structure that is designed to withstand the effects of
internally and externally generated missiles and floods is an accept-
able commitment at the CP stage. The review for seismic design is
performed by SEB and the review for seismic and quality group classi-
fication is performed by MEB as indicated in subsection I of this
SRP section.

IV. EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support con-
clusions of the following type to be included in the staff's safety evaluation
report:

The new fuel storage facility includes the fuel assembly storage
racks, the concrete storage vault that contains the storage racks,
and auxiliary components. Based on the review of the applicant's
proposed design criteria, design bases, and safety classification
for the new fuel storage facility regarding the provisions necessary
to maintain a subcritical array.

The staff concludes that the design of the new fuel storage
facility and supporting systems is acceptable and meets the
requirements of General Design Criteria 2, 5, 61, and 62 with
respect to the measures taken to provide protection against the
effects of natural phenomena, missiles, environmental conditions,
and the sharing of structures, systems, and components. This
conclusion is based on the following:

1. The natural phenomena requirements of General Design
Criterion 2 regarding earthquakes have been met since it
conforms to position C.1.1 of Regulatory Guide 1.29.

2. The shared portions of the new fuel stor ge facility
between nuclear power units meet the requirements of
General Design Criterion 5 in that it was demonstrated
that such sharing did not impair, under accident condi-
tions, the shared structures, systems, and components
ability to perform this safety functions.

3. The fuel storage and handling and radioactivity control
aspects of General Design Criterion 61 and the criticality
aspects of General Design Criterion 62 have been met based
on the new fuel storage system meeting ANS 57.1 and
ANS 57.3 as they relate to the prevention of criticality
and radiological releases.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.
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Fxcept in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced Regulatory Guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

4. 10 CFR Part 50, Appendix A, General Design Criterion 62, " Prevention of
Criticality in Fuel Storage and Handling."

5. Regulatory Guid: 1.29, " Seismic Design Classification."

6. ANS 57.1, "Sesign Requiretents for Light-Water Reactor Fuel Handling
Systems."

7. ANS 57.3, " Design Requirements for New LWR fuel Storage Facilities"
(proposed).

|
|

|
\

|

|

|
|

|

|
|

O
i

|
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9.1.2 SPENT FUEL STORAGE

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Chemical Engineering Branch (CMEB) |

I. AREAS OF REVIEW

Nuclear reactor plants include storage facilities for the wet storage of spent
fuel assemblies. The safety function of the spent fuel pool and storage racks is
to maintain the spent fuel assemblies in a safe and subcritical array during all
credible storage conditions and to provide a safe means of loading the assemblies
into shipping casks.

The ASB reviews the spent fuel storage facility design including the spent fuel
storage racks, the spent fuel storage pool that contains the storage racks, the
spent fuel pool liner plate, and the associated equipment storage pits to assure

f"N conformance with the requirements of General Design Criteria 2, 4, 5, 61, 62, and
63.

1. The facility and components are reviewed with respect to the following:

a. The quantity of fuel to be stored.

b. The desicjn and arrangement of the storage racks for maintaining a sub-
critical array during all conditions.

c. The degree of subcriticality provided along with the analysis and asso-
ciated assumptions.

d. The effects of external loads and forces on the spent fuel storage racks,
pool, and liner plate (e.g., safe shutdown earthquake, crane uplift
forces, missiles, and dropped objects).

e. Design codes, materials compatibility, and shielding requirements.

Rev. 3 - July 1981
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f. The use of applicable codes and standards consistent with the assigned
seismic classification.

2. The ASB review of the pool's water level control system, cleanup system
and cooling system is performed with the spent fuel cooling system review
in SRP Section 9.1.3.

3. The ASB review of provisions to preclude dropping the spent fuel shipping
cask into the pool are evaluated during the review of the cask loading
pit area in SRP Section 9.1.5.

4. ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles as
well as missiles generated by natural phenomena is performed under
SRP Sections 3.5.1.1, 3.5.1.2, 3.5.2, and 3.5.1.4.

c. Review of structures, systems, and components to be protected against
externally generated missiles is performed under SRP Section 3.5.2.

A secondary review is performed by the Chemical Engineering Branch (CMEB) and
the results of its evaluation are used by ASB to complete the overall evalua-
tion of the system. The CMEB reviews the compatibility and chemical stability
of the materials wetted by the pool water. In addition, CMEB will verify that
there are no potential mechanisms that will: (1) alter the despersion of the
strong fixed neutron absorbers incorporated in the design of the storage racks,
and/or (2) cause physical distortion of the tubes retaining the stored fuel
assemblies. lhe results of CMEB's evaluation are transmitted to ASB for
inclusion in the spent fuel storage SFD writeup.

In addition, ASB will coordinate reviews performed by other branches, and the
results are used by ASB in the overall spent fuel storage evaluation. The coor-
dinated reviews are as follows: The Structural Engineering Branch (SEB) deter-
mines the acceptability of the design analyses, procedures, and criteria used
to established the ability of seismic Category I structures to withstand the
effects of natural phenomena such as safe shutdown earthquakes (SSE), the
probable maximum flood (PMF), and missiles as part of its primary review
responsibility for SRP Sections 3.3.1, 3.3.2, 3.4.2, 3.5.3, 3.7.1 through 3.7.4,
3.8.4, and 3.8.5. The Core Performance Branch (CPB) determines that. the critical-
ity limits are acceptable and in accordance with ANS 57.2 paragraphs 5.1.1.2.1
and 5.1.1.2.2 as part of its primary responsibility for SRP Section 4.3. The
Mechanical Engineering Branch (MEB) determines that the components and structures
are designed in accordance with applicable codes and standards as part of its
primary review responsibility for SRP Sections 3.9.1 through 3.9.3. The MEB
also determines the acceptability of the seismic and quality group classifi-
cations for system components as part of its primary review responsibility for
SRP Sections 3.2.1 and 3.2.2. The Materials Engineering Branch (MTEB) verifies
that inservice inspection requirements are met for system components as part
of its primary review responsibility for SRP Section 6.6. The review for Fire
Protection, Technical Specifications, and Quality Assurance is coordinated and
performed by the Chemical Engineering Branch, Quality Assurance Branch, and
Licensing Guidance Branch as part of their primary review responsibilities for
SRP Sections 9.5.1, 16.0, and 17.0, respectively. The Equipment Qualification
Branch reviews the seismic qualification of Category I instrumentation and the
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environmental qualification of mechanical and electrical equipment as part of
its primary review responsibility for SRP Sections 3.10 and 3.11, respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

Acceptability of the spent fuel storage facility design as described in the
applicant's safety analysis report (SAR) is based on certain General Design
Criteria and Regulatory Guides, and on independent calculations and staff
judgments with respect to syste;a functions and component selection. The
design of the spent fuel storage facility is acceptable if the integrated
design is in accordance with the following criteria:

1. General Design Criterion 2, as it relates to structures housing the
facility and the facility itself being capable of withstanding the
effects of natural phenomena such as earthquakes, tornadoes, and
hurricanes. Acceptance for meeting this criterion is based on conform-
ance to position C.3 of Regulatory Guide 1.13, the applicable portions of
Regulatory Guide 1.29, Regulatory Guide 1.117, and ANS 57.2 paragraphs 5.1.1,
5.1.3, 5.1.12, 5.3.2, and 5.3.4.

I

2. General Design Criterion 4, as it relates to structures housing the facility
and the facility itself being capable of withstanding the effects of environ-
mental conditions and external missiles, and internally generated missiles,

O pipe whip, and jet impingement forces associated with pipe breaks, such
that safety functions will not be precluded. Acceptance for meeting this
criterion is based on meeting position C.3 of Regulatory Guide 1.13,
Regulatory Guides 1.115 and 1.117, as well as appropriate paragraphs of
ANS 57.2.

3. General Design Criterion 5, as it relates to shared structures, systems,
and components irrportant to safety being capable of performing required ,

safety functions.

4. General Design Criterion 61, as it relates to the facility design for
fuel storage and handling of radioactive materials. Acceptance for meet-
ing this criterion is based on conformance to position C.1 and C.4 of
Regulatory Guide 1.13 and the appropriate paragraphs of ANS 57.2.
Acceptance is also based on meeting the fuel storage capacity require-
ments noted in subsection III.1 of this SRP section.

5. General Design Criterion 62, as it relates to the prevention of criticality
by physical systems or processes utilizing geometrically safe configura-
tions. Acceptance for meeting this criterion is based on conformance to
position C.1 and C.4 of Regulatory Guide 1.13 and the apprentiate para-
graphs of JNS T7.2.

6. General Design Criterion 63, as it relates to monitoring systems provided
to detect conditions that could result in the loss of decay heat removal

. capabilities, to detect excessive radiation levels, and to initiate appro-
I priate safety actions. Acceptance for meeting this criterion is based on

conformance with paragraph 5.4 of ANS 57.2.v
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III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) application
review to determine that the design criteria and bases and the preliminary
design meet the acceptance criteria given in subsection II. For the review
of the operating license (0L) application, the review procedures and acceptance
criteria will be utilized to verify that the initial design c"iteria and bases
have been appropriately implemented in the final design. The OL review includes
verification that the content and intent of the technical specifications pre-
pared by the applicant are in agreement with requirements for system testing,
minimum performance, and surveillance developed as a result of the staff's
review.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I of this SRP
section. The secondary review branch, CMEB, will provide an ii.put on a routine
basis for those areas of review indicated in this SRP section. The primary
reviewer (ASB) obtains and uses such input as required to assure that this
review procedure is complete.

The review procedures given below are for a tjpical storage system. Any
variance of the review, to take account of a proposed unique design, will be
such as to assure that the facility design conforms to the criteria in sub-
section II of this SRP section. The reviewer selects and emphasizes material
from this SRP section as may be appropriate for a particular case.

1. The SAR is reviewed to determine that the design bases and facility des-
cription section indicates the storage capacity provided in the design.
The minimum storage capacity in the spent fuel storage pool shall be in
accordance with ANS 57.2 paragraph 5.1.15, i.e., for a single unit facil-
ity the storage capacity shall equal or exceed one full core discharge
plus the maximum normal fuel discharge cycle; for a dual shared storage
pool facility the storage capacity shall equal or exceed one full core
discharge plus two normal fuel discharge cycles. Due to a lack of suffi-
cient away-from reactor (AFR) storage capacity, the industry trend has
been to use high density storage racks. ASB reviews high density storage
on a case-by-case basis.

2. The information provided in the SAR relating to the facility design
criteria, safety evaluation, system description, and the layout drawings
for the spent fuel pool and storage racks is reviewed to verify that:

a. Criticality information (including the associated assumptions and
input parameters) in the SAR must show tnat the center-to-center
spacing between fuel assemblies and any strong fixed neutron
absorbers in the storage racks is sufficient to maintain the array,
when fully loaded and flooded with nonborated water, in a subcritical
condition. AK n t greater than 0.95 for this condition is

effacceptable,

b. The design of the storage racks is such that a fuel assembly cannot
be inserted anywhere other than in a design location.

O
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c. Failures of nonsafety-related systems or structures not designed to
p seismic Category I that are located in the vicinity of the spent

fuel storage facility are reviewed to assure that their failure will -
(V) not cause an increase in K t exceed the maximum allowable. The

eff
SAR description section, the general arrangement and layout drawings,
and the tabulation of seismic design classifications for structures
and systems are reviewed and evaluated to assure that this condition
is met. A statement in the SAR establishing the above condition as
a design criterion is acceptable at the CP review stage.

d. Design calculations should show that the storage racks and any
.

anchorages can withstand the maximum fuel handling equipment uplift
forces without an increase in K r a decrease in pool water

eff

inventory. A statement in the SAR that excessive forces cannot be
applied due to the design of the fuel handling equipment is accept-

; able if justification is presented. The evaluation procedures
identified in SRP Sections 9.1.4 and 9.1.5 are used to validate this
statement.

e. Conventionally the plant's Technical Specification states that the
weight of all loads being handled above stored spent fuel shall not
exceed that of one fuel asse:nbly and its associated handling tool.
This weight and its normal carrying height above the storage racks
establishes what was considered the upper bound on the potential
energy available to damage the stored spent fuel if a load drop
occurs. It has been subsequently noted that lighter loads handled
at greater drop heights may have greater amounts of potential energy.p) Therefore, the following additional requirement is being made. The

t' " licensee is required to demonstrate and the reviewer to verify that
the available potential energy of all lighter loads, being handled
above stored spent fuel, shall not exceed that of one fuel assembly
and its associated handling tool when dropped from its normal operat-
ing height above stored spent fuel.

f. Sharing of storage facilities in multi-unit plants will not increase
the potential for the loss of pool water or decrease the degree of
subcriticality provided.

3. The reviewer verifies that the safrcy function of the facility will be
maintained, as required, if the facility is subjected to adverse natural
phenomena such as earthquakes, tornadoes, hurricanes, and floods. In
making this determination, the reviewer considers the following points:

The facility design basis and criteria and the component classifi-a.
cation tables are reviewed to verify that the spent fuel storage
facility including the storage pool, pool liner, and racks have been
classified and designed to seismic Category I requirements. The
ASB will accept a stat ement that the facility will be designed and
constructed as a seismic Category I system. (CP)

'

b. If the spent fuel pool ver plate will not be designed and con-
structed to seismic C W ofy I requirements, the spent fuel pool

O
V
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liner plate is reviewed to verify that a failure of the liner plate
1as a result of an SSE will not cause any of the following:

1. Significant releases of radioactivity due to mechanical damage
to the fuel;

2. Significant loss of water from the pool which could uncover the
fuel and lead to release of radioactivity due to heatup;

3. Loss of ability to cool the fue! due to flow blockage caused by
a portion or one complete section of the liner plate falling on
top of the fuel racks;

4. Damage to safety-related equipment as a result of the pool leak-
age; and

5. Uncontrolled release of significant quantities or radioactive
fluids to the environs.

The essential portions of the spent fuel storage system are reviewedc.
to verify that protection from the effects of floods, hurricanes,
tornadoes, and internally or externally generated missiles is pro-
vided. Flood protection and missile protection criteria are discussed
in sections of the SRP contained in Chapter 3. The reviewer utilizes
the information in those SRP sections, as appropriate, to assure that I

the analyses presented are valid. ASB will accept a statement to the
effect that the storage facility is located in a seismic Category I
structure that is missile and flood protected.

4. The safe handling of spent fuel assemblies necessitates the underwater
transfer of spent fuel between the respective areas of the plant including
spent fuel cask loading area. The SAR is reviewed to verify that the design
basis and facility description section has stated that a separate spent fuel
shipping cask loading area (pit) has been provided adjacent to the spent fuel
pool. The reviewer verifies that the loading pit has been designed so that
the safety function of the integrated system will be maintained during
adverse environmental conditions. In addition, the reviewer verifies that
the following are included in the design:

An interconnecting fuel transfer canal should be capable of beinga.
isolated from the fuel pool and cask loading area. A statement in
the SAR that these features are included in the design is accept-
able. The reviewer uses engineering judgment to assure himself
that the means provided meet the stated intent.

2The implementation of this item reflects current regulatory practice. The

methods of review described herein will be used in the evaluation of submit-
tals for operating license or construction permit applications docketed after
November 17, 1977, which is based on the first application to which this
method was specifically applied. Implementation for applications docketed
prior to November 17, 1977 is not considered necessary since stresses induced
in the fuel pool liner plate welds due to an SSE will usually be well below
the maximum allowable stress levels and therefore liner failure is not con-
sidered a likely event. Even in the event that a liner plate failed, it would
not likely block the coolant outlet of spent fuel assemblies completely and
sufficient cooling of stored spent fuel would be maintained. Th;refore, the
spent fuel pool liner plate seismic design is not considered a significant
safety issue and backfit is not required.
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b. In regard to the handling of heavy loads, e.g., the spent fuel ship-
fm ping cask in the vicinity of the spent fuel storage pool, the reviewer
/ is required to establish and verify in SRP Section 9.1.5 that one ofV) the alternative approaches described in Section 5 of NUREG-0612 has

been satisfied. If Sections 5.1.1 and 5.1.6 of NUREG-0612 have not
been met, the SAR safety evaluations, results of design calculations,
and the general arrangement and layout drawings should show that the
spent fuel loading put has been designed to withstand the loads from
dropped heavy objects including the shipping cask, and that the load-
ing area is not an integral part of the storage pool floor so that if
a dropped object should breach the pit area, loss of fuel pool water
would not result in an unacceptable level.

IV. EVALUATION FINDINGS

The reviewer verifies that the information provided and his review support
conclusions of the following type, to be included in the staff's safety
evaluation report:

The spent fuel storage facility includes the spent fuel storage racks,
the spent fuel storage pool that contains the storage racks, and the
associated equipment storage pits. Based on the review of the appli-
cant's proposed design criteria, design bases, and safety classifica-
tion for the spent fuel storage facility and the provisions necessary
to maintain a subcritical array, the staff concludes that the design
of the spent fuel storage facility and supporting systems is in confor-
mance with the Commission's regulations as set forth in General Design
Criteria 2, 4, 5, 61, 62, and 63.

This conclusion is based on the following:

1. The applicant has met the requirements of General Design Criterion 2
by ccnforming with position C.3 of Regulatory Guide 1.13 and the
applicable portions of Regulatory Guides 1.29 and 1.117, as well
as paragraphs 5.1.1, 5.1.3, 5.1.12, 5.3.2, and 5.3.4 of ANS 57.2.

2. The applicant has met the requirements of General Design Criterion 4
pertaining to the environmental and missile pr tection design basis
by conforming to position C.3 of Regulatory Guide 1.13 and the appli-
cable portions of Regulatory Guides 1.115 and 1.117, as well as
appropriate paragraphs of ANS 57.2.

3. The applicant has met the requirements of General Design Criterion 5
since the failure of any portion of the shared spent fuel storage
facility will not impair the ability of plants systems to perform
their safety function.,

4. The applicant has met the requirements of General Design Criteria 61
and 62 pertaining to fuel storage, handling, criticality, and radio-
activity control by conforming to positions C.1 and C.4 of Regulatory
Guide 1.13 and the appropriate paragraphs of ANS 57.2.

5. The applicant has met the requirements of General Design Criterion 63

O) pertaining to monitoring the status of the stored spent fuel by con-
( forming to paragraph 5.4 of ANS 57.2.
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regu-
lations, the method described herein will be used by the staff on its evalua-
tion of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced NUREG and Regulatory Guides.

VI REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

5. 10 CFR Part 50, Appendix A, General Design Criterion 62, " Prevention of
Criticality in Fuel Storage and Handling."

6. 10 CFR Part 50, Appendix A, General Design Criterion 63, " Monitoring
Fuel and Waste Storage."

7. Regulatory Guide 1.13, " Design Objectives for Light-Water Reactor Spent
Fuel Storage Facilities at Nuclear Power Stations."

8. Regulatory Guide 1.29, " Seismic Design Classification."
l

9. Regulatory Guide 1.115, " Protection Against Low-Trajectory Turbine Missiles."

10. Regulatory Guide 1.117, " Tornado Design Classification."

11. ANS57.2/ANSIN210-1976,"DesignObjectivesforLightWaterReactorSpent
Fuel Storage Facilities at Nuclear Power Stations.

12. NUREC-0612, " Control of Heavy Loads at Nuclear Power Plants."
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N U REG-0800
(Form:rly NUREG 75/087)

O ,+# p mc Is U.S. NUCLEAR REGULATORY COMMISSION
w

U ! &g> /OFFICE OF NUCLEAR REACTOR REGULATION) STANDARD REVIEW PLAN\.....,

9.1. 3 SPENT FUEL P0OL COOLING AND CLEANUP SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - Chemical Engineering Branch (CMEB)

I. AREAS OF REVIEW

All nuclear reactor plants include a spent fuel pool for the wet storage of spent
fuel assemblies. The methods used to provide cooling for the removal of decay heat
from the stored assemblies vary from plant to plant depending upon the individual
design. The safety function to be performed by the system in all cases remains
the same; that is, the spent fuel assemblies must be cooled and must remain covered
with water during all storage conditions. Other functions performed by the system,
not related to safety, include water cleanup for the spent fuel pool, refueling
canal, refueling water storage tank and other equipment storage pools; means for
filling and draining the refueling canal and other storage pools; and surface skim-n

( T ming to provide clear water in the storage pool.
()

The ASB review of the spent fuel pool cooling and cleanup system covers the system
from inlet to and exit from the storage pool and pits, the seismic Category I water
source and piping used for fuel pool makeup, the cleanup system filter-demineralizers
and the regenerative process to the point of discharge to the radwaste system.

1. The capability of the spent fuel pool cooling and cleanup system to provide
adequate cooling to the spent fuel dur| g all operating conditions is reviewed
on one of two bases. The first basis requires the cooling portion of the sys-
tem to be designed to seismic Category I, Quality Group C requirements. The
second basis allows a non-seismic Category I, Quality Group C, spent fuel pool
cooling system provided that the following systems are designed to seismic
Category I requirements and are protected against tornadoes: the fuel pool
make-up water system and its source; and, the fuel pool building and its ven-
tilation and filtration system. The makeup, ventilation and filtration sys-
tems must also withstand a single active failure. In addition, the transient
temperature (T ) used in evaluating combined load on structures

a ,

Rev. 1 - July 1981

USNRC STANDARD REVIEW PLAN
Staredard review plans are prepared for the guidance of the office of Nuclear Heactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the

} Commission's policy to info <m the nuclear industry and the general public of regulatory procedures and policies. Standard review>

f plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. Thei

standard review plan sections are keyed to the Standard Forraat and Content of Safety Analysis Reports for Nuclear Power Plants.( ,
'' Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for imprevement will be considered and should be sent to the U.S. Nuclear Regulatory Commission.
Office of Nuclear Reacter flegulation, Washington, o.C. 20555.

.

- - - - _ _ - - - - - - - _ _ _ _ - _ _ _ - - _ _ _ - _ - - - - - - _ - _ _ _ _ - _ _ - . - - _ _ - _ _ _ _ _ - _ _ _ - - . - _ _ - - - - - - - _ _ . _ _ _ _ _ - - - - _ _ . _ _ _



shall be the boiling temperature of water when the cooling system is not
designed to seismic Category I requirements.

2. The ASB reviews the capability of the spent fuel pool cooling, makeup,
and cleanup systems to provide adequate cooling to the spent fuel during
all operating and accident conditions. The review includes the following
considerations:

The quantity of fuel to be cooled, including the corresponding require-a.
ments for continuous cooling during normal, abnormal, and accident
conditions.

.

b. The ability of the system to maintain pool water levels.

The ability to provide alternate cooling capability and the associatedc.
time required for operation.

d. Provisions to provide adequate makeup to the pool.

Provisions to preclude loss of function resulting from single activee.
failures or failures of nonsafety-related components or systems.

f. The means provided for the detection and isolation of system components
that could develop leaks or failures.

g. The instrumentation provided for initiating appropriate safety actions.

h. The ability of the system to maintain uniform pool water temperature
conditions.

3. ASB also performs the following reviews under the SRP sections indicated:

Review for flood protection is performed under SRP Section 3.4.1.a.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review of the structures, systems and components to be protected
against externally generated missiles is performed under SRP Section
3. 5. 2.

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

4. A secondary review is performed by CMEB and the results used by the ASB
to complete the overall evaluation. CMEB provides an SER input to ASB on
a routine basis that includes an evaluation of the capability and capacity
of the soent fuel pool cleanup system to remove corrosion products, radio-
active materials and impurities from the pool water. Also upon request
the CMEB will provide ASB with an evaluation of the spent fuel pool and
the spent fuel pool cooling system materials--fluid compatibility and
potential for metal corrosion degradation. ASB will request such input
if the materials used in the design differs significantly from previously
approved designs.
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Coordinated reviews are performed by other branches and the results used
i by ASB in the overali evaluation of th. SFPCCS. The coordinated reviewsO are as follows: The Structural Engineering Branch (SEB) determines theQ acceptability of the design analyses, procedures, and criteria used to

establish the ability of seismic Category I structures housing the system
and supporting systems to withstand the effects of natural phenomena such
as the safe shutdown earthquake (SSE), the probable maximum flood (PMF),
and tornado missiles as part of its primary review responsibility for SRP
Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The
Mechanical Engineering Branch (ME8) determines that the components piping
and structures are designed in accordance with applicable codes and standards
as part of its primary review responsibility for SRP Sections 3.9.1 through3.9.3. The MEB, also, determines the acceptability of the seismic and
quality group classifications for system comnnents as part of its primary
review responsibility for SRP Sections 3.2.1 anu 3.2.2. The NEB also
reviews the adequacy of the inservice testing program of pumps and valves
as part of its primary review responsibility for SRP Section 3.9.6. The
Materials Engineering Branch (MTEB) verifies that inservice inspection
requirements are met for system components as part of its primary review
responsibility for SRP Section 6.6, and, upon request, verifies the compati-
bility of the materials of construction with services conditions. The

<

review for Fire Protection, Technical Specifications, and Quality Assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0 and 17.0, respectively. The
EQB reviews the seismic qualifications of Category I instrumentation anu
electrical equipment and the environmental qualification of mechanical

n) and electrical equipment as part of its primary review responsibility for
(V SRP Sections 3.10 and 3.11, respectively. The Instrumentation and Control

Systems Branch (ICSB) and the Power Systems Branch (PSB) will verify the
adequacy of the design, installation, inspection and testing all electrical
systems (sensing, control and power) required for proper operation of the
SFPCCS as part of their primary review responsibility for SRP Section 7.1
and Appendix 7-A for ICSB and SRP Section 8.3.1 for PSB. The Effluent
Treatment Systems Branch (ETSB) will verify that the limits for radio-
activity concentrations are not exceeded as part of its primary review
responsibility for SRP Sections 11.1 and 11.2.

For those areas of review identified above as being the responsibility
of other branches, the acceptance criteria and methods of review are
contained in the SRP sections corresponding to those branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the spent fuel pool cooling and cleanup system,
as described in the applicant's safety analysis report (SAR), including related
sections of Chapters 2 and 3 of the SAR is based on specific general design
criteria and regulatory guides, and on independent calculations ad 'taff
judgments with respect to system functions and component selectio...

1. The design of the spent fuel pool cooling and cleanup system and its
makeup system is acceptcble if the integrated design is in accordance
with the following criteria:

General Design Criterion 2, as related to structures housing thea.
U .

system and the system itself being capable of withstanding the
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effects of natural phenomena such as earthquakes, tornadoes, and
hurricanes. Acceptance for meeting this criterion is based on con-
formance to positions C.1, C.2, C.6 and C.8 of Regulatory Guide 1.13
and position C.1 of Regulatory Guide 1.29 for safety-related portions
and position C.2 of Regulatory Guide 1.29 for nonsafety-related portions
of the system. This criterion does not apply to the cleanup portion
of the system and need not apply to the cooling system if the fuel
pool makeup water system and its source, and the fuel pool building
and its ventilation and filtration system meet this criterien, and
the ventilation and filtration system meets the guidelines of Regula-
tory Guide 1. 52. The cooling and makeup system should also be designed
to Quality Group C requirements in accordance with Regulatory Guide 1.26.
However, when the cooling system is not designated Category I it need
not meet the requirements of ASME Section XI for inservice inspection
of nuclear plant components.

b. General Design Criterion 4, with respect to structe es housing the |

systems and the system being capable of withstanding the effects of
external missiles. Acceptance is based on meeting position C.2 of
Regulatory Guide 1.13. This criterion does not apply to the cleanup
system and need not apply to the cooling water system if the makeup
system and its source, and the building and its ventilation and
filtration system are tornado protected and the ventilation and
filtration system meets the guidelines of Regulatory Guide 1.52.

c. General Design Criterion 5, as related to shared estems and components |

important to safety being capable of performing required safety func-
tions. |-

d. General Design Criterion 44, to include:

(1) The capability to transfer heat loads from safety-related |
'structures, systems, and components to a heat sink under both

normal operating and accident conditions.
.

|

(2) Suitable redundancy of components so that safety functions can
be performed assuming a single active failure of a component
coincident with the loss of all offsite power.

||

I

|
(3) The capability to isolate components, systems, or piping, if

required, so that the system safety function will not be
compromised.

(4) In meeting this criterion acceptance is based on the recommenda-
tions of Branch Technical Position ASB 9-2 for calculating the
heat loads and the assumptions set forth in item 1.h of subsection III
of this SRP section. The temperature limitations of the pool

| water identified in item 1.d of subsection III of this SRP section ;

is also used as a basis for meeting this criterion. j

e. General Design Criterion 45, as related to the design provisior.: to
permit periodic inspection of safety-related components and equipment.

.

1
1

I f. General Design Criterion 46, as related to the design provisions to |

| permit operational functional testing of safety-related systems or |
| components to assure structural integrity and system leak tightness,
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operability, and adequate performance of active system components,
and the capability of the integrated system to perform required

CN functions during normal, shutdown, and accident situations.
]" General Design Criterion 61, as related to the system @sipn for fuelg.

storage and handling of radioactive materials, including the following
elements:

(1) The capability for periodic testing of components important to
safety.;

(2) Provisions for containment.

(3) Provisions for decay heat removal.

(4) The capability to prevent reduction in fuel storage coolant
inventory under accident conditions in accordance with the
guidelines of position C.6 of Regulatory Guide 1.13.

(5) The capability and capacity to remove corrosion products,
radioactive materials and impurities from the pool water and
reducing occupational exposures to radiation.

h. General Design Criterion 63, as it relates to monitoring systems
provided to detect conditions that could result in the loss of decay
heat removal, to detect excessive radiation levels, and to initiate
appropriate safety actions.

I
i. 10 CFR Part 20, pa'ragraph 20.1(c) as it relates to raoiation doses

\_/ being kept as low as is reasonably achievable (ALARA). In meeting
this regulation Regulatory Guide 8.8, positions C.2.f(2) and C.2.f(3)
will be used as a basis for acceptance.

III. REVIEW PROCEDURES

The procedures set forth below are used during the construction permit (CP)
application review to determine that the design criteria and bases and the pre-
liminary design as set forth in the preliminary safety analysis report meet
the acceptance criteria given in subsection II of this SRP section. For the
review of operating license (OL) applications, the review procedures and
acceptance criteria and bases have been appropriately implemented in the final
design as set forth in the final safety analysis report. The review procedures
for OL applications include a determination that the content and intent of the
technical s9ecifications prepared by the appl ~icant are in agreement with the
requirements for system testing, minimum performance, and surveillance developed
as a resul' of the staff's review.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I of this SRP section.
The secondary review branch, CMEB, will provide an input on a routine basis
for those areas of review indicated in this SRP section. The primary reviewer
(ASB) obtains and uses such input as required to assure that this review procedure
is complete.

m
) The review procedures given below are for a typical system. Any variance of'

d the review, to take account of a proposed unique design, will be such as to'
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assure that the system meets the criteria of subsection II of this SRP section.
In the review, the spent fuel pool cooling and cleanup , tem and its makeup
system are evaluated with respect to their capability to perform the necessary
safety functions during all conditions, including normal operation, refueling,
abnormal storage conditions, and accident conditions.

1. The safety function of the system for refueling and normal operations is
identified by reviewing the information provided in the SAR pertaining to
the design bases and criteria and the safety evaluation section. The SAR
section on the system functional performance requirements is also reviewed
to determine that it describes the minimum system heat transfer and system
flow requirements for normal plant operation, component operational degrada-
tion requirements (i.e., pump leakage, etc.) and describes the procedures
that will be followed to detect and correct these conditions should degrada-
tion become excessive. The reviewer, using failure modes and effects analyses,
determines that the system is capable of sustaining the loss of any active
component and evaluates, on the basis of previously approved systems or
independent calculations, that the minimum system requirements (cooling
load and flow) are met for these failure conditions. The system piping
and instrumentation diagrams (P& ids), layout drawings, and component
descriptions are then reviewed for the following points:

Essential portions of the system are correctly identified and area.
isolable from the nonessential portions of the system. The P& ids
are reviewed to verify that they clearly indicate the physical divi-
sion between each portion and indicate required classification changes.
System drawings are also reviewed to see that they show the means
for accomplishing isolation and the system description is reviewed
to identify minimum performance requirements for the isolation valves.
For the typical system, the drawings and description are reviewed to
verify that adequate isolation valves separate non-essential portions
and components from the essential portions.

b. Heat exchangers, pumps, valves and piping for the cooling portion of
the system are constructed to Quality Group C and designed to seismic
Category I requirements in accordance with the guidance provided in
Regulatory Guides 1.26 and 1.?a As ar acceptable alternative, the
cooling loop may be constructed to Quality Group C and nonseismic
Category I requirements provided the spent fuel pool water makeup
system, and the building ventilation and filtration system are designed
to seismic Category I requirements, are protected from the effects

) of tornadoes and meet the single failure requirements. The ventilation
I and filtration system must also meet the guidelines of Regulatory

Guide 1.52. The review for seismic design is performed by SEB and
the review for seismic and quality group classification is performed
by MEB is indicated in subsection I of this SRP section.

| The stated quantity of fuel to be cooled by the spent fuel coolingc.
system is consistent with the quantity of fuel stored, as stated in
Section 9.1.2 of the SAR.

|

| d. For the maximum normal heat load with normal cooling systems in opera-
tion, and assi -ing a single active failure, the temperature of the
pool should be kept at or below 140 F and the liquid level in the
pool should be maintained. For the abnormal maximum heat load (full

|
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'I

core unload) the temperature of the pool water should be kept below

I^\
boiling and the liquid level maintained with normal systems in opera-
tion. A single active failure need not be considered for the abnormal
case. The associated narameters for the decay heat load of the fuel
assemblies, the ten.perature of the pool water, and the heatup time
or rate of pool temperature rise for the stated storage conditions
are reviewed on the basis of independent analyses or comparative
analyst. Of pool conditions that have been previously found acceptable.

,

e. The speni fuel pool and cooling systems have been designed so that
in the event of failure of inlets, outlets, piping, or drains, the

S pool level will not be inadvertently drained below a point approxi-
mately 10 feet above the top of the active fuel. Pipes or external
lines extending into the pool that are equipped with siphon breakers,
check valves, or other devices to prevent drainage are acceptable as
a means of implementing this requirement.

f. A seismic Category I makeup system and an appropriate backup method
to add coolant to the spent fuel pool are provided. The backup system
need not be a permanently installed system, nor Category I, but must,

take water from a Category I source. Engineering judgment and compari-
son with plants of similar design are used to determine that the makeup
capacities and the time required to make associated hookups are con-
sistent with heatup times or expected leakage from structural damage.

g. Design provisions have been made that permit appropriate inservice
inspection and functional testing of system components important to

] safety. It will be acceptable if the SAR provides a statement that.)
[Q~ the spent fuel pool cooling, makeup, and clearup system is includedj

in the inservice inspection program per SRP Section 6.6 and the*

inservice testing program of SRP Section 3.6.6. These SRP sections
are reviewed by the MTEB and MEB respectively.

h. The calculation for the maximum amount of thermal energy to be
removed by the spent fuel cooling system will be made in accordance
with Branch Technical Position ASB 9-2, " Residual Decay Energy for
Light-Water Reactors for Long-Term Cooling" (located in SRP Sectioni

f 9.2.5) under the following assumed conditions.

i. The uncertainty factor K is set equal to 0.1 for long-term
cooling (greater than 107 seconds).'

ii. The normal maximum spent fuel heat load is set at one refueling
load at equilibrium conditions after 150 hours decay and one
refueling load to equilibrium conditions after one year decay.
(Maximum pool temperature 140 F)

iii. The spent fuel pool cooling system should have the capacity to,

remove the decay heat from one full core at equilibrium conditions,

after 150 hours decay and one refueling load at equilibrium condi-
tions after 36 days decay, without spent fuel pool bulk water
boiling. Cooling system singic failure need not be considered
concurrent for this condition.

iv. For pools with greater than 1-1/3 core capacity, one additional-
refueling batch at equilibrium canditions af ter 400 days decay
should be included in the cooling requirements.
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2. The reviewer verifies that the system has been designed so that system
functions will be maintained, as required, in the event of adverse natural
phenomena such as earthquakes, tornadoes, hurricanes, and floods. The
reviewer evaluates the system, using engineering judgment and the results
of failure modes and effects analyses to determine the following:

a. The failure of portions of the system, or of other systems not designed
to seismic Category I standards and located close to essential portions
of the system, or of non-seismic Category I structures that house,
support, or are close to essential portions of the pool and cooling
system, will not preclude essential functions. Reference to SAR
Chapter 2, describing site features and the ganeral arrangement and
layout drawings, will be necessary as well as to the SAR tabulation
of seismic design classifications for structures and systems. State-

ments in the SAR to the effect that the above conditions are met are
acceptable. (CP)

,

b. The essential portions of the spent fuel pool cooling system are
protected from the effects of floods, hurricanes, tornadoes, and
internally or externally generated missiles. Flood protection and
missile protection criteria are discussed and evaluated iri detail
under the SRP sections for Chapter 3 of the SAR.

The reviewer utilizes the procedures identified in these plans to
assure that the analyses presented are valid. A statement to the
effect that the system is located in a seismic Category I structure
that is tornado missile and flood protected, or that components of
the system will be located in individual cubicles or rooms that will
withstand the effects of both flooding and missiles is acceptable.
The location and design of the system, structures, and pump rooms
(cubicles) are reviewed to determine that the degree of protection
provided is adequate.

3. The sy :2 design information and drawin1s are analyzed to assure that
the foi;owing features will be incorporated. A se tement that these
features will be included in the design by some aprcopriate means is a
basis for acceptance. (CP)

a. A leakage detection system is provided to detect component or sysi.em
leakage. An adequate means for implementing this requirement is to
provide sumps or drains with adequate capacity and appropriate alarms
in the immediate area of the system.

b. Components and headers of the system are designed to provide individual
isolation capabilities to assure system function, control system leakage,
and allow system maintenance.

c. Design provisions are made to assure the capability to detect leakage
of iioactivity or chemical contamination from one system to another
and to preclude long-term corrosion, organic fouling, or the spreading
of radioactivity. Radioactivity monitors and conductivity monitors
located in the system discharge lines are acceptable means for imple-

i menting this requirement.

4. The SAR dercriptive information, P& ids, layout drawings, and system analyses
i

are reviewed to assure that essential portions of the system will function
|

|
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following design basis accidents, assuming a concurrent single active
component failure. The reviewer evaludtes failure mode and effects analyses

O presented in the SAR to assure function of required components, trace the
availability of these components on system drawings, and check that minimum
system flow, makeup, and heat transfer requirements are met for each
degraded situation over the required time spans. For each case the design
will be acceptable if mininum system requirements are met.

5. The spent fuel pool cleanup system and various auxiliary systems are
designated as nonsafety-related systems and are designed accordingly
(nonseismic Category I). These systems are evaluated to assure that
their failure cannot affect the functional performance of any safety-
related system or component. The relationship and proximity between
the nonsafety-related system and safety-related systems or components
are aetermined by reviewing the integrated structure and corrponent layout
diagrams. Independent analyses, engineering judgement, and comparisons
with previously approved systems are used to verify tbat dere a nonsafety-
related system interconnects or interfaces with the couling system, its
failure by any event or malfunction will not preclude adequate functio 1al
performance of the cooling system.

7. The cleanup system is 6 eviewed to assure that it has been designed
with the capability to n,_.ntain acceptable pool water conditions. The
P& IDS and associated information provided in the SAR is reviewed to verify
the following:

a. A means has been provided for mixing to produce a uniform temperature
throughout the pool.

\v) b. The cleanup system is reviewed by CMEB to verify thmr have the capacity
and capability to remove corrosion products, raoioactive materials,
and impurities so that water clarity and quality will enable safe
operating conditions in the pool. This includes instrumentation and
sampling to monitor the water purity and need for demineralizer resin
replacement including the chemical and radiochemical limits such as
conductivity,. gross gamma and iodine activity, demineralizer dif-
ferential pressure, pH and crud level which are used to initiate
corrective action.

c. The capability for ;:acessing the refueling canal coolant during
refueling operatims has been provided.

d. Provisions to preclude the inadvertent transfer of spent filter and
demineralized media to any place other than the radwaste facility
have been provided.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his review supports conclusions of the following type, 'o be included in the

I staff's safety evaluation report:

!
' The spent fuel pool cooling and cleanup system incLJes all components
' and piping of the system from inlet to and exit from the storage pool and

) pits, the seismic Category I water source and piping used for fuel pools
V makeup, the cleanup system filter-demineralizers and the regenerative
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process to the point of discharge to the radwaste system. The scope of
review of the spent fuel pool cooling and cleanup system included layout
drawings, process flow diagrams, piping and instrumentation diagrams, and
descriptive information for the system and the supporting systems that
arc essential to safe operv ion. The cooling portion of the system and
the emergency primary makt system are designed to seismic Category I,
Quality Group C requirement's since they are necessary to remove decay
heat from the spent fuel and to prevent fuel damage that could lead to
unacceptable releases of radioactivity. The cooling portion of the system
need not be designed to seismic Category I requirements if the makeup system
and the building ventilation and filtration system are seismic Category I,
and if the ventilation and filtration system meet the guideliner of
Regulatory Guide 1.52.

The staff concludes that the design of the spent fuel pool cooling and cleanup
system and its makeup system meets the requirements of General Design Criteria 2,
4, 5, 44, 45, 46, 61 and 63. This conclusion is based on the following:

1- The applicant has met the requirements of General Design Criterion 2 with
respect to safety-related partions of the system being protected against
natural phenomena. Acceptance is based on meeting the guidelines of
Regulatory Guide 1.13, position C.1 which recommends a seismic Category I
design for necessary portions of the spent fuel storage facility, position
C.2 regarding prot -C'n against winds and wind generated missiles, posi-
tion C.6 as it relates to the system being capable of withstanding earth-
quakes without loss of coolant that would uncover the fuel, and position
C 8 which recoc. mends a seismic Category I makeup system 9 'th appropriate
redundancy or a backup from a Category I water source. S tance is also.

based on meeting the seismic design requirements of Reguk.i.ory Guide 1.29,
position C.1 for safety-related portions of the system necessary for
adequate cooling to prevent excessive ie9 0 activity releases (position C.1.p
of Regulatory Guide 1.29) and position C.2 as it relates to the failure
of nonsafety-related portions of the syc+ If the fuel pool building.a.

ventilation and filtration systems are designed to seismic Category I
requirements and in accoru. .e with the guidelines of Regulatory Gtide 1.52
the cooling portion of the system need not be seismic Category I.

2. The design meets the requirements of General Design Criterion 4 witt, regards
to protection against the effects of externally generated missiles since
it is in accordance with position C.2 of Regulatory Guide 1.13 since ao
loss of watertight integrity or fuel damage occur in the event of tornado
missiles.

3. The design meets the requirements of General Design Criterion 5 regarding
the sharing of safety-related structures, systems, and components since
no single failure will prevent the system from performing its safety-related
function which is cooling the spent fuel.

4. The design meets the requirements of General Design Criterion 44 regarding
decay heat removal redundancy and power supplies, since the system has
the capability to remove decay heat from the spent fuel under both normal
operating and accident conditions. The system has redundancy so that decay
heat can be removed assuming a single active failure coincident with a
loss of all offsite power, and is designed with isolation capability of
system components and piping, if required, such that the ability of the
system to remove decay heat will not be compromised.
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5. The system meets the inspection and testing requirements of General Design
Criteria 45 and 46 since the system is designed and constructed with
suitable clearances and location to allow periodic inspection of majorQ components, and is designed to permit functional operational testing to

'

assure structural integrity and system leak tightness, operability, and
adequate performance of active system components.

6. The system is designed in accordance with the requirements of General
Design Criterion 61 as it relates to the system design for fuel storage
since the system has the following design capabilities: the system has
the capio 11ity for periodic testing of compcnent; important to safety.
The system is designed to provide suitable shielding by maintaining a
miniu m water level above the fuel. There is redundancy and testability
of the decay heat removal por* bns of the system, and the system is
designed to prevent reduction in fuel storage coolant inventory under
accident conditions in accord nce with position C.6 of Regulatory Guide
1.13. The spent fuel pool c'eanup portion of the system (1) provides the
capability and capacity of r moving radioactive materials, corrosion
products, and impurities from the pool water and thus meets the require
ments of Criterion 61 as it relates to appropriate filtering systems for
fuel cooling and storage, (2) reduces occupational exposure to radiation
by removing radioactive materials from the pool water and thus meets the
requirements of 10 CFR Part 20, 920.1(c) as it relates to maintaining
radiation exposures as low as reasonably achievable (ALARA) and, (3) retains
radioactive materials and crud in the pool water in the demineralizer and
filters and thus meets positions C.2.f(2) and (3) of Regulatory Guide 8.8.

7.( The system design meets the requirements of General Design Criterion 63
since it has provisions to detect the loss of heat removal function throughi

C the use of loss of flow and temperature alarms, and to detect conditions
that would result in excessive radiation through the use of coolant low
level alarms and rad'ation monitoring alarms. And the system has the
capability to initiate appropriate safety actions since it has an automatic
makeup system and the cooling system and ventilation and filtration system
can be operated from the control room in the event of high radiation or
low level alarms.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commissiore regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced Regulatory Guides.

VI. REFERENCES

1. 10 CFR Part 20, 920.1(c), " General Provisions for Standards for Protection
Against Radiation."

C
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2. 10 CFR Part 50, Appendix A, General Design Criterion 2 " Design Bases for
Protection Against Natural Phenomena."

3. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

4. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems and Components."

5. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water."

6. 10 CFR Part 50, Appendix A, General Design Criterion 45, " Inspection of
Cooling Water System."

7. 10 CFR Part 50, Appendix A, General Design Criterion 46, " Testing of Cooling
Water System."

8. 10 CFR Part 50 Appendix A, General Design Criterion 61, " Fuel Storage
and Handling d Radioactivity Control."

10 CFR Part 50, Appendix A, General Design Criterion 63, " Monitoring Fuel,.

and Waste Storage."

10. Regulatory Guide 1.13, " Fuel Storage Facility Design Basis."

11. Regulatory Guide 1.26 " Quality Group Classifications and Standards for
Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

12. Regulatory Guide 1.29, " Seismic Design Classification."

13. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for
Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and
Adsorption Units of Light-Water-Cooled Nuclear Power Plants."

14. Regulatory Guide 8.8, "Information Relevant to Ensuring That Occupational
Radiation Exposures at Nuclear Power Stations Will Be As Low As Is
Reasonably Achievable."

O
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STANDARD REV EW PLAN'
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9.1. 4 LIGHT LOAD HANDLING SYSTEM (RELATED TO REFUELING)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None |

I. AREAS OF REVIEW

The ASB reviews the light load handling system (LLHS) consisting of all
components and equipment used in handling new fuel from the receiving station to
the loading of the spent fuel into the shipping cask to assure conformance with
the requirements of General Design Criteria 2, 5, 61 and 62. The design layout,
which shows the functional geometric layout of the handling equipment, which
defines the travel paths through, over and around rigid objects during fuel
handling, is reviewed to determine that the various handling operations can be
performed safely. The objective of the LLHS review is the avoidance of criti-

("''S cality accidents, radioactivity releases resulting from damage to irradiated
i / fuel, and unacceptable personnel radiation exposures.
v

1. The ASB reviews the grappling, rigging, hoisting and transporting operations
in the light load handling system as to methods, selection of handling
equipment, and safety devices.

2. The ASB reviews the design of the LLHS with aspect to the following aspects
of individual comp.onents and the integrated system:

a. Performance and load handling requirements specified for equipment.

b. The methods and equipment for transferring fuel assemblies from the
reactor core to the storage location.

c. The electrical and/or mechanical interlocks provided to prevent
criticality accidents, damage to fuel and excessive personnel exposure.

d. The methods and equipment for transferring stored fuel to the spent
fuel shipping cask.

Rev. 2 - July 1981
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4. ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed under SRP Section 3.4.1,

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1,

c. Review of the structures, systems and components to be protected
against externally generated missiles is performed under SRP
Section 3.S.2,

d. Review of high and moderate energy pipe breaks is performed under
SRP Section 3.6.1.

Should the LLHS design deviate significantly from previously accepted designs,
ASB will request pertinent reviews by other branches. Input from these
branches will be (.corindated by the ASB and incorporated into the ASB overall
system evaluation. The coordinated reviews are as follows:

The Structural Engineering Branch (SEB) determines the acceptability of the
design analyses, procedures, and criteria used to establish the ability of
seismic Category I structures housing the system and supporting systems to
withstand the effects of natural phenomena such as the safe shutdown earth-
quake (SSE), the probable maximum flood (PMF), and tornado missiles as part of
its primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1
thru 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) deter-
mines that the components, piping and structures are designed in accordance
with applicable codes and standards as part of its primary review responsi-
bility for SRP Sections 3.9.1 thru 3.9.3. The MEB, also, determines the
accgtability of the seismic and quality group classifications for system
cc..ponents as part of its primary review responsibility for SRP Sections 3.2.1
.nd 3.2.2. The MEB also reviews the adequacy of the inservice testing program
of pumps and valves as part of its primary review responsibility for SRP
Section 3.9.6. The Materials Engineering Branch (MTEB) verifies that
inservice inspection requirements are met for system components as part of its
primary review responsibility for SRP Section 6.6, and, upon request, verifies
the compatihility of the materials of construction with service conditions.
The review for Fire Protection, Technical Specifications, and Quality Assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0 and 17.0, respectively. The

Radiological Assessment Branch (RAB) reviews the design of the fuel handling
system and the spent fuel transfer process to determine whether occupational
radiation exposures during spent fuel handling will be as low as pro u.oouk
as part of its primary review responsibility for SRP Section 12.3. The

Equipment Qualification Branch (EQB) reviews the seismic qualification of
Category I instrumentation and electrical equipment and the environmental
qualification of mechanical and electrical equipment as part of its primary
review responsibility for SRP Sections 3.10 and 3.11, respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.
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II. ACCEPTANCE CRITERIA

^
/ X Acceptability of the LLHS design, as described in the applicant's safety
( ) analysis report (SAR) including related sections of Chapters 2 and 3 of the"

SAR, is based on specific general design criteria, regulatory guides, and
engineering codes and standards. Listed below are specific criteria as they
relate to the LLHS.

The LLHS is acceptable if the integrated design of the structural, mechanical,
and electrical elements, the manual and automatic operating controls, and the
safety interlocks and devices provide adequate system control for the specific |procedures of ':andling operations, if the redunrancy and diversity needed to
protect against malfunctions or failures are provided, and if the design
conforms tu the relevant requirements of the following regulations: |

1. General Design Criterion 2, as related to the ability of structure,,
equipment, and mechanisms to withstand the effects of earthquakes.
Acceptance is based on meeting Regulatory Guide 1.29, position C.1 and
C.2, and positions C.1 and C.6 of Regulatory Guide 1.13.

2. General Design Criterion 5, as related to the capability of shared
equipment and components important to safety.

3. General Design Criterion 61 as related to a radioactivity release as a
result of fuel damage, and the avoidance of excessive personnel radiation
exposure. Acceptance, in part, is based on the guidelines of position C.3
of Regulatory Guide 1.13 and ANS 57.1/ ANSI-N208.

(/n') 4. General Design Criterion 62 as it relates to criticality accidents.
Acceptance is based on part on meeting position C.3 of Regulatoryw
Guide 1.13 and ANS 57.1/ ANSI N208.

5. In meeting Criteria 61 and 62 specific criteria regarding the maximum
kinetic energy of any load lighter than a fuel assembly is identified in
item 6, Subsection III of this SRP section.

III. REVIEW PROCEDURES

The light load handling system provides for handling of fuel assemblies, and
other associated licht loads such as control rods, and burnable poison rods
and flow limitina arifices. The general objective of the review is to confirm
that the LLHS des';n precludes system malfunctions or failures that could
result in criticality accidents, a release of radioactivity or excessive
personnel radiation exposures. There are variations in the designs of
proposed handling systems; hence, there will be variations in system require-
ments and the type and number of loads to be handled. For the purpose of this
review, the LLHS will not include the equipment used to handle heavy loads,
i.e. loads whose weight exceed that of one fuel assembly and its associated
handling tool.

The procedures listed here are used in the construction permit (CP) review to
determine that the LLHS design criteria and bases and the preliminary LLHS
design described in the SAR meet the acceptance criteria given in subsection II

(3 of this SRP section. For operating license (OL) reviews the procedures are
( ) used to verify that the design criteria and bases have been appropriately
'~' implemented in the LLHS final design.
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Upon request f rom the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I of this SRP
section. The primary reviewer obtains and uses such input as required to
assure that this review procedure is complete,

i

1. The system performance requirements for the LLHS are reviewed to
determine that they cover the handling system concept used in the design,
and describe the component and subsystem functions within the integrated
system. The performance requirements should also define any degradation
considered for components and describe the procedures that are followed
to detect and correct degraded conditions.

2. The performance c cifications required as part of the design and
described in th( SAk are reviewed to determine that the design, material
selection, manufe turing, installation, testing, and operating procedures
equal or exceed tte performance requirements and are within the state-of- |
the-art practice. The reviewer verifies that the consensus standards,

engineering codes, and industrial or manufacturing association standards
selected and used are adequate and appropriate for the LLHS.

3. The information presented in the SAR is reviewed to determine that the
specific arrangement of the system and subsystems and the load handling
paths to be used are described with respect to locations of objects
having the potential of damaging fuel or causing a criticality accident.
The reviewer covers the following points:

The size, shape, and dimensions of the potentially most damaginga.
load (the load which, it dropped by the LLHS, will cause the most
adverse consequence), its weight and center of gravity, lif ting |

points, stability, and handling speeds, are compared with the
performance specifications to determine the compatibility of the
design with load handling and movement requirements. The reviewer
uses the requirements of codeJ and standards and, if required,
performs an independent analysis to determine acceptability of the
system.

b. The instrumentation and control system, including the limit and
safety devices provided for automatic and manual operation for both
normal and emergency conditions, that are required to operate to
maintain safety in the event of a failure of the system, are
reviewed. The results of failure modes and effeccs analyses are

used by the reviewer to deturmine that the control system adequately
limits loads or limits loac movement, assuming a single failure,
to prevent damaging the fuel to the extent that a release of
radioactivity or a criticality accident could occur.

The description of operating and test procedures presented in thec.
SAR is reviewed to determine that load proof-testing, design-rated
load testing, nondestructive testing, preventive checks, and
attachment of the load assures reliable load handling operations. |

4. The information presented in the SAR for the light load handling
equipment, including the equipment storage areas, is reviewed to
determine that a seismic event cannot result in damage to spent fuel or
essential equipment.
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i

; 5. The fuel transfer carriage design is reviewed to determine the adequacy
i of the means provided to prevent damage to fuel assemblies especially

g during the time it receives or transfers the fuel assemblies to other
j LLHS equipment.

6. The maximum potential kinetic energy capable of being developed by any
load handled above stored spent fuel, if dropped, is not to exceed the

| kinetic energy of one fuel assembly and its associated handling tool
l when dropped from the height at which it is normally handled above the

spent fuel pool storage racks.

4 IV. EVALUATION FINDINGS

The reviewer verifies that the information provided and his review cupport
conclusions of the following type, to be included in the staf."s safety,

evaluation report:

The light load handling system includes all components and equipment
used in moving fuel and other related light ioads between the
receiving area, storage areas and reactor vessel. Based on the
review of the applicant's proposed design criteria and design bases
for the LLHS, and the requirements for safe operation of the LLHS,
the staff concludes that the design of the LLHS and supporting

'
systems is in conformance with the Commission's regulations as set;

forth in General Design Criteria 2, 5, 61 and 62. This conclusion
is based on the following:

1. The system design meets the requirements of General Design
j Criterion 2 as it relates to protection of safety-related

(./ equipment and spent fuel from the effects of earthquakes.,

| Criterion 2 is met since the system is designed in accordance
; with position C.1 of Regulatory Guide 1.29 for safety-related
! portions of the system and position C.2 for nonsafety related
'

portions. The system also meets postions C.1 and C.6 of
Regulatory Guide 1.13.

2. The system meets the requirements of General Design Criterion 5
with respect to sharing of structures, systems and components

j since such sharing does not impair the system's safety function
in the event of a single failure.

'

d. The system also meets the requirements of General Design
Criteria 61 and 62 as they relate to the prevention of unaccept-
able radioactivity releases and criticality accidents. These'

criteria are met since the system is designed in accordance
with position C.3 of Regulatory Guide 1.13 and the guidelines
of ANS 57.1/ ANSI N208.

V. IMPLEMENTATION

'

The following is intended to provide guidance to applicants and licensees
.

regarding the NRC staff's plans for using this SRP section.
4

Except in ' sse cases in which the applicant proposes an acceptable
) alternative method for complying with specified portions of the Commission's

%/

f
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regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

4. 10 CFR Part 50, Appendix A, General Design Criterion 62, " Prevention of
Criticality in Fuel Storage and Handling."

5. Regulatory Guide 1.29, " Seismic Design Classification."

6. ANS 57.1/ ANSI N208 " Design Requirements for LWR Fuel Handling Systems."
(proposed)

O

O
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BRANCH TECHNICAL POSITION ASB 9-1
OVERHEAD HANDLING SYSTEMS FOR NUCLEAR POWER PLANTS

(BTP ASB 9-1 has been deleted for use in SRP Section 9.1.4 and has been
superseded by NUREG 0554 for use in SRP Section 9.1.5)
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9.1. 5 OVERHEAD HEAVY LOAD HANDLING SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ASB reviews the overhead heavy load handling systems (OHLHS) consisting of
all components and equipment used in moving all heavy loads, i.e., loads weighing
more than one fuel assembly and its associated handling device at the plant site
to assure conformance with the requirements of General Design Criteria 2, 5 and
61. The design layout, which shows the functional geometric layout of the
handling equipment, including the areas of movement over and around the fixed
locations of safety-related facilities during the handling of heavy loads, is
reviewed to determine that the various handling operations can be performed

n safely. The main emphasis in the OHLHS review is on critical load handling in
(\ s ') which inadvertent operations or equipment malfunctions, either separately or incombination, could cause a release of radioactivity, a criticality accident, the

inability to cool fuel within the reactor vessel or spent fuel pool or prevent
safe shutdown of the reactor.

1. The ASB reviews the transporting, hoisting, and rigging operations in the
OHLHS as to methods, selection of handling equipment, and safety devices.

2. The ASB reviews the design of those OHLH systems used in critical load
handling operations, i.e. those loads which if dropped have the potential of
leading to unacceptable consequences. This review encompasses the following
areas:

a. the specified performance and load handling requirements as compared to
the actual requirements,

b. the adequacy of the design, fabrication, installation, inspection, and
testing requirements,

Rev. 0 - July 1981
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the adequacy of operator training, load handling procedures andc.
instructions, and

d. the adequacy of the measures taken to assure, to the extent possible,
that safe load paths are followed. Also, that operational procedures
and instructions as well as mechanical and electrical devices are
provided to assure travel along safe load paths.

3. ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

Review of the structures, systems and components to be protectedc.
against externally generated missiles is performed under SRP
Sections 3.5.1.4 and 3.5.2.

d. Review of high and moderate energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, ASB will coordinate other branches evaluations that interface with
the overall evaluation of the OHLHS. The coordinated reviews are as follows:

The Structural Engineering Branch (SEB) determines the acceptability of the
design analyses, procedures, and criteria used to establish the ability of
seismic Category I structures housing the system and supporting systems to
withstand the effects of natural phenomena such as the safe shutdown earth-
quake (SSE), the probable maximum flood (PMF), and tornado missiles as part of
its primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1
through 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB)
determines that the components, piping and structures are designed in accord-
ance with applicable codes and standards as part of its primary review
responsibility for SRP Sections 3.9.1 through 3.9.3. The MEB, also, determines
the acceptability of the seismic and quality group classifications for system
components as part of its primary review responsibility for SRP Sections 3.2.1
and 3.2.2. The MEB also reviews the adequacy of the inservice testing program
of pumps and valves as part of its primary review responsibility for SRP
Section 3.9.6. The Materials Engineering Branch (MTEB) verifies that inservice
inspection requirements are met for system components as part of its primary
review responsibility for SRP Section 6.6, and, upon request, verifies the
compatibility of the materials of construction with service conditions. The
review for Fire Protection, Technical Specifications, and Quality Assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0 and 17.0, respectively. The
Instrumentation and Control Systems Branch (ICSB) and Power Systems Branch
(PSB) will determine tne adequacy of the design, installation, inspection, and
testing of all essential electrical components (sensing, control, and power)
as part of their primary review responsibility for SRP Sections 7.6 and 8.0
respectively. The Radiological Assessment Branch (RAB) reviews the design of
the fuel handling system and the spent fuel transfer process to determine
whether occupational radiation exposu.es during spent fuel handling operations
will be as low as practicable as part of its primary responsibility for SRP
Section 12.3. The Equipment Qualification Branch (EQB) reviews the seismic
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qualification of Category I instrumentation and electrical equipment and the
environmental qualification of mechanical and electrical equipment as part of

,

its primary review responsibility for SRP Sections 3.10 and 3.11 respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

Acceptability of the OHLHS design, as described in the applicant's safety
analysis report (SAR) including related sections of Chapters 2 and 3 of the
SAR, is based on specific general design criteria, regulatory guides, and
safety engineering codes and standards. Listed below are specific criteria as
they relate to the OHLHS.

The OHLHS is acceptable if the integrated design of the structural, mechanical,
and electrical elements, the manual and automatic operating controls, the
safety interlocks and devices, and the load handling instructions, inspections, r

maintenance and testing, provide adequate system control for the specific
procedures of handling operations, if the redundancy and diversity needed to
protect against malfunctions or failures are provided, and if the design
conforms to the relevant requirements of the following regulations:

1. General Design Criterion 2, as related to the ability of structures,
i equipment, and mechanisms to withstand the effects of earthquakes.

Acceptance is based in part on meeting position C.1 of Regulatory;O Guide 1.29 for safety-related equipment and position C.2 for nonsafety-
related equipment, and positions C.1 and C.6 of Regulatory Guide 1.13.

2. General Design Criterion 4 as it relates to protection of safety-related
equipment from the effects of internally generated missiles (i.e. dropped
loads). Acceptance is based in part on meeting positions C.3 and C.5 of
Regulatory Guide 1.13.

3. General Design Criterion 5 as related to the sharing of equipment and
components important to safety. ,

4. General Design Criterion 61 as related to the safe handling and storage
of fuel.

Other specific criteria necessary to meet the relevant requirements of General
Design Criterion 2, 4 and 61 are as follows:

i

a. NUREG-0554 (formerly proposed Regulatory Guide 1.104 and Branch
Technical Position ASB 9-1)

b. NUREG-0612

! c. ANS 57.1/ ANSI N208

d. ANS 57.2/ ANSI N210

1

9.1.5-3 Rev. 0 - July 1981

- . . . _ _ _ . - _ _ . . _ _ . ~ _ _ _ _ _ - _ _ _ _ . - - . . _ _ , . - - _ _ . . _ . _ ,



III. REVIEW PROCEDURES

The OHLHSs are provided for handling heavy loads i.e. loads whose weight
exceeds that of one fuel assembly and its associated handling device such as
a reactor vessel head, internals, shield plug segments and spent fuel casks.
Due to variations in plant designs, the ASB shall review the analyses made of
the potential consequences that could follow the dropping of each heavy load
at any point along its path of travel. In those cases where the consequences
are unacceptable the load is to be considered a critical load and hence
subject to the acceptance criteria presented in this SRP section. The general
objective of the review is to confirm that the OHLHS design precludes system
malfunctions or failures that would prevent safe shutdown of the reactor, or
cause an unacceptable release of radioactivity, a criticality accident or the
inability to cool the fuel in the reactor vessel or spent fuel storage pool.

The procedures listed here are used in the construction permit (CP) review to
determine that the OHLHS design criteria and bases and the preliminary OHLHS
design described in the SAR meet the acceptance criteria given in subsec-
tion II of this SRP section. For operating license (OL) reviews the
procedures are used to verify that the design criteria and bases have been
appropriately implemented in the OHLHS final design.

Upon request by the ASB, the coordinating review branches will provide input
for the areas of review in subsection I of this SRP section. The ASB obtains
and uses such input as required to assure that this review procedure is
complete.

The reviewer will select and emphasize material from this SRP section, as may
be appropriate for a particular case.

1. The system performance requirements for the OHLHS are reviewed to
determine that they cover the handling system concept used in the design,
and describe the component and subsystem functions within the integrated
systems. The performance requirements should also define any degradation
considered for components and describe the procedures that are followed
to detect and correct degraded conditions.

2. The performance specifications required as part of the design and
described in the SAR are reviewed to determine that the design, material
selection, manufacturing, installation, testing, and operating procedures
equal or exceed the performance requirements and are within the state-of-
the-art practice.

3. The information presented in the SAR is reviewed to determine that the
specific arrangement of the systems and subsystems and the load handling
paths to be used are descrit,ed with respect to locations of equipment.
The reviewer determines that the heavy loads will rat be transported over
equipment which would lead to unacceptable consequences should the load
be dropped. For overhead cranes and associated lifting devices that do
not pose an unacceptable risk to plant structures or equipment, the
reviewer covers the following points:

a. The size, shape, and dimensions of the potentially most damaging
load (the load which, if dropped by the crane, will cause the most
damage), its weight and center of gravity, lifting points, stability,
and handling speeds are compared with the performance specifications
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to determine the compatibility of the design with load handling and
movement requirements. The reviewer uses the guidance of NUREG-0554
and NUREG-0612 as well as the requirements of codes and standards

' '
g and, if required, performs an independent analysis to determine

- acceptability of the system.
'

b. The instrumentation and control system, including the limit and
-safety aevices provided for automatic and manual operation for both,

'

normal and emergency conditions, that are required to operate to
maintain safety in the event of a failure of the system, are reviewed.
The results of failure modes and effects analyses are used by the
reviewer _to rietermine that the control system adequately limits
loadslor limits crane load movement, assuming a single failure,
without ~affer. ting the function of essential equipment or causing the
release of radioactivity,

,

c. The description of operating and test procedures presented in the
SAR is reviewed to determine that load proof-testing, design-rated
load testing, nondestructive testing, preventive checks, and
inspections are in accordance with the requirements of the
appropriate safety standards.

4. For cranes that have been designed to be single failure proof, the,

reviewer determines that the design conforms to NUREG-0554 and
NUREG-0612.

.
,

5. The review for seismic design is performed by SEB and the review for
seismic and quality' group classification is performed by MEB as indicated

O in subsection I of this SRP section.
-V

IV. EVALUATION FINDING 3

The reviewer verifies that the information provided and his review support
conclusions of the following type, to be included in the staff's safety
evaluation report:

The OHLH .systers include all components and equiprant used in the
handling of all haavy loads at the plant site over the lifetime of
the facility. . Based on'the review of the applicant's proposed
design criteria and design bases for the OHLHS, and the require-
ments for safe operation of the OHLHS, the staff concludes that
the design of the OHLHS and supporting systems is in conformance

' with the Commission's regulations as set forth in General Design
Criteria 2, 4, 5 and 61. This conclusion is based on the following:,

1. The requirements of General Design Criterion 2 are met as they
relate to protection against the effects of earthquakes since
the safety related portions of the system are designed in
accordance with posi, tion C.1 of Regulatory Guide 1.29 and C.1

' of Regulatory Guide 1.13 and the nonsafety-related portions.

; meet position C.2 of; Regulatory Guide 1.29 and position C.6 of,

Regulatory Guide 1.13. In meeting Criterion 2, the applicant
has also designed the systems to meet the guidelines of
NUREGs 0554 and 0612 as they relate to protection against1q natural phenomena.

,

'
3

Q,,/ -'

~_
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2. The requirements of General Design Criteria 4 and 61 are met
as they relate to prevention of internally generated missiles
that could prevent safe shutdown, cause an unacceptable
release of radioactivity, a criticality accident or the
inability to cool the fuel in the reactor vessel or spent fuel
storage pool. To meet Criteria 4 and 61 the applicant
designed the systeins in accordance r'% positions C.3 and C.5
of Regulatory Guide 1.13 and foliowed the guidelines of
NUREGs 0554 and 0612 and followed industry standards ANS :,.1/
ANSI N208 and ANS 57.2/ ANSI N210 in the systam design.

3. The requirements of General Design Criterion 5 are met since
any single failure will not impair the safety function of the
overhead heavy load handling system nor prevent the safe
shutdown and cooldown of either or both units.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Exc p t in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commissions
Regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission Regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced Regulatory Guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design criterion 2. " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

4. Regulatory Guide 1.13, " Spent Fuel Storage Facility Design Bases."

5. Regulatory Guide 1.29, " Seismic Design Classification."

6. ''UREG-0554, " Single-Failure-Proof Cranes for Nuclear Power Plants.".

7. NUREG-0612, " Control of Heavy Loads At Nuclear Power Plants."

8. ANS 57.1/ ANSI N208, " Design Requirements for Light Water Reactor Fuel
Handling System."

9. ANS 57.2/ ANSI N210, " Design Objectives for Light Water Reactor Spent Fuel
Storage Facilities at Nuclear Power Plants."

O
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9.2.1 STATION 55RVICE WATER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None |

I. AREAS OF REVIEW

The service water system (SWS) provides essential cooling to safety-related equip-
ment and may also provide cooling to nonsafety-related auxiliary components that
are used for normal plant operation. The ASB reviews the system from .he service
water pump intake to the points of cooling water discharge to assure conformance
with the requirements of General Design Criteria 2, 5, 44, 45, and 46. The ulti-
mate heat sink (reviewed under SRP Section 9.2.5) provides the intake source of
water to the SWS for long-term cooling of station features required for plant shut-
down and also any special equipment required to prevent or mitigate the conse-
quences of postulated accidents and as such is an interface system to the SWS.

CX The SWS pump :rturmance characteristics will be compared to the high and low
( ) water levels of the ultimate heat sink to assure that pumping capability can be
V provided for extended periods of operation fcllowing postulated events.

1. The ASB reviews the characteristics of the SMS components (pumps, heat
exchangers, pipes, valves) with respect to their functional performance as
affected by adverse environmental occurrences including cold weather pro-
tection, by abnormal operational requirements, and by A cident conditions
such as a loss-of-coolant accident (LOCA) with the loss of of fsite power.
Since the SWS normally has requiren1ents that relate to cooling functions
during normal plant operation as well as for safety functions, the review
will include an evaluation of the capability of the system to perform these
multiple functions.

I

2. The ASB also reviews the design of the SWS with respect to:
I

The capability for detection, control, and isolation of system leakagea.
including the capability for detection and control of radioactive leak-
age into and out of the system and prevention of accidental releases to
the environment.

Rev. 2 - July 1981

USNRC STANDARD RE'/IEW P AN
Star.dard review plans are prepared for the guidance of the office of Nuclear Reactor Regu!ation staff responsible for the review of
apphcations to construct and operate nuclear power plants. These documents are made available to the public as part of the

,m Commission's policy to enform the nuclear industry a'.d the general public of regulatory procedures and policies. S%ndard review
/ h plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The

j standard review plan sections are keyed to .he Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.i

L/ Not all sections of the Standard Format have a corresponding revie# plan.

Pubbshed standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be seot to the U S. Nuclear Regulatory Commission.
0%ce of Nuclear Reactor Rcyation. Washington D.C. 20555.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _



b. Measures to preclude long-term corrosion and organic fouling that
' would tend to degrade system performance.

c. Provisions for system and component operational testing, including
the instrumentation and control features that determine ar.d verify
that the system is operating in a correct mode (i.e. , valve position,
pressure and temperature indication).

d. The offects of the failure of nonseismic Category I equipment, struc-
tures or components of safety-related portions of the SWS are taken
into account in the design.

3. The ASB reviews the SWS capability to flood the reactor containment should
this be renuired in a post-accident recovery situation.

4. The ASB reviews the system to determine that a malfunction, a failure of
a component, or the loss of a cooling source will not reduce the safety-
related functional performance capabilities of the system. Specifically,

ASB performs the following reviews under the SRP sections indicated:

a. Review for flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
perfcrmed under SRP Section 3.5.1.1.

c. Review of the structures, systems and components to be protected
against externally generated missiles is performed under SRP Sec-
tion 3.5.2.

d. Review of high e d moderate energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, the ASB will coordinate other br=nches evaluations that interface
with the overall review of the system as follows: The Reactor Systems Branch
(RSB) identifies essential components associated with the reactor coolant system
and the emergency core cooling systems that are required for operation during
normal operationc or accident conditions. The RSB establishes accident cooling

load functional requirements and minimum time intervals. The RSB performs these
reviews as part of its primary review responsibility for SRP Sections 5.4.7,
5.4.8, 6.0 and 15.0. The Structural Engineering Branch (SEB) determines the
acceptability of the design analyses, procedures, and criteria used to estab-
lish the ability of seismic Category I structures housing the system and
supporting systems to withstand the effects of natural pheaomena such as the
safe shutdown earthquake (SSE), prcbable maximum flood (PMF), and tornado
missiles as part as its primary review responsibility for SRP Sections 3.3.1,
3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineer-
ing Branch (MEB) determines that the components, piping and structures are
designed in a cordance with applicable codes and standards as part of its
primary review responsibility for SRP Sections 3.9.1 thrcugh 3.9.3. Tne MEB
also determines the acceptabil ty of the seismic and quality group classifica-
tiont for system components as part of its primary review responsibility for
SRP Sections 3.2.1 and 3.2.2. The MEB also reviews the adequacy of the
inservice testing program of pumps and valves as part of its primary review
responsibility for SRP Section 3.9.6. The Materials Engineering Branch (MTEB)
verifies that inservice inspection requirements are met for system components
as part of its primary review respensibility for SRP Section 6.6 and, upon
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request, verifies the compatibility of the materials of construction with
service conditions. The Instrumentation and Control Systems Branch (ICSB) and
Power Systems Branch (PSB) will evaluate the system controls, instrumentation,
and power sources with respect to capabilities, capacity, and reliability for
supplying power during normal and emergency conditions to safety related pumps,
valves and other components as part of their primary review responsibility for
SRP Sections 7.1 and 8.1, respectively. The reviews for Fire Protection,
Technical Specifications and Quality Assurance are coordinated and performed
by the Chemical Engineering Branch, Licensing Guidance Branch and Quality
Assurance Branch as part of their primary review responsibility for SRP
Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being the responsibility of other
branches, the acceptance criteria and their methods of application are contained
in the SRP sections identified as the primary review responsibility of those
branches.

. .

II. ACCEPTANCE CRITERIA

Acceptability of the design of the service water system, as described in the
applicant's safety analysis report (SAR), including related sections of Chap-
ters 2 and 3 of the SAR is based on specific general design criteria and regu-
latory guides. Listed below are specific criteria as they relate to the SWS.

,

The design of the service water system is acceptable if the integrated system
design is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system
and the system itself being capable of withstanding the effects of earth-
quakes. Acceptance is based on meeting the guidance of Regulatory
Guide 1.29, Position C.1 for safety-related portions and Position C.2 for
nonsafety-related portions.

I
; 2. General Design Criterion 5, as related to the capability of shared systems

and components important to safety being capable of performing requiredt

i safety functions.
4

! 3. General Design Criterion 44, as related to transferring heat from struc-
j tures systems and components important to safety, to an ultimate heat

sink. Acceptance is based on the following:

a. The capability to transfer heat loads from safety-related structures,
i systems, and components to a heat sink under both normal operating
i and accident conditions.

i b. Component redundancy so that the safety function can be performed
; assuming a single active component failure coincident with the loss

of offsite power.

The capability to isolate components, subsystems,'or piping ifc.
required so that the system safety function will not be compromised.

i d. Meeting task action plan item II.K.1-C.1.22 of NUREG-0694 for boiling
water reactors regarding automatic and manual actions necessary when
the main feedwater system is not operable.
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Meeting task action plan item II.K.1.22 of NUREG-0718 for B&W plantse.
regarding automatic and manual actions for proper functioning of the
auxiliary heat removal systems when the main feedwater system is not
operable.

4. General Design Criterion 45, as related to design provisions to permit
inservice inspection of safety-related components and equipment.

5. General Design Criterion 46, as related to design provisions to permit
operational functional testing of safety-related systems and components.

III. REVIEW PROCEDURES '

The procedures set forth below are used during the construction permit (CP)
application review to determine that the design criteria and bases and the
preliminary design as set forth in the preliminary safety analysis report meet
the acceptance criteria given in subsection II. For review of operating license
(OL) applications, the review procedures and acceptance criteria are utilized
to verify that the initial design criteria and bases have been appropriately
implemented in the final design as set forth in the final safety analysis report.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

I

As a result of the various SWS designs provided, there will be variations in
system requirement . For the purpose of this SRP section, a typical system is
assumed which has fully redundant systems, with each of the systems having an
identical essential (safety features) portion and an identical non-essential
portion (used for normal operation). For cas'es where there are variations from
the typical arrangement, the reviewer will adjust the review procedures given
below. However, the system design will be required to meet the acceptance
criteria given in subsection II. Also, the reviewer will need to refer to SRP
sections for other systems that would interface with the SWS, depending upon
the nature and conditions of the ultimate heat sink cooling water (e.g. , salt
water).

1. The SAR is reviewed to determine that the system description and piping
and instrumentation diagrams (P& ids) show the SWS equipment that is used
for normal operation, and the minimum system heat transfer and flow
requirements for normal plant operation. The system performance require-
ments will also be reviewed to determine that it describes component
allowable operational degradation (e.g., pump leakage) and describes the
procedures that will be followed to detect and correct these conditions
when they become excessive.

2. The reviewer, using the results of failure modes and effects analyses as
appropriate, comparisons with previously approved systems, or independent
calculations, determines that the system is capable of sustaining the
loss of any active component and meeting minimum system requirements (cool-
ing load and flow) for the degraded conditions. The system P& ids, layout
drawings, and component descriptions and characteristics are then reviewed
for the following points:
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a. Essential portions of the SWS are correctly identified and are isol-
able from the non-essential portions of the system. The P& ids are

/" reviewed to verify that they clearly indicate the physical division
Q) between each portion and indicate the required classification changes.c

. System drawings are also reviewed to see that they show the means
for accomplishing isolation and the system description is reviewed
to identify minimum performance requirements for the isolation valves.
The drawings and descriptions are reviewed to verify that automati-
cally operated isolation valves separate non-essential portions and
components from the essential portions.

b. Essential portions of the SWS, including the isolation valves separat-
ing essential and non-essential portions, are classified Quality
Group C and seismic Category I. Components and system descriptions
in the SAR that identify mechanical and performance characteristics
are reviewed to verify that the above seismic and safety classifica-
tions have been included, and that the P& ids indicate any points of
change in piping quality group classification.

,

c. Design provisions have been made that permit appropriate inservice
inspection and functional testing of system components important to
safety. It will be at aptable if the SAR information delineates a
testing and inspection program and if the system drawings show the
necessary test recirculation loops around pumps or isolation valves
that would be required by this program.

d. The review of seismic design is performed by SEB and the review for
seismic and quality group classification is performed by MEB as indi-
cated in subsection I of this SRP section.

3. The reviewer determines that the safety function of the system will be
maintained, as required, in the event of adverse environmental phenomena
such as earthquakes, tornadoes, hurricanes, and floods, or in the event
of certain pipe breaks or loss of offsite power. The reviewer uses engi-
neering judgment, the results of a failure mode and effects analyses, and
the results of reviews performed under other SRP sections to verify the
following:

a. The failure of portions of the system or of other systems not
designed to seismic Category I and located close to essential por-
tions of the system, or of non-seismic Category I structures that
house, support, or are close to essential portions of the SWS, will
not preclude operation of the essential portions of the SWS. Refer-
ence to SAR Chapter 2 describing site features and the general
arrangement and layout drawings will be necessary as well as the SAR
tabulation of seismic design classifications for structures and
systems. Statements in the SAR that verify that the above conditions
are met are acceptable. (CP)

b. The essential portions of the SWS are protected from the effects of
floods, hurricanes, tornadoes, and internally or externally generated
missiles. Flood protection and missile protection criteria are dis-
cussed and evaluated in detail under the Section 3 series of the SRP.
The reviewer will utilize the procedures identified in these SRP sec-

) tions to assure that the analyses presented are valid. A statements
U to the effect that the system is located in a seismic Category I
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structure that is tornado missile and flood protected, or that compo-
nents of the system will be located in individual cubicles or rooms
that will withstand the effects of both flooding and missiles is
acceptable. The location and the design of the system, structures,
and pump rooms (cubicles) are reviewed to determine that the degree
of protection provided is adequate.

c. The SWS pumps will have sufficient available net positive suction
head (NPSH) at the pump suction locations, considering low water
levels. Reference to SRP Section 2.4, which indicates the lowe n
probable water level of the helt sink, and to drawings indicatin;
the elevation of servic' water pump impellers will be necessary. An
independent calculation verifying the applicant's conclusion will be
necessary for acceptance.

d. Provisions are made in the system to detect and control leakage of
radioactive contamination into and out of the system It will be
acceptable if the system P& ids show radiation monitors located on
the system discharge and at ccmponents susceptible to leakage, and
these components can be isolated by one automatic and one manual
valve in series.

e. The essential portions of the system are protected from the effects
of high and moderate energy line breaks. Layout drawings are
reviewed to assure that no high or moderate energy piping systems
are close to essential portions of the SWS, or that protection frcm
the effects of failure will be provided. The means of providing
such protection will be given in Section 3.6 of the SAR and the
nrocedures for reviewing this information are given in the correspond-
w.g SRP sections.

f. Essential components and subsystems necessary for safe shutdown can
function as required in the event of loss of offsite power. The
system design will be acceptable if the SWS meets minimum system
requirements as stated in the SAR assuming a concurrent failure of a
single active component, including a single failure of an auxiliary
electric power source. The SAR is reviewed to determine that for
each SWS component or subsystem affected by the loss of offsite
power, system flow and heat transfer capability meet or exceed mini-
mum requirements. The results of failure modes and effects analyses
are considered in assuring that the system meets these requirements.
This will be an acceptable verification of system functional
reliability.

g. Provisions are made for protection of the essential service water
supply from potential failures or malfunctions caused by freezing,
icing, and other adverse environmental conditions. Statements in
the SAR that would indicate that safety grade heating sources will
be used for this purpose, considering the equipment necessary fee
safe shutdown, will be acceptable.

3. The descriptive information, P& ids, SWS drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
Of the system can function following design basis accidents assuming a
concurrent single active component failure. The reviewer evaluates the
failure mode and effects analysis presented in the SAR to assure function
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of required components, traces the availability of these components on
systec drawings, and checks that the SAR contains verification that mini-
mum system flow and heat transfer requirements are met for each accident

V situation for the required time spans. For each case the design will be
acceptable if minimum system requirements are met.

1 4. The SAR is reviewed to assure that the applicant has described all the
automatic and manual actions necessary for proper functioning of the
service water system when the main feedwater system is not operable. The
design will be acceptable in this regard if sufficient detail is presented
to provide reasonable assurance that the requirements of items II.K.1.22
of NUREG-0718 and II.K.1-C.1.22 of NUREG-0694 are property implemented.

IV. EVALUATION FINDINGS

The reviewer determines that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

i

The service water system (SWS) includes all components and piping from
the SWS pump intake to the points of cooling water discharge. Portions
of the SWS that are necessary for safe shutdown accident prevention, or
accident mitigation are designed to seismic Category I, Quality Group C
requirements. Based on the review of the applicant's proposed design
criteria, design bases and safety classification for the service water
system regarding the requirements for continuous cooling of safety-related
components necessary for a safe plant shutdown, the staff concludes that

s the design of the service water system is acceptable and meets the require-
ments of General Design Criteria 2, 5, 44, 45, and 46. This conclusion is
based on the following:

1. The applicant has met the requirements of General Design Criterion 2
with respect to safety-related portions of the system being capable
of withstanding the effects of earthquakes. Acceptance is based on
meeting Regulatory Guide 1.29 position C.1 for the safety-related
portions and position C.2 for the nonsafety-related portions.

2. The applicant has met the requirements of General Design Criterion 5
with respect to sharing of structures, systems and components by
demonstrating that such sharing does not significantly impair the
ability of the service water system to perform its safety function,
including in the event of an accident in one unit, an orderly shut-
down and cooldown of the remaining units.

3. The applicant has met the requirements of General Design Criterion
44 with respect to cooling water by providing a system to transfer
heat from structures, systems and components important to safety to
an ultimate heat sink. The applicant has demonstrated that the
service water system can transfer the combined heat load of these
structures, systems, and components under normal operating and acci-
dent conditions assuming loss of offsite power and a single failure
and that portions of the system can be isolated so that thc safety
function of the system will not be compromised. The applicant has

O also met task action plan items II.K.1-C.1.22 of NUREG-0694 and
II.K.1.22 of NUREG 0718 in meeting General Design Criterion 4.
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4. The applicant has met the requirements of General Design Criterion 45
with respect to inspection of cooling water systems by providing a
service water system design which permits inservice inspection of
safety-related components and equipment.

5. The applicant has met the requirements of General Design Criterion 45
with respect to testing of cooling water systems by providing a service
water system design which permits operational functional testing of
the system and its components.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's Regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission Regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced Regulatory Guide and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

|
2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of Struc-

tures, Systems, and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water."

4. 10 CFR Part 50, Appendix A, Gener. ' Design Criterion 45, " Inspection of
Cooling Water System."

5. 10 CFR Part 50, Appendix A, General Design Criterion 46, " Testing of Cool-
ing Water Systems."

|

6. Regulatory Guide 1.29, " Seismic Design Classification."

7. NUREG-0694, "TMI-Related Requirements for New Operating Licenses."

8. NUREG-0718, " Proposed Licensing Requirements for Pending CP's and Manu-
facturing License.",

O
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9.2.2 REACTOR AUXILIARY COOLING WATER SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ASB reviews reactor auxiliary cooling water systems (CWS) that are required
fer safe shutdown during normal, operational transient, and accident conditions
and for mitigating the consequences of an accident or preventing the occurrenca
of an accident. These include closed loop auxiliary cooling water systems for
reactor system components, reactor shutdown equipment, ventilation equipment, and
components of the emergency core cooling system (ECCS).

The review of these systems includes components of the system, valves and piping,
and points of connection or interfaces with other systems. Emphasis is placed on

/">) ment,andreactorshutdownequipment.the CWS for safety-related components such as ECCS equipment, ventilation equip-( The ASB reviews reactor auxiliary cooling''
water systems to ensure conformance with the requirements of General Design
Criteria 2, 5, 44, 45, and 46.

1. The ASB reviews the capability of the auxiliary cooling systems to provide
adequate cooling water to safety-related ECCS components and reactor auxi-
liary eauipment for all planned operating conditions. The review includes
the following points:

The functional performance requirements of the system including thea.
ability to withstand adverse environmental occurrences, operability
requirements for normal operation, and requirements for operation
during and subsequent to postulated accidents,

b. Multiple performance functions (if required) assigned to the system
and the necessity of each function for emergency core cooling and
safe shutdown.

The capability of the system surge tank to perform its intended function.c.
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d. The capability of the system to provide adequate cooling water during
all operating conditions.

e. The sizing of the system for core cooling and decay heat loads and
the associated design margin.

I
2. Other system aspects that are reviewed include:

I

a. The effects of non-seismic Category I component failures on the
seismic Category I portion of the system.

b. The provisions for detection, collection, and control of system leak-
age and the means provided to detect leakage of activity from one
system to another and preclude its release to the environment.

c. The requirements for operational testing and inservice inspection of
the system.

d. The capability of the system to provide adequate cooling to the seals
and bearings of all reactor coolant pumps.

e. Instrumentation and control features necessary to accomplish design
functions, including isolation of components to deal with leakage
or malfunctions and actuation requirements for redundant equipment.

f. A simplified reliability analyses using event-tree and fault-tree
logic techniques.

3. ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed ander SRP Section 3.4.1,

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1,

c. Review of the protection of structures, systems and components
against the effects of externally generated missiles is performed
under SRP Sections 3.5.1.4 and 3.5.2, and

d. Review of high and moderate energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, the ASB will coordinate other branches evaluations that interface
with the overall review of the system as follows. The Reactor Systems Branch
(RSB) will identify engineered safety feature components associated with the
reactor coolant system and the emergency core cooling systems that are required
for operation during normal operations, transients, and accident conditions.
RSB will establish cooling load functional requirements and minimum time inter-
vals associated with safety-related components. The RSB performs these reviews
as part of its primary review responsibility for SRP Sections 5.4.7, 5.4.8, 6.0,
and 15.0. The Structural Engineering Branch (SEB) will determine the accepta-
bility of the design analyses, procedures, and criteria used to establish the
ability of Category I structures that house the system and supporting systems
to withstand the effects of natural phenomena such as the safe shutdown earth-
quake (SSE), the probable maximum flood (PMF), and tornado missiles as part of
its primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1,
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1

i 3.7.4, 3.8.4 and 3.8.5. The Mechanical Engineering Branch (MEB) determines that
I the components, piping and structures are designed in accordance with applicables

codes and standards as part of its primary review responsibility for SRP Sec-
tions 3.9.1 and 3.9.3. The MEB also determines the acceptability of the seismic
and quality grosp classifications for system components as part of its primary '

review responsibility for SRE Sections 3.2.1 and 3.2.2. The MEB also reviews the
adequacy of the inservice testing program of pumps and valves as part of its

,

primary review responsibility for SRP Section 3.9.6. The Material Engineering '

1 Branch (MTEB) verifies that inservice inspection requirements are met for system
components as part of its primary review responsibility for SRP Section 6.6 and,
upon request, verifies the compatibility of the materials of construction with
service conditions. The Instrumentation and Control Systems Branch (ICSB) and
Power Systems Branch (PSB) will determine the adequacy of the design, installa-
tion, inspection, and testing of all essential electrical components, system
controls, and instrumentation required for proper operation as part of their
primary review responsibilities for SRP Sections 7.1 and 8.1, respectively.

; The review for Fire Protection, Technical Specifications, and Quality Assurance
! are coordinated and performed by the Chemical Engineering Branch (CMEB), Licens- >

ing Guidance Branch (LGB) and Quality Assurance Branch (QAB) as part of theird

primary review responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria neces-
sary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

Acceptability of the designs of cooling water systems as described in the appli-
cant's Safety Analysis Report (SAR), including related sections of Chapters 2
and 3 of the SAR, is based on specific general design criteria and regulatory
guides, and on independent calculations and staff judgments with respect to
system functions and component selection. The design of a CWS is acceptable if

, the integrated system design is in accordance with the fol"owing requirements
1 and recommendations:
;

1. General Design Criterion 2, as related to structures hoesing the system
and the system itself being capable of withstanding the effects of earth- 1

quakes. Acceptance is t3 sed on meeting the guidance of Regulatory Guide
1.29, Position C.1 for safety-related portions and Position C.2 for non-
safety-related portions.

; 2. General Design Criterion 5, as related to shared systems and components
important to safety being capable of performing required safety functions. -

3. General Design Criterion 44, as its relates to:

a. The capability to transfer heat loads from safety-related structures,
systems, and components to a heat sink under both normal operating
and accident conditions. ,

; b. Component redundancy so that safety functions can be performed assum-
ing a single active component failure coincident with the loss of off-

O site power.
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c. 3t capability to isolate components, systems, or piping, if required,
so that the system safety function will not be compromised.

d. Task Action Plan items II.K.2.16 and II.K.3.25 of NUREGs-0718 and j
0737 as they related to loss of cooling water to reactor coolant |

pump (RCP) seals. |
|

e. A single failure in the CWS dces not result in fuel damage or reac-
tor coolant leakage in excess of normal coolant-makeup capability. i

'
Single failure includes but is not limited to operator error,
spurious activation of a valve operator, and loss of a cooling water |
pump. |

A moderate-energy leakage crack or an accident that is initiated from
a failure in the CWS piping does not result in excessive fuel damage
or reactor coolant leakage in excess of normal coolant-makeup capa-
bility. A single active failure is considered when evaluating the
consequences of this accident. Moderate leakage cracks are determined
in accordance with the guidelines of Branch Technical Position ASB 3-1,
" Protection Against Postulated Failures in Fluid Systems Outside
Containment."

It has been demonstrated by testing that the reactor coolant pumps
will withstand a complete loss of cooling water for 20 ninutes, and
instrumentation in accordance with IEEE 279 that aiarms in the control
room is provided to detect a loss of cooling water tc ensui a period
of 20 minutes is available so that the operator would have sufficient.
time to initiate manual protection of the plant. Alternatively, if it
is r.ot demonstrated by the necessary pump testing that the reactor
coolant pumps will operate for 20 minutes without operator corrective
action:

1. Instrumentation in accordance with IEEE 279 is provided consist-
ent with the criteria for the protection system to initiate auto-
matic protection of the plant upon loss of cooling water to a
pump. For this case, the component cooling water supply to the
seal and bearing of the pump may be designed to nonseismic Cate-
gory I requirements and Quality Group D, or

2. The component cooling water supply to each pump is designed to be
capable of withstanding a single active failure or a m derate-
energy line crack as defined in Branch Technical Position ASB 3-1
and to seismic Category I, Quality Group C, and ASME Section III
Class 3 *equirements.

4. General Design Criterion 45, as related to the design provisions to permit
inservice inspection of safety-related components and equipment.

5. General Design Criterion 46, as related to the design provisions to permit
operational functional testing of safety-related systems or componerts to
ensure:

a. Structural integrity and system leak tightness.

b. Operability and adequate performance of active system components.

9.2.2-4 Rev. 1 - July 1981
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c. Capability of the integrated system to perform required functions
during normal, shutdown, and accident situations.

O I
III. REVIEW PROCEDURES -

The procedures set forth below are used during the construction permit (CP)
application review to determine that the design criteria and bases and the pre-
liminary design as set forth in the preliminary safety analysis report meet
the acceptance criteria given in subsection II of this SRP section. For the
review of operating license (0L) anplications, the review procedures and accept-
ance criteria given in subsection II will be used to verify +. hat the initial
design criteria and bases have been appropriately implemented 'n the final
design as set forth in the final safety analysis report.

1

One of the main oojectives in the review of a CWS is to determine its function
with regard to safetv. Some cooling svstems are desianed as safety-related
syttems in their entirety, others have only portions of the system that are
<afety-related, and others are classified as nonsafety-related because thav do
not perform any safety function. To determine the safety category of a CWS,
the ASB will evaluate its necessity for achieving safe reactor shutdown enndi-
tions or for accident prevention or accident mitigation functions. The safety

,

functions to be performed by these systems in all designs are essentially the I

same, however, the method used varies from plant to plant depending upon the
individual designer.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I of this SRP section.
The primary reviewer obtains and uses such input as required to ensure that
this review procedure is complete.

In view of the various designs provided, the procedures set forth below are for
a typical CWS designed entirely as a safety-related system. Any variance of the
review procedures to take account of a proposed unique design will be such as
to ensure that the system meets the criteria of subsection II. The reviewer
will select and emphasize material from this SRP section, as may be appro-
priate for a particular case.

1. The information provided in the SAR pertaining to the design bases and
design criteria, and the system description section are reviewed to

i verify that the equipment used and the minimum system heat transfer and
flow requirements for normal plant operations are identified. A review'

of the system piping and instrumentation diagrams (P& ids) will show which
components of the system are used to:

l

a. Remove heat from the reactor primary coolant system necessary to
achieve a safe reactor shutdown.

b. Provide essential cooling for containment components or systems such
as the sprays, ventilation coolers, or sump equipment.

c. Provide cooling for decay heat removal equipment.

d. Provida cooling for emergency core cooling pump bearings or other
emergency core cooling equipment necessary to prevent or mitigate
the consequences of an accident.
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2. The system performance requirements section is reviewed to determine that
it describes allowable component operational degradation (e.g., pump leak-
age) and describes the procedures that will be followed to detect and
correct tnese conditions when degradation becomes excessive.

3. The reviewer, using the results of failure-modes and -effects analyses,
determines that the system is capable of sustaining the loss of any active
coinponent and, on the basis of previously approved systems or independent
calculations, that the minimum system requirements (cooling ined and flow)
are met for these failure conditions. The system P& ids, layout drawings,
and component descriptions and characteristics are then reviewed for the
following points:

a. Essential portions of the CWS are correctly identified and are isol-
able from the nonessential portions of the system. The P& ids are
reviewed to verify that they clearly indicate the physical division
between each portion and indicate required classification changes.
System drawings are reviewed to see that they show the means for
accomplishing isolation and the SAR description is reviewed to
identify minimum performance of the isolation valves. The drawings
and description are reviewed to verify that automatically operated
isolation valves separate nonessential portions and components from
the essential portions.

b. Essent:ai portions ~ the CWS, including the isolation valves
separating seismic L *egory I portions from the nonceismic portions,
are Quality Group C and seismic Category I. System design bases and
criteria, and the component classification tables are reviewed to
verify that the heat exchangers, pumps, valves, and piping of essen-
tial portions of the system will be designed to seismic Category I
requirements in accordance with the applicable criteria. The review
of seismic design is performed b; SEB and the review for seismic and
quality group classification is performed by MEB as indicated in sub-
section I of this SRP section.

c. The system is designed to provide water makeup as necessary. Cooling
water systems that are closed loop systems are reviewed to ensure
that the surge tanks have sufficient capacit, to accommodate expected
leakage from the system for seven days or that a seismic source of
makeup can be made available within a time frame consistent with the
surge tank capacity (time zero starts at low level alarm). The surge
tank and connecting piping are reviewed to ensure that makeup water
can be supplied to either header in a split header system. Redundant
surge tanks (one to each header) or a divided surge tank design are
acceptable to ensure that in the event of a header rupture, the loss
of the entire contents of the surge tank will not occur.

I

d. The system is designed for removal of heat ioads during normal opera-
tion and of emergency core coo;ing heat loads during accident condi-
tions, with appropriate design margins to ensure adequate operation.
A comparative analysis is made of the system flow rates, heat levels,
maximum temperature, and heat removal capabilities with sim;1ar designs
previously found acceptable. To verify performance characteristics of
the system, an independent analysis may be made.

O
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e. Design provisions are made that permit appropriate ir. service inspec- ,

tion and functional testing of system components important to safety.
The applicant should ensure that the SAR information delineates a i

'

testing and inspection program and the system drawings show the
,

necessary test recirculation loops around pumps or isolation valvesy
necessary for this program.

2

f. Essential portions of the system are protected from the effects of
high-energy and moderate-energy line breaks. The system descriptioni

and layout drawings will be reviewed to ensure that no high- or
i

moderate-energy piping systems are close to essential portions of
,

the CWS, or that protection from the effects of failure will be pro-'

vided. The means of providing such protection will be given in
Section 3.6 of the SAR, and the procedures for reviewing this infor-

;

mation are given in the corresconding SRP sections.
,

g. Essential components and subsystems (i.e., those necessary for safe
shutdown) can function as required in the event of a loss of offsite

,

power and instrument air systems. The system design will be accept-
able in this regard if the essential portions of the CWS meet mini-
mum system requirements as stated in the SAR assuming a concurrent
failure of a single active component, including a single failure of
any auxiliary electric power source. The SAR is reviewed to deter-
mine that for each CWS component or subsystem affected by the loss
of offsite power or instrument air systems, system flow and heat
transfer capability exceed minimum requirements. The results of
failure-modes ar.d effects analyses are considered in ensuring that
the system meets these requirements. This will be an acceptable

pI verification of system functional reliability. The effects of loss
of cooling water to RCP seals as a result of loss of power will beU reviewed as indicated in Task Action Plan items II.K.2.16 and
II.K.3.25 of NUREGs-0718 and 0737.

4. The system design information and drawings are analyzed to ensure that the
following features will be incorporated.

;

i

a. A leakage detection system is provided to detect component or system
leakage. An adequate means for implementing this criterion is to
provide sumps or drains with adequate capacity and appropriate
alarms in the immediate area of the system.

; b. Components and headers of the system are designed to provide indi-
vidual isolation capabilities to ensure system function, control
system leakage, and allow system maintenance.

Design provisions are made to ensure the capability to detect leakagec.
of radioactivity or chemical contamination from one system to another.
Radioactivity monitors and conductivity monitors should be located in
the system component discharge lines to detect leakage. An alterna-
tive means is to prevent leakage from occurring by operating the
system at higher pressure to ensure that leakage is in the preferred
direction.

p
\(
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d. The system is designed to provide cooling to the reactor coolant pump
seals and bearings during normal plant operating conditions, antici-
pated transients, and following postulated accidents. Instrumenta-
tion in accordance with IEEE 279 with alarms in the control room
should be provided to detect a loss of cooling water in order to
ensure that a period of 20 minutes is available to the operator to
initiate manual protection of the plant, if necessary. It has been
demonstrated by testing that the reactor coolant pumps cocid poten-
tially operate with loss of cooling water for 20 minutes without the
need for operator action.

As an alternative to pump testing, the reviewer verifies that:

(1) Instrumentation in accordance with IEEE 279 is provided consist-
ent with the criteria for the protection system to initiate
automatic protection of the plant upon loss of water to a pump.
For this case, the component co-ling water supply to the seal
and bearing of the pump may be designed to nonseismic Category I
requirements and Quality Group D, or

(2) The component cooling water supply to each pump is designed to
be capable of withstanding a single active failure or a moderate-
ene gy line crack as defined in Branch Technical Position ASB 3-1
and to seismic Category I, Quality Group C, and ASME section III,
Class 3 requirements.

5. The reviewer verifies that the system has been designed so that system
functions will be maintained as required in the event of adverse environ-
mental phenomena such as earthquakes, tornadoes, hurricanes, and floods.
The reviewer evaluates the system using engineering judgment and the
results of failure-modes and -effects analyses to determine the following:

a. The failure of portions of the system or of other systems not designed
to seismic Category I standards and located close to essential portions
of the system, or of non-seismic Category I structures that house,
support, or are close to essential portions of the CWS, will not pre-
clude essential functions. The review will identify these nonseismic
category components or piping and ensure that appropriate criteria
are incorporated to provide isolation capabilities in the event of
failure. Reference to SAR Chapter 2, describing site features, and
the general arrangement and layout drawings will be necessary as well
as the SAR tabulation of seismic design classifications for structures
and systems

b. The essential portions of the CWS are protected from the effects of
floods, hurricanes, tornadoes, and internally- or externally generated
missiles. Flood protection and missile protection criteria are dis-
cussed and evaluated in detail under the SRP sections for Chapter 3
of the SAR. The reviewer will use the procedures identified in these
SRP sections to ensure that the analyses presented are valid. A state-
ment to the effect that the system is located in a seismic Category I
structure that is tornado missile and flood protected or that compo-
nents of the system will be located in individual cubicles or rooms
that will withstand the effects of both flooding and missiles is
acceptable. The location and design of the system, structures, and

9.2.2-8 Rev. 1 - July 1981
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|

|

;

pump rooms (cubicles) are reviewed to determine that the degree of;

protection provided is adequate.
'

\ 6. The descriptive information, P& ids, CWS drawings, and failure-modes and
I -effects analyses in the SAR are reviewed to ensure that essential por-

tions of the system will function following design basis accidents
assuming a concurrent single, active component failure. The reviewer

|
evaluates the information presented in the SAR to determine the ability
of required components to function, traces the availability of these com-
ponents on system drawings, and checks that the SAR information containse

verification that minimum system flow and heat transfer requirements arei

met for each accident situation for the required time spans. For each4

case, the design will be acceptable if minimum system requirements are
met.

i

; IV. EVALUATION FINDINGS i

The reviewer verifies that sufficient information has been provided and his i

review supports conclusions of the fo' lowing type to be included in the staff's
safety evaluation report:

The reactor aux;1iary cooling water systems include pumps, heat exchangers,
valves and piping, expansion tanks, makeup piping, and the points of

j connection or interfaces with other systems. Portions of the reactor
; auxiliary cooling water systems that are necessary for safe shutdown, acci-

' dent prevention or accioert mitigation are designed to seismic Category I
and Quality Group C requirements. Based on the review of the applicant's
proposed design criteria, design bases, and safety classification for the
reactor auxiliary cooling water systems with regard to the requirements~

! ,

for providing adequate cool ng water for the safety-related ECCS compo-
nents and reactor auxiliary equipment for all conditions of plant opera-
tion, the staff concludes that the design of the reactor auxiliary cool-
ing water systems is acceptable and meets the requirements of General
Design Criteria 2, 5, 44, 45, and 46. This conclusion is based on the
following:

1
>

1. The applicant has met the requirements of General Design Criterion 2 -
'

with respect to safety-related portions of the systems being capable
of withstanding the effects of earthquakes. Acceptance is based on
meeting Regulatory Guide 1.29, Position C.1 for the si.fety-related
portions and position C.2 for the nonsafety-related portions.

2. The applicant has met the requirements of General Design Criterion 5
with respect to sharing of structures, systems and components by
demonstrating that such sharing does not significantly impair the
ability of the reactor auxiliary cooling water systems to perform
their safety function, including, in the event of an accident in
one unit, an orderly shutdown and cooldown of the remaining units.'

3. The applicant has met the requirements of General Design Criterion 44
with respect to cooling water by providing a system to transfer heat
from structures, systems and components important to safety to an
ultimate heat sink. The applicant has demonstrated that the reactor

O auxiliary cooling water systems can transfer the combined heat load
of these structures, systems and components under normal operating

!
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and accident condi'. ions assuming loss of of fsite power and a single
failure, and that portions of the system can be isolated so that the
safety function of the system will not be compromised.

4. The applicant has met the requirements of General Design Criterion 45
with respect to inspection of cooling water systems by providing
reactor auxiliary cooling water systems design features which permit
inservice inspection of safety-related components and equipment.

5. The applicant has met the requirements of General Design Criterion 46
with respect to testing of cooling water systems by providing reactor
auxiliary cooling water systems design features which permit opera-
tional functional testing of the system and its components.

6. Also in meeting the requirements of General Design Criterion 44, the
applicant has demonstrated that the system can withstand a loss of
power without damage to RCP seals in accordance with items II.K.2.16
and II.K.3.25 of NUREGs-0718 and 0737.

V. IMPLEMENTATIOM

The following is intended to provide guidance to applicants and licensees
regarding the NRC staf f's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's Regulations,
the method described herein will be used by th( staff in its evaluation of con-
formance with Commission Regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced Regulatory Guide and NUREGs.

VI. REFERENCES

1. General Design Criterion 2, " Design Bases for Protection Against Natural'

Phenomena," of Appendix A to 10 CFR Part 50,
1

2. General Design Criterion 5, " Sharing of Structures, Systems, and Compo-
nents," of Appendix A to 10 CFR Part 50.

3. General Design Criterion 44, " Cooling Water," of Appendix A to 10 CFR
Part 50.

4. General Design Criterion 45, " Inspection of Cooling Water System," of
Appendix A to 10 CFR Part 50.

5. General Design Criterion 46, " Testing of Cooling Water System," of
Appendix A to 10 CFR Part 50.

6. Regulatory Guide 1.29, " Seismic Design Classification."

7. NUREG-0718 " Proposed Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing License."

8. NUREG-0737 " Clarification of TMI Action Plan Requirements."
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9.2.3 DEMINERALIZED WATER MAKEUP SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ASB reviews the demineralized water makeup system (DWMS) from the supply con-
nection of the service or municipal water source to the points of discharge. The
capability to provide an adequate supply of treated water of reactor coolant purity
to other systems as makeup, and to provide other plant demineralized water require-
ments is reviewed. The design of the DWMS is generally not safety related; the
review is primarily directed toward assuring that a failure or malfunction of the
system could not adversely affect essential systems requirements in accordance with
General Design Criteria (GDC) 2 and 5.

1. The ASB review of the DWMS system includes the following considerations:
/ i
r

(.j Capability of the system to effectively store, handle, and dispense alla.
chemicals utilized in the demineralizing and regeneration process.

b. Capability of the DWMS to operate within the environment to which it is
exposed.

c. Provisions for the regeneration wastes to be directed to a suitable point
in the radwaste system or other specified areas for subsequent processing
prior to discharge to the environment and instrumentation and isolation
capabilities provided, including the ability to detect corrosive solu-
tions and the valving necessary to isolate the system.

2. The ASB reviews the system function relative to other safety-related systems
to determine whether portions of the system are safety related and to deter-
mine whethar a seismic Category I makeup source is required.

Rev. 2 - July 1981
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3. The DWMS is also reviewed to assure that a malfunction or failure of a
component will not have an adverse effect on any safety-related system or
components.

4. ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed under SRP Section 3.4.1,

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1,

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2, and

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, the ASB will coordinate other branu evaluations that inter-
face with the overall review of the system as follows:

The Structural Engineering Branch (SEB) determines the acceptability
of the design analyses, procedures, and criteria used to establish
the ability of seismic Category I structures housing the system and
supporting systems to withstand the effects of natural phenomena
such as the safe shutdown earthquake (SSE), the probable maximum
flood (PMF), and tornado missiles as part of its primary review
responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through
3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB)
determines that the components, piping, and structures are designed
in accordance with applicable codes and standards as part of its
primary review responsibility for SRP Sections 3.9.1 through 3.9.3.
The MEB, also, determines the acceptability of the seismic and
quality group classifications for system components as part of its
primary review responsibility for SRP Sections 3.2.1 and 3.2.2. The
MEB also reviews the adequacy of the inservice testing program of
pumps and valves as part of its primary review responsibility for
SRP Section 3.9.6. The Materials Engineering Branch (MTEB) verifies
that inservice inspection requirements are met for system components
as part of its primary review responsibility for SRP Section 6.6,
and, upon request, verifies the compatibility of the materials of
construction with service conditions. The Instrument and Control
Systems Branch (ICSB) and the Power Systems Branch (PSB) determine
the adequacy of the design, installation, inspection, and testing of
all essential electrical components (sensing, control, and power)
required for proper operation as part of their primary review responsi-
bility for SRP Sections 7.1 and 8.1, respectively. The Effluent
Treatment Systems Branch (ETSB) verifies that the limits for radioac-
tivity concentrations are met as part of its primary review responsi-
bility for SRP Section 11.5.

The Chemical Engineering Branch (CMEB) verifies the capability of
the DWMS to chemically process raw water to provide reactor coolant
purity water for makeup to the reactor coolant system and associated
systems and to provide demineralized water to other systems as
required as part of its primary review responsibility for SRP
Sections 5.4.8, 9.3.4 and 5.4.2.1 (BTP-MTEB 5-3). The reviews for
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Fire Protection, Technical Specifications, and Quality Assurance are
coordinated and performed by the Chemical Engineering Branch, Licensing

O. Guidance Branch, and Quality Assurance Branch as part of their
Q primary review responsibility for SRP Sections 9.5.1, 16.0, and 17.0,>

respectively.

For those areas of review identified above as being the responsi-
bility of other branches, the acceptance criteria and their methods
of application are contained in the SRP sections identified as the
primary review responsibility of those branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the DWS, as described in the applicant's
safety analysis report (SAR), is based on design criteria or regulatory guides
that apply directly to the safety-related functional performance requirements
for the DWS. The ASB assures that the system is capable of providing the
required supply of reactor coolant purii,y water to all systems.

,

Several general design criteria and regulatory guides are used to evaluate the
system design for those cases when a failure or malfunction of the DWS could
adversely effect essential systems or component (i.e., those necessary for
safe shutdown or accident prevention or mitigation). These are as follows:

1. General Design Criterion 2, " Design Bases for Protection Against Natural
Phenomena," as related to the safety-related portions of the system being
capable of withstanding the effects of earthquakes. Acceptance is based

'on meeting the guidance of Regulatory Guide 1.29, Position C-1, if any
(n) portion of the system is deemed to be safety related, and Position C-2
\. d for nonsafety-related functions.

2. General Design Criterion 5 " Sharing of Structures, Systems, and Components,
in regard to the effect of sharing in multiple-unit facilities.

III. REVIEW PROCEDURES

The procedures set forth below are used during the construction permit (CP)
application review to determine that the design criteria and bases and the
preliminary design as set forth in the preliminary safety analysis report mect
the acceptance criteria given in subsection II. For the review of operating
license applications, the review procedures and acceptance criteria are utilized
to verify that the initial design criteria and bases have been appropriately
implemented in the final design as set forth in the final safety analysis report.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

The reviewer selects and emphasizes material from this SRP section, as may be
appropriate for a particular case. A determination will be made as to whether

j the DWS or portions thereof are safety related, including whether a seismic
Category I makeup source is required for safe shutdown or for accident condi-'

A tions. In confirming this design aspect, an analysis is made in which it is
assumed that any DWS pipe fails or component malfunctions or fails in such a
manner as to cause maximum damage to other equipment located nearby. The
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system will be considered nonsafety related if its failure does not affect the
ability of the reactor facility to achieve and maintain safe shutdown conditions.

1. The ASB evaluates the system design information and drawings and, utilizing
engineering judgment, operational experience, and performance characteristics
of similar, previously approved systems, to verify that:

a. The system is capable of fulfilling the requirements of the facility
for makeup water on a day-to-day basis.

b. The component redundancy necessary for the system to perform its
design function is provided.

|
c. The potential for leakage and accidental spiils has been minimized.

I
d. Instrumentation (e.g., a conductivity monitor) has been provided

together with the capability to isolate the system should planned
operating conditions be exceeded.

e. Piping has been provided as necessary to direct solutions and
regenerative wastes to the radwaste system or other specified a'9as
for processing and disposal.

2. The ASB also verifies, with input from the CMEB as requested, the
following:

a. Precautions are taken or incorporated into the system design to
properly store, handle, and dispense corrosive and toxic chemicals
effectively and safely so that safety-related systems would not be
adversely affected in the event of a leak or spill.

b. The components utilized are compatible with the associated chemicals.

The review for seismic design is performed by SEB and the review for
seismic and quality group classification is performed by MEB as indicated
in subsection I of this SRP section.

The ASB reviews the interface between seismic and nonseismic portions of
the system and the isolation capabilities to assure that a failure of the
nonseismic portion would not af fect the seismic Category I portion and
will not prevent safe plant shutdown.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and the
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The demineralized water makeup system includes all components and
piping associated with the system from the service or municipal
water source to the points of discharge to other systems or to a
discharge canal. The review has determined the adequacy of the
applicant's proposed design criteria and design bases for the
demineralized water makeup system, regarding safety-related require-
ments (if any) for an adequate supply of reactor coolant purity
water during all conditions of plant operation.
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Portions of the DMW system that are necessary for safe shutdown or
necessary to mitigate the consequences of an accident are classified
seismic Category I and Quality Group C.

,
The staff concludes that the design of the demineralized water ,

1 makeup system is acceptable and meets the requirements of General i

Design Criteria 2 and 5. This conclusion is based on the following:

1. The applicant has met the requirements of General Design
Criterion 2 with respect to safety-related portions of the
system being capable of withstanding the effects of earth-
quakes. Acceptance is based on meeting the guidance of

, Regulatory Guide 1.29, Position C-1, if any operation is deemed
| safety related, and Position C-2, for nonsafety-related portions.
| Portions of the system are deemed safety related if a failure
1 or malfunction could result in adverse effects on essential

systems or components (i.e., necessary for sr.fe shutdown,i

accident prevention or accident mitigation).
,

2. The applicant has met the requirements of General Design
Criterion E with respect to sharing of structures, systems, and
components by demonstrating that such sharing does not affect
the safe shutdown of either unit in the event of an active or
passive failure.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
~

method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide.

VI. REFERENCES
,

j 1. 10 CFR Part 50, Appendix A, Gerer&! Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

|
2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of

Structures, Systems, and Components."

3. Regulatory Guide 1.29, " Seismic Design Classification."

i-

!

f

:

!
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9.2.4 POTABLE AND SANITARY WATER SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

At the construction permit (CP) stage of review, ASB reviews the information in the
applicant's safety analysis report (SAR) in the specific areas that follow. At the
operating license (OL) stage, ASB review consists of confirming the design accepted
at the CP stage.

1. The system descriptions for the potable and sanitary water systems (PSWS) are
reviewed. The piping and instrumentation drawings (P& ids) are reviewed at the
OL stage.

ex

( ) 2. System design criteria to prevent connection to systems having the potential
C/ for containing radioactive material are revicwed.

II. ACCEPTANCE CRITERIA

ASB accepts the design of the PSWS if the requirements of General Design Criterion
60 are met as it relatds to design provisions provided to control the release of
liquid effluents containing radioactive material from contaminating the PSWS.
Compliance with GDC 60 is established if the following are met:

1. There are no interconnections between the PSWS and systems having the pcten-
tial for containing radioactive material.

2. The potable water system is protected by an air gap, where necessary.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes alaterial from this SRP section, as may be
appropriate for a particular case.

Rev. 2 - July 1981
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In the review of the PSWS, ASB considers the design criteria to prevent cross
connections, as described in the SAR. The P& ids are reviewed at the OL stage
to verify the absence of the potential for contamination of the PSWS with
radioactive materials.

IV. EVALUATION FINDINGS

ASB determines that sufficient information has been provided and that the
review supports conclusions of the following type, to be included in the
staf f's safety evaluation report:

The potable and sanitary water systems (PSWS) include all components
and piping from the supply connection to the municipal or other
water source to all points of discharge to sewage facilities or
other plant systems.

Based on our review of the applicant's design criteria and design
bases for the potable and sanitary water systems, we conclude that
acceptable design provisions have been made to prevent the inadvertent
contamination of the systems with radioactive material, and therefore
find the proposed design of the potable and sanitary water system
meets the requirement of GDC 60 and therefore is acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for esing this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of
Releases of Radioactive Materials to the Environment."

|
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9.2.5 ULTIMATE HEAT SINK

REVIEW RESPONSIBILITIES

Primary - Aux;11ary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ultimate heat sink (VHS) is the source of cooling water provided to dissipate
reactor decay heat and essential cooling system heat loads af ter a normal reactor
shutdown or a shutdown following an accident, including LOCA. The design of the
UHS must satisfy the requirements of General Design Criteria 2, 5, 44, 45, and 46.

The ASB reviews the water sources which make up the ultimate heat sink. This in-
cludes the size, type of cooling water supply (e.g., ocean, lake, natural or man-
made reservoir, river, or cooling tower), makeup sources to the ultimate heat sink,
and the capability of the heat sink to deliver the required flow of cooling water at
appropriate temperatures for normal, accident, or shutdown condition of the reactor.

v j The UHS is reviewed to determine that design code requirements, as applicable tog
the assigned quality classifications and seismic categories, are met. A related
area of review is the conveying system, which is generally the service water pump-
ing system. The service water system is reviewed under SRP Section 9.2.1.

1. The ultimate heat sink is reviewed with respect to the following considerations:

a. The type of cooling water supply.

b. The ability to dissipate the total essential station heat load,

c. The effect of environmental conditions on the capability of the UHS to
furnish the required quantities of cooling water, at appropriate tempera-
tures and with any required chemical and purification treatment, for
extended times after shutdown.

d. The ef fect of earthquakes, tornadoes, missiles, floods af<d hurricane
winds on the availability of the source water. The UHS is also reviewed
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to assure that adverse environmental conditions including freezing
will not preclude the safety function of the UHS.

e. Sharing of cooling water sources in multiunit stations.

f. Applicable design requirements such as the high- and low-water levels
c,f the source to determine their compatibility with the service water
sys t er,.

2. A5B reviews the station heat input provided in the SAR for the design of
the UHS with respect to reactor system heat, sensible heat, and pump work,
and station auxiliary systeu individual and total heat loads.

3. ASB also performs the following reviews under the SRP sections indicated:

a. Review of f f ood protection is performed under SRP Section 3.4.1,

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1,

c. Review of the structures, system, and components to be protected
against externally generated missiles is performed under SRP
Section~3.5.2, and

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, ASB will coordinate other branch evaluations that interface with
the overall review of the system as follows: The Reactor Systems Branch (RSB)
will confirm the heat loads transmitted to the UHS from the reactor coolant
and emergency core cooling systems as part of its primary review responsibility
for SRP Section 6.3. The Structural Engineering branch (SEB) will determine
the acceptibility of the design analyses, procedures, and criteria used to
establish the ability of seismic Category I structures housing the system and
supporting systems to withstand the effects of natural phenomena such as the
safe shutdown earthquake (SSE), the probable maximum flood (PMF), and the
tornado missiles as part of its primary review responsibility for SRP
Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The
Materials Engineering Branch (MTEB) verifies the inservice inspection require-
ments are met for system components and the compatibility of the materials of
construction with the service conditions as part of its primary review responsi-
bility for SRD Section 6.1.1. The Instrumentation and Control Systems Branch
(ICSB) and Power Systems Branch (PSB) will verify the adequacy of the design,
installation, inspection, and testing of all. electrical systems (sensing, control,
and power) required for proper operation as part of the primary review responsi-
bilities for SRP Section 7.1 and Appendix 7-A for ICSB and SRP Section 8.3.1
for PSB. The hydrologic and Geotechnical Engineering Branch (HGEB) verifies
the ultimate heat sink water levels, meteorological and natural phenomena
criteria, and transient analysis of the cooling water inventory as part of its
primary review responsibility for SRP Section 2.4. The review for fire protec-
tion. technical specifications, and quality assurance are coordinated and per-
formed by the Chemical Engineering Branch, Licensing Guidance Branch, and
Quality Assurance Branch as part of their primary review responsibility for
SRP Sections 9.5.1, 16.0, and 17.0, respectively.
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For those areas of review identified above as being reviewed as part of the
[ primary review responsibility of other branches, the acceptance criteria andtheir methods of application are contained in the SRP sections corresponding
Q to those branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the ultimate heat sink, as described in the appli-
cant's Safety Analysis Report (SAR), including related sections of Chapters 2
and 3 of the SAR, is based on specific general design criteria and regulatory
guides and on independent calculations and staff judgments with respect to system
adequacy.

The design of the ultimate heat sink is acceptable if the system and the asso-
ciated complex of water sources, including retaining structures and canals or
conduits connecting the sources with the station, are in accordance with the

( following criteria:

.

1. General Design Criterion 2, as reiated to structures housing the system
and the system itself being capable of withstanding the effects of natural
phenomena such as earthquakes, tornadoes, hurricanes, and floods. .Accep-
tance is based on mer. ting the guidance of Regulatory Guide 1.29, Position C-1
and Regulatory Guide 1.27, Positions C-2 and C-3.

2. General Design Criterion 5, as related to shared systems and corrponents
important to safety being capable of performing required safety functions.

3. General Design Criterion 44, as related to:

d The capability to transfer heat loads from safety-related structures,a.
systems, and components to the heat sink under both ncrmal operating
and accident conditions.

b. Suitable component redunoancy so that safety functions can be performed
assuming a single active component failure coincident with loss of
offsite power.

}
c. The capability to isolate componer.ts, systems, or piping if required

so that safety functions are not compromised.

d. Acceptance is based upon meeting the guidance of Regulatory Guide 1.27,
Positions C-2 and C-3 and Regulatory Guide 1.72, Positions C-1, C-4,
C-5, C-6, and C-7, as well as Branch Technical Position ASB 9-2.

4. General Design Criterion 45, as related to the design penvisions to permit
inservice inspection of safety-related components and equipment.

5. General Design Criterion 46, as related tc the design provisions to permit
operation functional testing of safety-related systems or components.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to

( p determine that the design criteria and bases and the preliminary design as setf forth in the preliminary safety analysis report meet the acceptance critoria'

v
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given in subsection II of this SRP section. For operating license (0L) reviews,
the procedures are used to verify that the initial design criteria and bases have
been appropriately implemented in the final design as set forth in the final
safety analysis report.

Upon request from the primary reviewer, the coordinated review branches will
provide input for the areas of review stated in subsection I of this SRP section.
The primary reviewer cbtains and uses such input as required to assure that this
review procedure is complete.

Availability of an adequate supply of water for the ultimate heat sink is a
basic requirement for any nuclear power plant. There are various methods of
satisfying the requirement, e.g., a large body of water such as an ocean, lake,
or natural or man-made reservoir, a river, or cooling ponds or towers, or combi- v

nations thereof. The design of the ultimate heat sink tends to be unique for
each nuclear pl . depending upon its particular geographical location. For'

the purpose of SkP section, typical procedures are established for use in
identifying the et antial features of an ultimate heat sink. For installations
where these general procedures are not completely adequate, the reviewer supple-
ments them as necessary. :

1. The SAP is reviewed for the overall arrangement and type of ultimate heat
sink p.oposed. The re/iewer verifies that the UiS is designed so that
system function is maintained as required when subjected to adverse environ-
mental phenomena including freezing and to a loss of offsite power. The
reviewer evaluates the system to determine that:

a. The heat inputs that are used in the design of the VHS are conservative.
The reviewer makes an inoependent evaluation of the applicant's calcu-

$

lated heat loads. The UHS heat loads include heat due to decay of
radioactive material, sensible h?at, pump work, and the heat load
from the operation of the station auxiliary systems serving and depen-
dent upon the UHS.

b. Operational data from plants of similar design confirm, where possible,
the heat input values given for sensible heat, pump work, and station
auxiliary systems.

2. The reviewer verifies that:

a. The total essential station heat load and system flow requirements
of the service water system are compatible with the heat rejection
capability of the UHS.

b. The UHS has the capability to dissipate the maximum possible total
heat load, including LOCA under the worst combination of adverse
environmental conditions including freezing and has provisions for
cooling the unit (or units, including LOCA for one unit for a
multiunit station with one heat sink) for a minimum of 30 days
wichout makeup unless acceptable makeup capabilities can be demon-
strated. This capability is verified by independent check
ca'culations.

c. The connecting channels, structures, man-made embankments and dams,
and conduits to and from the UHS are capable of withstanding design
basir, natural phenomena in combination with other site-related events

9.2.5-4 Rev. 2 - July 1981
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ano that a single failure of any man-made feature resulting from such
phenomena or events cannot prevent adequate cooling water flow or

O, adversely effact the temperature of the water from the sink.

3. Plants utilizing cooling towers as the ultimate heat sink are reviewed as
described above and in addition the reviewer determines that:

a. The tower structure and basin design bases in the SAR include require-
ments for withstanding design basis natural phenomena or combinations
of such phenomena at nistorically observed intensities. The natural
phenomena to be considered include tornadoes, tornado missiles, hurri-
cane winds, floods, ano the SSE.

b. The rescits of failure modes and effects analyses show that the mecha-
nical systems (fans, pumps, and controls) can withstand a single active
failure in any of these systems, including failure of any auxiliary
electric power source, and not prevent delivery of water in the quanti-
ties and at temperatures required for safe shutdown.

Adequate net positive suction h'ead (Ni>SH) can be provided to all essen-c.
tial pumps considering variations of water level in the basis. This
is verified by performing independent calculations.

d. The towers can provide the design cooling water temperature under
the worst combination of adverse environmental conditions including
freezing, and that the supply of water in the basins can provide a
30-day capuility for long-term cooling at the required temperature
without makeup unless acceptable makeup capabilities can be demonstrated.
This is verified by independent calculations.

Cooling towers or spray ponds used as a UHS and designed to withstande.
the effects of tornado missiles need not be designed to seismic
Cateoory I if another UHS is also available that is designed to meet
the seismic classification guidelines of Regulatory Guide 1.27.

4. Reactor sites that utilize large natural or man-made water sources which
for all practical purposes have an infinite supply of water are reviewed.

,

as described in items 1 and 2, above, and in addition the reviewer
determines:

>

By evaluation of the SAR information or independent calculations,a.
that the water source is adequate taking into account the effect:, of

i design basis natural phenomena such as tornadoes, hurricane winds,
probable maximum floods, tsunamis, seiches, and the SSE.'

b. By reviewing the SAR preliminary site and plant arrangement sketches
(CP) and (0L) site drawings and plant arrangement drawings that the

.' - design of the intake and outlet conduits (open or cicsed type) are
properly separated to prevent recirculation or water temperature
stratification.

c. That man-made earth dam, dike, or other structure design bases in
the SAR include requirements for withstanding the design basis natural4

-

phenomena or combinations of such phenomena at historically observedO
V intensities. In the event of failure of a dam, dike, or other struc-

ture not designed to withstand the design basis natural phenomena,

i

i
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(particularly the SSE), sufficient water must remain in the source
|pool to assure a cooling water supply for a minimum of 30 days, with
|adequate cooling capability so that the required cooling water tempera-
.

ture to the service water system inlet is not exceeded.
!

5. As indicated in subsection I of this SRP section, the review of seismic '

design is performed by SEB and the review for seismic and quality group
classification is performed by MEB.

IV. EVALUATION FINDINGS

|The reviewer verifies thct sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
Safety Evaluation Report:

The ultimate heat sink review included the size, type of cooling ;
supply (i.e., large body of water, ocean, lake, natural or man-made

|reservoir, river, pond, or cooling tower), and makeup sources to the '

ultimate heat sink. The review has determined the adequacy of the
applicant's proposed design criteria, design bases and safety classi-
fication for the ultimate heat sink and the requirements for deliver-
ing cooling water for a safe shutdown during normal and accident

;conditions. The UHS and its supporting systems meet seismic '

category I, Quality Group C requirements. The staff concludes that
the design of the ultimate heat sink is acceptable and meets the

Irequirements of General Design Criteria 2, 5, 44, 45, and 46. This
conclusion is based on the following:

1. The applicant has met the requirement of General Design Criterion 2
with respect to being capable of withstanding the effects of earth
quakes. Acceptance is based on meeting the guidance of Regulatory
Guide 1.29, Position C-1.

2. The applicant has met the requirements of General Design Criterion 5
with respect to sharing of structures, systems, and components by
demonstrating that such sharing does not affect the safe shutdown of
either unit in the event of an active or passive failure.

3. The applicaat has met the requirements of General Design Criterion 44
with respect to the ultimate heat sink. Acceptance is bcsed on meeting
the guidance of Regulatory Guides 1.27 and 1.72, as well as Branch
Technical Position ASB 9-2.

4. The applicant has met the requirements of General Design Criterion 45
with respect to inservice inspection of the safety-related components
and equipmant by demonstrating the accessibility of the UHS system
for p riodic inspections.

5. The applicant has met the requirements of General Design Criterion 46
with respect to periodic pressure and functional testing to assure
structural and leaktight integrity, operability, and performance of
its active components, and operability of the system as a whole by
demonstrating the capability to operate the system at full capacity
during normal startup or shutdown procedures or during normal opera-
tion without degrading the system to provide for a safe shutdown or
to mitigate the consequences of an accident.

i
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V. IMPLEMENTATION

O The following is intended to provide guidance to the applicants and licensees.regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of Struc-
tures, Systems, and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water
System."

4. 10 CFR Part 50, Appendix A, General Design Criterion 45, " Inspection of
Cooling Water System."

5. 10 CFR Part 50, Appendix A, General Design Criterion 46, " Testing of Cooling
Water System."

L
6. Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power Plants."

7. Regulatory Guide 1.29, " Seismic Design Classification."

8. Regulatory G'uide 1.72, " Spray Pond Plastic Piping."

9. Branch Technical Position ASB 9-2, " Residual Decay Energy for Light Water
Reactors for Long-Term Cooling."

w
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BRANCH TECHNICAL POSITION ASB 9-2

RESIDUAL DECAY ENERGY FOR LIGHT-WATER
REACTORS FOR LONG-TERM COOLING

A. BACKGROUND

Th2 Auxiliary Systems Branch has developed acceptable assumptions and formula-
tions that may be used to calculate the residual decay energy release rate for
light-water-cooled reactors for long-term cooling of the reactor facility.

Experimental data (Refs. 1 and 2) on total beta and gamma energy releases for
long half-life (> 60 seconds) fission products from thermal neutron fission of
U-235 have been considered reliable for decay times of 108 to 107 seconds.
Over this decay time, even with the exclusion of short-lived fission products,
the decay hea' rate can be predicted to within 10% of experimental data
(Refs. 3, 7, and 8).

The short-lived fission products contribute appreciably to the decay energy
for decay times less than 103 seconds. Although consistent experimental data
are not as numerous (Refs. 4 and 5) and the results of various calculations
differ, the effect of all uncertainties can be treated in the zero to 103 second
time range by a suitably conservative multiplying factor.

B. BRANCH TECHNICAL POSITION

1. Fission Product Decay

For finite reactor operating time (t ) the fraction of operating power,
o

hg (t , t ), to be used for the fission product decay power at a time t sg s
after shutdown may be calculated as follows:

n=11

h (m, t ) * 200 1 A exp(-a t ) (1)
s n ns

n=1

(1 + K) fg(m,fg (t , t ) + t) (2)t)- o (= t=
s g so s

where:

h = fraction of operating power
cumulative reactor operating time, secondst =

g

time after shutdown, secondst =
g

uncertainty factor; 0.2 for o 5 t < 103 and 0.1 for 103 f, ts 5 107K = g

fit coefficients having the following values:A,a =
n n

9.2.5-8 Rev. 2 - July 1981

_ - _ _ _ _ _ _ _ -



_ . .

n (S*C *)A a'

n n

1- 0.5980 1.772 x 10

2 1.6500 5.774 x 10 1

3 3.1000 6.743 x 10 2

4 3.8700 6.214 x 10 3

5 2.3300 4.739 x 10 4

6 1.2900 4.810 x 10 5

7 0.4620 5.344 x 10 6

8 0.3280 5.716 x 10 7

9 0.1700 1.036 x 10 7

10 0.0865 2.959 x 10 8
;

11 0.1140 7.585 x 10 20

The expressions for finite reactor operation may be used to calculate the
decay energy from a complex operating history; however, in accident analysis

i a suitably conservative history should be used. For example, end-of-first-
cycle calculations should assume continuous operation at full power for a
full-cycle time period, and end-of-equilibrium-cycle calculations should
assume appropriate' fractions of the core to have operated centinuously
for multiple-cycle times.

An operating history of 16:000 hours is considered to be representative
(/ of many end-of-first or equilibrium cycle conditions and is, therefore,

acceptable. In calculating the fission produce decay energy, a 20% uncer-
tairty factor (K) should be added for 50y cooling time less than 103 seconds,
and a factor of 10% should be added for cooling times greater than 103
but less than 107 seconds.

2. Heavy Element Decay Heat

' The decay heat generation due to the heavy elements U-239 and N -239 mayp

be calculated according to the following expressions (Ref. 6):

239) = 2.28 x 10 3 C 25 [1 - exp(-4.91 x 10 4 t )] [exp(-4.91 x 10 4 t )] (3)
3 g s

125

252.17 x 10 3 C (4)=

Po o
; f25

{1.007 [1 - exp(-3.41 x 10 6 t )] exp(-3.41 x 10 6 t)g s

- 0.007 [1 - exp(-4.91 x 10 4 t )] exp(-4.91 x 10 4 t )}g s;

-
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where:

P( 239) fraction of operating power due to U-239=

P (N -239)
P = fraction of operatsag power due to N -239p p

cumulative reactor operating time, secondst =
g

time after shutdown, secondst =
s

conversion ratio, atoms of Pu-239 produced per atom ofC =

U-235 consumed

effective neutron absorption cross section of U-23525 =

effective neutron fission cross section of U-235f25 =

25
The product of the terms C - can be conservatively specified as 0.7.g

125

The nuclear parameters for energy production by the heavy elements U-239
and N -239 are relatively well known. Therefore, the heavy element decay

p
heat can be calculated with a conservatively estimated product term of

25C- without applying any other uncertainty correction factor.
125

3. Figures 1, 2, and 3 give the residual decay heat release in terms of
fractions of full reactor operating power based on a reasonably realis-
tic reactor operating time of 16,000 hours.

|

|

|

9
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9.2.6 CONDENSATE STORAGE FACILITIES

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None
|

I. AREAS OF REVIEW

The condensate storage facility (CSF) is provided to serve as a receiver for excess'
water generated by other systems such as the maia condenser hotwell, the liquid
radwaste low activity reprocessed cendensate, and 'he makeup water treatment system,
and also to serve as the water supply or makeup source for various auxiliary
systems. Depending upon its specific function in the plant under review, the CSF
may or may not be safety related. The ASB review covers the CSF from the conden-
sdte storage tank up to the connections or interfaces with other systems to assure
conformance with the require _ments of General Design Criteria 2, 5, 44, 45 and 46.

|
[/ ,) 1. The ASB reviews the capability of the CSF to supply water to various auxiliary
i.s' systems and to receiv return water from other systems.

2. The ASB reviews the CSF to verify that;

a. Failures of CSF components connected to the emergency core cooling system
(ECCS) or other safety-related systems do not adversely affect the safety
function of the ECCS or other safety-related systems.

b. The essential portions of the CSF are protected from the effects of
natural phenomena, including cold weather protection, so that the event
will not adversely affect the safety function of the system.

c. Component redundancy necescary to assure CSF safety functions is providea.

d. System components meet design code requirements consistent with the
component quality group and seismic design classifications.

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff respor *ihla for the review of

g applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
/' T commission's policy to in,orm the nuclear industry and the general public of regulatory procedures and policies. Standard review
g ) plans are not substitutes f or regulatory guides or the Commission's regulations and compliance with them is not required. The
% _/ standard review plan sections are keyed to the Standard Format and Content of Safety An@; sis neports for Nuclear Power Plants.

Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommocate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement wi|| be considered and should be sent to the U.S. Nuclear Regulatory Commission.
office of Nuclear Reactor Regulation. Washington, D.C. 20555.
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e. Provisions for mitigating the environmental effects of system leakage
or storage tank failure are provided.

f. Provisions for safe handling of storage tank overflow, the associated
instrumentation necessary to detect high or low water luel, and isola-
tion means are provided.

g. Provisions for automatically transferring from a normal water supply
that is nonsafety related to an assured seismic Category I source if
required.

3. ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is pt.rformed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review cf the structures, systems, and components to be protected
against externally generated missiles is perforund under SRP,

Section 3.5.2.

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, the ASB dll coordinate other branch evaluations that inter f ace
with the overall review of the system as follows: The Reactor Systems Branch
(RSB) will identify essential portions of the facilities that are required to
function during normal operations and accident conditions, and assist in estab-
lishing the basis for the minimum condensate storage capacity as part of its
primary review responsibility of SRP Section 6.3. The Effluent Treatment Systems
Branch (ETSB) will calculate the radioactivity concentrations in the CSF as
part of its primary review responsibility in SRP Section 11.1. The Mechanical
Engineering Branch (MEB) determines that components, piping, and structures
are designed in accordance with applicable codes and standards as part of its
primary review responsibiiity of SRP Sections 3.9.1 through 3.9.3 and MEB also
determines the accept ility of the seismic and quality group classifications
for system components os part of its primary review responsibility of SRP
Sections 3.2.1 and 3.2.2. The MEB also reviews the adequacy of the inservice
testing program of pumps and valves as part of its primary review responsibility
of SRP Section 3.9.6. The Structural Engineering Branch (SEB) will detemine
the acceptability of the design analyses, procedures, and c-iteria used to estab-
lish the ability of seismic Category I structures housing the system and support-
ing systems to withstand the effects of natural phenomena such as the safe shut-
down earthquake (SSE), the probable maximum flood (PMF), and the tornado missiles
as part of its primary review responsibility of SRP Sections 3.3.1, 3.3.2, 3.5.3,
3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The Materials Engineering Branch (MTEB)
verifies the inservice inspection requirements are met for syst components
and the compatibility of the malarials of construction with the service condi-
tions as part of its primary review responsibility of SRP Section 6.1.1. The
Iristrumentation & Control Systems Branch (ICSB) and Power Systems Branch (PSB)
will verify the adequacy of the design, installation, inspection,and testing
of all electrical systems (sensing, control, and power) requiced for proper
operation as part of its primary review responsibilities of SRP Section 7.1
and Appendix 7-A for ICSB and SRP Section 8.3.1 for PSB. The Radiological
Assessment Branch (RAB) reviews the facility design to assure that radiation

9.2.6-2 Rev. 2 - July 1981
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levels exposure to personnel will be maintained as low as is reasonably achiev-
able as part of its primary review responsibility for SRP Section 12.1.

,

'

review fo" fire protection, technical specifications, and quality assurance' "

is coordinated and performed by the Chemical Engineering Branch, Licensirlg
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively. For
those areas of review identified above as being the responsibility of other

; branches, the acceptance criteria and their methods of application are
contained in the SRP sections corresponding to those branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the condensate storage facility, as described
in the applicant's Safety Analysis Report (SAR), is based on specific general
design criteria and regulatory guides.

1. For reactor systems where the condensate storage facility is an ultimate
means of water supply for safe shutdown or accident mitigation the CSF is
acceptable if the integrated facility design is in accordance with tne

j following criteria:

a. General Design Criterion 2, as related to the system being capable
of withstanding the effects of earthquakes. Acceptance is based on
meeting the guidance of Regulatory Guide 1.29, Position C-1, if any
portion of the system in deemed to be safety related, and Position C-2
for nonsafety-related functions.

b. General Design Criterion 5, as related to the capability of shared
systems and components to perform required safety functions.

c. General Design Criterion 44, to assure:

(1) Redundancy of components so that under normal and accident
conditions the safety function can be performed assuming a
single active component failure coincident with the loss of
offsite power.

(2) The capability to isolate components, subsystus, or piping if
required so that the system safety function will not be compro-
mised.

(3) The capability to provide sufficient makeup water to safety-
related cooling systems.

d. General Design Criterion 45, as related to design provisions made to
permit inservice inspection of safety-related components and equipment.

General Design Criterion 46, as related to design provisions made toe.
permit operational functional testing of safety-related systems and
components to assure structural integrity, system leak tightness,
operability and performance of active components, and capability of
the integrated system to function as intended during normal, shutdown,

h) and accident conditions.4

i U

i
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III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II. For operating license (0L) reviews, the procedures
are used to verify that the initial design criteria and bases have been appro-
priately implemented in the final design as set forth in the final safety
analysis report.

The review cf 01. applications includes a determination that the content and
intent of the technical specifications prepared by the applicant are in dgree-
ment with the requirements for system testing, minimum performance, and surveil-
lance developed as a result of the staf f's review.

Upon request from the primary reviewer, the coordinated review branches will
provide input for the areas of review stated in subsection I. The primary
reviewer obtains and uses such input as required to asn :. that this review
procedure is complete.

The condensate storage facility (CSF) may be designed either as a safety-related
facility or as a nonsafety-related facility, depending on the plant. The
safety function performed by the facility is to ensure an adequate supply of
water to the auxiliary feedwater system in the event that it is required for
the safe shutdown of the reactor. Normal plant system functions performed by
the CSF, such as makeup to the condenser hotwells and other auxiliary systems
of the plant are reviewed to verify that failure will not have an adverse
ef ftet on the safety-related functions of the facility.

The review procedures given below are for a typical CSF system of the safety-
related type. For cases where there are variations from this typical arrange-
ment, the reviewer will adjust the review procedures given below. However,
the system design will be required to meet the acceptance criteria given in
subsection II.

1. The Safety Analysis Report is reviewed to determine that the facility
description, and piping and int trumentation diagrams (P& ids) delineate
the CSF eouipment that is used for normal operation, abnormal operation,
and accident conditions as fallows:

a. The facility functional requirements and the minimum flow requirements
for supplying water to the auxiliary feedwater system and other
safety-related systems are described.

b. Component allowable operational degradation (e.g., pump leakage) and
the procedures that will be followed to detect and correct degraded
conditions when they become excessive are described. The reviewer,
using failure modes and effects analyses, or independent calculations,
determines that the facility is capable of sustaining the loss of
any active component and of meeting minimum flow requirements to the
safety-related systems.

2. The facility P& ids, layout drawings, and component descriptions and
characteristics are reviewed to determine the following:
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a. Essential portions of the CSF are correctly identified and are
isolable from the nonessential portions of the system. The P&I0s

O are reviewed to verify that they clearly indicate the physical
h division between each portion. System drawings are also reviewed to

~

,

see that they show the means for accomplishing isolation, and the
facility description is reviewed to identify minimum performance
requirements for the isolation valves.

b. Essential portions of the CSF, including the isolation valves sepa-
rating seismic Category I portions from the nonseismic portions, are
classified Quality Group C and seismic Category I.

c. Design provisions have been incorporated that permit appropriate
inservice inspection and functional testing of system comp (..lents
important to safety. It will be acceptable if the SAR delineates a
testing and inspection program and if the system drawings show the
necessary test recirculation loops around pumps or isolation valves
that would be required by this program.'

3. The reviewer verifies that the system has been designed so that facility
functions are maintained, as required, in the event of adverse natu' 1
phenomena such as tornadoes, hurricanes, and floods, and a loss of offsite
power. The reviewer evaluates the facility, using engineering judgment
and the results of failure modes and effects analyses, to determine the
following:

a. The failure of, portions of the facility or of other systems not
designed to seismic Category I standards and located close to

(/O) essential portions of the facility, or nonseismic Category I
structures that house, support, or are close to essential portions
of the CSF, does not preclude essential functions. Reference to SAR
Chapter 2, describing site features and the general arrangement and
layout drawings, as well as to the SAR tabulation of seismic design
ciassifications for structures and faciiities, will be necessary.
Statements in the SAR to the effect that the above conditions are
met are acceptable. (CP)

b. The essential portions of the CSF are protected from the effects of
floods, cold weather conditions, hurricanes, tornadoes, and internally
or externally generated missiles. Flood protection and missile
protection criteria are discussed and evaluated in detail under the
SRP sections for Chapter 3 of the SAR. The location and design of
the facility and structures are reviewed to determine that the
degree of protection provided is adequate. A statement tc the
effect that the facility is located in a seismic Category I structure
that is tornado, missile, and flood protected, or that components of
the facility will be located in individual structures that will
withstand the effects of freezing, flooding, and missiles is acceptable.

,

1

c. The CSF provides sufficient net positive suction head (NPSH) at
safety-related pump suction locations c idering low condensate
storage tank water levels. The SAR shoulu indicate the minimum
water level of the condensate storage tank and the elevation of the

; pump impellers. An indcendent calculation verifying the applicant's
j conclusion regarding pump NPSH may be necessary.
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d. The condensate storage tank is equipped with instrumentation to
monitor the water level in the tank and alarm when the water level
reaches the low-level setpoint which indicates the minimum reserve
condensate storage for safety-related system supply.

e. The condensate storage tank overflow piping is connected to the
radwaste system. The outdoor storage tank has a dike or retention
basin capable of preventing runoff in the event of a tank overflow
or tank failure; for a nonsafety-related storage facility, the need
for a seismic Category I dike or retention basin is reviewed.

f. The essential portions of the facility are protected from the effects
of high- and moGerate-energy line breaks or cracks. Layout drawings
are reviewed to assure that no high- or moderate-energy piping systems
are close to essential portions of the CSF, or that protection from
the effects of failure will be provided. The means of providing
such protection will be given in Section 3.6 of the SAR, and the
procedures for reviewing this information are given in the corres-
ponding SRP sections.

g. Functions of the essential components and subsystems of the CSF
(i.e., those necessary fo plant safe shutdown) will not be precluded
by a loss of offsite power. The CSF design will be acceptable in
this regard if minimum system requirements are met with onsite
power.

h. The condensate storage tank has design provisions that automatically
transfer, as required, frrm a normal nonsafety-related source to a
seismic Category I source.

i. If a changeover from a nonsafety-related condensate storage source
to a safety-related water source is required for safe shutdown or
accident mitigation, then the changeover feature (automatic) should
meet all the requirements for a safety-related system or component.

4. The descriptive information, P& ids, system drawings, and failure modes
and effects analyses in the SAR are reviewed L assure that essential
portions of the CSF will function as needed following design basis acci-
dents, assuming a concurrent single active component failure. The reviewer
evaluates the information presented in the SAR to determine the ability
of required components to function, traces the availability of these
components on system drawings, and checks that the SAR contains verifica-
tion that system flow requirements are met for each accident situation
for the required time spans. For each case, the design will be acceptable
if minimum system flow requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The condensate storage facility (CSF) includes all components and
piping associated with the facility to the points of connection or
interfaces with other systems. The review has determined the adequacy
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of the ' applicant's proposed design criteria and bases for the condensate
storage facility and the requirements for sufficient water supply to
safety-related systems during normal, abnormal, and accident conditions.

Portions of the CSF that are necessary for safe shutdown or necessary'

to mitigate the consequences of an accident are classified seismic
Category I and Quality Group C.

The staff concludes that the design of the condensate storage
facility is acceptable and meets the requirements of General Design
Criteria 2, 5, 44, 45, and 46. This conclusion is based on the
following:

1. The applicant has met the requirement of General Design Criterion 2
with respect to safety-related portions of the system being
capable of withstanding the effects of earthquakes. Acceptance
is based on meeting the guidance of Regulatory Guide 1.29,
Position C-1, if any portion is deemed safety related, and |

Postion C-2, for nonsafety-related portions. Portions of the |
syste are deemed safety related if a failure or malfunction |
co' aesult in adverse effects on essential systems or components j

'

(. . , necessary for safe shutdown, accident prevention, or {
accident mitigation.) |

|

2. The applicant has met the requirements of General Design Criterion 5
with respect to sharing of structures, systems, and components
by demonstrating that such sharing does not affect the safe
shutdown of either unit in the event of an active or passive

failure.

3. The applicant has met the requirements of General Design Criterion 44
with respect to the cooling water system by demonstrating
sufficient redundancy and capability exists such that a single
failure with the loss of offsite power will not result in
adverse effect on the ability to shut down safely or mitigate
the consequences of an accident in addition to having sufficient
capability to provide makeup water to safety-related cooling
systems and the capability to isolate components, subsystems or
piping without system degradation.

4. The applicant has met the requirements of General Design ,

Criterinn 45 with respect to inservice inspection of the safety- I

related components and equipment by demonstrating the accessi-
bility of the CSF systems for periodic inspections.

i 5. The applicant has met the requirements of General Design
Criterion 46 with respect to periodic pressure and functional
testing to assure structural ano leak tight integrity, opera-
bilitj, and performance of its active components, and operat,ility
of the system as a whole by demonstrating the capability to
operate the system at full capacity during normal startup or
shutdown procedures or during normel operation without degrading
the system to orovide for a safe shutdown or to mitigate the
consequences of an accident.
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V. IMPLEMENTATION

The following is intended to provide guidance to the applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission's regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

I
2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of

Stre ;ures, Systems, and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water."

4. 10 CFR Part 50, Appendix A, General Design Criterion 45, " Inspection of
Cooling Water System."

5. 10 CFR Part 50, Appendix A, General Design Criterion 46, " Testing of
Cooling Water System."

6. Regulatory Guide 1.29, " Seismic Design Classification."

O
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9.3.1 COMPRESSED AIR SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The compressed air system (CAS) provides air to safety-related equipment and also
to plant equipment used only for normal facility operation. ASB reviews the entire
compressed air system since there may be cases where two systems or subsystems are
provided, i.e., a safety-related compressed air system (SRCAS), and a station
service system for nonsafety-related equipment. If the two systems are intercon-
nected, then the area of review will extend from the safety-related portion to the
outermost isolation valve on all interconnections between the two systems. If the
systems are not connected, then the review will be limited to the SRCAS. The ASB
reviews the SRCAS to ensure conformance with the requirements of General Design

p Criteria 1, 2, and 5.
t i
V 1. ASB reviews the systems to identify the safety related air-operated devices

that are supplied by the system and whether each requires a source of supply
air in order to perform the safety-related function.

2. ASE then reviews the systems to determine that a failure of a component or
the loss of a compressed air source does not negate functioning of a safety-
related system.

3. The ASB reviews the system to determine that the effects of failure of non-
seismic Category I equipment or components will not affect the functioning
of the SRCAS.

4. ASB reviews the design of the SRCAS with respect to the following:

a. Capability to isolate portions or componrnts of the system in case of
component malfunction.

Rev. 1 - July 1981.
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b. Instrumentation and control features provided to determine and verify
that the system is operating in a correct mode (e.g., valve position
indication, pressure).

c. Capability of the system to function in the event of adverse environ-
mental phenomena, abnormal operational requirements, or accident condi-
tions such as a loss-of-coolant accident (LOCA) or main steam line
break concurrent with loss of offsite power.

d. Canability of the system to supply clean, dry, oil-free instrument
air.

5. ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protcetion is performed under SRP Section 3.4.1,

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1,

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2, and

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, the ASB will coordinate other branches' evaluations tMt interface
with the overall review of the system as follows: The Structural Engineering
Branch (SFB) will determine the acceptability of the design analyses, proce-
dures, and criteria used to establish the ability of seismic Category I struc-
tures housing the system and supporting systems to withstand the effects of
natural phenomena such as the safe shutdown earthquake (SSE), the probable
maximum flood (PMF), and tornado missiles as part of its primary review
responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4,
3.8.4 and 3.8.5. The Mechanical Engineering Branch (MEB) determines that the
components, piping, and structures are designed in accordance with applicable
codes and standards as part of its primary review esponsibility for SRP
Sections 3.9.1 through 3.9.3. The MEB also determines the acceptability of the
scismic and quality group classifications for system components as part of its
primary review responsibility for SRP Sections 3.2.1 and 3.2.2. The MEB also
reviews the adequacy of the inservice testing program of pumps and valves as
part of their primary review responsibility for SRP Section 3.9.6. The Materials
Engineer:cq Branch (MTEB) verifies that inservice inspection requirements are
met for sysam components as part of its primary review responsibility for SRP
Section 6.6 and, upon request, verifies the compatibility of the materials of
construction with service conditions. The Instrumentatica and Control Systems
Branch (ICSB) and the Power Systems Branch (PSB) will determine the adequacy
of the design, installation, inspection, and testing of all essential electrical
components, system controls, and instrumentation as part of their primary review
responsibility for SRP Sections 7.1 and 8.1, respectively. The Equipment *

Qualifications Branch (EQB) reviews the seismic qualification of Category I
instrumentation and electrical equipment and the environmental qualification
of mechanical and electrical equipment as part of its primary review responsi-
bility for SRP Sections 3.10 and 3.11, respectively. The review for Fire
Protection, Technical Specification, and Quality Assurance are coordinated and
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performed by the Chemical Engineering Branch, Licensing Guidance Branch, and
Quality Assurance Branch as part of their primary review responsibility for
SRP Sections 9.5.1, 16.0 and 17.0, respectively.

For those areas of review identified above as being the responsibility of other
branches, the acceptance criteria and their methods of application are contained
in the SRP sections identified as the primary review responsibility of those
branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the safety-related compressed air system, as
described in the applicant's Safety Analysis Report (SAR), is based on specific
general. design criteria and regulatory guides. The design of the SRCAS is
acceptable if the integrated design of the system is in accordance with the
following criteria:

1. General Design Criterion 1, as related to systems and components important
to safety being designed, fabricated, and tested to quality standards
commensurate with the importance of the safety functions to be performed.
Acceptance is based on meeting ANSI MC 11.1-1976 (ISA 57.3), as related
to minimum instrument air quality standards, meeting the guidance of Regula-
tory Guide 1.68.3 as related to testing of instrument air system.

2. General Design Criterion 2, as related to the safety-related compressed
air system being capable of withstanding the effects of earthquakes.
Acceptance is based on meeting the guidance of Regulatory Guide 1.29,
Position C-1, if any portion is deemed to be safety-related, and
Position C-2, for nonsafety-related functions.

3. General Design Criterion 5, as related to the capability of shared
systems and components important to safety to perform required safety
functions.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine t..at the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the recommendations and
requirements given in subsection II of this SRP section. For operating license
(0L) reviews, the procedures are used to verify that the initial design criteria
and bases have been appropriately implemented in the final design as set forth:
in the final safety analysis report. The procedures for OL reviews include a

j determination that the content and intent of the technical specifications pre-
pared by the applicant are in agreement with the requirements for system test-'

ing, minimum performance, and surveillance developed as a result of the staff's
review.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I of this SRP section.
The primary reviewer obtains and uses such input as required to ensure that
this review procedure is complete. :

b
\
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As a result of various CAS designs provided for different plants, there will ,

be variations in system requirements. For the purpose of this SRP section, a
typical system is assumed that has two independent systems, the plant service
air system and a safety-related compressed air system (SRCAS). For cases where
there are variations from this arrangement, the reviewer adjusts the review
procedures given below. However, the system design would be required to meet
the recommendations and requirements in subsection II of this SRP section. The
reviewer will select and emphasize material from this SRP section as appropriate
for a particular case.

1. The SAR is reviewed to identify from information in the system description
section and the piping and instrumentation diagrams (P& ids) the SRCAS equip-
ment used for normal operation and for safety feature operation. The
reviewer determines that the systems affected by the loss of offsite power
and subsequent loss of air supply will fail in a safe position.

2. The system P& ids, layout drawings, and component descriptions and char-
acteristics are reviewed to determine the following:

a. Essential portions of the SRCAS are correctly identified and are
isolable from the nonessential portions of the system. The P& ids
are reviewed to verify that they clearly indicate the physical divi-
sion between each portion. System drawings are also reviewed to verify
that they show the means for accomplishing isolation and the system,

description is reviewed to identify minimum performance requirements
of the isolation valves. For the typical system, the drawings and
descriptions are reviewed to verify that two automatically operated
isolation valves in series separate the nonessential from the essential
portions and components.

b. Essential portions of the SRCAS, including the isolation valres sepa-
rating essential from nonessential portions, are classified (uality
Group C and seismic Category I. Component and system descrip'. ions
in the SAR that identify mechanical and performance character.stics
are reviewed by the ASB to verify that the above classifications have
been included, and that the P& ids indicate points of change in any
design classification. The review for seismic design is performed
by the SEB and the review for seismic and quality classification is
performed by the MEB as indicated in subsection I of this SRP section.

The SRCAS is revie .. to verify the system meets ANSI MC 11.1-1976,
(I SA- 5 7. 3 ):

1. The dew point at line pressure for outdoor installations (where any
part of the instrument air system is exposed to the outdoor atmosphere)
shall be at least 10 C (18 F) below the minimum local recorded ambient
temperature at the plant site. The dew point at line pressure for
indoor installations (where the entire instrument air system is
installed indoors) shall be at least 10 C (18 F) below the minimum
temperature to which any part of the instrument air system is exposed
at any season of the year. In no case should the dew point at line
pressure for indoor installation exceed 2 C (approximately 35 F).

O
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2. The maximum particle size in the air stream at the instrument shall
m be three (3) micrometers.
I\V 3. The maximum total oil or hydrocarbon content, exclusive of noncon-

densables, shall be as close to zero (0) w/w or v/v as possible; and
under no circumstances shall it exceed one (1) ppm w/w or v/v under
normal operating conditions.

4. The instrument air shall be free of all corrosive contaminants and
hazardous gases, flammable or toxir, which may be drawn into the
instrument airstream. A regular periodic check should be made to
assure high quality instrument air.

An acceptable SRCAS consists of non-oil lubricated (dry) compressors and
automatic molecular sieve air dryers with input and output filters.

3. The reviewer verifies that the system has been designed so that system
function will be maintained, as required, in the event of adverse environ-
mental phenomena, certain pipe breaks, or a loss of offsite power. The
reviewer evaluates the system using engineering judgment and the results
of failure modes and effects analyses to determine that:

a. The failure of nonessential portions of the system or of other systems
not designed to seismic Category I standards and located close to
essential portions of the SRCAS, or of nonseismic Category I struc-
tures that house, support, or are close to the SRCAS, will not pre-
clude operation of the essential portions of the SRCAS. Statements
in the SAR to the effect that the above conditions are met are

Q acceptable,

b. The essential portions of the SRCAS are protected from the effects
of floods, hurricanes, tornadoes, and internally or externally
generated inissiles. The location and the design of the system, struc-
tures, or cubicles are reviewed to determine that the degree of pro-
tection is adequate. A statement to the effect that the system is
located in a seismic Category I structure that is tornado missile
and flood protected, or that components of the system will be located
in individual cubicles or rooms that will withstand the effects of
tornado winds, flooding, and missiles is acceptable. The details of
this portion of the review are contained in the Chapter 3 SRP sections.

c. An adequate SRCAS air supply source is available, considering the
loss of offsite power. If the minimum performance requirements
stated in the SAR are met, the system design will be acceptable assum-
ing a concurrent failure of a single active component, including an
emergency power source. Statements in the SAR and the results of
failure modes and effects analyses are considered to ensure that the
system meets these requirements. These will be acceptable verifica-
tion of system functional r.eliability.

4. The descriptive information, P&lDs, SRCAS drawings, and failure modes and
effects analyses in the SAR are reviewed to ensure that the SRCAS portion
of the compressed air system will function following design basis acci-

[s] dents assuming a concurrent single active failure. The reviewer evaluates
( ,1 the information presented in the SAR to determine the ability of required

components to function, traces the availability of these components on
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system drawings, and checks that the SAR contains verification that mini-
mum compressed air flow requirements are met for each degraded situation
for the required time spans. For each case the design will be acceptable
if minimum system requirements are met.

5. The reviewer verifies that an adequate mainter.arce and periodic testing
program is planned to ensure continuous reliable functioning of SRCAS.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his review supports conclusions of the following type, to be included in the
staf f's safety evaluation report:

The compressed air system includes all components and piping and the points
of connection or interfaces with other systems. The safety-related com-
pressed air system requires a continuous air supply to safety related com-
ponents and is classified seismic Category I and Quality Group C.

The basis for acceptance in the staff review has been conformance of the
applicant's design and design criteria for the safety-related compressed
air system to the Commission's regulation as set forth in the general
design criteria, and to applicable regulatory guides, staff technical
positions, and industry standards.

The staff concludes that tne design of the compressed air system is
acceptable and conferms to the requirements of General Design Criteria 1,
2, and 5 with respect to quality standards, seismic design, and sharing
of systems and components. This conclusion is based on the following:

1. The applicant has met the requirements of General Design Criterion 1
with respect to quality standards by meeting ANSI MC 11.1-1976
(ISA S7.3) as related to minimum instrumen;. air quality standards
and meeting Regulatory Guide 1.68.3 as related to testing of instru-
ment air systems.

2. The applicant has met the requirements of General Design Criterion 2
with respect to seismic design by meeting Regulatory Position C-1 or
C-2 in Regulatory Guide 1.29.

3. The applicant has met the requirements of General Design Criterion 5
with respect to the capability of shared systems and components impor-
tant to safety to perform required safety functions since a failure
in the system will not impair the system's safety function for either
unit.

V. IMPLEMENTATION

Ihe following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

O
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Except in those cases in which the applicant proposes an acceptable alterna-.

i tive method for complying with specified portions of the Commission's regula-
1 ) tions, the method described herein will be used by the staff in its evaluation

d of conformance with Commission regulations.
,

:
2 Implementation schedules for conformance to parts of the method discussed herein '

are contained in the referenced regulatory guide.
~ VI. REFERENCES

1. General Design Criterion 1, " Quality Standards and Records," of Appendix A
j to 10 CFR Part 50.

2. General Design Criterion 2, " Design Bases for Protection Against Natural
[ Phenomena," of Appendix A to 10 CFR Part 50. *

j 3. General Design Criterion 5, " Sharing of Structures, Systems, and Coopo- ,

nents," of Appendix A to 10 CFR Part 50.
a

4. Regulatory Guide 1.29, " Seismic Design Classification."
1

5. ANSI MC 11.1-1976 (ISA-57.3), " Quality Standard for Instrument Air."

6. Regulatory Guide 1.68.3, "Preoperational Testing of Instrument Air Systems"
(formerly Regulatory Guide 1.80).
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9.3.2 PROCESS AND POST-ACCIDENT SAMPLING SYSTEMS |

REVIEW RESPONSIBILITIES

Primary - Chemical Engineering 3 ranch (CMEB) |

Secondary - None

I. AREAS OF REVIEW

CMEB reviews the following information in the applicant's safety analysis report |
(SAR):

1. The design objectives and design criteria for the process sampling system (PSS)
and post-accident sampling system (PAS) are reviewed at the construction permit
(CP) stage. During the operating license (0L) stage of review, CMEB review con-
sists of confirming the design accepted at the CP stage and evaluating the ade-
quacy of the applicant's technical specifications in these areas. The review
includes identification of the process streams to be sampled and the parameters

h to be determined through sampling (e.g., gross beta gamma concentration, boric
j acid concentration).

2. The system descriptions for the PSS and PAS are reviewed at the operating |
license (OL) stage. The review includes (a) piping and instrumentation dia-
grams (P& ids), (b) provisons for obtaining representative samples, (c) loca-
tion of.samp! ng point = and sample stations, and (d) provisons for purging
sampling lines.

3. The seismic design and quality group classificas ..is of piping and equipment,
and the bases for the classifications chosen are reviewed at the CP stage. At
the OL stage, the review includes design and expected temperatures and pressures
and materials of construction of components of the system.

4. The isolation provisions for the system and the means provided to limit radio-
active releases by limiting reactor coolant losses are reviewed at the CP stage.

5. The design of the post-accident sampling system and the operational procedures
of post-accident sampling for the reactor coolant and containment atmosphere
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are reviewed to determine the capability of promptly obtaining samples,
under accident conditions, for chemical and radiochemical analyses.

CMEB coordinates reviews related to this system that are perrormed by the
following branches as part of their primary review responsibilities:
Radiological Assessment Branch (RAB), under SRP Section 12.3, reviews the
potential personal radiation exposure during post-accident sampling.
Effluent Treatment Systems Branch (ETSB) reviews the ventilation systems
which may be operating during post accidert sampling and the sampling and

j monitoring systems for radwaste processing rystems under SRP Sections 11.3
and 11.5, respectively. Containment Systems Branch (CSB), under SRP Sec-
tion 6.2.4, verifies that remotely operated containment isolation valves
in the PSS and PAS are designed to close on a containment isolation signal
(CIS) or safety injection signal (SIS). Instrumentation and Control Systems
Brancn (ICSB), under SRP Section 7.3, verifies that an override capability
exists for the containment isolation valves which will be used for post-
accident sampling of the reactor coolant, containment sump water, and con-
tainment atmosphere without clearing the CIS or SIS. Power Systems Branch
(PSB), under 5RP Section 8.3.1, ensures that power supplies shall be avail-
able to all remotely operated valves in the PAS, after detection of an
accident which requires containment isolation, assuming a concurrent loss
of offsite p .;ar. Equipment Qualification Branch (EQB), under SRP
Section 3.11, verifies that those valves which are inaccessible during an
accident are environmentally qualified to ensure operability under accident
conditior,s. Auxiliary System Branch (ASB), under SRP Section 3.6.1, reviews
the de,ign with respect to the effects of externally or internally generated
missiles, pipe whip, and jet impingement forces associated with postulated
pipe breaks in high energy fluid systems or leakage cracks in moderate
energy fluid systems.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their metheds of application are contained in
the referenced SRP section of the curresponding primary branch.

II. ACCEPTANCE CRITERIA

CMEB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

A. 10 CFR Part 20, g 20.1(c) as it relates to making every reasonacle effort
to maintain radiation exposures as low as is reasonably achievable.

B. General D0 sign Criterion 1 as it relates to the design of the PSS and PAS
and components to standards commensurate with the importance of their
safety functions.

C. General Design Criterion 2 as it relates to the PSS and PAS being able to
withstand the effects of natural phenoment.

D. General Design Criterion 13 as it relates to monitoring variables that can
affect the fission process, the integrity of the reactor core, and the
reactor coolant pressure boundary.

O
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E. General Design Criterion 14 as it relates to assuring the integrity of the
reactor coolant pressure boundary.

F. General Design Criterion 26 as it relates to controlling reliably the rate
of reactivity changes.

G. General Design Criterion 41 as it relates to reducing the concentration
and quality of fission products released to the environment following postu-
lated accidents.

H. General Design Criterion 60 as it relates t, s*dpability of the PSS and PAS
to controlliag the release of radioactive materials to the environment.

I. General Design Criterion 63 as it relates to detecting conditions that may
result in excessive radiation levels in the fuel storage and radioactive
waste systems.

J. General D .,ign Criterion 64 as it relates to monitoring the containment
atmosphere and plant environs for radioactivity, and

K. Clarifications of Section II.B.3 in NUREG-0737.

Specific criteria and guidelines of Regulat'ory Guides 1.21, 1.26, 1.29, 1.56,
1.97 and 8.8 are used to meet the relevant requirements f 1LO CFR Part 20,
9 20.1(c), General Design Criteria (GDC) 1, 2,13,14, 26, 11, 60, 63, and 64
in Appendix A to 10 CFR Part 50, and the clarifications of i?em II.B.3 in
NUREG-0737, as follows:

1. The applicant's design should be such that the PSS has the capability for
sampling all normal process systems and principal components, including
provisions for obtaining samples from at least the points indicated below. -

The guidelines of regulatory position C.2 in Regulatory Guide 1.21 (refer- t

ence 1) and regulatory positions C.1 and C.4.a in Regulatory Guide 1.56
(reference 2) are used to meet the requirements of the relevant General
Design Criteria (GDC).

L

GDC
.

a. For a pressurized water reactor (PWR):

Reactor coolant (e.g., letdown system, etc.) 13, 14, 26, 64
Refueling (borated) water storage tank. 13, 26
ECCS core flooding tank. 13
Boric acid mix tank. 13, 26
Boron injection tank. 13
Chemical additive tank. 13, 14, 41
Spent fuel pool. 63

.

Secondary coolant (e.g. , condensate hotwell) 13, 14 i
Pressurizer tank. 64

|Steam generator blowdown (if applicable). 14, 64
Secondary coolant condensate treatment waste 64 !

Sumps inside containment. 64
. Containment atmosphere. 64 i
I p Gaseous radwaste storage tanks. 63, 64

9.3.2-3 Rev. 2 - July 1981
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b. For a boiling water reactor (BWR):
Main condenser evacuation system offgas. 64
Reactor coolant (inlet and outlet of reactar

water cleanup system). 13, 14, 64
Standby liquid control system tank. 13, 20
Sumps inside containment. 64
Spent fuel pool. 63
Drywell atmosphere (Mark I & II). 64
Inlet and outlet of gaseous rad.aste

storage tank. 63, 64
Inlet and outlet of condensate polishing

system. 13, 14

Other sample points that may be included in the PSS but do not require
remote sampling are given in SRP Section 11.5.

2. The required analysis and frequencies should be given in the plant tech-
nical specifications.

3. CMEB will use the following guidelines for determining the acceptability
of the PSS functional design:

d. Provisions should be made to assure representative samples from liquid
process streams and tanks. For tanks, provisions should be made to
sample the bulk volume of the tank and to avoid sampling from low
points or from potential sediment traps. For process stream samples,
sample points should be located in turbulent flow zones. The guide-
lines of regulatory position C.6 in Regulatory Guide 1.21, (reference 1)
are used to meet these criteria.

b. Provisions should be made to assure representative samples from gaseous
process streams and tanks in accordance with ANSI N13.1-1969 (refer-
ence 3). The guidelines of regulatory position C.6 in Regulatory
Guide 1.21 (reference 1) are followed to meet this criterion.

c. Provisions should be made for purging sampling lines and for reducing
plateout in sample lines (e.g., heat tracing). The guidelines of
regulatory position C.7 in Regulatory Guide 1.21 (reference 1) are
followed to meet this criterion.

d. Provisions should be made to purge and drain sample streams back to
the system or origin or to an appropriate waste treatment system in
accordance with the requirements of 10 CFR Part 20, S 20.1(c) to keep
radiation exposures as low as is reasonably achievable. The guide-
lines of regulatory positions 2.d. (2), 2. f. (3), and 2. f. (8) in Regu-
latory Guide 8.8 (reference 5) are followed to meet this criterion.

e. Isolation valves should fail in the closed position, in accordance
with the requirements of GDC 60 in Appendix A to 10 CFR Part 50 to
control the release of radioactive materials to the environment.

f. Passive flow restrictions to limit reactor coolant 'oss from a rup-

ture of the sample line should be provided in accor.lar.ce with the
requirements of 10 CFR Part 20, S 20.1(c) to keep radiation exposures
to as low as reasonably achievable and the requirements of GDC 60
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in Appendix A to 10 CFR Part 50 to control the release of radioactive i

materials to the environment. The guidelines of position 2.i.(6) in !,m

(V)
Regulatory Guide 8.8 (reference 5) should be followed to meet this
criterion. Passive flow restrictions in the sample lines may be
replaced by redundant environmentally qualified, remotely operated
isolation valves to limit potential leakage from sampling lines. The
automatic containment isolation valves should close on containment
isolatien signals or safety injection signals.

4. To meet the requirements of GDC 1 and 2, the seismic design and quality
group classification of sampling lines, components and instruments for both
the PSS and PAS should conform to the classification of the system to which
each sampling line and component is connected (e.g., a sampling line con-
nected to a Quality Group A and seismic Category I system should be designed
to Quality Group A and seismic Category I classification), in accordar.ce
with regulatory positions C.1, C.2, and C.3 in Regulatory Guide 1.26 (refer-
ence 6), regulatory positions C.1, C.2, C.3, and C.4 in Regulatory Guide 1.29
(reference 7), and the guidelines of Regulatory Guide 1.97 (reference 8).
Components and piping downstream of the second isolation valve may be
designed to Quality Group D and nonseismic Category I requirements, in
accordance with regulatory position C.3 in Regulatory Guide 1.26 (refer-
ence 6).

5. The post-accident sampling system and operational procedures should meet
the guidelines of item II.B.3 in NUREG-0737 (reference 9) and of Regula-
tory Guide 1.97 (reference 8), and the following additional clarifications:

s a. To meet the requirements of GDC 13 and 14 in Appendix A to 10 CFR
) Part 50, if chemical analyses show that chloride concentration in

V the reactor coolant exceeds the Technical Specification limits, then
verification that the dissolved oxygen concentration is below the
Technical Specification limits will be mandatory. Verification of
hydrogen residual in excess of 10 cubic centimeters (at standard
temperature and pressure) per kilogram of reactor coolant will be
acceptable in lieu of direct analysis of dissolved oxygen for 20 days.

b. To meet the requirements of GDC 60 in Appendix A to 10 CFR Part 50,
if on-line gas chromatography is used for reactor coolant analyses,
special provisions (e.g., pressure relief and purging) should be
available to prevent high pressure carrier gas from entering the
reactor coolant.

c. To meet the requirements of GDC 60 in Appendh A to 10 CFR Part 50,
passive flow restrictions in the sampling lines may be replaced by
redundant, fully qualified, remotely operated isolation valves to
limit potential leakage from the sample lines. The automatic contain-
ment isolation valves should close on containment isolation signals
or safety injection signals. All remotely operated valves should have
assured power supplies and control so that they can be reopened after
an accident without clearing the isolation signal. Valves which are
inaccessible during an accident should be environmentally qualified
to ensure operability under accident conditions.

nv
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III. REVIEW PROCEDURES

The reviewer will select and emphasize material from this SRP section, as may
be appropriate for a particular case.

1. In the review of the process sampling system, CMEB compares the list of |
process sampling points contained in the SAR with the sampling points
identified in Subsection II.1, above, to assure that the required process
sampling points have been provided.

2. CMEB compares the capability of the system to obtain represeitative samples |
of process fluids and the locations of sampling points with the guidelines
for obtaining representative samples of fluids contained in regulatory
position C.6 of Regulatory Guide 1.21 (reference 1) and with the prin-

|ciples for obtaining represertative samples of gases contained in
ANSI N13.1-1969 (reference 3) |

3. CMEB compares the seismic design and quality group classifications of the |
PSS and PAS to the classifications of the fluid systems to which the samp- I
ling system is connected.

4. CMEB reviews the technical specifications for process sampling to deter- |
mine that the content and intent of the technical specifications are in
agreement with the requirements developed as a result of the staff's review.

5. CMEB verifies that previsions have been made to limit the potential for I
reactor coolant loss from the rupture of a sample line and provides
Accident Evaluation Branch with estimates of RCS fluid losses that would
result from sample line rupture.

6. CMEB reviews the post-accident sampling system and operational procedures
to determine compliance with the guidelines of item II.B.3 in NUREG-0737
(reference 9) and of Regulatory Guide 1.97 (reference 8), and the additional
clarifications in acceptance criterion 5 above. CMEB verifies that dilution,
mixing and sample collection steps will not introduce excessive analytical

CMEB verifies that the frequency of system functional testingerrors.
will be adequate to ensure operability of the system and that operators
are trained and kept proficient in the use of the system. CMEB reviews
the procedure for relating radionuclide concentrations to the extent of
core damage. CMEB reviews information pertaining to accuracy and sensi-
tivity of chemical analysis procedures and on-line instrumentation under
post-accident chemistry conditions (high specific sample activity and
possible analytical interference due to high levels of fission products-
iodine, iodide, bromide, cesium, rubidium).

IV. EVALUATION FINDINGS

CMEB verifies that sufficient information has been provided and that the review |
supports conclusions of the following type, to be included in the staff's safety
evaluation report:

The process and post-accident sampling systems include piping, valves,
|heat exchangers, and other components associated with the systems from

the point of sample withdrawal from a fluid system up to the analyzing
station, sampling station, or local sampling point. Our review included

9.3.2-6 Rev. 2 July 1981



the provisions proposed to sample all principal fluid process streams
associated with plant operation and the applicant's proposed design of

[' these systems. The review has included descriptive information for the
\ process and post-accident sampling systems and the location of sampling |

points, as shown on piping and instrumentation diagrams. The basis for
acceptance in our review has been conformance of the applicant's design
for the process and post-accident sampling systems to applicable regula- |

tions, guides, and industry standards.

The staff concludes that the design of the process and post-accident sampling
systems are acceptable and that the process sampling system meets the relevant
requirements of 10 CFR Part 20, S 20.1(c) and General Design Criteria 1, 2,
13,14, 26, 41 (for PWR only), 60, 63,and 64 in Appendix A to 10 CFR Part 50,
and the post-accident sampling system meets the relevant requirements of General
Design Criteria 1, 2, 13, 14, and 60 in Appendix A to 10 CFR Part 50 and the
clarifications of Section II.B.3 in NUREG-0737. This conclusion is based on
the following:

For PWR
_

The staff has determined that the proposed process sampling system meets
(1) the requirements of GDC 13 in Appendix A to 10 CFR Part 50 to monitor
variables that can affect the fissior process for normal operation, antici-
pated operational occurrences, and accident conditions, by sampling the
reactor coolant, the ECCS core flooding tank, the refueling water storage
tank, the boric acid mix tank, and the boron injection tank for boron con-
centrations; (2) the requirements of GDC 13 and 14 in Appendix A to 10 CFR
Part 50, to monitor vr ' tbles that can affect the reactor coolant pressureps

g ) boundary and to assure low probability of abnormal leakage, rapidly
U propagating failure, and gross rupture, respectively, by sampling the

reactor coolant and tne secondary coolant for chemical impurities that can
affect the reactor coolant pressure boundary; (3) the requirements of
GDC 26 in Appendix A to 10 CFR Part 50 to control the rate of reactivity
changes, by sampling the reactor coolant, the refueling water storage tank,
and the boric acid mix tar,k for boron concentration; (4) the requirements
of GDC 13, 14, and 41 in Appendix A to 10 CFR Part 50 to monitor variables
that can affect the integrity of the reactor core and reactor coolant pres-
sure boundary and to reduce the concentration and quality of fission products
released to the environment following postulated accidents, respectively,
by sampling the chemical additive tank for chemical additive concentrations,
to ensure an adequate supply of chemical for meeting the material compati-
bility requirements and the elemental iodine removal requirements of the
containment spray and recirculation solutions following a postulated acci-
dent; and (5) the requirements of GDC 64 in Appendix A to 10 CFR Part 50
to monitor for radioactivity that may be released from normal operations,
including anticipated operational occurrences, and from postulated acci-
dents, by sampling the .cactor coolant, the pressurizer tank, the steam
generator blowdown, the secondary coolant condensate treatment waste, the
sump inside containment, the containment atmosphere, and the gaseous rad-
waste storage tank for radioactivity.

For BWR

Q The staff has determined that the proposed process sampling system meets
(1) the requirements of GDC 13 and 14 in Appendix A to 10 CFR Part 50 to

9.3.2-7 Rev. 2 - July 1981
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monitor variables that can affect the reactor coolant pressure boundary
and to assure a low probability of abnormal leakage, rapidly propagating
failure, and gross rupture, respectively, by sampling the t eactor coolant,
and tf condensate for chemical impurities that can affect the reactor coulant
pressure boundary; (2) the requirements of GDC 13 and 26 in Appendix A to
10 CFR Part 50 to maintain the reactor core subcritical under cold condi-
tions in the event that control rod system is inoperable, by sampling tSc
standby liquid control system tank for boron concentratioc.; and (3) the
requiremonts of GDC 64 in Appendix A to 10 CFR Part 50, to monitor for
radioactivity that may be released from normal operations, including
anticipated operational occurrences, and from postulated accidents, by
sampling the reactor coolant, the main condenser evacuation system offgas,
the sump inside containment, the drywell atmosphere, and the gaseous rad-
waste storage tank for radioactivity.

For both PWR and BWR

The staff has further determined that the proposed process sampling system
meets (a) the requirements of 10 CFR Part 20, S 20.1(c) to keep radiation
exposures to as low as is reasonably achievable and of GDC 60 in Appendix A
to 10 CFR Part 50 to control the release of radioactive materials to the
environment, by purging and draining sample streams back to the system or
origin or to an appropriate radwaste treatment system, and by providing
either redundant isolation valves that fail in the closed position or
passive flow restrictions in the sampling lines; and (b) the requirements
of GDC 63 in Appendix A to 10 CFR Part 50, to detect conditions that may
result in excessive radiation levels in fuel storage and radioactive waste
systems, by sampling the spent fuel pool water and the gaseous radwaste
storage tank for radioactivity.

The staff also has determined that the proposed process sampling and post-
accident sampling systems meet the quality standards requirements of GDC 1
and the seismic requirements of GDC 2 in Appendix A to 10 CFR Part 50, by
designing the sampling lines and components of the process and post-accident
sempling systems to conform to the classification of the system to which
each sampling line and component is connected, in accordance with the regu-
latory positions C.1, C.2, and C.3 of Regulatory Guide 1.26, the regulatory
positions C.1, C.2, C.3, and C.4 of Regulatory Guide 1.29, and the guide-
lines of Regulatory Guide 1.97.

In addition, the staff has determined that the proposed post-accident
sampling system meets (1) the clarifications of item II.B.3 in NUREG-i

| 0737 by providing a sampling program to obtain and analyze promptly samples
from the reactor coolant and the containment atmosphere, for radionuclides
which may be indicators of the degree of core damage and for dissolved
gases, chloride and boron concentrations irf liquids, following a postu-
lated accident, in accordance with the guidelines of Regulatory Guide 1.97;i

(2) the requirements of GDC 13 and 14 in Appendix A to 10 CFR Part 50, to
| monitor variables which can affect the integrity of the reactor core and

the reactor coolant pressure boundary for accident conditions, and toi

! assure a low probability of abnormal leakage, rapidly propagating failure,
and gross rupture, respectively, by keeping the oxygen concentration in

'

the reactor coolant below the Technical Specification limits when the
chloride concentration exceeds the Technical Specification limits, or by
having excessive hydrogen dissolved in the reactor coolant; and (3) the
requirements of GDC 60 in Appendix A to 10 CFR Part 50 to control the

i 9.3.2-8 Rev. 2 - July 1981
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release of radioactive materials to the environment, by preventing high-
pressure carrier gas used in gas chromatographic analysis of reactor cool-,,

ant from entering the raactor coolant, and by providing passive flow
restrictions or fully qualified, remotely operated isolation valves in
the sampling lines, to limit potential leakage from the sampling lines.

V. IMPLEMENT _ATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREG.

VI. REFERENCES

1. Regulatory Guide 1.21, " Measuring, Evaluating, and Reporting Radioactivity
in Solid Wastes and Releases of Radioactive Materials in Liquid and Gaseous
Effluents from Light-Water-Cooled Nuclear Power Plants."

2. Regulatory Guide 1.56, " Maintenance of Water Purity in Boiling Water
Reactors."

3. ANSI N13.1-1969, " Guide to Sampling Airborne Radioactive Materials in |
Nuclear Facilities," American National Standards Institute (1969).

4. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants," LWR Edition.

5. Regulatory Guide 8.8, "Information Relevant to Ensuring That Occupational
Radiation Exposures at. Nuclear Power Stations Will Be As Los As Is Reason-
ably Achievable."

6. Regulatory Guide 1.26, " Quality Group Classifications and Standards for |

Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

7. Regulatory Guide 1.29, " Seismic Design Classification." I

8. Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear
Power Plants to Assess Plant and Environs Conditions during and following
An Accident."

9. NUREG-0737, '! Clarifications of TMI Action Plan Requirements."

10. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

O 11. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."
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12. 10 CFR Part 50, Appendix A, General Design Criterion 13, " Instrumentation
and Control."

13. 10 CFR Pa-t 50, Appendix A, General Design Criterion 14, " Reactor Coolant
Pressure Buundary."

14. 10 dFR Part 50, Appendix A, General Design Criterion 26, " Reactivity Control
System Redundancy and Capability."

15. 10 CFR Part 50, Appendix A, General Design Criterion 41, " Containment
Atmosphere Cleanup."

16. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of
Releases of Radioactive Materials o the Environment."

17. 10 CFR Part 50, Appendix A, General Design Criteri.)n 63, " Monitoring Fuel
and Waste Storage."

18. 10 CFR Part 50, Appendix A, General Design Cr Merion 64, " Monitoring Radio-
activity Releases."
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9.3.3 EQUIPMENT AND FLOOR DRAINAGE SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF RE i

The equipment and floor drainage system (EFDS) is designed to assure that waste
liquids, valve and pump leakoffs, and tank drains are directed to the proper area
for processing or disposal. The ASB reviews t.he equipment and ile drainage
system, including the collection and disposal of liquid effluents outside contain-
ment. This includes piping and pumps from equipment or floor drains to the sumps,
and any additional equipment that may be necessary to route effluents to the drain
tanks and then to the radwaste system.

1. The ASB reviews the EFDS capability to collect and dispose of all waste liquid
7
/ effluents so that th.y will be processed in a controlled and safe manner. ASB

V) will determine tha'-

The system is capable of handling the volume of leakage expected, includ-a.
ing the capacities of the sumps, drain tanks, and sump pumps.

b. The system is capable of preventing a backflow of water that might result
from maximum flood levels to areas of the plant containing safety-related
equipment.

There is no potential for inadvertent transfer of contaminated fluids toc.
a non-contcminated drainage system.

2. ASB also performs the following reviews under the SRP section indicated:

a. Review of flood protection is performed under SRP Section 3.4.1,
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b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1,

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2, and

d. Review of high and moderate energy pipe breaks is performed under
SRP Section 3.6.1.

In addition, the ASB will coordinate with other branch evaluations that inter-
face ith the overall review of the system as follows. The Effluent Treatment
Syst~ s Branch (ETSB) will provide verification that the radwaste system is
capso, of collecting, sampling, analyzing, and processing the effluents from
the EFDs consistent with the requirements for disposal of radwaste material as
part of its primary review responsibility for SRP Section 11.2. The Containment
Systems Branch (CSB) will verify that portions of the drain system penetrating
the containment barrier are designed with acceptable isolation features to main-
tain containment integrity for all operating conditions including accidents as
part of its primary review responsibility for SRP Section 6.2.4. The Radiolo-
gical Assessment Branch (RAB) will verify that the system will meet occupational
radiation protection criteria as part of its primary review responsibility for
SRP Section 12.3. The Power Systems Branch (PSB) verifies that power supplies
for safety-related portions of the EFDS meet criteria appropriate to its safety
function as part of its primary review responsibility for SRP Section 8.3.1.

The Structural Engineering Branch (SE8) determines the acceptability of the
design analyses, procedures, ad criteria used to establish the ability of
seismic Category I structures housing the system and supporting sys.tems to
withstand the effects of natural phenomena such as the safe shutdown earthquake
(SSE), the probat,le maximum flood (PMF), and tornado missiles as part of its
primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1
through 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) deter-
mines that the components, pip bg. and structures are designed in acccrdance
with applicable codes and standards as part of its primary review responsibility
for SRP Section; 3.9.1 through 3.9.3. The MEB also determines the aceptability
of the seismic and quality group classifications for system components as part
of its primary review responsibility for SRP Sections 3.2.1 ind 3.2.2. The
MEB also reviews the adequacy of the inservice testing program of pumps and
valves es part of its primary review responsibility for SRP bection 3.9.6. The
Materials Engineering Branch (MTEB) verifies that inservice inspection require-
ments are met for system components as part of its primary re/iew responsibilityi

' for SRP Section 6.6, and, upon request, verifies the compatibility of the materials
; of construction with services conditions. The review for fire protection, tech-
! ni.:al specifications, ar.d quality assurance are coordinated and performed by

the Chemical Engineering Branch, Licensing GuiAnce Branch, and Ouality Assurance
Branch as part of their primary review responsibility for SRP Sect ions 9.5.1,
16.0, and 17.0, recpectively.

For those areas of review identified above as being the responsibility of other
branches, the acceptance criteria and their methods of application are contained
in the SRP ser' ions identified as the primary review responsibility of those
branches.

O
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II. ACCEPTANCE CRITERIA

w
i Acceptability of the design of the equipment and floor drainage system, as

d described in the applicant's safety analysis report (SAR) is based on the
system meeting the following criteria:

1. General Design Criterion 2 as related to safety-related portions of the
system being capable of withstanding the effects of earthquakes. Accep-
tance is based on meeting the guidance of Regulatory Guide 1.29, Position c-1,
if any portion ir- deemed to be safety related, and Position C-2, for
nonsafety-related functi ns. The ASB uses the following to determine if
portions of the EFDS are safety related:

a. If the system is capable of detecting leaks in safety systems that
utilize the drainage system sumps, and is the only means for such
leakage detection, it is considered safety related in this regard.

b. If the system can cause the inundai. ion of niety-related areas due
to drain backflow that may result frcm ralfunction of active components,
blockage or the probable maximum flood, it is considered safety related
in this area.

c. If the system is connected so that an inadvertent transfer of contami-
nated fluids to noncontaminated drainage systems can occur, it is
considered safety related in this area.

d. If a failure or malfunction in a portion of the systc.n cculd result
in adverse effects on essential systems or components (i.e., necessary

(AV) for safe shutdown, accident prevention, or accident mitigation) it
is considered safety related in this area.

If none of the above safety-related criteria apply, then the EFDS need
not meet General Design Criterion 2.

2. General Design Critarion 4 with respect to the capability of withstanding
the effects of and.to be compatible with the environmental conditions
(flooding) associated with normal operation, maintenance, testing, and
postulated accidents (pipe break, tank ruptures). Acceptance is based on
the system being designed to prevent flooding which could result in
adverse effects on essential systems or components (i.e. , necessary for
safe shutdown, accident prevention, or accident mitigation).

3. General Design Criterion 60 as related to providing a means to control
suitably the release of radioactive materials in liquid effluent, including
anticipated operational occurrences. This criterion applie: since the
EFDS usually consists of two subsystems, radioactive and nonradioactive
and the inadvertent transfer of radioactive wastes to the nonradioactive
portion of the system could result in radioactive releases to the environs.
Acceptance is based on the system being designed to prevent the inadvertent
transfer of contaminated fluids to a noncontaminated drainage system for
dispcsal.

, ,

.
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III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criwria
given in subsection II. For revie.- of operating license (OL) applications,
the procedures are utilized to verify that the initial design criteria and
bases have been appropriately implemented in the final design as set forth in
the final safety analysis report.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in se section I. The primary
reviewer obtains and uses such input as required t_ assure that this review
procedure is complete.

The reviewer will select and emphasize material from this SRP section, as may
be appropriate for a particular case.

1. The SAR is reviewed to see that the EFDS description section, layout
drawings, and piping and instrumentation diagrams (P& ids) show the EFDS
layout and equipment, including pumps and valves necessary for routing
effluents, the minimum drain tank capacity system flow requirements,
connections to areas containing safety-related equipment or to non-
contaminated drain systems, and any use made of the EFDS for leakage
detection for safety-related systems. The reviewer determines which
portions of the EFDS have safety functions or can adversely affect safety-
related systems, using the criteria of subsection II, above. These
" essential" portions of the EFDS are then reviewed on the basis of the
criteria of subsection II, as is described in the paragraphs that follow. |

2. The EFDS nerformance requirements section of the SAR is reviewed to
confirm t'iat it describes component allowable operational degradation
(e.g. , drain blockage, sump pump leakage, or failures) for safety-related
portions of the system and describes the procedures that will be followed
to detect and correct these conditions if they become excessive. The
reviewer determines that essential portions of the system can sustain the
loss of any active component and meet minimum system requirements. The
system P& ids, layout drawings, and component descriptions and character-
istics are then reviewed for the following points:

a. Essential portions of the EFDS are correctly identified and are
isolable from the nonessential portions of the system to the extent

j required by system performance requirements.

b. Essential portions of the EFDS are classified Quality Group C or
higher and seismic Category I. Components and system descriptions
in the SAR are reviewed by ASB to verify that the seismic and safety |;

| classifications have been included, and that the P& ids indicate any
points of change in piping quality group classification. The review
for seismic design is performed by the SEB and the review for seismic
and quality classification is performed by the MEB as indicated in 4

subsection I of this SRP section.

3. The reviewer verifies that the system safety functions will be maintainet
as required, in the event of adverse environmental phenomena such as
earthquakes, or in the event of certain pipe breaks. The reviewer ev .'uates |
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the system, using engineering judgment, failure modes and effects analyses,
and the results of reviews performed under other SRP sections, to determine
that:

a. Failure of nonessential portions of the system, or of other systems
not designed to seismic Category I Standards and located close to
essential portions of the system, or of nonseismic Category I
structures that house, support, or are close to essential portions
of the EFDS, will not preclude operation of the essential portions
of the EFDS. Reference to SAR Chapter 2 (which describes site
features) and the general arrangement and layout drawings will be
necessary. Statements in the SAR to the effect that the above
conditions are met are acceptable,

,

b. System capability to prevent drain or flood water from backing up in
the drainage system into areas housing safety-related equipment has
been incorporated. Statements in the SAR that this capability is
provided are acceptable,

c. Provisions are made in the system to control and direct the flow of
radioactive waste fluids to the radsaste area. It will be acceptable
if the system P& ids and design criteria show that the potential for
inadvertent transfer of contaminated fluids to noncontaminated
drainage system for disposal has Leen precluded.

d. Essential portions of the system are protected from the effects of
high and moderate energy line breaks. Layout drawings are reviewed

p' to assure that no high or moderate energy piping systems are close
to essential portions of the EFDS, or that protection from the(d effects of failure will be provided. The means of providing such
protection will be given in Section 3.6 of the SAR, and the procedures
for reviewing this information are given in the corresponding SRP
sections.

4. The descriptive information, P& ids, EFDS drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
of the system can function as required following design basis accidents,
assuming a concurrent failure of a single active component. The reviewer
evaluates the analyses presented in the SAR to assure function of required
components, traces the availability of these c:mponents on system drawings,
and checks that the SAR contains verification that minimum system flow
requirements are met for each accident situation for the required time
spans. For each case, the design will be acceptable if minimum system
requirements are met.

IV. EVAllTION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The equipment and floor drainage system includes all piping from
equipment or floor drains to the sump, the st.mp pumps, and the
associated pumps and piping network necessary to route effluents to

() the drain tanks and then to the radwaste system. Portions of the
EFDS which are safety related as determined by the following criteria
are classified Seismic I and Quality Group C.
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If the system is capable of detecting leaks in safety systemsa.
that utilize the drainage system sumps, and is the only means
for such leakage detection, it is considered safety related in
this regard.

b. If the system can cause the inundation of safety-related areas
due to drain back flow that may result from malfunction of
active components, blockage or the probable maximum flood, it
is considered safety related in this area.

c. If the system is connected so that an inadvertent transfer of
contaminated fluids to noncontaminated drainage can occur, it
is considered safety related in this area.

d. If a failure or malfunction in a portion of the system could
result in adverse effects on essential systems or components
(i.e. , necessary for safe shutdown, accident prevention or
accident mitigation) it is considered safety related in this
area.

The basis for acceptance in the staff review has been conformance of
the applicant's desigt.s and design criteria for the essential portions
of the equipment and floor drainage system and necessary auxiliary
supporting systems to the Commission's regulations as set forth in
the general design criteria, and to applicable regulatory guides,
staff technical positions, and industry standards.

The staff concludes that the design of the equipment and floor
drainage system is acceptable and conforms to the requirements of
General Design Criteria 2, 4, and 60 with respect to seismic design,
environmental conditions, and control release of radioactive materials.
This conclusion is based on the following:

1. The applicant has met the requirements of General Design Criterion 2
with respect to seismic design by

a. meeting regulatory Position C-1 or C-2 in Regulatory
Guide 1.29 or

b. providing and meeting an alternative method to the regula-
tory Position C-1 or C-2 in Regulatory Guide 1.29 that tne
staff has reviewed and found to be acceptable

,

2. The applicant has met the requirements of General Design Criterion 4
with respect to environmental conditions by preventing flooding
which could result in adverse effects on essential systems er
components.

3. The applicant has met the requirements of General Design
Criterion 60 with respect to controlling release of radioactive
materials by preventing the inadvertent transfer of contaminated
fluids to portions of the systems for noncontaminated drainage.

V. IMPLEMENTATION

The following is intended te provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.
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Except is those cases in which the applicant proposes an acceptable alternative
method for complying with specified por* ions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of

s,_,/ conformance with Commission regulations. .

Implementation schedules for conformance to parts of the method discussed-
herein are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFF Part 50, Appendix A, General Design Criterion 2, " Design Bases for:
Prote .an Against Nature; Phenomena."'

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 60, ': Control of,

| Releases of Radioactive Materials to the Environment."

4. Regulatory Guide 1.29, " Seismic Design Classification."
i
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9.3.4 CHEMICAL AND VOLUME CONTROL SYSTEM (PWR) (INCLUDING BORON REC 0VERf SYSTEM)

REVIEW RESPONSIBILITIES

Primary - Chemical Engineering Branch (CMEB)

Secondary - None

I. MEAS OF REVIEW

Pressurized water reactor (PWR) plants include a chemical and volume control sys-
tem (CVCS) and boron recovery system (BRS). These systems maintain the required
water inventory and quality in the reactor coolant system (RCS), provide seal-water
flow to the reactor coolant pumps and pressurizer auxiliary spray, control the i
boron neutron absorber concentration in the reactor coolant, and control the
primary water chemistry and reduce coolant radioactivity level. Further, the I

system provides recycled coolant for demineralized water makeup for normal opera-
tion and the design may also provide high pressure injection flow to the emergency
core cooling system (ELCS) in the event of postulated accidents. The review is

(N performed to assure conformance with the requirements of General Design Criteria
)i,J (GDC) 1, 2, 5, 14, 29, 33, 35, 60, and 61.

A. The CMEB reviews the systems from the letdown line of the primary system to
the charging lines that provide makeup to the primary system and the reactor
coolant pumo seal-water system. The system is reviewed to the interfaces
with the demineralized water makeup system and radioactive waste system and
includes the following considerations:

1. The safety-related functional performance charar M.,stics of CVCS com-
ponents and the effects of adverse environmental occurrences, abnormal
operational requirements, or accident conditions such as thosa due to a
loss-of-coolant accident (LOCA).

2. The determination that a malfunction, a single failure of an active
component, or the loss of a cooling source will not reduce the safety-
related functional performance capabilities of the system.

I
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3. That quality group and seismic design requirements are met and the
effects of failure of equipment or components not designed to with-
stand seismic events on safety-related functions of the system are
evaluated.

|
4. The system features provided ta prevent precinitation of boric acid

in components and lines containing boric acid ;olutions, and the
adequacy of the system design to protect personnel fro.i the effects
of toxic, irritating, or explosive chemicals that may b used.

5. Provisions for operational testing and the instrumentation and cca-
trol features that determine and verify that the system is opeating
in the correct mode.

B. The review for fire protection is performed by CHEB in SRP Section 9.5.1.

CoordinatM re'.iews that interface with the overall review of the CVCS by
CMEB at ?.rformed by other branches as follows. The Reactor Systems
Branch (WSB) reviews the CVCS flow capacity and injection pressure to
verify that specified acceptable fuel design limits are not exceeded fol-
lowing a postulated LOCA in evaluating the ECCS function as part of its
primanj review responsibility for SRP Sectimis 6.3, 15.6.1, and 15.6.5.
RSB also reviews CVCS malfunctions that can result in a decrease in boron
concentration in the reactor coolant to assure that fuel damage limits
are not exceeded and that adequate time is available to terminate f.ne
dilution before the shutdown margin has been eliminated as part of its
primary review responsibility for SRP Section 15.4.5. The Core Performance
Branch (CPB) evaluates the injection of borated water into the RCS to
meet combined reactivity control system redundancy and capability require-
ments of GDC 26 and 27 as part of its primary review responsibility for SRP
Section 4.3. The liquid, solid, and gaseous waste treatment and process
and effluent radiological monitoring aspects of the CVCS are reviewed in
SRP Sections 11.2,11.3,11.4, and 11.5, respectively, by the Effluent Treat-
ment Systems Branch (ETSB) as part of its primary review responsibility
for those sections. The Radiation Assessment Branch (RAB), as part of its
primary review responsibility for SRP Sections 12.1 and 12.3, reviews the
system with respect to maintaining occupational radiation exposure as low
as reasonably achievable (ALARA) and to providing radiation protection
design features, respectively. The Instrumentation and Control Systems
Branch (ICSB) and the Power Systems Branch (PSB) evaluate the adequacy of
the design, installation, inspection, and testing of all electri al systems
(sensing, control, and power) required to pre,id- the safety-related func-
tions of the CVCS as part of their primary review responsibility for SRP
Sections 7.1, 7.6, and Appendix 7A for ICSB and SRP Section 8.3.1 for PSB.
The Structural Engineering Branch (SEB) determines the acceptability of the
design analysis, procedures, and criteria used to estatlish the ability
of seismic Category I structures housing the system and supporting systems
to withstand the effects of natural phenomena, such as the safe shutdown
earthquake (SSE), the probable maximum flood (PMF), and tornado missiles
as part or its primary review responsibility for SRP Sections 3.3.1, 3.3.2,
3.4.2, 3.5.3, 3.7.1, 3.7.2, 3.7.3, 3.8.4, and 3.8.5. The Mechanical
Engineering Branch (MEB) determines the acceptability of the seismic and
quality group classifications for systems components as part of its pri-
mary review responsibility for SRP Sections 3.2.1 and 3.2.2. The MEB
also determines that the piping, components, and structures are designed
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in accordance with applicable codes and standards as part of its primary
q review responsibility for SRP Sections 3.9.1, 3.9.2, and 3.9.3. The
f Auxiliary Systems Branch (ASB), as part of its primary review respon-

sibility for SRP Section 3.t .1, evaluates the effect of high- and moderate-
energy CVCS system piping failures outside containment to assure that other
safety-related systems will not be made inoperable. The ASB also evaluates
the capability of internally generated missiles both inside and outside
primary containment as part of its primary review responsibility for
SRP Sections 3.5.1.1 6nd 3.5.1.2. The ASB also evaluates the capability
of safety-related systems to withstand the effects of missiles generated
by natural phenomena or axternally generated missiles as part of its pri-
mary review responsibi ,y to SRP Sections 3.5.1.4 and 3.5.2. The ASB
also evaluates the capability of the CVCS to withstand external and inter-
nal flood conditions as part of its primary review responsibility for SRP
Sections 3.4.1 and 9.3.3. The Equipment Qualification Branch (EQB) reviews
the seismic qualification of Category I instrumentation and electric equip-
ment and the environmental qualificat' of mechanical and electrical
Jafety-related equipment as part of try review responsibility for
SRP Sections 3.10 and 3.11, respecti . Containment Systems Branch
(CSB) reviews the design of isolatio. , visions of those portions of the
CVCS that penetrate primary containme..t as part of its primary review re-
sponsibility for SRP Section 6.2.4. The HEB also reviews the adequacy of
the inservice testing program of pumps and valves as part of its primary
review responsibility for SRP Section 3.9.6. The Materials Engineering
Branch (MTEB) verifies that inservice nondestructive examination require-
ments are met for system components as part of its primary review
responsibility for SRP Sections 5.2.4 and 6.6. The review for technical
specificathns and quality assurance are coordinated and performed by the
Licensing Guidance Branch (LGB) and Quality Assurance Branch (QAB) as part
of their primary review responsibility for SRP Sections 16.0, 17.1, and
17.2, respectively.

For thcse areas of review identified above as being reviewed as part of
the primary review rasponsibility of other branches, the acceptance cri-
teria necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

Acceptability of the CVCS and BRS design, as described in the applicant's
safety analysis report (SAR), is based on specific general design criteria and
the positions of regulatory guides listed below.

The CMEB acceptance criteria are based or meeting the requirements of the fol-
lowing regulations:

A. General Design Criterion 1, as it relates to systerr ~mponents being as-
signed quality group classifications and application of quality standards
in accordance with tr e importance of the safety function to be performed.
Acceptance ; based on meeting the guidance in Regulatory Guide 1.26.

B. General Design Criterion 2, as it relates to structures housir.g the facil-
ity and the system itself being capable of withsta;iding the effects of
earthquakes. Acceptance is based on meeting the guidance of Regulatory

\ Guide 1.29, Position C.1, for safety-related portions of the system and
Position C.2 for nonsafety-related portions.
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C. General Design Criterion 5, it relates to shared systems and components
important to safety being capable of performing required safety functions.

D. General Design Criterion 14, as it relates to ar.suring reactor coolant
pressure boundary material integrity by means of the CVCS being capable
of maintaining reactor coolant system water chemistry necessary to meet
PWR reactor coolant system water chemistry technical specifications.

E. General Design Criterion 29, as it relates to the reliability of the CVCS
to provide negative reactivity to the reactor by supplying borated water
to the reactor coolant system in the event of anticipated operational
occurrences.

F. General Design Criteria 33 and 35 as they relate to the CVCS capahility
to supply reactor coolant makeup in the event of small breaks or leaks in
the reactor coolant pressure boundary, to function as part of ECCS assum-
ing a single active failure coincident with the loss of offsite power,
and to meet ECCS technical specifications.

G. General Design Criteria 60 an. 61 as they relate to CVCS components hav-
ing provisions for venting and draining through closed systems.

'
Other specific criteria used to review the CVCS and BRS design follows.

1. The CVCS should include provisions for monitoring:

a. temperature upstream of the demineralizer to assure that resin tem-
perature limits are not exceeded, and

b. filter demineralizer differential p. essure to a:,: Jre that pressure |
differential limits are not exceeded.

2. The CVCS should have provision for automatically diverting or isolating
the CVCS flow to the demineralizer in the event the demineralizer influent
temperature exceeds the resin temperature limit.

3. A program is implemented to leakage from the makeup and letdown lines in
accordance with Item III.D.1.1 of NUREG-0737 for OL applications and
III.D.1.1 of NUREG-0718 for CP applications.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set

i forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II. For the review of operating license (0L) applications,
the procedures are utilized to verify that the initial design criteria and bases

.

have been appropriately implemented in the final design as set forth in theI

final safety analysis report.
,

1

The procedures for OL applications include a determination that the content
and intent of the technical specifications prepared by the applicant are in
agreement with the requirements for system testing, minimum performance, and
surveillance developed as a result of the staff's review.
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Upon request from the primary reviewer, the coordinated review branches will
provide input for the areas of review stated in subsection I. The primarym

[Vprocedureiscomplete.Treviewerobtainsandusessuchinputsasrequiredtoassurethatthisreview

For the purpose of this SRP section, a typical system is assumed for use as a
guide since the design of the CVCS will vary with each reactor plant supplier.
It is assumed that the typical system consists of a regenerative heat exchanger
to cool the letdown flow from the RCS before processing through the demineralizers
and to reheat it prior to reinjection into the RCS, demineralizers, and filters
for removal of suspended and dissolved impurities, high pressure charging pumps
to inject makeup flow into the RCS, a volume control tank for system surge capa-
city and makeup volume, a boron makeup and storage system to provide neutron
absorber to the RCS as needed, evaporators and tanks for boron recovery and
demineralized water makeup, and a boron thermal regeneration subsystem to
minimize the quantity of waste water and allow reactivity control by varying
the temperature of demineralizers so as to remove or add boron to the CVCS.
For cases where there are variations from this system, the reviewer would adjust
the review procedures given below. However, the system design would be required
to meet the acceptance criteria given in subsection II.

A. The SAR is reviewed to determine that the system description and piping
and instrumentation diagrams (P& ids) show the CVCS equipment that is used
for normal operation, and the minimum system heat transfer and flow
requirements for normal plant operation. The system performance require-
ments will also be reviewed to determine that it limits expected component
operational degradation (e.g., pump leakage, heat exchanger scaling, resin
deterioration) and describes the procedures that will be followed top) detect and correct these conditions when they become excessive. The

s
reviewer, using the results of failure modes and effects analyses, com-U

parisons with previously approved systems, or independent calculations,
as appropriate, determines that the system can sustain the loss of any
active component and meet the minimum system requirements for plant shut-
down or accident mitigation. The system P& ids, layout drawings, and com-
ponent descriptions and characteristics are then reviewed for the following
points:

1. Essential portions of the CVCS are correctly identified and are
verified to be isolable from the nonessential portions of the
system and from interfacing systems such as demineralized water
makeup and radioactive waste systems. The P& ids will be reviewed to
verify that they clearly indicate physical divisions between such
pertions and indicate design classification changes. Systems drawings
are also reviewed to see that they show the means for accomplishing
isolation and the system description is reviewed to identify minimum
performance requirements for the isolation valves.

2. CMEB coordinates with MEB to assure that essential portions of the
CVCS, including the isolation valves separating essential portions
from nonessential portions, are classified Quality Group A, B, or C
and seismic Category I in accordance with the guidelines of Regula-
tory Guides 1.26 and 1.29; also, system descriptions in the SAR are
reviewed to verify that the above seismic and safety classificationsg

/ j have been included, and that the P& ids indicate any points of change
V in piping quality group classification.
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3. The failure of portions of the system or of other systems not designed
to seismic Category I standards and located close to essential por-
tions of the system, or of nonseismic Category I structures that
house, support, or are close to essential portions of the CVCS, will
not preclude operation of the essential portions of the CVCS (Position
C.2 of Regulatory Guide 1.29). Reference to SAR sections describing |
site features and the general arrangement and layout drawings will
be necessary, as well as the SAR tabulation of seismic design classi-
fications for structures and systems. Statements in the SAR that
verify that the above conditions are met are acceptable (CP).

;

4. Using the results of evaluations performed by CPB, the CMEB verifies
the adequacy of the system for reactivity control in the following
areas:

Boration of the reactor coolant system is accomplished througha.
either of two flow paths and from either of two boric acid i

sources, and CVCS meets PWR boration technical specificati '
This is verified from the review of P& ids and system * ..ription.

b. The amount of boric acid stored in the CVCS exceeds the amount
required to borate the reactor coolant system to cold shutdown
concentration, assuming that the control assembly with the high-
est reactivity worth is held in the fully withdrawn position,
and to compensate for subsequent xenon decay during any part of
core life. This is verified by coordinating with the CPB.

|

5. The adequacy of the CVCS for control of water chemistry is verified
by examination of the information provided in the SAR, i.e., the
allowable ranges for primary coolant activity, total dissolved solids,
pH, and maximum allowable oxygen and halide concentrations and veri-
fication that CVCS can meet PWR reactor coolant system water chemistry I
technical specifications.

6. The adequacy of resin overtemperature protection is verified by
| reviewing the system description and drawings to determine that
| temperature sensors are provided that will actuate the demineralizer

bypass or isolation valves. Also, verify that instrumentation is i
available to monitor filter demineralizer differential pressure. I

| 7. The boron thermal regeneration subsystem is reviewed to determine
the maximum change in primary coolant boron concentration due to
equipment or control errors as dete mined from failure modes and
effects analyses.

8. The operating procedures and controls for boron addition and primary
coolant dilution are reviewed for adequacy.

9. The system P& ids are examined to determine that all components and
piping that can contain boric acid will either be heat traced or will
be located within heated rooms to prevent precipitation of boric acid.

10. The application is reviewed with respect to establishing a leak reduc-
tion program in accordance with NUREG-0737 (OL applications) or NUREG-0718
(CP applications).
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B. The reviewar verifies that the safety function of the system will be main-
pI tained as iequired in the event of adverse environmental phenomena such as

earthquakes, tornadoes, hurricanes, and floods, or in the event of certain*

pipe breais or loss of offsite power. The reviewer uses engineering judg-
ment, fcilure modes and effects analyses, and the results of reviews per-
formed under other SRP sections, as applicable, to determine the following:

1. The system description and drawings are reviewed in conjunction with
the reactor coolant system to determine that the CVCS has sufficient
pumping capacity to maintain the RCS water inventory within the
allowable pressurizer level range for all normal modes of operation,
including startup from cold shutdown, full power operation, and plant
cooldown. Verify that CVCS can supply reactor coolant makeup in the
event of small pipe breaks and can function as part of the ECCS,
assuming a single active failure coincident with the loss of offsite
power. It is further ascertained from a review of the P& ids that
makeup to the RCS can be accomplished via two redundant appropriately
designed flow paths.

|

2. Essential components and subsystems (i.e., those necessary for safe
shutdown) can function as required in the event of loss of offsite
power. The system design will be acceptable if the CVCS meets
minimum system requiremm.ts as stated in the SAR assuming a failure
of a single active component, within the system or in the auxiliary
electric power source, which supplies the system. The SAR is reviewed
to verify that for each CVCS component or subsystem affected by the
loss of offsite power, boric acid addition and coolant charging

O capabilities meet or exceed minimum requirements. Statements in
the SAR and the results of failure modes and effect analyses are
considered in assuring that the system meets these requirements.
This will be acceptable verification of system functional reliability.

C. The descriptive information, P& ids, layout drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
of the system will fur.ction following design basis accidents assuming a
single active component failure. The reviewer evaluates the analyses
presented in the SAR to assure function of required components, traces
the availability of these component * on system drawings, and checks that
the SAR contains verification that minimum system flow and heat transfer
requirements are met for each accident situation for the required time
spans. For each case, the design will be acceptable if minimum system
reouirements are met.

D. The boron recovery system is not required for safe shutdown, or for the
prevention or mitigation of postulated accidents. The BRS will be
reviewed for the following: if the system tankage is of nonseismic
Category I design, the results of analyses which postulate the run+1re
of tanks are reviewed by AEB to verify that the accident releases are in
accordance with safe limits.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
O
h

review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

9.3.4-7 Rev. 2 - July 1981
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The chemical and volume control system (including boron recovery s; stem)
includes components and piping associated with the system from the let-
down line of the primary system to the charging lines that provide makeup
to the primary system and the reactor coolant pump seal water system.
Based on the review of the applicant's proposed design criteria, design
bases, and safety classification for the chemical and volume control sys-
tem, and the requirements for system performance of necessary functions
during normal, abnormal, and accident conditions, the staff concludes that
the design of the chemical and volume control system and supporting system
is acceptable and meets the requirements of General Design Criteria 1, 2,
5, 14, 29, 33, 35, 60, and 61. This conclusion is based on the follow-
ing: the applicant's design of the chemical and volume cont',ol system
meets (1) the requirements of General Design Criterion 1 and the guide-
lines of Regulatory Guide 1.26 by assigning quality group classifications
to system components in accordance with the importance of the safety
function to be performed; (2) the requirements of General Design Cri-
terion 2 and the guidelines of Regulatory Guide 1.29 by designing safety-
related portions of the system to seismic Category I requirements; (3)
the requirements of General Design Criterion 5 by designing the CVCS so
that components important to safety are not shared between nuclear power
units unless such sharing will not significantly impair the ability of
the CVCS to perform its safety functions in the event of an accident in
one unit and an orderly shutdown and cooldown of the remaining units; (4)
the requirements of General Design Criterion 14 by maintaining reactor
coolant purity and material compatibility to reduce corrosion and thus
reduce the probability of abnormal leakage, rapid propagating failure, or
gross rupture of the reactor coolant pressure beundary; (5) the require-
ments of General Design Criterion 29 as related to the reliability of the
CVCS to provide negative reactivity to the reactor by supplying borated
water to the reactor coolant system in the event of anticipated opera-
tional occurrences; (6) the requirements of General Design Criteria 33
and 35 by designing the CVCS with the capability to supply reactor coolant
makeup in the event of small breaks or leaks in the reactor coolant pres-
sure boundary and to function as part of ECCS assuming a single failure
coincident with loss of offsite power; (7) the requirements of General
Design Criteria 60 and 61 with respect to confining radioactivity by
venting and collecting drainage from the CVCS components through closed
systems; and (8) the provisions of III.D.1.1 of NUREG-0737 (OL) er
NUREG-0718 (CP) as it relates to establishing a leak reduction program.

V. IMPLEMENTAIION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformanca with Commissiten regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained ir the referenced regulatory guides.

O
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VI. REFERENCES

O 1. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards |
and Records."

2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, App'endix A, General Design Criterion 14, " Reactor Coolant |
Pressure Boundary.

5. 10 CFR Part 50, Appendix A, General Design Criterion 29, " Protection Against
Anticipated Operational Occurrences."

6. 10 CFR Part 50, Appendix A, General Design Criterion 33, " Reactor Coolant
Makeup."

,

7. 10 CFR Part 50, Appendix A, General Design Criterion 35, " Emergency Core |
Cooling."

8. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of |
Release of Radioactive Material to the Environment."

and Handling and Radioactivity Control."gn Criterion 61, " Fuel Storage |
10 CFR Part 50, Appendix A, General Desi9.

10. Regulatory Guide 1.26, " Quality Group C1'assifications and Standards for -

Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

11. Regulatory Guide 1.29, " Seismic Design Clasiification."

12. NUREG-0737, " Clarification of TMI Action Plan Requirements.

13. NUREG-0718, " Licensing Requirements for Pending Applications for Construc-
tion Permits and Manufacturing Licenses."

O
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SECTION 9.3.5 STANDBY LIQUID CONTROL SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

Boiling water reactor (BWR) plants include a standby liquid control system (SLCS)
that provides backup capability for reactivity control independent of the control
rod system. The SLCS functions by injecting a boron solution into the reactor to
effect shutdown. This system has the capability for controlling the reactivity
difference between the steady-state operating condition at any time in core life
and the cold shutdown condition. The review covers the SLCS design to the point
where the system connects to the reactor coolant system (RCS). The ASB reviews the
system to determine its adequacy to perform the shutdown function to assure conform-
ance with the requirements of General Design Criteria 2, 26, and 27. Other points

fm
t i reviewed by ASB are as follows:

)
1. The functional performance characteristics of SLCS components and the effects

of adverse environmental occurrences, abnormal operational conditions, or
accident conditions such as those due to a loss-of-coolant accident (LOCA).

2. The system to determine that a malfunction or a single failure of a component
will not reduce the safety-related functional performance capabilities of the
system.

3. The system design with respect to the capability to detect, collect, and control
system leakage and the capability to isolate portions of the system in case of
excessive leakage or cc sor.ent malfunctions.

4. The capability a the system to prevent precipitation of the neutron absorber
in components ano lines containing the absorber solutions.

5. The provisions for perational testing and the instrumentation and control
features that veri t that the system is available to operate in the correct
mode.
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'6. ASB also performs th: following revicws und:r th: SRP s:ctions indicat d:

a. Review of flood protection is performed under SRP Section 3.4.1;

b. Review of the protection against internally generated missiles is
performed under SRP Sections 3.5.1.1 and 3.5.1.2;

c. Review of the structures, systems and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2;

d. Review of hig5- and moderate energy pipe breaks is performed under
SRP Section 3.6.1; and

Review to verify that redundant reactivity control systems are note.
vulnerable to common mode failures is performed under SRP Section 4.6.

In addition, the ASB will coordinate other branches' evaluations that interface
with the overall review of the system as follows:

The Core Performance Branch (CPB) determines the adequacy of the specifica
boron neutrnn absorber gaantities and concentrations required in the primary
coolant to assure that the plant can ce brought from rated power to cold shut-
down at any time in core life with the control rods withdrawn in the rated
power pattern as part of its primary review responsibility for SRP Section 4.3.
The Structural Engineering Branch (SEB) determines the acceptability of the
design analyses, procedures, and criteria used to establish the a5ility of
Category I structures housing the system and supporting systems ' withstand
the effects of natural phenomena such as the safe shutdown earthquake (SSE),
the probable maximum flood (PMF), and tornado missiles as part of its primary
review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4,
3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) determines that the
components, piping, and structures are designed in accordance with applicable
codes ar.d standards as part of its primary review responsibility for SRP
Sections 3.9.1 through 3.9.3. The MEB also determines the acceptability of
the seismic and quality group classifications for system components as part of
its primary review responsibility for SRP Sections 3.2.1 and 3.2.2. The MEB
also reviews the adequacy of the inservice testing program of pumps and edives
as part of its primary review responsibility for SRP Sectio, 3.9.6. The Materials
Engineering Branch (MTEB) verifies that inservice inspection requirements are
met for system components as part of its primary review responsibility for SRP
Section 6.6 and, upon request, verifies the compatibility of the materials of
construction with service conditions. The Instrumentation and Control Systems
Branch (ICSB) and Power Systems Branch (PSB) determine the adequacy of the design,
installation, inspection, and testing of electrical components (sensing, control,
and power) required for proper operation as part of their primary rev'iew respon-
sibility for SRP Sections 7.1 and 8.1, respectively. The review for fire protec-
tion, technical specifications, and quality assurance are coordinated and performed
by the Chemical Engineering Branch, Licensing Guidance Branch, and Qiality
Assurance Branch as part of their primary review responsibility for SRP Sections
9.5.1, 16.0, and 17.0, respectively. The Equipment Qualification Branch (EQB)
reviews the seismic qualification of Category I instrumentation and electrical
equipment i...l t.'.e environmental qualification of mechanical and electrical
equipment as part of its primary review responsibility for SRP Sections 3.10
and 3.11, respectively. For those areas of review identified above as being
reviewed as part of the primary review responsibility of other branches, the
acceptance criteria and their methods of application are contained in the
referenced SRP sections of the corresponding primary branch.
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II. ACCEPTANCE CRITERIA,

/ ^ s Acceptability of the SLCS design, as described in the applicant's Safety Analysis
Repert (SAR), is based on specific general design criteria and regulatory guides. g
The design of the SLCS is accepeable if the integrated design of the system is
in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system
and the system itself being copable of withstanding the effects of earth-
quakes. Acceptance is based on meeting the guidance of Regulatory Guide
1.29, Position C 1.

2. General Design Criterion.26, as related ta the requirement that two
independent reactivity centrol systems of different design principles be
provided, and the requirement that one of the systems shall be capable of
holding the reactor subcritical in the cold condition.

3. General Design Criterion.27, as related to the requirement that the reac-
tivity control systems have a combined capability in conjunction with poison
addition by the emergency core cooling system, of reliably controlling
reactivity changes under postulated accident conditions. To meet GDC 27,
the system should have suitable redundancy in components and features to
assure system safety function assuming a single failure.

III. REVIEW PP0CEDURES

The prccedures below are used during the construction permit (CP) review 'o
determine that the design criteria and bases and the preliminary design as set

[ ,T forth in the preliminary safety analysis report meet the acceptance criteria
V qiven in subsection II of this SRP section. For the review of operating license

(Oi.f applications, the procedures are utilized to verify that the initial design
criteria and bases have been appropriately implemented in the final design as
set forth in the final safety analysis report.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I of this SRP section.
Tne primary reviewer obtains and uses such input as required to assure that
this review procedure is complete.

ForthepurposeofthisSRPseci, ion,atypicalsystemisassumedforuseasa
guide. It is assumed that the SLCS consists of a boron solution tank, a test
water trak, two positive displacement pumps, two explosive valves, and associated
local valves and controls. For cases where there are variations from this system,
the reviewer weald adjust the r9 view procedures given below. However, the system
design would be required to meet the acceptance criteria given in subsection II
of this SRP section.

1. The SAR is reviewed to determine that the system description and piping
and instrumentation diagrams (P& ids) delineate the SLCS equipment. The
reviewer, using the results of failure modes and effects analyses, compari-
sons with previously approved systems, or independent calculations, as
appropriate, determines that the system can sustain the loss of any active
component and meet the minimum system requirements for the safe shutdown
and accident mitigation. The systen P& ids, layout drawings, and component

[m) descriptions and characteristics are reviewed to determine the following:
J

,
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a. The SLCS i classified Quality Group B and seismic Category I.
Component a..d system descriptions in the SAR are reviewed by the ASB
to verify that the above classifications have been included, and the
P& ids should indicate any points of change in piping quality group
classification. The review for seismic design is performed by the
SEB and the review for seismic and quality classification is performed
by the MEd as indicated in subsection I of this SRP section.

b. Design prwisions have been made that permit appropriate inservice
inspection and functional testing of the system. It will be accep-
table if the SAR information delineates a testing and inspection
program and if tne system drawings show the connections and special
piping and equipment required by this program.

c. Using the results of the evaluation performed by the Core Performance
Branch, the ASB determines that the system has the capability to store
the required quantity of neutron absorber in solution and that the
injection rate is sufficie:nt to bring the reactor from rated power
to cold shutdown at any time in core life with the control rods remain-
ing withdrawn in the rated power pattern, taking into account the
reactivity gains from complete decay of the rated power xenon inventory,
an allowance for imperfect mixing and leakage, and dilution by the
residual heat removal system.

d. The system P& ids indicate that adequate means are provided to maintain
the system temperature above the saturation temperature of the neutron
absorber solution.

,

e. The controls and the summary of operating and test procedures for
neutron absorber addition are adequate.

2. The reviewer verifies that the safety function of the system will be main-,

tained as required in the event of adverse environmental phenomens such
as earthquakes, tornadoes, hurricanes, and floods, or il the event of
certain pipe breaks or loss of of Oite power. The reviewer uses engineering
judgment, failure modes and effects analyses, and the results of reviews
performed under other SRP sections, as applicable, to determine the following:

a. The failure of systems not designed to seismic Category I standards
and located close to essential portions of the system, or of non-seismic

'
structures that house, supnort, or are close to essential portions
of the SLCS, will not preclude operation of the SLCS. Reference to
SAR sections describing site features and the general arrangement
and layout drawings will be necessary, as well as the SAR tabulation
of seismic design classifications for structures and systems. State-
ments in the SAR that verify that the above conditions are met are
acccptable. (CP)

b. ~he SLCS is protected from the effects of floods, hurricanes, tornadoes,
and internally or externally generated missiles. Flood protection
and mi:,sile p.mtection criteria are discussed and evaluated in detail
under the SRP Sect.an 3 series. The location and the design of the
system, structures, and pump rooms (cubicles) are reviewed to determine
that the degree of protection provided is adequate. A statement to
the effect that the system is located in a seismic Cateqory I structure
that is tornado missile and flood protected, or that con.ponents of

- 9.3.5-4 Rev. 2 - July 1981
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the system will be located in individual cubicles or rooms that will
withstand the effects of both flooding and missiles is acceptable.

k/ c. Essential components and subsystems (i.e., those necessary for safe
shutdown) can function as required in the event of loss of offsite
power. The system design is acceptable if the SLCS meets minimum
system requirements as stated in the SAR assuming a failure of a single
active component within the system or in the auxiliary electric power
source which supplies the system. Statements in the SAR and the results
of tailure mod'es and effects analyses are considered in assuring that
the system meets these requirements. Thi:, will be an acceptable
verification of system functional reliability.

3. The descriptive information, P& ids, layout drawings, and failure modes
and effects analyses in the SAR ate reviewed to assure that essential por-
tions of the system will function following design basis accidents assuming

; a single active component failure. The revievter evaluates the information
in trie SAR to assure function of required componente, tracas the availability
of these components on system drawings, and checks that the SAR contains
verification that minimum system flow requirements are met for each accident
situation for the required time spans. For each case, the design will be
acceptable if minimum system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

U The standby liquid control system (SLCS) includes storage tanks, pumps,
valves, and piping to the point where the system connects to the reactor
coolant boundary. The SLCS, which is provided for BWRs only, provides
reactivity control in the event the control rods cannot be inserted. The
basis for acceptance in the staff review of the standby liquid control
system is the conformance of the applicant's design and design criteria to
the Commission's regulations as set forth in the General Design Criteria and
to the positions of applicable regulatory guides, staff technical positions,
and industry standards.

The staff concludes that the design of the standby liquid control system
is acceptable and conforms to the requirements of General Design Criteria 2,
26, and 27 with respect to seismic design, reactivity control system
redundancy, and reactivity control system capability. This conclusion
is based on the following:

1. The applicant has met the requirements of General Design Criterion 2
with respect to seismic design by meeting regulatory position C-1 of
Regulatory Guide 1.29.

2. The applicant has met the requirements of General Design Criterion 26
with respect to the redundancy of reactivity control systems by pro-
viding two independent reactivity control systems of different design
principles and with respect to the capability of holding the reactor

[) core subcritical under cold conditions.:

D
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3. The applicant has met the requirements of General Design Criterion 27
with respect to the combined capabilities of the reactivity control
systems to reliably control reactivity changes under postulated
accident conditions since the SLCS has the capability to shut down
the reactor with all control rods withdrawn, assuming a single failure.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's planc for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the met'.od discussed herein
are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

|
2. 10 CFR Part 50, Appendix A, General Design Criterion 26, " Reactivity Control

System Redundancy and Capability."

3. 10 CFR Part 50, Appendix A, General Design Criterion 27, " Combined Reactivity
Control Systems Capability."

4. Regulatory Guide 1.29, " Seismic Design Classification."

O
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9.4.1 CONTROL ROOM AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The function of the control room area ventilation system (CRAVS) is to provide a
controlled environment for the comfort and safety of control room personnel and
to assure the operability of control room components during normal operating,
anticipated operational transient, and design basis accident conditions.

The ASB reviews the CRAVS from the air intake to the point of discharge where the
system connects to the gaseous cleanup and treatment system or station vents to
assure conformance with the requirements of General Design Criteria 2, 4, 5, 19

The review includes components such as air intakes, ducts, air condi- |
A)and60.( tioning units, filters, blowers, isolation dampers or valves, and exhaust fans.
'v' The review of the CRAVS covers the control room, switchgear and battery room,

access contr31 area, control building heating, ventilating, and air conditioning
(HVAC) equipment room, and computer room.

1. The ASB reviews the CRAVS to determine the safety significance of the system.
Basef on this determination, the safety-related portions of the system are
reviewed with' respect to the functional performance requirements to maintain
the habitabilitv of the control room area and other safety-related areas
served by the ccntrol room ventilation system during adverse environmental
occurrences, during normal operation, anticipated operational occurrences,
and subsequent to postulated accidents. The review includes the effects of
radiation, combustion and other toxic products, and the coincidental loss of
offsite power. The ASB reviews safety-related portions of the system to
assure that:

a. A single active failure cannot result in loss of the system functional
performance capability.
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b. Failures of nonseismic Category I equipment or componerits will not
affect the CRAVS.

2. The ASB also reviews safety-related portions of the CRAVS with respect to
the following:

a. The ability of the control room heating and cooling subsystems to
maintain a suitable ambient temoerature for control room personnel
and equipment.

b. The ability to detect, filter, or expedite safe discharge of airborne
contaminants inside the control room.

c. The provisions for the detection and isolation of portions of the
system in the event of fires, failures, or malfunctions.

d. The ability of essential equipment being serviced by the ventilation
system to function under the worst anticipated degraded CRAVS
performance.

3. The ASC also performs the following reviews under the SRP sections indicated: |

a. Review of flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2.

d. Review of high- and moderate-energy pipe breaks is performed under
SPP Section 3.6.1.

The ASB will coordinate evaiuations performed by other branches that interface
with the overall evaluation of the system as fcllows:

The Instrumentation and Control Systems Branch (ICSB) and Power Systems Branch
(PSB) determine the adequacy of the design, installation, inspe: tion, and test-
ing of all essential electrical componentt (sensing, control, and power)
required for proper operation as part of their prirrary review responsibility
for SRP Sections 7.3 and 8.3.1 respectively. The Structural Engineering Branch
(SEB) determines the acceptability of the design analyses, procedures, and
criteria used to establish the ability of seismic Category I structures housing
the system and supporting systems to withstand the effects of natural phenomena
such as the safe shutdown earthquake (SSE), the probable maximum flood (PMF),
and tornado missiles as part of its primary review responsibility for SRP
Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 thru 3.7.4, 3.8.4, and 3.8.5. The
Mechanical Engineering Branch (MEB) determines that the components, piping,
and structures are designed in accordance with applicable codes and standards
as part of its primary review responsibility for SRP Sections 3.9.1 thru 3.9.3.
The MEB, also, determines the acceptability of the seismic and quality group
classifications for system components as part of its primary review responsi-
bility for SRP Sections 3.2.1 and 3.2.2.

9.4.1-2 Rev. 2 - July 1981
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MEB also reviews the adequacy of the inservice testing program of pumps and
valves as part of its primary review responsibility for SRP Section 3.9.6.

,

Q The Materials Engineering Branch (MTEB) verifies that inservice inspection
grequirements are met for system components as part of its primary review

responsibility for SRP Section 6.6. The review for Fire Protection, Technical
Specifications, and Quality Assurance are coordinated and performed by the
Chemical Engineering Branch, Licens ig Guidance Branch, and Quality Assurance
Branch as part of their primary review responsibility for SRP Sections 9.5.1,.

16.0, and 17.0, respectively. The Effluent Treatment Systems Branch (ETSB)
' evaluates the effectiveness of the system filters to remove airborne contaminants

prior to discharge to the environment as part of its primary review responsibility
for SRP Section 6.5.1. The Accident Evaluation Branch (AEB) evaluates the
concentrations of airborne contaminants in the vicinity of the intake and exhaust
vents resulting from accidental release on the plant site and evaluates the
capability of the system to maintain control room habitability as part of its

| primary review responsibility for SRP Section 6.4. The Equipment Qualification
Branch (EQB) reviews the seismic qualification of Category I electrical components4

and the environmental qualification of mechanical and electrical components as
part of its primary review responsibility for SRP Sections 3.10 and 3.11,
respectively. For those areas of review identified above as being reviewed as
part of the primary review responsibility of other branches, the acceptance
criteria necessary for the review and their methods of application are contained
in the referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA
,

;

Acceptability of the CRAVS design, as described in the applicant's safety
analysis report (SAR), is based on specific general design criteria andf,~.
regulatory guides.

The design of safety-related portions of the CRAVS is acceptable if the,

integrated design of the system is in accordance with the following criteria:

1. General Design Criterion 2, as related to the system being capable of
withstanding the effects of earthquakes. Acceptance is based on meeting
the guidance of Regulatory Guide 1.29, position C.1 for safety-related
portions, and position C.2 for nonsafety-related portions.

2. General Design Criterion 4, with respect to maintaining environmental
conditions in tte control room compatible with the design limits of
essential equiptent located therein during normal, transient, and accident
conditions.

3. General Design Criterion 5, as related to shared systems and components
important to safety.

4. General Design Criterion 19, as related to providing adequate protection
to permit access and occupancy of the control room under accident conditions.
Acceptance is based on meeting the guidance of Regulatory Guide 1.78 relating
to instrumentation to detect and alarm any hazardous chemical release in
the plant vicinity and relating to the systems capability to isolate the
control roorr from such releases and the systems capability to meet the
single failure criterion, positions C.3, C.7, and C.14, respectively; and
Regulatory Guide 1.95 relating to the systems capability to limit the'

accumulation of chlorine wib;in the control room and the systems capability'

\ to meet the single failure criterion, positions C.4a and C.4d.
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Regulatory Guide 1.95 relating to the systems capability to limit the
accumulation of chlorine within the control room and the systems capability
to meet the single failure criterion, positions C.4a and C.4d.

5. General Design Criterion 60, as related +o the systems capability to suit-
ably control release of gaseous radioaci.1ve effluents to the environment.
Acceptance is based on meeting the guidance of Regulatory Guides 1.52 and
1.140, as related to design, testing, and maintenance criteria for atmos-
phere cleanup system and normal ventilation exhaust system air filtration
and adsorption units of light-water-cooled nuclear power plants,
position C.2, and positions C.1 and C.2, respectively.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II of this SRP section. For the review of operating license
applications, the procedures are used to verify that the initial design criteria
and bases have been appropriately implemented in the final design as set forth
in the final safety analysis report.

The primary reviewer will coordinate this review with the other areas of review
as stated in subsection I of this SRP section. The primary reviewer obtains
and uses such input as required to assure that this review procedure is complete.

As a result of various CRAVS designs proposed by applicants, there will be
variations in system requirements. For the purpose of this SRP section, a
typical system with redundant subsystems is assumed with each subsystem having
an identical essential (safety features) portion. For cases where there are
variations from this typical arrangement, the reviewer would adjust the review
procedures given below. However, the system design would be required to meet
the acceptance criteria given in subsection II of this SRP section. The
reviewer will select and emphasize material from this SRP section as may be
appropriate for a particular case.

1. The SAR is reviewed to verify that the system description and piping and
instrumentation diagrams (P& ids) show the CRAVS equipment used for normal
and emergency operations, and the ambient temperature limits for the areas
serviced. The system performance requirements section is reviewed to deter-
mine that it describes allowable component operational degradation (e.g.,
loss of cooling function, damper leakage) and describes the procedures
that will be followed to detect and correct these conditions. The reviewer,
using results from failure modes and effects analyses, determines that
the safety-related portion of the system is capable of functioning in spite
of the loss of any active component.

2. The system P& ids, layout drawings, and component descriptions and charac-
teristics are then reviewed to determine that:

a. Essential portions of the CRAVS are correctly identified and are
isolable from nonessential portions of the system. The P& ids are
reviewed to verify that they clearly indicate physical divisions
between such portions and indicate design classification changes.
System drawings are also reviewed to verify that they show the means
for accomplishing isolation and the system description is reviewed
to identify minimum performance requirements for the isolation dampers.
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For the typical system, the drawings and description are reviewed to
verify that two automatically operated isolation dampers in series
separate nonessential portions and components from the essintial
portions.(Oj

b. Essential portions of the CRAVS, including the isolation dampers
separating essential from nonessential portions are classified
seismic Category I. Compone.nt and system descriptions in the SAR
that identify mechanical and peiformance characteristics are reviewed
to verify that the above classifications have been included and that
the P& ids indicate points of change in design classification. The
review for seismic design is performed by SEB and the review for
seismic and quality group classification is performed by MEB as
indicated in subsection I of the SRP section.

c. Design provisions have been made that permit appropriate inservice
inspection and functional testing of system components important to
safety. It is acceptable if the SAR information delineates a testing
and inspection program and if the system drawings show the necessary
test recirculation loops around pumps or isolation valves that would
be required by this program.

3. The reviewer verifies that the system has been designed so that system
function will be maintained as required in the event of adverse environ-
mental phenomena or loss of offsite power. The reviewer evaluates the
system, using engineering judgment and the results of failure modes and
effects analyses to determine that:

O a. The failure of nonessential portions of the system or of other
('j nonessential systems, structures, or components located close to

essential portions of the system will not preclude operation of the
essential portions of the CRAVS. Reference to SAR sections describing
site features and the general arrangement and layout drawings will
be necessary, as well as the SAR tabulation of seismic design classifi-
cations for structures and systems. Statements in the SAR that verify
that the aoove conditions will be met are acceptable at the CP stage,

b. The essential portions of the CRAVS are protected from the effects
of floods, hurricanes, tornadoes, and internally or externally gen-
erated missiles. Flood protection and missile protection criteria
are discussed and evaluated in detail under the Section 3 ser.cs of the
SRP. The location and the design of the system, structures, anc pump
rooms (cubicles) are reviewed to determine that the degree of pro-
tection is adequate. A statement to the effect that the system is
located in a seismic Category I structure that is tornado missile
and flood protected, or that components of the system will be located
in individual seismic Category I cubicles or rooms that will withstand
the effects of both flooding and missiles is acceptable.

c. The total system has the capability to detect and control leakage of
airborne contamination into the system. It is acceptable if the

following conditions are met:

(1) The system P& ids show monitors located in the system intakes
that are capable of detecting radiation, smoke, and toxic-

(j chemicals. The monitors should actuate alarms in the control
room.
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(2) The capaoility for isolation of nonessential portions of the
CRAVS by two automatically actuated dampers in series is shown
on the P& ids.

(3) The CRAVS has provisions for an internal recirculation filtering
mode of operation or can discharge airborne contaminants from
the control room area using a once-through ventilation mode, as
applicable.

(4) Provisions for isolation of the control room upon smoke detec-
tion at the air intakes are shown on the P& ids. The isolation
may be actuated manually for most cases. Automatic isolation
may be required in special cases such as for fires resulting
from aircraft crashes.

d. Essential components and subsystems can function as required in the
event of loss of offsite power. The system design will be acceptable
if the CRAVS meets minimum system requirements as stated in the SAR
assuming a failure of a single active component within the system
itself or in the auxiliary electric power source which supplies the
system. The SAR is reviewed to see that for each CRAVS component or
subsystem affected by the loss of offsite power, the resulting sys-
tem operation will not affect safety of control room personnel or
the performance of any essential equipment. Statements in the SAR
and the results of failure modes and effects analyses are considered
in verifying that the system meets these requirements. This will be
an acceptable verification of system functional reliability.

4. The descriptive information, P& ids, CRAVS drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
of the system can function following design basis accidents assuming a
concurrent single active failure. The reviewer evaluates the analyses
presented in the SAR to assure function of required components, traces
the availability of these components on system drawings, and checks that
the SAR contains verification that minimum system isolation or filtration
requirements are met for each accident situtation for the required time
spans. For each case the design will be acceptable if minimum system
requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The control room area ventilation system (CRAVS) includes all com-
ponents and ducting from the intake vents to the exhaust structure.
All portions of the system whose failure may result in release of
radioactivity which causes an offsite dose of more than 0.5 rem to
the whole body or its equivalent to any part of the body are
classified seismic Category I and safety related. Based on the
review of the applicant's proposed design criteria, the design bases,
and safety classification for the control room area ventilation system,
and the requirements for system performance to maintain a suitable
environment during normal, abnormal, and accident conditions, the
staff concludes that the design of the control room area ventilation
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system and auxiliary supporting systems is in conformance with the
Commission's regulations as set forth in General Design Criteria 2,
4, 5, 19, and 60. This conclusion is based on the following:

1. The applicant has met the requirements of General Design
Criterion 2, " Design Bases for Protection Against Natural
Phenomena," with respect to the system being capable of with-
standing the effects of earthquakes by meeting the guidelines
of Regulatory Guide 1.29, " Seismic Design Classification,"
position C.1 for safety-related portions of the system and
position C.2 for nonsafety-related portions of the system.a

2. The applicant has met the requirements of General Design
; Criterion 4, "Environme.'tal and Missile Design Basis," by
' maintaining environmental conditions in the control room within

the design limits of the essential equipment located therein
for normal, transient, or accident conditions.

; 3. The applicant has met the requirements of General Design
Criterion 5, " Sharing of Structures, Systems, and Components
Important to Safety to Perform Required Safety Functions," with
respect to capability of shared systems and components important
to safety to perform required safety functions.

4. The applicant has met the requirements of General Design
Criterion 19, " Control Room," with respect to the capability of
the system to maintain a suitable environment in the control
room for occupancy during normal and accident conditions by

g meeting the guidelines of Regulatory Guide 1.78, " Assumptions
,

\ for Evaluating the Habitability of a Nuclear Power Plant Control
Room During a Postulated Hazardous Chemical Release," positions
C.3, C.7, and C.14, and Regulatory Guide 1.95, " Protection of
Nuclear Power Plant Control Room Operators Against an Accidental
Chlorine Release," positions C.4a and C.4d.

5. The applicant has met the requirements of General Design
Criterion 60, " Control of Releases of Radioactive Materials to
the Environment," with respect to the capability of the system

.

to suitably control release of gaseous radioactive effluents to:

the environment by meeting the guiaelines of Regulatory Guide 2.52,
" Design, Testing, and Maintenance Criteria for Atmosphere Cleanup
System Air Filtration and Adsorption Units of Light-Water-Cooled
Nuclear Power Plants," position C.2, and Regulatory Guide 1.140,
" Design, Testing, and Maintenance Criteria for Normal Ventilation
Exhaust System Air Filtration and Adsorption Units of Light-Water-
Cooled Nuclear Power Plants," positions C.1 and C.2.

V. IMPLEMENTATION

The following is in h dad to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of

(s conformance with Commission regulations.4
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Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 19, " Control Room."

5. 10 CFR Part 50, Apoendix A, General Design Criterica 60, " Control of
Releases of Radioactive Materials to the Environment."

6. Regulatory Guide 1.29, " Seismic Design Classification."

7. Regulatory Guide 1.52, " Design, Testing and Maintenance Criteria for
Atmosphere Cleanup System Air Filtration and Adsorption Units of Light-
Water-Cooled Nuclear Power Plants."

8. Regulatory Guide 1.78, " Assumptions for Evaluating the Habitability of a
Nuclear Power Plant Control Room During a Postulated Hazardous Chemical
Release."

9. Regulatory Guide 1.95, " Protection of Nuclear Power Plant Control Room
Operators Against an Accidental Chlorine Release."

10. Regulatory Guide 1.140, " Design, Testing and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants."
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9.4.2 SPENT FUEL P0OL AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The function of the spent fuel pool area ventilation system (SFPAVS) is to maintain
ventilation in the spent fuel pool equipment areas, to permit personnel access, and
to control airborne radioactivity in the area during normal operation, anticipated
operational transients, and following postulated fuel handling accidents.

The ASB reviews the SFPAVS from air intake to the point of discharge where the sys-
tem connects to the gaseous cleanup and treatment system or the station vents to
assure conformance with the requirements of General Design Criteria 2, 60, and 61. |
The review includes components such as air intakes, ducts, air conditioning units,

,- S filters, blowers, isolation dampers, and exhaust fans. The review of the SFPAVS

( ) covers all areas containing or adjacent to the spent fuel pool, including the spent
v' fuel cooling pump room.

1. The ASB reviews the SFPAVS to determine the safety significance of the system.
Based on this determination, the safety-related part of the system is reviewed
with respect to functional performance requirements during normal operation,
during adverse environmental occurrences, and subsequent to postulated acci-
dents, including the loss of offsite power. The ASB reviews safety-related
portions of the system to assure that:

a. A single active failure cannot result in loss of the system functional
performance capability.

|
b. Failures of nonseismic Category I equipment or components will not

affect the SFPAVS.
1

2. The ASB also reviews safety-related portions of the SFPAVS with respect to the
following:
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a. The capability to direct ventilation air from areas of low radio-
activity to areas of potentially higher radioactivity.

b. The capability to detect the need for isolation and to isolate
portions of the system in the event of failures or malfunctions,

c. The capability to actuate components not normally operating that
are required to operate during accident conditions, and to pro-
vide necessary isolation.

3. The ASB also performs the following reviews under the SRP sections
indicated:

a. Review of flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP Section
3.5.2.

d. Review of high and moderate energy pipe breaks is performed under
SRP Section 3.6.1.

The ASB will coordinate evaluations performed by other branches that interface
with ASB to complete the overall evaluation of the system as follows- The
Instrumentation and Control Systems B anch (ICSB) and the Power Systems Branch
(PSB) determine the adequacy of the design, installation, inspection, and test-
ing of all essential electrical components (sensing, control and power) required
for proper operation as part of their primary review responsibility for SRP
Sections 7.7 and 8.3.1 respectively. The Structural Engineering Branch (SEB)
determines the acceptability of the design analyses, procedures, and criteria
used to establish the ability of seismic Category I structures housing the
system and supporting systems to withstand the effects of natural phenomen-
such as the safe shutdown earthquake (SSE), the probably maximum flood (PMF),
and tornado missiles as part of its primary review responsibility for SRP
Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 thru 3.7.4, 3.8.4, and 3.8.5. The Mechanical
Engineering Branch (MEB) determines that the components, piping, and structures
are designed in accordance with applicable codes and standards as part of its
primary review responsibility for SRP Sections 3.9.1 thru 3.9.3. The MEB, also,
determines the acceptability of the seismic and quality group classifications
for system components as part of its primary review responsibility for SRP
Sections 3.2.1 and 3.2.2. The MEB also reviews the adequacy of the inservice
testing program of pumps and valves as part of its primary review responsibility
foi SRP Section 3.9.6. The Materials Engineering Branch (MTEB) verifies that
inservice inspection requirements are met for system components as part of its
primary review responsibility for SRP Section 6.6. The Effluent Treatment
Systems Branch (ETSB) evaluates the system functional performance to assure
that the system c,eets acceptable limits for radioactive releases during normal
operations as part of its primary review responsibility for SRP Section 11.3.
The Radiological Assessment Branch (RAB) evaluates the radiation protection
criteria as part of its primary review responsibility for SRP Sectinn 12.3.
The Equipment Qualification Branch (EQB) reviews the seismic qualification of
Category I instrumentation and electrical eqvipment, and the environmental
qualification of mechanical equipment as part of its primary responsibility

.
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|

for SRP Sections 3.10 and 3.11 respectively. The ETSB evaluates the effective-
ness of the SFPAVS filters to remove airborne contaminants prior to discharge
to the environment in SRP Section 6.5.1. The Accident Evaluation Branch (AEB)

j evaluates the radiological consequences of airborne contaminants resulting from
a fuel handling accident as part of its primary review responsibility for SRP
Section 15.7.4. The ETSB also reviews and evaluates the capability of the
SFPAVS to detect and control leakage of radioactive contamination from the

i system. The review for fire protection, technical specifications, and quality
assurance are coordinated and performed by the Chemical Engineering Branch,
Licensing Guidance Branch, and Quality Assurance Branch as part of their
primary review responsibility for SRP Sections 9.5.1, 16.0, and 17.0
respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria4

necessary for the review and their methods of application are contained in the
referenced SPP section of the corresponding primary branch.

j II. ACCEPTANCE CRITERIA

!
Acceptability of the SFPAVS design, as described in the applicant's safety analy-'

sis report (SAR), is based on specific general design criteria and regulatory
guides.

The design of safety-related portions of the SFPAVS is acceptable if the
integrated design of the system is in accordance with the following criteria:

J. General Design Criterion 2, as related to the system being capable of with-
standing the effects of earthquakes. Acceptance is based on meeting the

-/ guidance of Regulatory Guide 1.29, Position C.1 for safety-t elated portions
and Position C.2 for nonsafety-related portions.

2. General Design Criterion 5, as related to shared systems and cumponents
important to safety.

3. General Design Criterion 60, as related to the systems capability to suit-
j ably control release of gaseous radioactive effluents to the environment.
j Acceptance is based on meeting the guidance of Regulatory Guides 1.52 and

1.140, as related to design, testing, and maintenance criteria for atmo-i

sphere cleanup system and normal ventilation exhaust system air filtration
and adsorption units of light-water-cooled nuclear power plants, Position
C.2, and Positions C.1 and C.2 respectively. '-

4. General Design Criterion 61, as related to the systems capability to pro- i

vide appropriate containment, confinement, and filtering to limit releases
of airborne radioactivity to the environment from the fuel storage facility
under normal and postulated accident conditions. Acceptance is based on
meeting the guidance of Regulatory Guide 1.13, as related to the design
of the ventilation system for the spent fuel storage facility, Position
C.4.

III. REVIEW PROCEDURES

O The procedures below are used during the construction permit (CP) review to' determine that the design criteria and bases and the preliminary design as set
forth in the. Preliminary Safety Analysis Report meet the acceptance criteria
giver. in subsection II of this SRP section.

,
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For the review of operating license (0L) applications, the procedures are used
to verify that the initial design criteria and bases have been appropriately
implemented in the final design as set forth in the final safety analysis report.

The primary reviewer will coordinate this review with the other areas of review
as stated in subsection I of this SRP section. The primary reviewer obtains
and uses such inputs as required to assure that this review procedure is complete.

As a result of various SFPAVS designs preposed by applicants, there will be
variations in system requirements. For the purpose of this SRO section, a
typical system is .ssumed which has fully redundant subsystems, each having an
identical essential (safety features) portion. For cases where there are
variations from this typical arrangment, the reviewer would adjust the review
procedures given below. However, the system design would be required to meet
the acceptance criteria given in subsection II of this SRP section. The
reviewer will select and emphasize material from this SRP section as may be
appropriate for a particular case.

1. The SAR is reviewed to verify that the system deicription section and
piping and instrumentation diagrams (P& ids) show the SFPAVS equipment used
for normal operation and the ambient temperature limits for the area ser-
viced. The system performance requirements section is reviewed to determine
that it describes allowable component operational degradation (e.g., loss
of cooling function, damper leakage) and describes the procedures that
will be followed to detect and correct these conditions. The reviewer,
using results from failure modes and effects analyses as appropriate,
determines that the safety-related portion of the system is capable of
functioning in spite of the loss of any active component.

2. The system P& ids, layout drawings, and component descriptions and charac-
teri; tics are then reviewed to determine that:

a. Essential portions of the SFPAVS are correctly identified and are
isolable from nonessential portions of tm. system. The P& ids are
reviewed to verify that they clearly indicate the physical divisions
between such portions and indicate design classification changes.
System drawings are also reviewed to verify that they show the means
for accomplishing isolation and the system description is reviewed
to identify minimum performance requirements for the isolation dam-
pers. ror the typical system, the drawings and description are
reviewed to verify that two automatically operated isolation dampers
in series separate nonessential portions and components from the
essential portions. The review for seismic design is performed by
SEB and the review for quality group and seismic classification is
performed by MEB as indicated in subsection I of this SRP section.

b. Essential portions of the SFPAVS, including the isolation dampers
separating essential from nonessential portions, are classified
seismic Category I. Component and system descriptions in the SAR
that identify mechanical and performance characteristics are
reviewed to verify that the above classifications have been includ-
ed, and that the P& ids indicate any points of change in design
classification.

O
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Design provisions have been made that permit appropriate inservicec.
p inspection and functional testing of system comp wents important to

( >) safety. It is acceptable if the SAR information delineates a test-
,

ing and inspection program and if the system drawings show the%
necessary test recirculation loops around fans or isolation dampers
that would be required by this program.

3. The reviewer verifies that the system has been designed so that system
function will be maintained as required in the event of adverse environ-
mental phenomena or loss of offsite power. Tha reviewer evaluates the
system, using engineering judgment and failure modes and effects analyses,
to determine that:

a. The failure of nonessential portions of the systems or of other
systems not-designed to seismic Category I standards and located
close to essential portions of the system, or of nonseismic Category
I structures that house, support, or are close to essential portions
of the SFPAVS, will not preclude operation of the essential portions
of the SFPAVS. Reference to SAR sections describing site features
and the general arrangement and layout drawings will be necessary, as
well as the SAR tabulation of seismic design classifications for
structures and systems.

b. The essential portions of the SFPAVS are protected from the effects
of floods, hurricanes, tornadoes, and internally and externally
generated missiles. Flood protection and missile protaction criteria,

are discussed and evaluated in detail in the Section 3 series of the
SRP. The location and the design of the system, structures, and fan

('j rooms (cubicles) are reviewed to determine that the degree of pro-
tection is adequate. A statement to the effect that the system is
located in a seismic Category I structure that is tornado missile
and flood protected, or that components of the system will be located
in individual cubicles or roor.is that will withstand the effects of
both flooding and missiles, is acceptable.

c. The total system has the capability to detect and control leakage of
radioactive contamination from the system. It is acceptable if the

fo;10 wing conditions are met:

(1) The capability for isolating nonessential portions of the SFPAVS
by two automatically actuated dampers in series is shown in the
P& ids. *

(2) The SFPAVS has provisions to filter radioactive contaminants
from the spent fuel area by automatically isolating the normal
ventilation system and actuating the emergency exhaust system
before the first contaminated airborne particles and gases reach
the normal ventilation exhaust ducts.

d. Comoonents and subsystems necesssy for preventing the release of
radioactive contaminants can function as required in the event of
loss of offsite power. The system design will be acceptable if the
SFPAVS meets minimum system requirements as stated in the SAR assumingm

(wsJ
a failure of a single active component, within the system itself or
in the auxiliary electric power source which supplies the system.
The SAR is reviewed to see that for each SFPAVS component or subsystem
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affected by the loss of offsite power, the resulting system flow
capacity will not cause the loss of air flow from areas of los
potential radioactivity to areas of higher potential radioactivity.
Statements in the SAR and the results of failure modes and effects
analyses are considered in verifying that the system meets these
requirements. This will be aa acceptable verification of system
functional reliability.

4. The descriptive information, P& ids, SFPAVS drawings, and failur- modes
and effects analyses in the SAR are reviewed to assure that essential
portions of the system can function following design basis accidents
assuming a concurrent single active failure. The reviewer evaluates the
analyses presented in the SAR to assure function of required components,
traces the availability of these components on system drawings, and checks
that the SAR contains verirication that minimum system isolation or filtra-
tion requirements are met for each accident situation for the required
time spans. For each case, thn design will be acceptable if minimum system
requirements are met.

.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
rev ew supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The spent fuel pool area ventilation system (SFPAVS) includes all
components and ductwork from air intake to the point of discharge
where the system connects to the gaseous cleanup and treatment sys-
tem or station vents. All portions of the system whose failure may
result in release of radioactivity which causes a'i offsite dose of
more than 0.5 rem to the whole body or its equivalent to any part of
the body shall be classified seismic Category I and safety related.
Based on the review of the applicant's proposed design criteria, the
design bases, and safety classification for the spent fuel pool area
ventilation system and the requirements for system performance to
prevent an unacceptable release of contaminants to the environment
during aormal, abnormal, and accident conditions, the staff concludes
that the design of the spent fuel pool area ventilation system and
supporting systems is acceptable and meets the Commission's regula-
tions as set forth in General Design Criteria 2, 5, 60, and 61.

This conclusion is based on the following:

1. The applicant has met the requirements of GDC 2 with respect
to the system being capable of withstanding the effects of
earthquakes by meeting the guidelines of Regulatory Guide
1.29, Position C.1 for safety-related portions of the system
and Position C.2 for nonsafety-related portions of the system.

2. The applicant has met the requirements of GDC 5 with respect
to the capability of shared systems and components important
to safety to perform required safety functions since a single
failure of any shared portion of the system will not affect
the system's safety function for either unit.

9.4.2-6 Rev. 2 - July 1981
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3. The applicant has met the requiremerits of GDC o0 with respect
to the capability of the system to suitably control release

) of gaseous radioactive effluents to the environment bv c ewingg

V the guidelines of Regulatory Guide 1.52, Position C.2, and
Regulatory Guide 1.140, Positions C.1 and C.2.

4. The applicant has met the requirements of GDC 61 with respect'

to the system's capability to provide appropriate containment,
confinement, and filtering to limit releases of airborne
radioactivity to the environment from the fuel storage
facility under normal and postulated accident conditions
by meeting the guidelines of Regulatory Guide 1.13,
Position C.4.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding
the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

p VI. REFERENCES

\ /

" 1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

g

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of Struc-
i tures, Systems, and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of Releases
of Radioactive Materials to the Environment."

4. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

5. Regulatory Guide 1.13, " Fuel Storage Facility Design Basis."
|

6. Regulatory Guide 1.29, " Seismic Design Classification."

7. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for Atmo-
sphere Cleanup System Air Filtration and Adsorption Units of Light-Water-Cooled
Nuclear Power Plants."

8. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria for Normal
Ventilation Exhaust System Air Filtration and Adsorption Units of Light-Water-
Cooled Nuclear Power Plants."

O
L.)
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9.4.3 AUXILIARY AND RADWASTE AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None |

I. AREAS OF REVIEW

The ASB reviews the auxiliary and radwaste area ventilation system (ARAVS) from air
intake to the point of discharge where the system connerts to the gaseous cleanup
and treatment system or station vents to assure conformance with the requirements
of General Design Criteria 2, 5, and 60. The review includes components such as |
air intakes, ducts, air conditioning units, blowers, isolation dampers, and roof
exhaust fans. The review of the ARAVS cover ~ the radwaste areas and controlled
access nonradioactive areas and their relationship to safety-related areas in the
auxiliary building.

O 1. The ASB reviews the functional performance requirements and the air treatment
V equipment for the ARAVS to determine whether the ventilation system or portions

of the system have been designed or need to be designed as a safety-related
system. Based on this determination, the safety-related part of the system is
reviewed with respect to functional performance requirements during normal
operation, during adverse environmental occurrences, and during and subsequent
to postulated accidents, including the loss of offsite power. The ASB reviews
safety-related portions of the system to assure that:

a. A single active failure cannot result in loss of the system functional
performance capability.

b. Failures of nonseismic Category I equipment or components will not result
in unfiltered releases of radioactive contaminants.

2. The ASB also reviews safety-related portions of the ARAVS with respect to the
following:

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
apphcations to construct and operate nuclear power plants. These documents are made available to the public as part of the

[ Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
g plans are not substitutes for regulatory guides or the Commission's regulations and comphance with them is not required. The

standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.3
* Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the u.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation. Washington, D.C. 20555.

_ __



The capability to direct ventilation air from areas of low radio-a.
.ctivity to areas of pregres.sively higher radioactivity.

b. The capability te dr.Sc' t.he need for isolation and to isolate safety-
related portions of the system in the event of failures or malfunctions, |
and the capability of the isolated system to function under such condi-
tions.

3. The ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2.

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

The ASB will coordinate evaluations performed by other branches that interface
with the overall evaluation of the system as follows: The Instrumentation and
Control Systems Branch (ICSB) and Power Systems Branch (PSB) determine the
adequacy of the design, installation, inspection, and testing of all electrical
components (sensing, control, and power) required for proper operation as part
of their primary review responsibility for SRP Sections 7.7 and 8.3.1, respec-
tively. The Structural Engineering Branch (SEB) determines the acceptability
of the design analyses, procedures, and criteria used to establish the ability
of seismic Category I structures housing the system and supporting systems to
withstand the effects of natural phenomena such as the safe shutdown earthquake
(SSE), the probable maximum flood (PMF), and tornado missiles as part of its
primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through
3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) determines
that the components, piping, and structures are designed in accordance with
applicable codes and standards as part of its primary review responsibility
for SRP Sections 3.9.1 through 3.9.3. The MEB, also, determines the accept-
ability of the seismic and quality group classifications for system components
as part of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2.
The MEB also reviews the adequacy of the inservice testing program of pumps
and valves as part of its primary review responsibility for SRP Section 3.9.6.
The Materials Engineering Branch (MTEB) verifies that inservice inspection
requirements are met for system components as part of its primary review responsi-
bility for SRP Section 6.6. The review for fire protection, technical specifi-
cations, and quality assurance is coordinated and performed by the Chemical
Engineering Branch, Licensing Guidance Branch, and Quality Assurance Branch as
part of their primary review responsibility for SRP Sections 9.5.1, 16.0,
and 17.0, respectively. The Effluent Treatment Systems Branch (FTSB) evaluates
the system functional performance to assure thai, the system meets acceptable
limits for radioactive releases during normal operations and evaluates the
capability of the system to detect and control leakage of radioactive contami-
nation from the system as part of its primary review responsibility for SRP
Sections 11.3 and 11.5, respectively. The Radiological Assessment Branch (RAB)
evaluates the capability of the system to meet radioactive protection criteria
as part of its primary review responsibility for SRP Section 12.3.
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For those areas of review identified above as being part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
section of the corresponding primary branches.(vj

II. ACCEPTANCE CRITERIA

Acceptability of the ARAVS design, as described in the applicant's Safety
Analysis Report (SAR), is based on specific general design criteria and regula-
tory guides. The design of safety-related portions of the ARAVS is acceptable
if the integrated design of the system is in accordance with the following
criteria:

1. General Design Criterion 2, " Design Basis for Protection Against Natural
Pheromena," as related to the system being capable of withstanding the
effects of earthquakes. Acceptance is based on meeting the guidance of
Regulatory Guide 1.29, Position C.1 for safety-related portions, and
Position C.2 for nonsafety-related portions.

2. General Design Criterion 5, " Sharing of Structures, Systems, and Components,"
as related to shared systems and components important to safety.

3. General Design Criterion 60, " Control of Release of Radioactive Materials
to the Environment," as related to the capability of the system to suitably
control release of gaseous radioactive effluents to the environment. Accep-
tance is based on meeting the guidance of Regulatory Guide 1.140, as related
to design, . testing, and maintenance criteria for normal ventilation exhaust
system, air filtration, and adsorption units of light-water-cooled nuclear
power plants, Positions C.1 and C.2.

s"-
III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the Preliminary Safety Analysis Report meet the acceptance criteria
given in subsection II. For the review of operating license (0L) applications,
the procedu.'es are utilized to verify that the initial design criteria and bases
have been appropriately implemented in the final design as set forth in the
Final Safety Analysis Report. The procedures for OL reviews include a determi-
nation that the content and intent of the technical specifications prepared by
the applicant are in agreement with the requirements for system testing, minimum
performance, and surveillance developed as a result of the staff's review.

The primary reviewer will coordinate this review with areas of responsibility
assigned to other branches as stated in subsection I. The primary reviewer
obtains and uses such inputs as required to assure . hat this review procedure
is complete.

As a result of various ARAVS designs proposed by applicants, there will be
variations in system requirements. For the purpose of this SRP section, a
typical system is assumed which has fully redundant subsystems, each having an
identical essential (safety features) portion. For cases where there are
variations from this typical arrarigement, the reviewer would adjust the review

However, the system design would be required to meet
p ) procedures given below.the acceptance criteria given in subsection II. The reviewer will select and>

V emphasize material from this SRP section as may be appropriate for a particular
case.
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|1. The SAR is reviewed to verify that the system description and piping and
|instrumentation diagrams (P& ids) show the AF.AVS equipment used for normal I

operation, and the ambient temperature limits for the areas serviced.
The system performance requirements are reviewed to determine that allow-
able component operational degradation (e.g., loss of function, damper
leakage) and the procedures that will be followed to detect and correct
these conditions are adequately described. The reviewer, using results
from failure modes and effects analyses as appropriate, determines that
the safety-related portion of the system is capable of functioning in
spite of le failure of any active component.

2. The system P& ids, layout drawings, and component descriptions and charac-
teristics are then reviewed to determine that;

Essential portions of the ARAVS are correctly identified and area.
isolable from nonessential portions of the system. The P& ids are
reviewed to verify that they clearly indicate the physical divisions
between such portions and indicate design classification changes.
System drawings are also reviewed to verify that they show the means
for accomplishing isolation and the description is reviewed to
identify minimum performance requirements for the isolation dampers.
For the typical system, the drawings and description are reviewed to
verify that two automatically operated isolation dampers in series
separate nonessential portions and components from the essential
portions.

b. Essential portions of the ARAVS, including the isolation dampers
separating essential from nonessential portions, are classified
se'ismic Category I. Component and system descriptions in the SAR |
that identify mechanical and performence characteristics are reviewed
to verify that the above seismic classification has been included,
and that the P& ids indicate any points of change in design classifica-
tion.

3. The reviewer verifie; that the essential portion of the system has been
designed so that system function will be maintained as required in the
event of an earthquake or loss of offsite power. The reviewer evaluates |
the system, using engineering judgment and the results of failure modes
and effects analyses to determine that:

a. The failure of nonessential portions of the system or of other
systems not designed to seismic Category I standards and located
close to essential portions of the system, or of nonseismic Category I
structures that house, support, or are close to essential portions
of the ARAVS, will not preclude operation of the essential portions
of the ARAVS. Reference to SAR sections describir.) site features
and the general arrangement and layout drawings will be necessary,
as well as the SAR tabulation of seismic design classi'fications for
structures and systems. Statements in the SAR that verify that the
above conditions are met are acceptable. (CP)

b. Components and subsystems, necessary for preventing the release of
radioactive contaminants, can function as required in the event of
loss of offsite power. The system design will be acceptable if the
ARAVS meets minimum system requirements as stated in the SAR assuming
a failure of a single active component within the system or in the

9.4.3-4 Rev. 2 - July 1981

_



.
.

auxiliary electric power source which supplies the system. The SAR
is reviewed to see that for each ARAVS component or subsystem affected

Q]/ by the loss of offsite power. the resulting system flow capacity will
not cause the loss of preferred direction of air flow from areas of
low potential radioactivity to areas of higher potential radioactivity.
Statements in the SAR and the results of failure modes and effects
analyses are considered in verifying that the system meets these
requirements. This will be an acceptable verification of system func-
tional reliability.

4. The descriptive information, P& ids, ARAVS drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
of the system can function following det,ign basis accidents assuming a
concurrent single active failure. The reviewer evaluates the analyses
presented in the SAR to assure functioning of required components, traces
the availability of these components on system drawings, and checks that
the SAR contains verification that minimum system isolation or filtration
requirements are met for each acc dent situation for the required time
spans. For each case the design will be acceptable if minimum system
requirements are met. .j

IV. EVALUATION FINDINGS

The reviewer determines that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The auxiliary and radwaste area ventilation system (#RAVS) includes

(- all components and ductwork from air intake to the point of discharge
where the system connects to the gaseous clear.op and treatments
system or station vents. All portions of the system whose failure
may result in release of radioactivity which causes an offsite dose
of more than 0.5 rem to the whole body or its equivalent to any part
of the body shall be classified seismic Category I and safety related.
Based on the review of the applicant's proposed design criteria,
design bases, and safety classification for the auxiliary and radwaste
area ventilation system and the requirements for system performance
to preclude an unacceptable release of contaminants to the environment
during normal, abnormal, and accident conditions, the staff concludes
that the design of the auxiliary and radwaste area ventilation
system and auxiliary supporting systems is in conformance with the
Commission's regulations as set forth in General Design Criterion 2,
" Design Bases for Protection Against Natural Phenomena," General
Design Criterion 5, " Sharing of Structures, Systems, and Components,"
and General Design Criterion 60, " Control of Releases of Radioactive
Materials to the Environment."

.

This conclusion is based on the following:

1. The applicant has met the requirements of GDC 2, " Design Bases for Protection
Against Natural Phenomena," with respect to the system being capable of
withstanding the effects of earthquakes by meeting the guidelines of
Regulatory Guide 1.29, " Seismic Design Classification," Position C.1 for

n safety-related portions of the system and Position C.2 for nonsafety-

(v) related portions of the system. i,
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2. The applicant has met the requirements of GDC 5, " Sharing of Structures,
Systems, and Components Important to Safety to Perform Required Safety
Function," with respect to capability of shared systems and components
important to safety to perform required safety functions.

3. The applicant has met the requirements of GDC 60, " Control of Releases of
Radioactive Materials to the Environment," with respect to the e gability
of the system to suitably control release of gaseous radioactite effluents
to the environment by meeting the guidelines of Regulatory Guide 1.140,
" Design. Testing, and Maintenance Criteria for Normal Ventilation Exhaust
System Air Filtration and Adsorption Units of Light-Water-Cooled Nuclear
Power Plants," Positions C.1 and C.2.

The staff concludes that the design of the ARAVS conforms to all applicable
GDCs and positions of the regulatory guides cited and is, therefore, acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterriative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

3. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of
Releases of Radioactive Materials to the Environment."

4. Regulatory Guide 1.29, " Seismic Design Classification."

5. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants."

O
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9.4.4 TURBINE AREA VENTILATION SYSTEM

REVIEW RESPONSIBILITIFJ

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The ASB reviews the turbine area ventilation system (TAVS) from a Mtake to the
point of discharge to assure conformance with the requirements of cal Design
Criteria 2, 5, and 60. The review includes components such as air des, ducts,
cooling units, blowers, isolation dampers, and roof exhaust fans. int review of
the TAVS includes systems contained in the turbine building and their relationship,
if any, to safety-related equipment areas.

1. The ASB reviews the functional performance requirements and the methods and
equipment provided for air treatment for the TAVS to determine whether the
ventilation system or portions of the system have been designed or need to be(q,

) designed as a safety system. In making this determination, systems provided
''' for heatin;, ventilating, and air conditioning of the turbine area, designed

to normal industrial standards, and those systems that provide for control and
filtration of small quantities of radioactive gas leakage in the turbine area
during normal plant operation, are not considered safety related for the
purpose of this SRP section. Basea on this determination, any safety-related
portions of the system are reviewed with respect to functional performance
requirements during adverse environmental occurrences, during normal opera-
tion, and subsequent to postulated accidents, including the loss of offsite
power. The ASB reviews the safety-related portions of the system to assure
that:

a. A single active failure cannot result in loss of the system functional
performance capability,

b. Failures of nonseismic Category I equipment or components will not
result in an unacceptable release of radioactive contaminants.

Rev. 2 - July 1981
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2. The ASB also reviews safety-related portions of the TAVS with respect to
the following:

a. The capability of the system to direct ventilation air from areas of
low radioactivity to areas of higher radioactivity levels.

b. The capability to detect the need for isolation and to isolate safety-
related portions of the system in the event of failures or malfunctions, |
and the capability of the isolated system to function under such condi-
tions.

3. The ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed undet SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2.

d. Review of high- and moderate-energy pipe breaks is perfo' raed under
SRP Section 3.6.1.

The ASB will coordinate evaluations performed by other branches that interface
with the overall evaluation of the system as follows: The Instrumentation and
Control Systems Branch (ICSB) and Power Systems Branch (PSB) determine the
adequacy of the design, installation, inspection, and testing of all electrical
components (sensing, control, and power) required for proper operation as part
of their primary review responsibility for SRP Sections 7.7 and 8.3.1 respec-
tively. The Structural Engineering Branch (SEB) determines the acceptability
of the design analyses, procedures, and criteria used to establish the ability
of seismic Category I structures housing the system and supporting systems to
withstand the effects of natural phenomena such as the safe shutdown earthquake
(SSE), the probable maximum flood (PMF), and tornado missiles as part of its
primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through
3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) determines
that the components, piping, and structures are designed in accordance with
applicable codes and standards as part of its primary review responsibility
for SRP Sections 3.9.1 through 3.9.3. The MEB also determines the acceptability
of the seismic and quality group classifications for system components as part
of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2. The
MEB also reviews the adequacy of tne inservice testing program of pumps an.1
valves as part of its primary review responsibility for SRP Section 3.9.6. The
Materials Engineering Branch (MTEB) verifies that inservice inspection require-
ments are met for system components as part of its primary review responsibility

< for SRP Section 6.6. The review for fire protection, technical specifications,
and quality assurance are coordinated and performed by the Chemical Engineering
Branch, Licensing Guidance Branch, and Quality Assurance Branch as part of their
primary review rcsponsibility for 5RP Sections 9.5.1, 16.0, and 17.0, respectively.
The Effluent Treatment Systems Branch (ETSB) evaluates the system functional
performance to assure that the system meets acceptable limits for radioactive
releases during normal operations and evaluates ih; capability of the system
to detect and control leakage of radioactive contamination from the system as
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part of its primary raview responsibility for SRP Sections 1_.3 and 11.5, respec ,'
tively. The Radiological Assessment Branch (RAB) evaluates the capability of

Othesystemtomeetradiationprotectioncriteriaaspartofitsprimaryreviewresponsibility for SRP Section 12.3.

For those areas of review identified above as being part of the primary revie's
responsibility of other branches, the acceptance criteria necessary for the ' -
review and their methods of application are contained in the referenced SRP ~

2,ections of the corresponding primary branches.
'

II. ACCEPTANCE CRITERIA

Acceptability of the TAVS design, as aescribed in the applicant's Safety Malysis
Report (SAR), is based on specific general design criteria and regulatoty guides.
The design of safety-related portions of the TAVS is acceptable if, ths' integrated
design of the system is in accordance with the following criteria; ,

1. General Design Criterion 2, " Design Basis for Protection Against Natural
Phenomena," as related to the system being capable of withstanding the
effects of earthqtakes. Acceptance is based on meeting the guid5nce of
Regulatory Guide 1.29, Position C.1 for safety-related portions,'Ind
Position C.2 for nonsafety-related portions.

2. General Design Criterion 5, " Sharing of Structures, Systems, and Components,"
as related to shared systems and components important to safety. <

3. General Design Criterion 60, " Control of Release of Radioactive b terials ,s C'
to the Environment," as related to the capability of the syste%Lo suitably ~

control release of gaseous radioactive effluents to the environment. Accep- ' '
;

tance is based on meeting the guidance of Regulatory Guide 1.140, as related w
to design, testing, and maintenance criteria for normal ventilation, exhaust
system, air filtration, and adsorption units of light-water-cooled nuclear
power plants, Positions C.1 and C.2.

Ill. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II. For the review of operating license (OL) applications,
the procedures are used to verify that the initial design criteria and bases
have been appropriately implemented in the final design as set forth in the
final safety analysis report. The procedures for OL reviews include a determi-
natioa that the proposed technical specifications are in agreement with the
requirements for testing, minimum performance, and surveillance developed by
the staff.

The primary reviewer will coordinate this review with the other branches for
their particular areas of responsibility as stated in subsection I. The primary
reviewer obtains and uses such inputs as required to assure that this review
procedure is complete.

As a result of various TAVS designs proposed by applicant >, there will be varia-
tions in system requirements. For the purpose of this SRP section, a typical

O essential (safety-related) portion.system is assumed which has fully redundant subsystems, each having an identical
For cases where there are variations from
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this typical arrangement, the reviewer would adjust the review procedures
given below. However, the system design would be required to meet the accep-
tance criteria given in sthsection II. The reviewer selects and emphasizes
material from this SRP section as may be appropriate for a particular case.

1. The SAR is revic.'ed to verify that the system description and piping and
ii.strumentation diagrams (P& ids) show the TAVS equipa nt used for normal
operation, and the ambient temperature limits for the areas serviced.
Tire system perforniance t equirements are reviewed to determine the allow-
alle mothporient operativaal degradation (e.g. , loss of function, damper
leakage) and the procedures that will be followed to detect and correct
these conditions. The revieser, using results from failure modes and
effects analyses as appropriate, determines that the system is capable of
sustaining the failure of any active component that is required for the
prevention of unacceptable releases of radioactive contaminants to the
environment. -

-

?. The system P& ids', hyout drawings, and component descriptions and character-
istlcs af'e then reviewed to determim that:

a. Essedtia! 'p'ortions of the TAVS are correctly identified and are
isolaMe f rom nontsdential portions of the system. The P& ids are
rettiesed to verify that they clearly indicate the physical divisions
bet $ va each porth n and indicate changes in design classification.
System drawings are also reviewed to verify that the means provided
t'or accomplishing isolation and to identify minimum performance require-

- ments for the isolation 6impers. For the typical system, the drawings
.

,

and descriptiono ure reviewed to verify that two automatically operated
I isolation dampeis in series separate nonessential portions and compo-s
' ' _ , nen T urom the.tssential portions.s

b. Escential' portions of the TAVS, including the isolation dampers
separating essential from aonessential portions, are classified seismic'

Categorv I. Component and system descriptions in the SAR that identify |
'

r..e c h.' and performance characteristics are reviewed to verify
that ._ava seismic classifications have been included, and that

_
the Pauas indicate.any points of change in design classification.

The reviewer verifies , hat the safety-related portion of the system has3. t

' been designed so that system function will be maintained as required, in
the | vent of an earthquake or los: of offsite power. The reviewer evaluates |the system, using engineering judgment and the results of failure modes
and ef fects analyses to d9tennine that:

a. Tne failure of nenessential nortions of the system or of other systems
not designed t.o seismic Category I standards and located close to
essential portions of the system, or of non_ seismic Category I structures

s that house, support, 6r are close to essential portions of the TAVS,
will not preclude operation of the essential portions of the TAVS.
Reference t,7 SAR sections describing site features and the general
a rangement and layout drawings will be necessary, as well as them

SAR tabulation of seismic 09 sign classifications for structures and.

systers. A-commitment in the SAR confirming that the above conditions
* *" are rret is acceptable. (CP)

k 9.4.4-4 Rev. 2 - July 1981
'

<

% .. (

___-_______._.-x. _ . . _



. - _ - -_ ._ . _ _ _ -

;

L

| -
-

a

b. Components and subsystems necessary fur preventing unacceptable !3

releases of radioactive contaminants can function as required in the~n -

(V evant of loss of off:ite power. The systa,.<tesign will be acceptable)

If the TAVS meets minimum system requirements as stated in the SAR
_ assuming a failure of a single active cc.npanent, within the system

. itself, or in the auxf!iary electric power source which supplies the
;, ~ system. The SAR is reviewed to see that, for each TAVS component or

[ ' subsystem affected by the loss of offsite power, the resulting system
flew capacity will not cause the loss of direction of air flow from._

' areas of low potential radioactivity to areas of higher potential
radioactivity. Statements in the SAR and the results of failure modes |

~
s

and effects analyses are considered in verifying that the system meets i

these . requirements. This will be an acceptable verification of system ;' *

functional reliability. !
. - .

1

4. The descriptive information, P& ids, TAVS drawings, and failure modes effects |
analyses in the SAR are reviewed to assure that essential portions of the
system can function following design basis accidents assuming a concurrent--' ' ,
single active failure. The reviewer ev.31uates the analyses presented in

:, tFe SAR to assure function of required componants, traces the availability
# of these components on system drawings, and checks that the SAR contains

verification that minimum system isolaticn or filtration requirements are,

3 - met for each accident situation for the required time spans. For each
- case the design will be acceptable if minimum system requirements are met.

m

. VALUATION FINDINGSIV.

_ p The reviewer verifies that sufficient information has been provided and the
reviev suppoytt. conclusions of the following type to be included in the staff's
safety evaluation report:

,c -

,
'

The t'urbine area. ventilation system (TAVS) incluc's all components
and dJCling from air intake to the poirt of discha ge. All portions
of the system'whose failure may result in release of radioactivity
which causes an offsite dose of more than 0.5 rem to the whole body,

or its-equivalent to any part of the body shall be classified seismic_

Categor'y. I' and safety related. Based on the review of the applicant's
W proposed design criteria. the design bases and safety class |fication

fo;r the turbine area ventilation system and the requirements (if
any).for system performance to preclude any adverse effect on safety-
relate 0' functions during all conditions of plant operation, the
staf f concludes that the- design of the turbine area vantilation_

j system and auxiliary supporting systems is in conformance with the
Commis'sion's regclation; as set forth in General Design Criterion 2,,

i " Design Bases for Protecti.on Against Natural Phenomena," General
Design Criterion 5, " Sharing of Structures, Systems, and Components,"

~ and General Design Criterion 60, " Control of Releases of Radioactive
,

Materials to thc. Environment."r

This conclusion is baself on the following:

1. The applicant has mat the requirements of GDC 2, " Design Bases for Protec-
tion Against Natural Phenomena," with respect to the system being capableO of withstanding thc effects of earthquakes by meeting the guidelines of

V RegulatqryGuide1.21,[SeismicDesignClassification,"PositionC.1for
.

safety related portions of the system and Position C.2 for nonsafety-
related portions of the system.'

,
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2. The applicant has met the requirements of GDC 5, " Sharing of Structures,
Systems, and Components Importan; to Safety to Perform Required Safety
Functions," with respect to capaallity of shared systems and components
important to safety to perform required saiety functions.

S. The applicant has met the requirements of GDC 60, " Control of Releases of
Radioactive Materials to the Environment," with respect to the capability
of the system to suitably control release of gaseous radioactive effluents
to the environment by meeting the guidelines of Regulatoly Guide 1.140
" Design, Testing, and Maintenance Criteria for Normal Ventilation Exhaust
System Air Filtration and Adsorption Units of Light-Water-Cooled Nuclear
Power Plants," Positions C.1 and C.2.

The staff concludes that the design of the TAVS conforms to all applicable GDCs
and positions of the regulatory guides cated and is, therefore, acceptable.

4

V. IMPLEMENTATION

The following is intended to provide quidance to applicanto and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regelations,
the method described herein will be used by the staff in its evaluatica of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discusied herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of |
Structures, Systems, and Components."

3. 10 CFR Part 50, Append'x A, General Design Criterion 60, " Control of
Releases of Ra'Jioactive Materials to the Environment."

4. Regulatory Guide 1.29, " Seismic Design Classification."

5. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants."

O
9.4.4-6 Rev. 2 - July 1981



N U REG-0800
(Fcrm;rly NUREG 75/087)

a alcg

n /\ga

W,ef)%j STANDARD REV EW PLAN
U.S. NUCLEAR REGULATORY COMMISSION

\ . .". . f OFFICE OF NUCLEAR REACTOR REGULATION
e

9.4.5 ENGINEERED SAFETY FEATURE VENTILATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systenis Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The function of the engineered safety feature ventilation system (ESFVS) is to
provide a suitable and controlled environment for engineered safety feature
components following certain anticipated transients and design basis accidents.

The ASB reviews the ESFVS from air intake to the point of discharge to the atmo-
sphere to assure conformance with the requirements of General Design Criteria 2,
4, 5, 17, and 60. The review includes components such as air intakes, ducts, air
conditioning units, flow control devices, isolation dampers, exhaust vents, and
exhaust fans.

[ )
() The review of the ESFVS covers all ventilation systems utilized to maintain a

controlled environment in areas containing safety-related equipment. These
include the service water pump house, diesel generator area, emergency core
cooling system (ECCS) pump rooms, component cooling water purnp room, auxiliary
feedwater pump area, and other areas containing equipment essential for the safe
shutdown of the reactor or necessary to prevent or mitigate the consequences of
an accident.

1. The ASB reviews the ESFVS to determine the cafety significance of the various
pertions and subsystems. Based on this determination, the safety-related
portions of the system are reviewed with respect to functional performance
requirements associated with engineered safety feature areas during normal
operation, during adverse environmental occurrences, and during and sub-
sequent to post.ulated accidents, including the loss of offsite power. The
ASB reviews safety-related portions of the system to assure that:

a. A single active failure cannot result in loss of the system functional
performance capabilities.

Rev. 2 - July 1981
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b. Failures of nonseismic Category I equipment or components will not
result in damage to essential portions of the ESFVS.

2. The ASB also reviews safety-related portions of the ESFVS with respect to
the following:

a. The ability of the heating and cooling systems to maintain a suitable
ambient temperature range in the areas serviced, assuming proper
performance of equipment contained in these areas.

b. Provisions to detect the need for isolation and to isolate portions
of the system in the event of failures or malfunctions.

c. The ability of the safety features equipment in the areas being
serviced by the ventilation system to function under the warst
anticipated degraded ESFVS system performance.

d. Capability of the system to c.irculate sufficient air to prevent
accumulation of inflammable or explosive gas or fuel-vapor mixtures
from components such as storage batteries and stored fuel.

e. The capability of the systera to automatically actuate compoments not
operating during normal conditions, or to actuate standby components
(redundant eqcipment) in the event of a failure or malfunction, as
needed.

f. The capability of the system to control airborne particulote material
(dust) accumulation.

3. The ASB also performs the following reviews under the SRP sections indicated:

a. Review of flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

c. Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP Section
3.5.2.

d. Review of high- and moderate-energy pipe breaks is performed under
SNP Section 3.6.1.

The ASB will coordin,ce evaluations performed by other branches that interface
with the overall evaluation of the system as follows. The ICSB and PSB deter-
mine the adequacy of the design, installation, inspection, and testing of all
electrical components (sensing, control, and power) required for proper opera-
tion as part of their primary review responsibility for SRP Sections 7.3 and
8.3.1, respectively. The SEB determines the acceptability of the des qn analyses,
precedures, and criteria used to establish the ability of seismic C=+ gory I.

structures housing the system and supporting systems to withstand the effects
of natural phenomena such as the safe shutdown earthquake (SSE), the probable
maximum flood (PMf), and tornado missiles as part of its primary review respon-
sibility for SPP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 thru 3.7.4, 3.8.4, and
3.8.5. The MEB determines that the components, piping, and structures are

9.4.5-2 Rev. 2 - July 1981



des'gned in accordance with applicable codes and standards as part of its pri-
mary review responsibility for SRP Sections 3.9.1 thru 3.9.3. The MEB, also,

/9 determines the acceptability of the seismic and quality group classifications
(#l for system components as part of its primary review responsibility for SRP

Sections 3.2.1 and 3.2.2. The MEB also reviews the adequacy of the inservice
testing program of pumps and valves as part of its primary review responsibil-
ity for SRP Section 3.9.6. The Materials Engineering Branch (MTEB) verifies
that inservice inspection requirements are met for system components as part
of its primary review responsibility for SRP Section 6.6. The Effluent Treat-
ment Systems Branch (ETSB) evaluates the system functional performance to
assure that the system meets acceptable limits for radioactive releases during
normal operations as part of its primary review responsibility for SRP
Section 11.3. The Radiological Assessment Branch (RAB) evaluates the radiation
protection criteria as part of its primary review responsibility fur SRP
Section 12.3.

In the event that the system is utilized for the pLrpse of supplying combus-
tion air as well as providing a ventilation function, the PSB reviews the
acceptability for that portion of the system as part of its primary review
responsibility for SRP Section 9.5.8. The Accident Evaluation Branch (AEB)
evaluates the radiological consequences of airborne contaminants resulting
from accident conditions (see Appendix B to SRP Section 15.6.5). The ETSB
evaluates the effectiveness of the ESFVS filters to remove airborne contaminants
prior to discharge to the environment (see SRP Section 6.5.1). ETSB also reviews
and evaluates the capability of the ESFVS to detect and control leakage of radio-
active contamination from the system as described in SRP Section 11.5. The
review for Fire Protection, Technical Specifications, and Quality Assurance are
coordinated and performed by the Chemical Engineering Branch, Licensing Guidances

i Branch, and Quality Assurance Branch as part of their primary review respons,
bility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in
the referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

Acceptability of the ESFVS design, as described in the applicant's Safety
Analysis Rciart (SAR), is based on specific general design criteria and regu-
latory guides.

The design of safety related portions of the ESFVS is acceptable if the inte-
grated design of the systems is in accordance with the following criteria:

1. G -neral Design Criterion 2, as related to the system being capable of
withstanding the eff; cts of earthquakes. Acceptance is based on meeting
the guidance of Regulatory Guide 1.29, position C.1 for safety-related
portions and C.2 for nonsafety-related portions.

2. General Design Criterion 4, with respect to maintaining environmental
conditions in essential areas compatible with tne design limits of the
essential equipment located therein during normal, transient, and accident
conditions.

3. General Design Criterion 5, as related to shared systems and components
important to safety.

9.4.5-3 Rev. 2 - July 1981
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4. General Design Criterion 17, as related to assuring proper functioning of
the essential electric power system. Acceptance is based on meeting the
guidance of item 2 under subsection A and item 1 under subsection C of
the section on " Recommendations" of NUREG-CR/0660 (Ref. 9) relating to
the protection of essential electrical components from failure due to the
accumulation of dust and particulate materials.

5. General Design Criterion 60, as related to the systems capability to suit-
ably control release of gaseous radior.ctive effluents to the environment.
Acceptance is based on meeting the guidance of Regulatory Guides 1.52 and
1.140, as related to design, testing, and maintenance criteria for atmo-
sphere cleanup system, and normal ventilation exhaust system air filtration
and adsorption units of light-water-cooled nuclear power plants, Position
C.2 and Positions C.1 and C.2, respectively.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design crit aria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II. For the review of operating license (0L) applications,
the procedures are utilized to verify that the initial design criteria and bases
have been appropriately implemented in the final design as set forth in the
final safety analysis report.

The primary reviewer will coordinate this review with the other branches' areas
of review as stated in subsection I. The primary reviewer obtains and uses
such inputs as required to assure that this review procedure is complete.

As a result of various ESFVS designs proposed by applicants, there will be vari-
ations in system requirements. For the purpose of this SRP section, a typical
system is assumed which has fully redundant subsystems, each having an iden-
tical essential (safety features) portion. For cases where there are variations
from this typical arrangement, the reviewer would adjust the review procedures
given below. However, the system design would be required to meet the accep-
tance criteria given in subsection II. The reviewer will select and emphasize
material from this SRP section as may be appropriate for a particular case.

1. The SAR is reviewed to verify that the system description and piping and
instrumentation diar, rams (P& ids) snow the ESFVS equipment used for no mal
operation, and the ambient temperature limits for the areas serviced.
The system performance requirements are reviewed to determine that they
limit allowable component operational degradation (e.g., loss of funcLion,
damper leakage) and describe the procedures that will be followed to detect
and correct these conditions. The reviewer, using results from failure
modes and effects analyses as appropriate, will determine that the safety-
related portion of the system is capable of sustaining the failure of 6ny
active component.

2. The system P& ids, layout drawings, and ccmponent descriptions and charac-
teristics are then reviewed to determine that:

O
F
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a. Essential portions of the ESFVS are correctly identified and are
isolable from nonessential portions of the system. The P& ids areO reviewed to verify that they clearly indicate the physical divisions\ between such portions and indicate design classification changes.
System drawings are also reviewed to see that they show the means

! for accomplishing isolation, and the system description is reviewed
to identify minimum performance requirements for the isolation dam-
pers. For the typical system, the drawings and description are
reviewed to verify that two automatically operated isolation dampers
in series separate nonessential portions and components from the
essential portions.

b. Essential portions of the ESFVS, including the isolation dampers sepa-
rating essential from nonessential portions, are classified seismic
Category I. Comoonent and system descriptions in the SAR that iden-
tify mechanical and performance characteristics are reviewed to verify
that the above classifications have been included, and that the P& ids ;

indicate points of change in design classification.

Design provisions have been made that permit appropriate inservicec.
inspection and functional testing of system components important to
safety. It is acceptable if the SAR information delineates a test-
ing and inspection program and if the system drawings show the
necessary test recirculation loops around fans or isolation dampers
that would be required by this program.

.

3. The reviewer verifies that the system has been designed so that system
b

function will be maintained as required in the event of adverse environ-
mental phenomena or loss of offsite power. The reviewer evaluates the
system, using engineering judgment and the results of failure modes and
effects analyses, to determine that:

The failure of nonessential portions of the system or of other non-a.4

seismic systems, components, or structures located close to issential
portions of the system will not preclude operatica of the essential
portions of the ESFVS. Reference to SAR sections describing site
features and the general arrangement and layout drawings will be neces-
sary, as well as the SAR tabulation of seismic design classifications
for structures and systems.

b. The essential portions of the ESFVS are protected from the effects
of floods, hurricanes, tornadoes, and internally and externally
generated missiles. Flood protection and missile protection criteria

'

are discussed and evaluated in detail under the Section 3 series of the
SRP. The location and the design of the system, structures, and fan
rooms (cubicles) are reviewed to determine that the degree of protection
provided is adequate. A statement to the effect that the system is
located in a seismic Category I structure that is tornado missile
and flood protected, or that components of the system will be located
in individual cubicles or rooms that will withstand the effects of

] both flooding and missiles is acceptable.

c. The total system has the capability to detect and control leakage of
3 airborne contamination from the system. It is acceptable if the

following conditions are met:

.

!
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(1) The capability for isolating nonessential portions of the ESFVS
by two automatically actuated isolation dampers in series is
shown on the P& ids.

(2) The ESFVS has provisions to actuate ventilation equipment in
the engineered safety feature areas before ambient temperatures
exceed design rated temperatures of components.

d. Essential components and subsystems can function as required in the
event of loss of offsite power. The system design will be acceptable
if the ESFVS meets minimum system requirements as stated in the SAR
assuming a failure of a single active component within the system
itself c,r in the auxiliary electric power source which supplies the
system. T:a SAR is reviewed to see that for each ESFVS component or
subsystem affected by the loss of offsite power, the resulting system
performance will not affect the capability of any engineered safety
feature equipment. Statements in the SAR and results of failure
modes and effects analyses are considered in verifying that the sys-
tem meets these requirements. This will be an acceptable verification
of system functional reliability.

4. The descriptive information, P& ids, ESFVS drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
of the system can function following design basis accidents assuming a
concurrent single active failure. The reviewer evaluates the analyses
presented in the SAR to assure function of required components, traces
the availability of these components on system drawings, and checks *
the SAR contains verification that minimum system isolation or filtre; A
requirements are met for each accident situation for the required time
spans. For each case the design will be acceptable if minimum system require-
ments are met.

5. The ESFVS is reviewed to assure that adequate means is provided in the
system design for control of airborne particulate material (dust) accumu-
lation. The system arrangement is reviewed tc verify that a minimum of
20 feet exists from tne bottom of all fresh air intakes to grade elevation,
or that electrical cabinets are provided with sun.able seals or gaskets.

IV. EVALUATION FINDINGS ,

The reviewer verifies that sufficient information has been provided and that
his review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The engineered safety feature ventilation system (ESFVS) includes
all components and ducting associated with the system from air intake
to the point of discharge to the atmosphere. All portions of the
system Aose failure may result in release of radioactivity which
causes an offsite dose of more than 0.5 rem to the whole body or its
equivalent to any part of the body are classified seismic Category I
and safety related. Based on the review of the applicant's
proposed design criteria, design bases, and safety classification
for the engineered safety feature ventilation system, and the require-
ments for system performance to preclude equipment malfunction in

9.4.5-6 Rev. 2 - July 1981
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!

! the engineered safety feature areas due to a failure of the system
! during normal, abnormal, and accident conditions, the staff concl".ies
l that the design of the engineered safety feature ventilation system
~

and supporting systems is acceptable and meets the Commission's
regulations as set forth in General Design Criteria 2, 4, 5, 17, and 60.

This conclusion is based on the following:;

1 The applicant has n:et the requirements of GDC 2 with respect to
the system being capable of withstanding the effects of earth- :

i quakes by meeting the guidelines of Regulatory Guide 1.29, " Seismic 1

i Design Classification," Position C.1 for safety-related portions
of the system and Position C.2 for nonsafety-related portions
of the system.

| 2. The applicant has met the environmental requirements of GDC 4
| oy maintaining environmental conditions in essential areas within

the design limits of the essential equipment located in these
areas for normal, transient, or accident conditions.

.

'

!

l 3. The applicant has met the requirements of GDC 5 with respect to ;

! capability of shared systems and components important to safety
,

i to perform required safety functions since no postulated single r

; active failure will prevent the system from performing its safety
function.

,

4. The applicant has met the requirements of GDC 17 as related to
4

assuring proper functioning of the essential electric power
system by meeting the guidelines of NUREG-CR/0660 as related to, ,

the accumulation of dust and particulate materials. *

'

5. The applicant has met the requirements of GDC 60 with respect
to the capability of the system to suitably control release of

,

I gaseous radioactive effluents to the environment by meeting the
guidelines of Regulatory Guide 1.52, " Design, Testing and

|
Maintenance Criteria for Atmosphere Cleanup System Air Filtration
and Adsorption Units of Light-Water-Cooled Nuclear Power Plants,"

| Position C.2, and Regulatory Guide 1.140, " Design, Testing and
Maintenance Criteria for Normal Ventilation Exhaust System Air
Filtration and Adsorption Units of Light-Water-Cooled Nuclear
Power Plants," Positions C.1 and C.2.

V. IMPLEMENTATION

i The following is ii. tended to provide guidance to applicants and licensees
' regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of

! conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREG. The implementation
of new position 5 under subsection III is applicable only to CP applications.

i

I

I
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VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 17, " Electric Power
Systems."

5. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of
Releases of Radioactive Materials to the Environment."

6. Regulatory Guide 1.29, " Seismic Design Classification."

7. Regulatory Guide 1.52, " Design, Testing and Mair.tenance Criteria for
Atmosphere Cleanup System Air Filtration and Adsorption Units of Light-
Water-Cooled Nuclear Power Plants."

8. Regulatory Guide 1.140, " Design, Testing and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration and Adsorp, ion Units of:
Light-Water-Cooled Nuclear Power Plants."

9. NUREG-CR/0660, "Enhancenent of Onsite Emergency Diesel Generator Reliability."
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9.5.1 FIRE PROTECTION PROGRAM

REVIEW RESPONSIBILITIES

Primary - Chemical Engineering Branch (CMEB)

Secondary - None

I. AREAS OF REVIEW

The purpose of the fire protection program (FPP) is to provide assurance, through
a defense-in-depth design, that a fire will not prevent the performance of necessary
safe plant shutdown functions and will not significantly increase the risk of
radioactive releases to the environment in accordance with General Design
Criteria 3 and 5. The fire protection program consists of fire detection and
extinguishing systems and equipment, administrative controls and procedures, and
trained personnel.

The CHEB review of the fire protection program includes a review of the evaluation
[m of potential fire hazards described in the applicant's Safety Analysis ReportV) (SAR),andareviewofthedescriptionofthefireprotectionsystemdesign

showing the system characteristics and layout which define the ' fire prevention"
and " fire protection" portions of the program.

The CMEB reviews the total fire protection program described in the applicant's
Safety Analysis Report (SAR) with respect to the criteria of Branch Technical
Position CMEB 9.5-1 attached to this SRP section, specifically with respect to
the following:

1. Overall fire protection program requirements, incluu...g the degree of
involvement and assigned responsibility of management; fire protection
administrative controls and quality assurate program; fire brigade training
activities and coordination with offsite fire fighting organizations,
including their capability in assisting in the extiaguishment of plant
fires.

2. Evaluation of potential fire hazards for safety related areas throughout the
plant and the effect of postulated fires relative to maintaining the ability

Rev. 3 - July 1981
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to perform safe shutdown functions, and minimizing radioactive releases
to the Environment.

3. Plant layout, egress routes, facility arrangements, and structural design
features which control separation or isolation of redundant safety systems
and selection of the methods for fire detection, control and extinguishing;
control of fire hazards; fire barriers and walls; use of noncombustible
materials; floor drains, ventilation, emergency lighting and communication
systems.

4. The functional performance of the fire fighting systems, extinguishing
agents, including the detection, alarm, suppression, control, and extin-
guishing systems described in the SAR to verify the adequacy of the FPP
to protect safety-related equipment.

5. The fire protection system piping and instrumentation diagrams (P& ids);
including redundancy of equipment; the FPP design criteria and failure
modes and effects analysis (impairment).

6. On multiple unit applications, the additional fire protection and control
provisions during construction of the remaining units will be reviewed to
verify that the integrity and operability of the fire protection system
is maintained.

The CMEB will coordinate other branches' activities related to fire protection
as follows:

The Auxiliary Systems Branch (ASB)* reviews the applicant's list of systems and
components needed to provide safe shutdown capability and reviews the applicant's
program for identification of the locations where redundant trains or divisions
of safe shutdown systems are separated by less than 20 feet. The results of
these reviews are provided to CMEB. CMEB notifies the applicant of results as
appropriate and reviews the applicant's fire protection measures to deal with
separation deficiencies. If such measures involve modifications of original
system (including emergency lightin
changesinlayoutofequipment,ASBgandcommunication)orcircuitdesigns,orwill review upon request from CMEB. The
designs will be reviewed against the criteri; for shutdown systems given in
BTP CMEB 9.5-1, Positions C.5.b and C.5.c. The review of these modifications
will be documented in SER sections dealing with the systems involved.

The Emergency Preparedness Licensing Branch (EPLB) will evaluate the adequacy
of the offsite emergency planning as part of its primary review responsibility
for SRP Section 13.3. The Licensing Qualification Branch (LQB) will evaluate
the fire protection brigade training programs and will evaluate the organiza-
tional arrangements as part of its primary review responsibilities for SRP
Fections 13.2.2 and 13.1, respectively. The Procedures and Test Review Branch
(PTRB) will evaluate the fire protection plant precedures as part of its primary
responsibility for SRP Section 13.5 The Quality Assurance Branch (QAB) will
evaldate the adequacy of the QA Pro ram as part of its primary review responsi-
bility for SRP Section 17.0. The L censing Guidance Branch will review the
technical specifications prepared by the applicant for fire protection as part
of its primary review responsibility for SRP Section 16.0. The Structural
Engineering Branch (SEB) will, upon request, verify the acceptability of the

O"With assistance from other PS branches (RSB, ICSB, PSB) as required.
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design analyses, procedures, and criteria used for seismic Category I supporting
structures for the FPP, and for externally imposed system loads resulting from

Ouponrequest,reviewthatportionofthehosestandpipesystemwhichshouldless severe natural phenomena. The Mechanical Engineering Branch (MEB) will,

remain functional following a postulated SSE, and confirm that systems compo-

nents, piping, and structures are designed in accordance with app (licable seismicdesign criteria. The Instrumentation and Control Systems Branch ICSB) verifies,
on request, the adequacy of the fire protection instrumentation and controls.

For those areas of review identified above as being reviewed as part of the
primary responsibility of other branches, the acceptance criteria necessary
for the review and their methods of application are contained in the referenced
SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The applicant's fire protection program is acceptable if it is in accordance
with the following criteria:

1. 10 CFR Part 50 650.48, and General Design Criterion 3, as related to fire
prevention, the design and operation of fire detection and protection
systems, and administrative controls provided to protect safety-related
structures, systems, and components of the reactor facility.

2. General Design Criterion 5, as related to fire protection for shared
safety-related structures, systems, and components to assure the ability
to perform their intended safety function.

The following specific criteria provide information, recommendations, and
guidance and in general describe a basis acceptable to the staff that may be
used to meet the requirements of 650.48, GDC 3 and 5:

a. Branch Technical Position (BTP) CMEB 9.5-1 as it relates to the
design provisions given to implement the fire protection program.

b. Regulatory Guide 1.78 as it relates to habitable areas such as the
control room and to the use of specific fire extinguishing agents.

c. Regulatory Guide 1.101, as it relates to fire protection emergency
planning.'

! III. REVIEW PROCEDURES

The secondary and coordinated review branches will provide input for the areas
of review stated in subsection I of this SRP section. The primary reviewer
obtains and uses such input as required to assure that this review procedure
is complete.

The reviewer will select and emphasize material from this SRP section as may
be appropriate for a particular case.

1. CMEB reviews the SAR to determine that the appropriate levels of management
and trained, experienced personnel are responsible for the design and

/7 implementation of the fire protection program in accordance with BTP:

,V CMEB 9.5-1.
,
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2. CMEB reviews the analysis in the SAR of the fire potential in safety-related
plant areas and the hazard of fires to these areas to determine that the
proposed fire protection program is able to maintain the ability to perform
safe shutdown functions and to minimize radioactive releases to the
environment.

3. CMEB reviews the FPP P& ids and plant layout drawings to verify that facility
arrangement, buildings, and structural and compartmentation features 't.hich
affect the methods uscd for fire protection, fire control, and control of
hazards are acceptable for the protection of safety-related equipment.

4. CMEB deterrrines that design criteria and bases for the detection and
suppression systems for smoke, heat and flame control are in accordance
with the BTP guidelines and provide adequate protection for safety-related
structures, systems, and components. The reviewer determines that fire
protection support systems, such as emergency lighting and communication
systems, floor drain systems, and ventilation and exhaust systems are
designed to operate consistent with this objective. CMEB reviews the
results of an FPP failure modes and effect analysis (impairment) to assure
that the entire fire protection system for one safety-related area cannot
be impaired by a single failure.

5. For multiple unit sites, CMEB determines that protection is provided to
operating units during concurrent construction of other units. This includes
an evaluation of the total fire protection program for each plant, the
overall program for the site, including division of responsibility on fire
protection matters.

6. CMEB reviews the technical specifications proposed by the applicant for
fire protection (OL). The reviewer will determine that the limiting
conditions for operation and surveillance requirements of the technical
specifications are in agreement with the requirements developed as a result
of the staff's review.

IV. EVALUATION FINDINGS

CMEB verifies that sufficient information nas been provided and that the review
is adequate to support conclusions of the following type, to be included in
the staff's safety evaluation report:

The staff concludes that the fire protection program's design criteria
and bases are acceptable and meet the requirements of 10 CFR Part 50,
g50.48 and General Design Criteria 3 and 5. This cor.clusion is based
on the applicant meeting the guidelines of Branch Technical Position
CMEB 9.5-1, and Regulatory Guides 1.78 and 1.101 as well as applicable
industry standards. In meeting these guidelines the applicant has
provided an acceptable basis for the design and location of safety-
related structures and syste.as to minimize the probability and effect
of fires and explosions; has used noncombustible and heat resistant
materials whenever practical; has provided of fire detection and
fire fighting systems of appropriate capacity and capability to
minimize adverse effects of fire on safety-related systems. In
addition, the applicant has demonstrated that shared structures,
systems, and components of the fire protection systems will not
prevent their ability to perform their intended safety functions.
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V. IMPLEMENTATION

j The following is intended to provide guidance to applicants and licensees
| regarding the NRC staff's plans for using this SRP section.
I

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations ~.

Implementation schedules for conforniance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 3, " Fire Protection."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

3. Regulatory Guide 1.78, " Assumptions for Evaluating the Habitability of a
Nuclear Power Plant Control Room During a Postulated Hazardous Chemical
Release."

4. Regulatory Guide 1.101, " Emergency Planning for Nuclear Power Plants."

5. Branch Technical Position CMEB 9.5-1, " Guidelines for Fire Protection for
Nuclear Power Plants."

6. 10 CFR Part 50, 9 50.48, " Fire Protection."

7. Appendix R to 10 CFR Part 50, " Fire Protection Program for Nuclear Power
Facilities Operating Prior to January 1,1979."

O,
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A. INTRODUCTION

| N General Design Criterion 3, " Fire Protection," of Appendix A, " General Design
j . Criteria for Nuclear Power Plants " to 10 CFR Part 50, " Licensing of Production

andUtilizationFacilities,"requIresthatstructures, systems,andcomponents
important to safety be designed and located to minimize, consistent with other
safety requirements, the probability and effect of fires and explosions.

j Noncombustible and heat resistant materials are required to be used wherever
practical throughout the unit, particularly in locations such as the containment'

and control room. Criterion 3 also requires that fire detection and suppression
systems of appropriate capacity and capability be provided and designed to
minimize the adverse effect of fires on structures, systems, and components
important to safety and that firefighting systems be designed to ensure that
their failure, rupture or inadvertent operation does not significantly impair
the safety capability of these structures, systems, and components.

This Branch Technical Position (BTP) presents guidelines acceptable to the NRC
staff for implementing this criterion in the development of a fire protection'

program for nuclear power plants. These revised guidelines include the accept-
ance criteria listed in a number of documents, including Appendix R to 10 CFR

i Part 50 and 10 ClR Part 50, 6 50.48. The purpose of the fire protection program
is to ensure the capability to shut down the reactor and maintain it in a safe
shutdown condition and to minimize radioactive releases to the environment in
the event of a fire. It implements the philosophy of defense-in-depth protec-
tion against the hazards of fire and its associated effects on safety-related
equipment. If designs or methods different from the guidelines recommended
herein are used, they must provide equivalent fire protection. Suitable bases
and justification should be provided for alternative approaches to establish
acccptable implementation of General Design Criterion 3.

This BTP addresses fire protection programs for safety-related systems and
equfpmcnt and for other plant areas containing fire hazards that could adversely
affect safety-related systems. It does not give guidance for orotecting the
life or safety of the site personnel or for protection against economic or
property loss. This document supplements Regulatory Guide 1.75, " Physical
Independence of Electrical Systems " in determining the fire protection for
redundant cable systems.

B. DISCUSSION

There have been numerous fires in operating U.S. nuclear power plants through
December 1975 of which 32 were important enough to report. Of these, the fire
on March 22,19i5 at Browns Ferry nuclear plant was the most severe. With
approximately 250 operating reactor years of experience, one may infer a frequency
on the order. of one fire per 10 reactor years. Thus, on the average, a nuclear
power plant may experience one or more fires of varying severity during its

Accider.t Risks in U.S. Commercial Nuclear Power Plants," y - An Assessment of
operating life. Although WASH-1400, " Reactor Safety Stud:

dated October 1975,,

concluded that the Browns Ferry fire did not affect the ulidity of the overall'

risk assessment, the staff concluded that cost-effective fire protection measures:

should be instituted to significantly decrease the frequency and severity of
fires and consequently initiated the development of this BTP. In this develop-
ment, the staff made use of many national standards and other publications
related to fire protection. The documents discussed below were particularly,

useful.,
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A document entitled "The International Guidelines for the Fire Prctection of
Nuclear Power Plants" (IGL), 1974 Edition, Second Reprint, published on behalf
of the National Nuclear Risks Insurance Pools and Association, provides a
step-by step approach to assessing the fire risk in a nuclear power plant and
describes protective measures to be taken as a part of the fire protection of
these plants. It provides useful guidance in this important area. The Nuclear
Energy Liability and Property Insurance Association (NELPIA) and the Mutual
Atomic Enerny Reinsurance Pool (MAERP) have prepared a document entitled
" Specifications for Fire Protection of New Plants," which gives general condi-
tions and valuable criteria. A special review group organized by NRC under
Dr. Stephen H. Hanauer, Technical Advisor tc the Executive Director for
Operations, to study the Browns Ferry fire, issued a report, NUREG-0050,
" Recommendations Related to Browns Ferry Fire," in February 1976, which contains
recommendations applicable to all nuclear power plant- This BTP uses the
applicable information contained in these documents.

The fire protection program for a nuclear power plant presented in this BTP
consists of design features, personnel, equipment, and procedures that provide
the defense-in-depth protection of the public health and safety. The purpose
of the program is to prevent significant fires, to ensure the capability to
shut down the reactor and maintain it in a safe shutdown condition, and to
minimize radioactive releases to the environment in the event of a significant
fire. To meet these objectives, it is essential that management participation
in the program begin with early design concepts and plant layout work and
continue through plant operation and that a qualified staff be responsible for
engineering and design of fire protection features that provide fire detection, |
annunciation, confinement, and suppression for the plant. The staff should
also be responsible for fire prevention activities, maintenance of fire protec-
tion systems, training, and manual firefighting activities. It is the combina-
tion of all these that provides the needed defense-in-depth protection of the
public health and safety.

Some of the major conclusions that emerged from the Browns Ferry fire investiga-
tions warrant emphasis and are discussed below.

1. Defense-in-Depth

Nuclear power plants use the concept of defense-in-depth to achieve the required
high degree of safety by using echelons of safety systems. This concept is
also applicable to fire safety in nuclear power plants. With respect to the
fire protection program, the defense-in-depth principle is aimed at achieving
an adequate balance in:

a. Preventing fires from starting;

b. Detecting-fires quickly, suppresring those fires that occur, putting them
out quickly, and limiting their damage; and

Designing plant safety systems so that a fire that starts in spite of thec.
fire prevention program and burns for a considerable time in spite of fire
protection activities will not prevent essential plant safety functions
from being performed.

No one of these echelons can be perfect or complete by itself. Each ethelon
should meet certain minimum requirements; however, strengthening any one can
compensate in some measure for weaknesses, Inown or unknown, in the others.
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The primary objective of tne fire protection program is to minimize both the
probability and consequences of postulated fires. In spite of steps taken to

.Nreducetheprobabilityoffire,firesareexpectedtooccur. Therefore, means
{s'jare needed to detect and suppress fires with particular emphasis on providing

passive and active fire protection of appropriate capability and adequate capacity
for the systems necessary to achieve and maintain safe plant shutdown with or
without offsite power. For other safety-related systems, the fire protection
should ensure that a fire will not cause the loss of function of such systems,
even though loss of redundancy within a system may occur as a result of the
fire. Generally, in plant areas where the potential fire damage may jeopardize
safe plant shutdown, the primary means of fire protection should consist of
fire barriers and fixed automatic fire detection and suppression systems. Also,
a backup manual firefighting capability should be provided throughout the plant
to limit the extent of fire damage. Portable equipment consisting of hoses,
nozzles, portable extinguishers, complete personnel protective equipment, and
air breathing equipment should be provided for use by properly trained firefight-
ing personnel. Access for effective manual application of fire extinguishing
agents to combustibles should be provided. The adequacy of fire protection
for any particular plant safety system or area should be determined by analysis
of the effects of the postulated fire relative to maintaining the ability to
safely shut down the plant and minimize radioac'ive releases to the environment
in the event of a fire.

Fire protection starts with design and must be carried through all phases of
construction ano operation. A quality assurance (QA) program is needed to
identify and rectify errors in design, construction, and operation and is an
essential part of defense-in-depth.

O 2. Use of Water on Electrical Cable FiresO
Experience with major electrical cable fires shows that water will promptly
extinguish such fires. Since prompt extinguishing of the fire is vital to
reactor safety, fire and water damage to safety systems is reduced by the more
efficient application of water from fixed systems spraying directly on the fire
rather than by manual application with fire hoses. Appropriate firefighting
procedures and fire training should provide the techniques, equipment, and skills
for the use of water in fighting electrical cable fires in nuclear plants,
particularly in areas containing a high concentration of electric cables with
plastic insulation.

This is not to say that fixed water systems should be installed everywhere.
Equipment that may be damaged by water should be shielded or relocated away
frcm the fire hazard and the water. Drains should be provided to remove any
water used for fire suppression and extinguishment to ensure that water accumu-
lation does not incapacitate safety-related equipment.

3. Es_tablishment and Use of Fire Areas

Separate fire areas for each division of safety-related systems will reduce
the possibility of fire-related damage to redundant safety-related equipment.
Fire areas should be established to separate redundant safety divisions and
isolate safety-related systems from fire hazards in nonsafety-related areas.
Particular design attention to the use of separate isclated fire areas for

( redundant cables will help to avoid loss of redundant safety-related cables.
! Separate fire areas should also be employed to limit the spread of fires between ,

components that are major fire hazards within a safety division. Where redundant
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systems cannot be separated by fire barriers, as in containment and the control
room, it is necessary to employ other measures to prevent a fire from causing
the loss of function of safety related systems.

Within fire areas containing components of a safety related system, special
attention should be given to detecting and suppressing fires that may adversely
affect the system. Measures that may be taken to reduce the effects of a postu-
!ated fire in a given fire area include limiting the amount of combustible
materials, installing fire-resistant construction, providing fire rated barriers
for cable trays, installing fire detection systems and fixed fire suppression
systems, or providing other protection suitable to the installation. The fire
hazard analysis will be the mechanism to determine that fire areas have been
properly selected.

Suitable design of the ventilation systems can limit the consequences of a fire
by preventing the spread of the products of combustion to other fire areas.
It is important that means be provided to ventilate, exhaust, or isolate the
fire area as required and that consideration be given to the consequences of
failure of ventilation systems due to fire causing loss of control for ventilat-
ing, exhausting, or isolating a given fire area. The capability to ventilate,
exhaust, or isolate is particularly important to ensure the habitability of
rooms or spaces that must be attended in an emergency. In the design, provision
should be made for personnel access to and escape routes from each fire area.

4. Definitions

For the user's convenience, some of the terms related to fire protection are
presented below with their definitions as used in this BTP.

Approved - tested and accepted for a specific purpose or application by a
nationally recognized testing laboratory.

Automatic - self-acting, operating by its own mechanism when actuated by some
impersonal influence such as a change in current, pressure, temperature, or
mechanical configuration.

Combustible Material - material that does not meet the definition of
noncombustible.

Control Room Complex - the zone served by the control room emergency ventilation
| system (see SRP Section 6.4, " Habitability Systems").

| Exposure Fire - An exposure fire is a fire in a given area that involves either
I in situ or transient combustibles and is external to any structures, systems,

or components located in or adjacent to that same area. The effects of such
,

fire (e.g., smoke, heat, or ignition) can adversely affect those structuresI

systems, or components important to safety. Thus, a fire involving one train,

| of safe shutdown equipment may constitute an exposure fire for the redundant
train located in the sace area, and a fire involving combustibles other than
either redundant train may constitute an exposure fire to both redundant trains
located in the same area.

Fire Area - that portion of a building or plant that is separated from other
areas by boundary fire barriers.
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Fire Barrier - those components of construction (walls, floors, and their
supports),includingbeams, joists, columns,penetrationsealsorclosures,s

I fire doors, and fire dampers that are rated by approving laboratories in hours
of resistance to fire and are used to prevent the spread of fire.

Fire Stop - a feature of construction that prevents fire propagation along the
length of cables or prevents spreading of fire to nearby combustibles within a
given fire area or fire zone.

Fire Brigade - the team of plant personnel assigned to firefighting and who
are equipped for and trained in the fighting of fires.

Fire Detectors - a device designed to automatically detect the presence of fire
.

and initiate an alarm system and other appropriate action (see NFPA 72E,
" Automatic Fire Detectors"). Some typical fire detectors are classified as
follows:

Heat Detector - a device that detects a predetermined (fixed) temperature
or rate of temperature rise.

Smoke Detector - a device that detects the visible or invisible products
of combustion.

Flame Detector - a device that detects the infrared, ultraviolet, or visible
radiation produced by a fire.

Line-Type Detector - a device in which detection is continuous along a

O path, e.g., fixed-temperature, heat-sensitive cable and rate-of-rise
pneumatic tubing detectors.

Fire Protection Program - the integrated effort involving components, procedures,
and personnel utilized in carrying out all activities of fire protection. It

includes system and facility design, fire prevention, fire detection, annuncia-
tion, confinement, suppression, administrative controls, fire brigade organization,
inspection and maintenance, training, quality assurance, and testing.

Fire Resistance Rating - The time that materials or assemblies have withstood
a fire exposure as established in accordance with the test procedures of
" Standard Methods of Fire Tests of Building Construction and Materials" (NFPA 251).

Fire Suppression - control and extinguishing of fires (firefighting). Manual
fire suppression is the use of hoses, portable extinguishers, or manually-actuated
fixed systems by plant personnel. Automatic fire suppression is the use of
automatically actuated fixed systems such as water, Halon, or carbon dioxide
systems.

Fire Zones - the subdivisions of fire areas in which the fire suppression systems
are designed to combat particular types of fires.

Noncombustible Material

a. A material which in the form in which it is used and under the conditions
anticipated, will not ignite, burn, support combustion, or release flammable
vapors when subjected to fire or heat.
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b. Material having a structural base of noncombustible material, as defined
in a., above, with a surfacing not over 1/8-inch thick that has a flame |
spread rating not higher than 50 when measured using ASTM E-84 Test " Surface
Burning Characteristics of Building Materials."

Raceway refer to Regulatory Guide 1.75.

Restricted Area any area to which access is controlled by the licensee for
purposes of protecting individuals from exposure to radiation and radioactive
materials.

Safety-Related Systems and Components - systems and components required to shut
down the reactor, mitigate the consequences of postulated accidents, or maintain
the reactor in a safe shutdown condition.

Secondary Ccatainment a structure that completely encloses primary containment,
used for controlling containment leakage.

Sprinkler System - a network of piping connected to a reliable water supply
that will distribute the water throughout the area protected and will discharge
the water through sprinklers in sufficient quantity either to extinguish the
fire entirely or to prevent its spread. The ;ystem, usually activated by heat,
includes a controlling valve and a device for actuating an alarm when the system
is in operation. The following categories of sprinkler systems are defined in
NFPA 13, " Standard for the Installation of Sprinkler Systems":

Wet-Pipe System.

Dry-Pipe System
Preaction System.

Deluge System.

Combined Dry-Pipe and Preaction System.

On-Off System.

Standpipe and Hose Systems a fixed piping system with hose outlets, hose,
and nozzles connected to a reliable water supply to provide effective fire hose
streams to specific areas inside the building.

Water Spray System - a network of piping similar to a sprinkler system except
that it utilizes open-head spray nozzles. NFPA 15, " Water Spray Fixed Systems,"
provides guidance on these systems.

C. POSITION

1. Fire Protection Program Requirements

a. Fire Protection Program

A fire protection program should be established at each nuclear power plant.
The program should establish the fire protection policy for the protection of
structures, systems, and components important to safety at each plant and the
procedures, equipment, and personnel required to implement the program at the
plant site.

(1) The fire protection program should be under the direction of an individual
who has beer. delegated authority commensurate with the responsibilities
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i of the position and who has available staff personnel knowledgeable in
both fire protection and nuclear safety.

| (2) The fire protection program should extend the concept of defense-in-depth
| 'o fire protection in fire areas important to safety, with the following.

| objectives:
1

1 to prevent fires from startirg;-

to detect rapidly, control, and extinguish promptly those fires that-

i do occur;

to provide protection for structures, systems, and components importantj -

1
to safety so that a fire that is not promptly extinguished by the

i fire suppression activities will not prevent the safe shutdown of
| the plant.
;

(3) Responsibility for the overall fire protection program should be assigned'

to a person who has management control over all organizations involved in
fire protection activities. Formulation and assurance of program implemen-

1 tation may be delegated to a staff composed of personnel prepared by train-
ing and experience in fire protection and personnel prepared by training

i and experience in nuclear plant safety to provide a balanced approach in
,

directing the fire protection program for the nuclear power plant.i

P

The staff should be responsible for:

(a) Fire protection program requirements, including consideration of,

1 potential hazards associated with postulated fires, with knowledge !

of building layout and systems design.

(b) Post-fire shutdown capability.
,

(c) Design, maintenance, surveillance, and quality assurance of all fire-
protection features (e.g., detection systems, suppression systems,a

barriers, dampers, doors, penetration seals, and fire brigade equipment).

(d) Fire prevention activities (administrative controls and training).

(e) Fire brigade organization and training.

I (f) Prefire planning.

(4) The organizational responsibilities and ifnes of communication pertaining
to fire protection should be defined between the various positions through,

the use of organizational charts and functional descriptions of each posi-
tion's responsibilities. The following positions / organizations should be
designated:

! (a) The upper level offsite mana ment position which has management
{ responsibility for the formu ation, implementation, and assessment

of the effectiveness of the nuclear plant fire protection program.<

i

| (b) The offsite management position (s) directly responsible for formu-
| lating, implementing,andperiodicallyassessingtheeffectiveness
; of the fire protection program for the licensee s nuclear power plant
,
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including fire drills and training conducted by the fire brigade and
plant personnel. The results of these assessments should be reported
to the upper level management position responsible for fire protection
with recommendations for improvements or corrective actions as deemed
necessary. t

(c) The onsite management position responsible for the overall administra-
tion of the plant operations and emergency plans which include the
fire protection and prevention program and which provide a single
point of control and contact for all contingencies.

(d) The onsite position (s) which:

1. Implements periodic inspections to: minimize the amount of combusti-
bles in safety-related areas; determine the effectiveness of house-
keeping practices; assure the availability and acceptable condition
f all fire protection systems / equipment, emergency breathing apparatus,

emergency lighting, communication equipment fire stops, penetration
seals, and fire retardant coatings; and assu,w the prompt and effec-
tive corrective actions are taken to correct conditions adverse to
fire protection and preclude their recurrence.

ii. Is responsible for the fire fighting training for operating plant
personnel and the plant's fire brigade; design and selection of equip-
ment; periodic inspection and testing of fire protection systems ano
equipment in accordance with established procedures, and evaluate
test results and determine the acceptability of the systems under
test.

iii. Assists in the critique of all fire drills to determine how well the
training objectives have been met.

iv. Reviews and evaluates proposed work activities to identify potential
transient fire loads.

v. Implements a program for indoctrination of all plant contractor
personnel in appropriate administrative procedures which implement
the fire protection program, and the emergency procedures relative
to fire protection.

vi. Implements a program for instruction of personnel on the proper
handling of accidental events such as leaks or spills of flammable
materials that are related to fire protection.

(e) The onsite position responsible for fire protection quality assurance.|
' This position should be responsible for assuring the effective imple-

mentation of the fire protection program by planned inspections,
scheduled audits, and verification that the results of these inspec-
tions of audits are promptly reported to cognizant management personnel.

(f) The positions which are part of the plant fire brigade:

1. The plant fire brigade positions should be responsible for fighting
fires. The autnority and responsibility of each fire brigade position
relative to fire protection should be clearly defined.
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11. The responsibilities of each fire brigade position should correspond -
'

with the actions required by the fire fighting procedures. -

fii. Theresponsibilitiesofthefirebrigademembersundernormalblant ' ', $ -
conditions should not conflict with their rusponsibilities during a 'e'

fire emergency. , si
-

.
,

,

~
n. -

. C,
- ,

! iv. The minimum number of trained fire brigade members availab1e'onsite
~

-

| for each operating shift should be consistent with the activities + '

I

required to combat the most significant fire. The size of the. fire ? ... r. y

brigade should be based upon the functions required to fight fire,s " '"

with adequate allowance for injuries. . . * , ' g ;;
, , . ,

.s

v. The recommendations for organization, training, and equipment of y
,

" Private Fire Brigades" as specified in NFPA No. 27-1975, including
:|the applicable NFPA publications listed in the appendix to F PA No. 27, -

are considered appropriate criteria for organizing, training, and
'

operating a plant fire brigade. -

,

i -(5) Personnel Qualifications
'

\ ',-

(a) The position responsible for formulation and implementation of the fire,.
' ..

protection program should have within his organization or as a consultani
a fire protection engineer who is a graduate of an engineering curriculus
of accepted standing and shall have completed not less tijan 6 years of
engineering attainment indicative of growth in engineering competency and
achievement, 3 years of which shall have been in res00nsible charge of
fire protection engineering work. Thase requirements,are the eligibility,

requirements as a Member in the Society of Fire i ratectiori Engineer $. ]

(b) The fire brigade members' qualifications should include satisfactory $ '

completion of a physical examination for performing strenuous activity, ~~~~
and of the fire brigade training described in Position C.3.d. ;

\ ?,

(c) The personnel responsible for the maintenance and testing of the fire i

protection systems should be qualified by training and experience for such ;
work.

'

-

. s
'(d) The personnel responsible for the training of the fire brigade should be

qualified by training and experience for such work.
^

(6) The following NFPA publications should be used for guidance to devciop
the fire protection program:

No. 4 " Organization for Fire Services"
No. 4A " Organization of a Fire Department" - ,

No. 6 " Industrial Fire Loss Prevention" e

No. 7 " Management of Fire Emergencies"
.

No. 8 " Management Responsibilities for Effects of Fire on Operations"
No. 27 " Private Fire Brigades"

(7) On sites where there is an operating reactor and construction or
modification of other units is underway, the superintendent of the
operating plant should have the lead responsibility for site fire

Og protection.
.

'
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b. Fire Hazards Analysis

The fire hazards analysip abould demonstrate that the plant will maintain the
ability to perform safe shut:fown functions and minimize radioactive releases
to the.:1viaonment in the. event of a fire.

The fire ha'zards analysis should be performed by qualified fire protection and
reactor systems engineers to (1) consider potential in situ and transient fire
hazards; (2) determine the consequences of fire in any location in the plant ;m

on the ability to safely shut dcwn the reactor or on the ability to minimize |
and control the release o' radioactivity to the environment; and (3) specify
measures for fire preventfon, fire detection, fire suppression, and fire contain-
ment a7d alternative shutdown capability as required for each fire area containing
structures, systems, and components important to safety that are in conformance
with NRC guidelines and reculations.

" Worst case" fires need not be postulated to be simultaneous with nonfire-related !

failures in safety systems, plant accidents, or the most severe natural phenomena.

On cultjple-reactor sites, unrelated fires in two or more units need not be
postulateu to occur simultaneously. Fires involving facilities shared between |
units and fires due to man-made site-rclated events that have a reasonable !

probability of occurring and pffecting more than one reactor unit (such as an i'

aircraft crash) should be considered. |

'

Because fire may affect sa.Te shutdown systems and because the loss of function |

of systems used to mitigate the consequences of design basis accidents under ;

postfire conditions 06es not per se impact public safety, the need te limit 1

fire damage to systems required to achieve and maintain safe shutdown conditions |

is greater than the need to lin.it fire damage to those systems required to miti- -

gate the consequences of design Sasis accidents. Three levels of fire damage |
limits are established according to the safety function of the structure, system, j,

or component: |
'

' Safety Fu, q i g f ire Damage '.imits

Hot shutdown One train of equipment necessary to achieve hot shutdown
from either the contial room or emergency control
station (s) must be maintaired free of fire damage by a
single fire, including an exposum fire.

Cold shutdown Both trains of et,uipment necessary to achieve cold
shutdown wy be damaged by a single fire, including an
exposure fire, but damage must be lim *ted so that at
least one train can be repaired or made operable within 1

72 hours using onsite capability.

Design basis Both trains of equipment necessary for mitigation of
accidents c;asequences following design basis accidents may be (

damaged by a single exposure fire. |

|

The most stringent fire damage limit should apply for those systems that fall
into more than one category. Redundant systems used to mitigate the consequences I

of other design basis accidents but not necessary for safe shutdown may be lost I

to a single exp0:ure fire. However, protection shall be provided so that a i

fire within only onc such system will not damage the redundant system. |
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- 5 The fire hazards analysis "should separately identify hazards and provide
I appropriate protection in locations where safety-related losses can occur as
' a result of:

a (1) Concentrations of combust [ible contents, including transient fire loads
due to corbustibles expected to be 'used in normal operations such as
refueling, maintenance, and modifications;a

(2) Continuity of combustible contents, furnishings, building materials, or
combinations thereof in configurations conducive to fire spread;

(3) Exposure fire, heat, smoke, or water exposure, including those that may
L necessitate evacuation from areas that are required to be attended for
*; safe shutdown;4 .

(4) Fire in control rooms or other locations having critical safety-related
functions; ,.-

(5) Lack of adequate access or smoke removal facilities that impede fire
,! extinguishment in safety related areas;

(6) Lack of explosion prevention measures;

(7) Loss of electric power or control circuits;

(8) Inadvertent operation of fire suppression systems.

The fire hazards analysis should verify that the NRC fira protection program
guidelines have been met. The analysis should list applicable elements of the
program, with explanatory statements as needed to identify location, type of
system, and design criteria. The analysis should identify and justify any
deviations from the regulatory guidelines. Justification for deviations from
the regulatory guidelines should show that an equivalent level of protection
will be echieved. Deletion of a protective feature without comper, sating alter-
native protection measures will not be acceptable, unless it is clearly'

demonstrated that the protective measure is not needed because of the design
and arrangement of the particular plant.

; c. Fire Suppression System Design Basis

{ (1) Total reliance should not be placed on a single fire suppression system.
Appropriate backup fire suppression capability should be provided.

(2) A single active failure or a crack in a moderate-energy line (pipe) in4

the firs suppression system should not impair both the primary and backupi

fire suppression capability. For example, neither the failure of a fire
pump, its power supply or controls, nor a crack in a moderah-energy line
in the fire suppression system, should result in loss of function of both
sprinkler and hose stardpipe systems in an area protected by such primary4

and backup systems.

(3) As a minimum, the fire suppression systen. should be capable of delivering'

water to manual hose stations located within bose reach of areas containing
[ equipment required for safe plant shutdown following the safe shutdown4

( earthquake (SSE). In areas of high seismic activity, the staff will
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corsider on a case-by-case basis the need to des gn the fire detectioni

and suppression systems to be functional following the SSE.

(4) The fire protection systems should retain their original design capability
for (a) natural phenomena of less severity and greater frequency than the
most severe natural phenorr.ena (approximately once in 10 years) such as
tornadoes, hurricanes, floods, ice storms, or small-intensity earthquakes
that are characteristic of the geographic region, and (b) potential man-made
site related events such as oil barge collisions or aircraft crashes that
have a reasonable probability of occurring at a specific plant site. The
effects of lightning strikes should be included in the overall plant fire
protection program.

(5) The consequences of inadvertent operation of or a crack in a moderate energy
line in the fire suppression system should meet the guidelines specified
for moderate-energy systems outside containment in SRP Section 3.6.1.

d. Alternative or Dedicated Shutdown

Alterrative or dedicated shutdown capability should be provided where the
protection of systems whose functions are required for safe shutdown is not
provided by established fire suppression methods or by Position C.S.6.

e. Implementation of Fire Protection Programs

(1) The fire protection program (plans, personnel, and equipment) for buildings
storing new reactor fuel and for adjacent fire areas that could affect
the fuel storage area should be fully operational before fuel is received
at the site. Such adjacent areas include those whose flames, hot gases,
and fire generated toxic and corrosive products may jeopardize safety and
curveillance of the stored fuel.

(2) The fire protection program for an entire reactor unit should be fully
operational prior to initial fuel loading in that reactor unit.

(3) On reactor sites where there is an operating reactor and construction or
modification of other units is under way, the fire protection program
should provide for continuing evaluation of fire hazards. Additional fire
barriers, fire protection capability, and administrative controls should
be provided as necessary to protect the operating unit from construction
fire hazards.

2. Administrative Controls

Administrative controls should be used to maintain the performance of the fire
protection system and personnel. These controls should establish procedures
to:

a. Prohibit bulk storage of combustible materials inside or adjacent to safety-
related buildings or systems during operation or maintenance periods.
Regulatory Guide 1.39 provides guidance on housekeeping, including the
disposal of combustible materials.

b. Govern the handling and limitation of the use of orainary combustible
materials, combustible and flammable gases and liquids, high efficiency
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particulate air and charcoal filters, dry ion exchange resins, or other
combustible supplies in safety-related areas.

O
Q c. Govern the handlir 9 of and limit transient fire loads such as combustible

and flammoble ligalds, wood and plastic products, or other combustible
materials in tuf1 dings containing safety-related systems or equipment during
all phases of operating, and especially during maintenance, modification,
or refueling operations.

d. Designate the onsite staff member responsible for the inplant fire protec-
tion review of propcsed work activities to identify potential transient
fire hazards and specify required additional fire protection in the work
activity procedure.

e. Govern the use of ignition sources by use of a flame permit system to
control welding, flame cutting, brazing, or soldering operations. A
separate permit should be issued for each area where work is to be done.
If work continues over more than one shift, the permit should be valid
for not more than 24 hours when the plant is operating or for the duration
of a particular job during plant shutdewn.

f. Control the removal from the area of all waste, debris, scrap, oil spills,
or other combustibles resulting from the work activity immediately following
completion of the activity, or at the end of each work shift, whichever
comes first.

g. Govern leak testing; similar procedures such as airflow determination
should use one of the commercially available techniques. Open flames or
combustion generated smoke should not be permitted.

h. Maintain the periodic housekeeping inspections to ensure continued comp 11-
ance with these administrative controls.

i. Control the use of specific combustibles in safety-related areas. All
wood used in safety-related areas during maintenance, modification, or
refueling operation (such as lay-down blocks or scaffolding) should be
treated with a flame retardant. Equipment or supplies (such as new fuel)
shipped in untreated combustible packing containers may be unpacked in
safety-related areas if required for valid operating reasons. However,
all combustible materials should be removed from the area immediately
following unpacking. Such transient combustible material, unless stored
in approved containers, should not be left unattended during lunch breaks,
shift changes, or other similar periods. Loose combustible packing material
such as wood or paper excelsior, or polyethylene sheeting should be placed
in metal containers with tight-fitting self-closing metal covers.

4 j Disarming of fire detection or fire suppression systems should be controlled.

by a permit system. Fire watches should be established in areas where
systems are so disarmed.

i k. Successful fire protection requires testing and maintenance of the fire
protection equipment and the emergency lighting and communication. A test
plant that lists the i:dividuals and their responsibilities in connection
with routine tests and inspections of the fire detection and protection,

~

( systems should be developed. The test plan should contain the types,
frequency, and detailed procedures for testing. Procedures should also
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contain instructions on maintaining fire protection during those periods
when the fire protection system is impaired or during periods of plant
maintenance, e.g., fire watches or temporary hose connections to water
systems.

1. Control actions to be taken oy an individual discovering a fire, for example,
notification of control room, attempt to extinguish fire, and actuation
of local fire suppression systems.

Control actions to be taken by the control room operator to determine them.
need for brigade assistance upon report of a fire or receipt of alarm on
control room annunciator panel, for example, announcing location of fire
over PA system, sounding fire alarms, and notifying the shift supervisor
and the fire brigade leader of the type, size, and location of the fire.

Control actions to be taken by the fire brigade after notification by then.
control room operator of a fire, for example, assembling in a derignated
location, receiving directions from the fire brigade leader, and discharging
specific fire fighting responsibilities, including selection and transpor-
tation of fire fighting equipment to fire location, selection of protective
equipment, operating i s ructions for use of fire suppression systems,
and use of preplanned strategies for fighting fires in specific areas.

Define the strategies for fighting fires in all safety-related areas ando.
areas presenting a hazard to safety-related equipment. These strategies
should designate:

(1) Fire hazards in each area covered by the specific prefire plans.

(2) Fire extinguishants best suited for controlling the fires associated
with the fire hazards in that area and the nearest location of these
extinguishants.

(3) Most favorable direction from which to attack a fire in each area in
view of the ventilation direction, access hallways, stairs, and doors
that are most.likely to be free of fire, and the best station or
elevation for fighting the fire. All access and egress routes that
involve locked doors should be specifically ident.ified in the procedure
with the appropriate precautions and methods for access specified.

(4) Plant systems that should be managea to reduce the damage potential
during a local fire and the location of local and remote controls
for such management (e.g., any hydraulic or electrical systems in
the zone covered by the specific fire fighting procedure that could
increase the hazards in the area because of overpressurization or
electrical hazards).

(5) Vital heat-sensitive system components that need to be kept cool while
fighting a local fire. Particularly hazardous combustibles that need
cooling sh3uld be designated.

(6) Organization of fire fighting brigades and the assignment of special
duties according to job title so that all fire fighting functions
are covered by any complete shift personnel comolement. These duties
include command control of the brigade, transporting fire suppression
and support equipment to the fire scenes, applying the extinguishant
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to the fire, communication with the control room, and coordination
with outside fire departments.

(7) Potential radiological and toxic hazards in fire zones.

(8) Ventilation system operation that ensures desired plant air distribu-
i tion when the ventilation flow is modified for fire containment or

smoke clearing operation.

(9) Operations requiring control room and shift engineer coordination or
authorization.

(10) Instructions for plant operators and gereral plant personnel during
fire.

3. Fire Brigade

The need for good organization, training, and equipping of fire brigadesa.
at nuclear power plant sites requires that effective measures be implemented

Guide 1.101,gerdischargeofthesefunctions. The guidance in Regulatoryto ensure pro
'

Emergency Planning for Nuclear Poser Plants," should be
followed as applicable.

b. A site fire brigade trained and equipped for fire fighting should be estab-
lished to ensure adequate manual fire fighting capability for all creas
of the plant containing structures, systems, or components important to
safety. The tire brigade should be at least five members on each shift.

i The brigada leader and at least two brigade members should have sufficiente

( training in or knowledge of plant safety-related systems to understand
'

the effects of fire and fire suppressants on safe shutdown capability.
The qualification of fire brigade members should include an annual hysical
examination to determine their ability to perform strenuous fire fi hting
activities. The shift supervisor should not be a member of the fire brigade.

1 The brigade leader shall be competent to assess the potential safety conse-
! quences of a fire and advise control room personnel. Such competence by
I the brigade leader may be evidenced by possession of an operator's license

or equivalent knowledge of plant safety-related systems.

c. The minimum equipment provided for the brigade should consist of personal
protective equipment such as turnout coats, boots, gloves, hard hats,
emergency communications equipment, portable lights, portable ventilation
equipment, and portable extinguishers. Self-contained bre' thing apparatus
using full-face positive pressure masks approved by NIOSH (National Insti-
tute for Occupational Safety and Health--approval formerly given by the'

U.S. Bureau of Mines) should be provided for fire brigade, damage control, <

and control room personnel. At least 10 masks shall be available for fire
brigade personnel. Control room personnel may be furnished breathing air
by a manifold system piped from a stoiage reservoir if practical. Service
or rated operating life shall be a minimum of one-half hour for the self-
contained units.

4

i At least two extra air bottles should be located onsite for each self-
'

contained breathing unit. In addition, an onsite 6-hour supply of reserve
p air should be provided and arrang'ed to permit quick and complete replenish-
t ment of exhausted supply air bottles as they are returned. If compressors
* are used as a source of breathing air, only units approved for breathing,
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air shall be used; compressors shail be operable assuming a loss of offsite
power. Special care must be taken to locate the compressor in areas free
of dust and contaminants.

d. The fire brigade training program shall ensure that the capability to fight
potential fires is established and maintained. The program shall consist
of an initial classroom instruction program followed by periodic classroom
instruction, fire fighting practice, and fire drills.

(1) The initial classroom instruction should include:

(a) Indoctrination of the plant fire fighting plan with specific identi-
fication of each individual's responsibilities.

(b) Identification of the type and location of fire hazards and associated
types of fires that could occur in the plant.

(c) The toxic and corrosive characteristics of expected products of
combustion.

(d) Identification of the location of fire fighting equipment for each
fire area and familiarization with the laycut of the plant, including
access and egress routes to each area.

(e) The proper use of available fire fighting equipment and the corrective
method of fighting each type of fire. The types of fires covered
should include fires in energized electrical equipment, fires in cables
and cable trays, hydrogen fires, fires involving flammable and combus-
tible liquids or hazardous process chemicals, fires resulting from
construction or modification (welding), and record file fires.

(f) The proper use of communication, lighting, ventilation, and emergency
breathing equipment.

(g) The proper method for fighting fires inside buildings and confined
spaces.

(h) The direction and coordination of the fire fighting activities (fire
brigade leaders only).

(i) Detailed review of fire fighting strategies and precedures.

(j) Review of the latest plant modifications and corresponding changes
in fire fighting plans.

(k) Training of the plant fire brigade should be coordinated with the
local fire department so that responsibilities and duties are delin-
eated in advance. This coordination should be part of the training
course and should be included in the training of the local fire
department staff.

(1) Local fire departments should be provided training in opert ional
precautions when fignting fires on nuclear power plant sites and
should be made awarr of the need for radiological protection of
personnel and the special hazards associated with a nuclear power
plant site.

|
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Note: Items (i) and (j) may be deleted from the training of no more
than two of the nonoperations personnel who may be assigned to the
fire brigade.

(2) The instruction should be provided by qualified individuals who are
knowledgeable, experienced, and suitably trained in fighting the types
of fires that could occur in the plant and in using the types of
equipment available in the nuclear power plant.

(3) Instruction should be provided to all fire brigade members and fire
brigade leaders.

(4) Regular planned meetings should be held at least every 3 months for
all brigade members to review changes in the fire protection program
anc' other subjects as necessary.

(5) Periodic refresher training sessions shall be held to repeat the
classroom instruction program for all brigade members over a 2 year
period. These sessions may be concurrent with the regular planned
meetings.

| (6) Practice

(a) Practice sessions should be held for each shift fire brigade on the
proper method of fightir.g the various types of fires that could occur
in a nuclear power plant. These sessions shall provide brigade members
with experience in actual fire extinguishment and the use of emergency

p breathing apparatus under strenuous conditions encountered in fire
( fighting.

(b) These practice sessions should be provided at least once per year
for each fire brigade member.

(7) Drills

(a) Fire brigade drills should be performed in the plant so that the fire
brigade can practice as a team.

(b) Drills should be performed at regular intervals not to exceed 3 months
for each shift fire brigade. Each fire brigade member should partici-
pate in each drill, but must participate in at least two drills per
year.

A sufficient number cf these drills, but not less than one for each
shift fire brigade per year, should be unannounced to determine the
fire fighting readiness of the plant fire brigade, brigade leader,
and fire protection systems and equipment. Persons planning and
authorizing an unannounced drill should ensure that the responding,

; shift fire brigade members are not aware that a drill is being planned'

until it is begun. Unannounced drills should not be scheduled closer
than 4 weeks.

At least one drill per year should be performed on a "back shift"
for each shift fire brigade.

,

s
,
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(c) The drills should be preplanned to establish the training objectives
of the drili and should be critiqued to determine how well the training
objectives have been met. Unannounced drills should be planned and
critiqued by members of the management staff responsible for plant
safety and fire protection. Performance deficiencies of a fire brigade
or of individual fire brigade members should be remedied by scheduling
additional training for the brigade or members.

Unsatisfactory drill performance should be followed by a repeat drill
within 30 days.

(d) These drills should provide for local fire department participation
periodically (at least annually).

(e) At 3 year intervals, a randomly selected unannounced drill should be
critiqued by qualified individuals independent of the licensee's staff.
A copy of the written report from such individuals should be available
for NRC review.

(f) Drills should as a minimum include the following:

i. Assessment of fire alarm effectiveness, time required to notify and
assemble fire brigade, and selection, placement, and use of equipment
and fire fighting strategies.

ii. Assessment of each brigade member's knowledge of his or her role in
the fire fighting strategy for the area assumed to contain the fire.
Assessment of the brigade members' conformance with established plant
fire fighting procedures and use of fire fighting equipment, including
self-contained emergency breathing apparatus, communication equipment,
and ventilation equipment, to the extent practicable.

iii. The simulated use of fire fighting equipment required to cope with
the situation and type of fire selected for the drill. The area and
type of fire chosen for the drill should differ from those used in
the previous drills so that brigade members are trained in fighting
fires in vario6s plant areas. The situation selected should simu-
late the size and arrangement of a fire that could reasonably occur
in the area selected, allowing for fire development due to the time
required to respond, to obtain equipment, and organize for the fire,
assuming loss of automatic suppression capability.

|
iv. Assessment of brigade leader's direction of the fire fighting effort

as to thoroughness, accuracy, and effectiveness.

(S) Records

Individual records of training provided to each fire brigade member,
including drill critiques, should be maintained for at least 3 years to
ensure that each member receives training in all parts of the training
program. These records of training should be available for NRC review.
Retraining or broadened training for fire fighting within buildings should
be scheduled for all those brigade members whose performance records show
deficiencies.

'
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(9) Guidance Documents

NFPA 27, " Private Fire Brigade," should be followed in organization,
training, and fire drills. This standard also is applicable for thex

Iinspection and maintenance of fire fighting equipment. Among the standards
referenced in this document, NFPA 197, " Training Standard on Initial Fire
Attacks," should be utilized as applicable. NFPA booklets and pamphlets
listed in NFPA 27 may be used as applicable for training references. In
addition, courses in fire prevention and fire suppression that are
recognized or sponsored by the fire protection industry should be utilized.

4. Quality Assurance Program

The quality assurance (QA) programs of applicants and contractors should ensure
that the guidelines for design, procurement, installation, and testing and the
administrative controls for the fire protection systems for safety-related areas
are satisfied. The QA prugram should be under the management control of the
QA organization. This control consists of (1) formulating a fire protection
QA program that incorporates suitable requirements and is acceptable to the
management responsible for fire protection or verifying that the program incor-
porates suitable requirements and is acceptable to the management responsible
for fire protection, and (2) verifying the effectiveness of the QA program for
fire protection through review, surveillance, and audits. Performance of other
QA program functions for meeting the fire protection program requirements may
be performed by personnel outside of the QA organization. The QA p'.ogram for
fire protection should be part of the overall plant QA program. It should
satisfy the specific criteria listed below.

d a. Design and Procurement Document Control

Measures should be established to ensure that the guidelines of the regulatory
position of this guide are included in design and procurement documents and
that deviations therefrom are controlled.

b. Instructions, Procedures, and Drawings

Inspections, tests, administrative controls, fire drills, and training that
govern the fire protection program should be prescribed by documented instruc-
tions, procedures, or drawings and should be accomplished in accordance with
these documents.

c. Control of Purchased Material, Equipment, and Services

i Measures should be established to ensure that purchased material, equipment,
and services conform to the procurement documents.

d. Inspection

A program for independent inspection of activities affecting fire protection
should be established and executed by or for the organization performing the!

activity to verify conformance with documented installation drawings and test
,

procedures for accomplishing the activities.

i

! (

.
9.5.1-27 Rev. 2 - July 1981

.

-,n--------.-1, . - - - - , - - . ,..,myn7-%-,,re- e v i- we -y% y r-w --w- r,-----w+ - m ~ - w ew -- w e-- w w 'y-a y ww--m--wve- w



e. Test and Test Control

A test program should be established and implemented to ensure that testing is
performed and verified by inspection and audit to demonstrate conformance with
design and system readiness requirements. The tests should be performed in
accordance with written test procedures; test results should be properly evalu-
ated and acted on.

f. Inspection, Test, and Operating Status

Measures should be established to provide for the identification of items that
have satisfactorily passed required tests and inspections.

g. Nonconforming Items

Measures should be established to control items that do not conform to specified
requirements to prevent inadvertent use or installation.

h. Corrective Action

Measures should be established to ensure that conditions adverse to fire protec-
tion, such as failures, malfunctions, deficiencies, deviations, defective compo-
nents, uncontrolled combustible material and nonconformances, are promptly
identified, reported, and corrected.

i. Records

Records should be prepared and maintained to furnish evidence that the criteria
enumerated above are being met for activities affecting the fire protection
program.

j. Audits

Audits should be conducted and documented to verify compliance with the fire
protection program, including design and procurement documents, ir.structions,
procedures and drawings, and inspection and test activities.

!5. General Plant Guidelines

a. Building Design

(1) Fire barriers with a minimum fire resistance rating of 3 hours should be
provided to:

(a) Separate safety-related systems from any potential fires in nonsafety-
related areas that could affect their ability to perform their safety
function;

(b) Separate redundant divisions or trains of safety-related systems from
each other so that both are not subject to damage from a single fire;

(c) Separate individual units on a multiple-unit site unless the require-
ments of General Design Criterion 5 are met with respect to fires.

(2) Appropriate fire barriers should be provided within a single safety division
to separate components that present a fire hazard to other safety-related
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components or high concentrations of safety-related cables within that
division.S

(3) Openings through fire barriers for pipe, conduit, and cable trays whichs

separate fire areas should be sealed or closed to provide a fire resistance
rating at least equal to that required of the barrier itself. Openings
inside conduit larger than 4 inches in' diameter should be sealed at the
fire barrier penetration. Openings inside conduit 4 inches or less in
diameter should be sealed at the fire barrier unless the conduit extends
at least 5 feet on each side of the fire barrier and is sealed either at
both ends or at the fire barrier with noncombustible material to prevent
the passage of smoke and hot gases. Fire barrier penetrations that must
maintain environmental isolation or pressure differentials should be

,

qualified by test to maintain the barrier integrity under such conditions.

Penetration designs should utilize only noncombustible materials and should4

be qualified by tests. The penetration qualification tests should use
the time-temperature exposure curve specified by ASTM E-119, " Fire Test
of Building Construction and Materials." The acceptance criteria for the.
test should require that:

(a) The fire barrier penetration has withstood the fire endurance test
without passage of flame or ignition of cables on the unexposed side
for a period of time equivalent to the fire resistance rating required
of the barrier.

(b) The temperature levels recorded for the unexposed side are analyzed
j and demonstrate that the maximum temperature does not exceed 325 F.

! (c) The fire barrier penetration remains intact and does not allow projec-s

tion of water beyond the unexposed surface during the hose stream
; test. The stream shall be delivered through a 1-1/2-inch nozzle set
i at a discharge angle of 30% with a nozzle pressure of 75 psi and a
| minimum discharge of 75 gpm with the tip of the nozzle a maximum of

5 ft from the exposed face; or the stream shall be delivered through'

a 1-1/2-inch nozzle set at a discharge angle of 15% with a nozzle
pressure of 75 psi and a minimum discharge of 75 gpm with the tip of
the nozzle a maximum of 10 ft from the exposed face; or the stream
shall be delivered through a 2-1/2-inch national standard playpipe
equipped with 1-1/8-inch tip, nozzle pressure of 30 psi, located 20 ft
from the exposed face.

(4) Penetration openings for ventilation systems should be pr ' by fire
dampers having a rating. equivalent to that required of the .1er (see
NFPA-90A, " Air Conditioning and Ventilating Systems"). Flexible air duct
coupling in ventilation and filter systems should be noncombustible.

(5) Door openings in fire barriers should be protected with equivalently rated
doors, frames, and hardware that have been tested and approved by a nation-
ally recognized laboratory. Such doors should be self-closing or provided
"'th closing mechanisms and should be inspected semiannually to verify

; that automatic hold-open, release, and closing mechanisms and latches are
operable. (See NFPA 80, " Fire Doors and Windows.")'

i One of the followin measures should be provided to ensure they will protect
the opening as requ red in case of fire:;

r
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(a) Fire doors should be kept closed and electrically supervised at a
continuously manned location;

(b) Fire doors should be locked closed and inspected weekly to verify
that the doors are in the closed position;

(c) Fire doors should be provided with automatic hold-open and release
mechanisms and inspected daily to verify that doorways are free of
obstructions; or

(d) Fire doors should be kept closed and inspected daily to verify that
they are in the closed position.

The fire brigade leader should have ready access to keys for any locked
fire doors.

Areas protected by automatic total flooding gas suppression systems should
have electrically supervised self-closing fire doors or should satisfy
option (a) above.

(6) Personnel access routes and escape routes should be provided for each fire
area. Stairwells outside primary containment serving as escape routes,
access routes for firefighting, or access routes to areas containing equip-
ment necessary for safe shutdown should be enclosed in masonry or concrete
towers with a minimum fire rating of 2 hours and self-closing Class B fire
doors.

(7) Fire exist routes should be clearly marked.

(8) Each cable spreading room should contain only one redundant safety division.
Cable spreading rooms should not be shared between reactors. Cable spread-
ing rooms should be separated from each other and from other areas of the
plant by barriers having a minimum fire resistance of 3 hours.

(9) Interior wall and structural components, thermal insulation materials,
radiation shielding materials, and soundproofing should be noncombustible.
Interior finishes should be non-combustible.

Materials that are acceptable for use as interior finish without evidence
of test and listing by a nationally recognized laboratory are the following:

Plaster, acoustic plaster, gypsum plasterboard (gypsum wallboard),-

either plain, wallpapered, or painted with oil- or water-base paint;

Ceramic tile, ceramic panels;-

Glass, glass blocks;-

Brick, stone, concrete blocks, plain or painted;-

Steel and aluminum panels, plain, painted, or enameled;-

Vinyl tile, vinyl-asbestos tile, linoleum, or asphalt tile on concrete-

floors.
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) (10) Metal deck roof construction should be noncombustible and listed as
" acceptable for fire" in the UL Building Materials Directory, or listed

4
- as Class I in the Factory Mutual System Approval Guide.

(11) Suspended ceiling and their supports should be of noncombustible
construction. Concealed spaces should be devoid of combustibles except
as noted in Position C.6.b.

(12) Transfomers installed inside fire areas containing safety-related systems
shculd be of the dry type or insulated and cooled with noncombustible liquid.j

Transformers filled with combustible fluid that are located indoors should
be enclosed in a transformer vault (see Section 450(c) of NFPA 70, " National4

Electrical Code").i

(13) Outdoor oil-filled transformers should have oil spill confinement features.

or drainage away from the buildings. Such transformers should be located
i at least 50 feet distant from the building, or by ensuring that such build-

ing walls within 50 feet of oil-filled transformers are without openings
and have a fire resistance rating of at least 3 hours.

) (14) Floor drains sized to remove expected firefighting waterflow without flood-
ing safety related equipment should be provided in those areas where fixed
water fire suppression systems are installed. Floor drains should also
be provided in other areas where hand hose lines may be used if such fire-
fighting water could cause unacceptable damage to safety-related equipmenti

in the area (see NFPA-92, " Waterproofing and Draining of Floors"). Where
gas suppression systems are installed, the drains should be provided with
adequate seals or the gas suppression system should be sized to compensate;

j for the loss of the suppression agent through the drains. Drains in areas,

containing combustible liquids should have provisions for preventing the
backflow of combustible liquids to safety-related areas througs the inter-i

connected drain systems. Water drainage from areas that may contain radio-
! activity should be collected, sampled, and analyzed before discharge to
t the environment.

b. Safe Shutdown Capability

; (1) Fire protection features should be provided for structures, systems, and
components important to safe shutdown. These features should be capable
of limiting fire damage so that:

(a) One train of sysams necessary to achieve and maintain hot shutdown
,

conditions from either the control room or emergency control station (s)
is free of fire damage; and

(b) Systems necessary to achieve and maintain cold shutdown from either
the control room or emergency control station (s) can be repaired within
72 hours.

'

(2) To meet the guidelines of Position C5.b.1, one of the following means of
| ensuring that one of the redundant trains is free of fire damage should

be provided:

(a) Separation of cables and equipr nt and associated circuits of redundant
trains by a fire barrier having a 3-hour rating. Structural steel

:
'
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forming a part of or supporting such fire barriers should be protected
to provide fire resistance equivalent to that required of the barrier;

(b) Separation of cables and equipment and associated circuits of redundant
trains by a horizontal distance of more than 20 feet with r.o interven-
ing combustible or fire hazards. In addition, fire detectors and an
automatic fire suppression system should be installed in the fire
area; or

(c) Enclosure of cable and equipment and associated circuits of one
redundant train in a fire barrier having a 1-hour rating. In addition,
fire detectors and an automatic fire suppression system should be
installed in the fire area.

(3) If the guidelines of Positions C5.b.1 and C5.b.2 cannot be met, then alter-
native or dedicated shutdown capability and its associated circuits,
independent of cables, systems or components in the area, room, or zone
under consideration should be provided.

c. Alternative or Dedicated Shutdown Capability

(1) Alternative or dedicated shutdown capability provided for a specific fire
area should be able to achieve and maintain subcritical reactivity condi-
tions in the reactor maintain reactor coolant inventory achieve andI A
maintain hot standby * conditions for a PWR (hot shutdown for a BWR) and
achieve cold shutdown conditions within 72 hours and maintain cold shutdown
conditions thereafter. During the postfire shutdown, the reactor coolant
system process variables shall be maintained within those predicted for a
loss of normal ac power, and the fission product boundary integrity shall
not be affected; i.e. , there shall be no fuel clad damage, rupture, or
any primary coolant boundary, or rupture of the containment boundary.

(2) The performance goals for the shutdown functions should be:

(a) The reactivity ccatrol function should be capable of achieving and maintain-
ing cold shutdown reactivity conditions.

(b) The reactor coolant makeup function should be capable of maintaining the
reactor coolant level above the top of the core for BWRs and be within
the level indication in the pressurizer for Pd ..

(c) The reactor heat removal function should be capable of achieving and main-
taining decay heat removal.

(d) The process monitoring function should be capable of providing direct
readings of the process variables necessary to perform and control the
above functions.

(e) The supporting functions should be capable of providing the process cooling,
lubrication, etc., necessary to permit the operation of the equipment used
for safe shutdown functions.

"As defined in the Standard Technical Specifications.
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(3) The shutdown capability for specific fire areas may be unique for each
such area, or it may be one unique combination of systems for all such

h areas. In either case, the alternative shutdown capability shall be
d independent of the specific fire area (s) and shall accommodate postfire

conditions where offsite power is available and where offsite power is
not available for 72 hours. Procedures shall be in effect to implement
this capability.

(4). If the capability to achieve and maintain cold shutdown will not be avail-
able because of fire damage, the equipment and systems comprising the means
to achieve and maintain the hot standby or hot shutdown condition shall
be capable of maintaining such conditions until cold shutdown can be
achieved. If such equipment and systems will not be capable of being
powered by both onsite and offsite electric power systems because of fire
damage, an independent onsite power system shall be provided. The number
of operating shift personnel, exclusive of fire brigade members, required
to operate such equipment and systems shall be onsite at all times.

(5) Equipment and systems comprising the means to achieve and maintain cold
shutdown conditions should not be damaged by fire; or the fire damage to
such equipment and systems should be limited so that the systems can be
made operable and cold shutdown achieved within 72 hours. Materials for
such repairs shall be readily available onsite and procedures shall be in
effect to implement such repairs. If such equipment and systems used prior
to 72 hours after the fire will not be capable of being powered by both
onsite and offsite electric power systems because of fire damage, an
independent onsite power system should be provided. Equipment and systems
used after 72 hours may be powered by offsite power only.p)t

U (6) Shutdown systems installed to ensure postfire shutdown capability need
not be designed to meet seismic Category I criteria, single failure criteria,
or other design basis accident criteria, except where required for other
reasons, e.g., because of interface with or impact on existing safety
systems, or because of adverse valve actions due to fire damage.

(7) The safe shutdawn equipment and systems for each fire aiya should be known
to be isolated from associated circuits in the fire area so that hot shorts,
open circuits, or shorts to ground in the associated circuits will not
prevent operation of ae safe shutdown equipment. The separation and
barriers between trays and conduits containing associated circuits of one
safe shutdown division and trays and conduits containing associated circuits
or safe shutdown cables from the redundant division, or the isolation of
these associated circuits from the safe shutdown equipment, should be such
that a postulated fire involving associated circuits will not prevent safe
shutdown.

d. Control of Combustibles

(1) Safety related systems should be isolated or separated from combustible
materials. When this is not possible because of the nature of the safety
system or the combustible material, special protection should be provided
to prevent a fire from defeating the safety system function. Such protec-
tion may involve a combination of automatic fire suppression, and construc-

O) tion capable of withstanding and containing a fire that consumes all
i combustibles present. Examples of such combustible materials that may

not be separable from the remainder of its system are:
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(a) Emergency d:esel generator fuel oil day tanks.

(b) Turbine generator oil and hydraulic control fluid systems.

(c) Reactor coolant pump lube oil system

(2) Bulk gas storage (either compressed or cryogenic), should not be permitted
inside structures housing safety-related equipt.ent. Storage of flammable
gas such as hydrogen should be located outdoors or in separate de hched
buildings so that a fire or explosion will not adversely affect any safety-
related systems or equipment. (Refer to NFPA 50A, " Gaseous Hydrogen Systems.")

Care should be taken to locate high pressure gas storage containers with
the long axis parallel to building walls. This will minimize the possibility
of wall penetration in the event of a container failure. Use of compressed
gases (especially flammable and fuel gases) inside buildings should be
controlled. (Refer to NFPA 6, " Industrial Fire Loss Prevention.")

(3) The use of plastic materials should be minimized. In particular, halogenated
plastics such as polyvinyl chloride (PVC) and neoprene should be used only
when substitute noncombustible materials are not available. All plastic
materials, including flame and fire retardant materials, will burn with
an intensity and BTU production in a range similar to that of ordinary
hydrocarbons. When burning, they produce aeavy smoke that obscures visi-
bility and can plug air filters, especially charcoal and HEPA. The
halogenated plastics also release frce chlorine and hydrogen chloride when
burning which are toxic to humans and corrosive to equipment.

(4) Storage of flammable liquids should, as a minimum, comply with the require-
ments of NFPA 30, " Flammable and Combustible Liquids Code."

(5) Hydrogen lines in safety related areas should be either designed to seismic
Class I requirements, or sleeved such that the wcter pipe is directly vented
to the outside, or should be equipped with excess flow valves so that in
case of a line break, the hydrogen concentration in the affected areas
will not exceed 2L

e. Electrical Cable Construction, Cable Trays, and Cable Penetrations
|

(1) Only metal should be used for cable trays. Only metallic tubing should
be used for conduit. Thin-wall metallic tubing should not be used.
Flexible metallic tubing should only be used in short lengths to connect
components to equipment. Other raceways should be made of noncombustible
material.

(2) Redundant safety-related cable systems outside the cable sprear'ing room
should be separated from each other and from potential fire exposure hazards
in nonsafety-related areas by fire barriers with a minimum fire rating of
3 hours. These cable trays should be provided with continuous line-type
heat detectors and should be accessible for manual firefighting. Cables
should be designed to allow wetting down with fire suppression water without
electrical faulting. Manual hose stations and portable hand extinguishers
should be provided. |

Safety-related cable trays of a single division that are separated from
redundant divisions by a fire barrier with a minimum rating of 3 hours
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and are normally accessible for manual firefighting should be protected
from the effects of a potential exposure fire hv providing automatic water

(N suppression in the area where such a fire e . ' occur. Automatic area'

tray arrar.gements and
\*) protection, where provided, should cond er a

possible transient combustibles to enw adeu. la water coverage for areas
that could present an exposure hazard to ue cable system. Manual hose
standpipe systems may be relied upon to provide the primary fire suppressfor,
(in lieu of automatic water suppression systems) for safety-related cable
trays of a single division that are separated from redundant safety divisions
by a fire barrier with a minimum rating of 3 hours and are normally acces-
sible for manual firefighting if all of the following conditions are met:

(a) The number of equivalent * standard 24-inch-wide cable trays (both
safety-related and nonsafety-related) in a given fire area is six or
less;

(b) The cabling does not provide instrumentation, control or power to
systems required to achieve and maintain hot shutdown; and

(c) Smoke detectors are provided in the area of these cable routings,
and continuous line-type heat detectors are provide in the cable trays.

Safety-related cable trays that are not accessible for manual fire fighting
should be protected by a zoned automatic water system with open-head deluge
or open directional spray nozzles arranged so that adequate water coverage
is prc ided for each cable tray. Such cable trays should also be protected
from the effects of a potential exposure fire by providing automatic water
suppression in the area where such a fire could occur.n

(V In other areas where it may not be possible because of other overriding
)

design features necessary for reasons of nuclear safety to separate
redundant safety-related cable systems by 3-hour-rated fire barriers, cable
trays should be protected by an automatic water system with open-head deluge
or open directional spray nozzles arranged so that adequate water coverage
is provided for each cable tray. Such cable trays should also be protected
from the effects of a potential exposure fire by providing automatic water
suppression in the area where such a fire could occur. The capability to
achieve and maintain safe shutdown considering the effects of a fire
involving fixed and potential transient ccmhustibles should be evaluated
with and without actuation of the automatic suppression syste.a and should
be justified on a suitably defined basis.

(3) Electric cable construction should, as a minimum, pass the flame test in
the current IEEE Std 383. (This does not imply that cables passing this
test will not require fire protection.)

(4) Cable raceways should be used only for cables.

(5) Miscellaneous storage and piping for flammable or combustible liquids or
gases should not cmte a potential exposure hazard to safety-related
systems.

. " Trays exceeding 24 inches should be counted as two trays; trays exceeding

v) 48 inches should be counted as three trays, regardless of tray fill.
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f. Ventilation

(1) The products of combustion and the means by which they will be removed
from each fire area should be established during the initial stages of
plant design. Consideration should ie given to the installation of auto-
matic suppression systems as a means of limiting smoke and end heat
generation. Smoke and corrosive gases should generally be discharged
directly o .tside to an area that will not affect safety-related plant areas.
The normal plant ventilation system may be used for this purpose if capable
and available. To facilitate mrnual firefighting, separate smoke and heat
vents should be provided in specific areas such as cable spreading rooms,
diesel fuel oil storage areas, switchgear rooms, and other areas where
the potential exists for heavy smoke conditions (see NFPA 204 for additional
guidance on smoke control).

(2) Release of smoke and gases containing radioactive materials to the environ-
ment should be monitored in accordance with emergency plans as described
in the guidelines of Regulatory Guide 1.101, " Emergency Planning for Nuclear
Power Plants." Any ventilation system designed to exhaust potentially
radioactive smoke or gases should be evaluated to ensure that inadvertent
operation or single failures will not violate the radiologically controlled
areas of the plant design. This requirement includes containment functions
for protecting the public and maintaining habitability for operations
personnel.

(3) Special protection for ventilation power and control cables may be required.
The power supply and controls for mechanical ventilation systems should
be run outside the fire area served by the system where practical.

(4) Engineered safety feature filters should be protected in accordance with
the guidelines of Regulatory Guide 1.52. Any filter that includes combus-
tible materials and is a potential exposure fire hazard that may affect
safety-related components should be protected as determined by the fire
hazards analysis.

(5) The fresh air supply intakes to areas containing safety-related equipment
or systems should be located remote from the exhaust air outlets and smoke
vents of other fire areas to minimize the possibility of contaminating
the intake air with the products of combustion.

(6) Stairrells should be designed to minimize smoke infiltration during a fire.

(7) Where total flooding gas extinguishing systems are used, area intake and
exhaust ventilation dampers should be controlled in accordance with NFPA 12,
" Carbon Dioxide Systems," and NFPA 12A, "Halon 1301 Systems," to maintain
the necessary gas concentration.

g. Lighting and Communication
|

Lighting and two-way voice communication are vital to safe shutdown and emergency
response in the event of fire. Suitable fixed and portable emergency lighting
and communication devices should be provided as follows:

(1) Fixed self-contained lighting consisting of fluorescent or sealed-beam
units with individual 8-hour minimum battery power supplies should be
provided in areas that must ha manned for safe shutdown and for access
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and egress routes to and from all fire areas. Safe shutdown areas include
those required to be manned if the control room must be evacuated.

(2) Suitable sealed-beam battery powered portable hand lights should be provided
for emergency use by the fire brigade and other operations personnel required
to achieve safe plant shutdown.

(3) Fixed emergency communications independent of the normal plant communication
system should be installed at preselected stations.

(4) A portable radio communications system should be provided for use by the
fire brigade and other operations personnel required to achieve safe plant
shutdown. This system should not interfere with the communications capa-
bilities of the plant security force. Fixed repeaters installed to permit
use of portable radio communication units should be protected from exposure
fire damage. Preoperational and periodic testing should demonstrate that
the frequencies used for portable radio communication will not affect the
actuation of protective relays.

6. Fire Detection and Suppression

a. Fire Detection

(1) Detection systems should be provided for all areas that contain or present
a fire exposure to safety-related equipment.

(2) Fire detection systems should comply with the requirements of Class A |
systems as defined in NFPA 720, " Standard for the Installation, Maintenance,

O and Use of Proprietary Protective Signaling Systems," and Class I circuits
as defined in NFP!\ 70, " National Electrical Code."

(3) Fire detectors should be selected and installed in accordance with NFPA 72E,
" Automatic Fire Detectors." Preoperational and periodic testing of pulsed
line-type heat detectors should demonstrate that the frequencies used will
not affect the actuation of protective relays in other plant systems. |

(4) Fire detection systems should give audible end visual alarm and annuncia-
tion in the control room. Where zoned detettion systems are used in a
given fire area, local means should be provi6ed to identify which detector
zone has actuated. Local audible alarms should sound in the fire area.

(5) Fire alarms should be distinctive and unique so they will not be confused
with any other plant system alarms.

(6) Primary and secondary power supplies should be provided for the fire detec-
tion system and for electrically operated control valves for automatic
suppression systems. Such primary and secondary power supplies should
satisfy provisions of Section 2220 of NFPA 720. This can be accomplished
by using normal offsite power as the primary supply with a 4-hour battery
supply as secondary supply; and by providing capability for manual connec-
tion to the Class 1E emergency power bus within 4 hours of loss of offsite
power. Such connection should follow the applicable geidelines in Regula-
tory Guides 1.6, 1.32, and 1.75.

O
V
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b. Fire Protection Water Supply Systems

(1) An underground yard fire main loop should be installed to furnish
anticipated water requirements. NFPA 24, " Standard for Outside Protection,'
gives necessary guidance for such installation. It references other design
codes and standards developed by such organizations as the Amerh.an National
Standards Institute (ANSI) and the American Water Works Association (AWWA).
Type of pipe and water treatment should be design considerations with
tuberculation as one of the parameters. Means for inspecting and flushing
the systems should be provided.

(2) Approved visually indicating sectional control valves such as post-indicator
valves should be provided to isolate portions of the main for maintenance
or repair without shutting off the supply to primary and backup fire
suppression systems serving areas that contain or expose safety-related
equipment.

(3) Valves should be installed to permit isolation of outside hy@ ants from
the fire main for niaintenance or repair without interrupting the water
supply to automatic or manual fire suppression systems in eny area contain-
ing or presenting a fire hazard to safety-related or safe shutdown equipment.

(4) The fire main system piping should be separate from service or sanitary
water system piping, except as described in Position C.5.c.(4).

(5) A common yard fire main loop may serve multiunit nuclear power plant sites
if cross-connected between units. Sectional control valves should permit
maintaining independence of the individual loop around each unit. For
such installations, common water supplies may also be utilized. For
multiple-reactor sites with widely separated plants (approaching 1 mile
or more), separate yard fire main loops should be used.

(6) If pumps are required to meet system pressure or flow requirements, a
sufficient number of pumps should be provided to ensure that 100% capacity
d ii be available assuming failure of the largest pump or loss of offsite
power (e.g., three.50% pumps or two 100% pumps). This can be accomplished,
for example, by providing eitner:

(a) Electric motor-driven fire pump (s) and diesel-driven fire pump (s); o

(b) Two or more seismic Category I Class 1E electric motor-driven fire
pumps connected to redundant Class 1E emergency power buses (see
Regulatory Guides 1.6, 1.32, and 1.75).

Individual fire pump connections to the yard fire main loop should be
separated with sectionalizing valves between connections. Each pump and
its driver and controls should be located in a room separated from the
remaining fire pumps by a fire wall with a minimum rating of 3 hours.
The fuel for the diesel fire pump (s) should be separated so that it does
not provide a fire source exposing safety-related equipment. Alarms
indicating pump running, driver availability, failure to start, and low
fire-main pressure should be provided in the control room.

The fire pump installation should conform to NFPA 20, " Standard for the
Installation of Centrifugal Fire Pumps."
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: (7) Outside manual hose installation should be sufficient to provide an effec-
! tive hose stream to any onsite location where fixed or transient combustibles

could jeopardize safety-related equipment. Hydrants should be installed'

approximately every 250 ft on the yard main system. A hose house equipped
with hose and combination nozzle and other auxiliary equipment recommended
in NFPA 24, "Outsida Protection," should be provided as needed, but at
least every 1,000 f t. Alternatively, mobile means of providing hose and
associated equipment, such as hose carts or trucks, may be used. When

provided, such mobile equipment should be equivalent to the equipment
1 supolied by three hose houses.

(8) Threads compatible with those used by local fire departments should be'

provided on all hydrants, hose couplings, and standpipe risers.

(9) Two separate, reliable freshwater supplies should be provided. Saltwater
or brackish water should not be used unless all freshwater supplies have
been exhausted. If tanks are used, two 100% (minimum of 300,000 gallons
each) system capacity tanks should be installed. They should be so inter-
connected that pumps can take suction from either or both. However, a
failure in one tank or its piping should not cause both tanks to drain.I

Water supply capacity should be capable of refilling either tank in 8 hours
or less.

.

(10) Common tanks are permitted for fire and sanitary or service water storage.
When this is done, however, minimum fire water storage requirements should!

be dedicated by passive means, for example, use of a vertical standpipe
i for other water services. Administrative controls, including locks for

tank outlet valves, are unat._ptable as the only means to ensure minimum,) water volume.

i (11) The fire water supply should be calculated on the basis of the largest
expected flow rate for a period of 2 hours, but not less than 300,000 gallons.
This flow rate should be based (conservatively) on 500 gpm for manual hose

; streams plus the largest design demand of any sprinkler or deluge system
as determined in accordance with NFPA 13 or NFPA 15. The fire water supply
should be capable of delivering this design demand over the longest route
of the water supply system.

(12) Freshwater lakes or ponds of sufficient size may qualify as sole source
of water for fire protection but require separate edundant suctions in
one or more intake structures. These supplies should be separated so that
a failure of one supply will not result in a failure of the other supply.

(13) When a common water supply is permitted for fire protection and the ultimate
heat sink, the following conditions should also be satisfied:

(a) The additional fire protection water requirements are designed into
the total storage capacity, and

i (b) Failure of the fire protection system should not degrade the function
of the ultimate heat sink.

i

| i (14) Other water systems that may be used as one of the two fire water supplies
! should be permanently connected to the fire main system and should be

capable of automatic alignment to the fire main system. Pumps, controls,
and power supplies in these systems should satisfy the requirements for
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the main fire pumps. The use of other water systems for fire protection
should not be incompatible with their functions required for safe plant
shutdown. Failure of the other system should not degrade the fire main
system.

c. Water Sprinkler and Hose Standpipe Systems

(1) Sprinkler systems and manual hose station standpipes should have connec-
tions to the plant underground water main so that a single active failure
or a crack in a moderate-energy line cannot impair both the primary and
backup fire suppression systems. Alternatively, headers fed from each
end are permitted inside buildings to supply both sprinkler and standpipe
systems, provided steel pi
ANSIB31.1,"PowerPiping,gingandfittingsmeetingtherequirementsofare used for the headers up to and including
the first valve supplying the sprinkler systems where such headers are
part of the seismically analyzed hose standpipe system. When provided,
such headers are considered an extension of the yard main system. Each
sprinkler and standpipe system should be equipped with OS&Y (outside screw
and yoke) gate valve or other approved shutoff valve and waterflow alarm.
Safety related equipment that does not itself require sprinkler water fire
protection but is subject to unacceptable damage if wet by sprinkler water
discharge should be protected by water shields or baffles.

(2) Control and sectionalizing valves in the fire water systems should be
electrically supervised or administratively controlled. The electrical
supervision signal should indicate in the control room. All valves in
the fire protection system should be periodically checked to verify position
(see NFPA 26, " Supervision of Valves").

(3) Fixed water extinguishing systems should conform to requirements of appro- |
priate standards such as NFPA 13, " Standard for the Installation of Sprinkler
Systems," and NFPA 15, " Standard for Water Spray Fixed Systems."

(4) Interior manual hose :naallation should be able to reach any location
that contains, or could present a fire exposure hazard to, safety-related
equipment with at least one effective hose stream. To accomplish this,
standpipes with hose connections equipped with a naximum of 100 feet of
1-1/2-inch woven-jacket, lined fire hose and suitable nozzles should be
provided in all buildings on all floors. Individual standpipes should be
at least 4 inches in diameter for multiple hose connections and 2-1/2 inches
in diameter for single hose connections. These systems should follow the
requirements of NFPA 14, " Standpipe and Hose Systems," for sizing, spacing,
and pipe support requirements.

Hose stations should be located as dictated by the fire hazard analysis
to facilitate access and use for firefighting operations. Alternative
hose stations should be provided for an area if the fire hazard could block
access to a single hose station serving that area.

Provisions should be made to supply water at least to standpipes and hose
connections for manual firefighting in areas containing equipment required
for safe plant shutdown in the event of a safe shutdown earthquake. The
piping system serving such hose stationc should be analyzed for SSE loading
and should be provided with supports to ensure system pressure integrity.
The piping and valves for the portion of hose standpipe system affected
by this functional requirement should, as e minimum, satisfy ANSI B31.1,
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" Power Piping." The water supply for this condition may be obtained by
manual operator actuation of valves in a connection to the hose standpipe

O header from a normal seismic Category I water system such as the essential
| service water system. The cross connection should be (a) capable of

providing flow to at least two hose stations (approximately 75 gpm per
hose station), and (b) designed to the same standards as the seismic

1 Category I water system; it should not degrade the perforstance of the
seismic Category I water system.

(5) The proper type of hose nozzle to be supplied to each area should be bued
on the fire hazard analysis. The usual combination spray / straight-stream
nozzle should not be used in areas where the straight stream can cause;

i unacceptable mechanical damage. Fixed fog nozzles should be provided at
i locations where high-voltage shock hazards exist. All hose nozzles should

have shutoff capability. (Guidance on safe distances for water application
to live electrical equipment may be found in the "NFPA Fire Protection
Handbook.")

(6) Fire hose should be hydrostatically tested in accordance with the recom-
mendations of NFPA 1962, " Fire Hose - Care, Use, Maintenance." Hose stored
in outside hose houses should be tested annually. Interior standpipe hose
should be tested every 3 years.

(7) Certain fires, such as those involving flammable liquids, respond well to
foam suppression. Consideration should be given to use of mechanical
low expansion foam systems, high expansion foam generators, or aqueous
film-forming foam (AFFF) systems, including the AFFF deluge system. These
systems should comply with the requirements of NFPA 11, NFPA 11A, NFPA 116,

O and NFPA 16, as applicable.

d. Halon Suppression Systems

Halon fire extinguishing systems should comply with the requirements of NFPA 12A
and NFPA 128, "Halogenated Fire tixtinguishing Agent Systems - Halon 1301 and
Halon 1211." Only UL-listed or FM-approved agents should be used. Provisions
for locally disarming automatic Halon systems should be key loved and under
strict administrative control. Automatic Halon extinguishing systems should
not be disarmed unless controls as described in Position C.2.c. are provided.

In addition to the guidelines of NFPA 12A and 128, preventive maintenance and;

testing of the systems, including check-weighing of the Halon cylinders, should
be done at least quarterly.

Particular consideration should also be given to:

(1) Minimum required Halon concentration, distribution, soak time, and ventila-
tion control;

3
'

(2) Toxicity of Halon;
'

(3) Toxicity and corrosive characteristics of the thermal decomposition products
of Halon; and

3 (4) Location and selection of the activating detecters.,

N]
.
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e. Carbon Dioxide Suppression Systems

Carbon dioxide extinguishing systems should comp'ly with the requirements of
NFPA 12, " Carbon Dioxide Extinguishing Systems. Where automatic carbon dioxide
systems are used, they should be equipped with a predischarge alarm system and
a discharge delay to permit personnel egress. Provisions for locally disarming
automatic carbon dioxide systems should be key locked and under strict adminis-
trative control. Automatic carbon dioxide extinguishing systems should not be
disarmed unless controls as described in Position C.2.c. are provided.

Particular consideration should alsa be given to:

(1) Minimum requireo u02 concentration, distribution, soak time, and ventilation
control;

(2) Anoxia and toxicity of CO ;2

(3) Possibility of secondary thermal shock (cooling) damage;

(4) Conflicting requirement: for venting during CO2 injection to prevent
overpressurization versus sealing to prevent loss of agent; and

(5) location and selection of the activating detectors.

f. Portable Extinguishers

Fire extinguishers should be provided in areas that contain, or could present
a fire exposure hazard to, safety-related equipment in accordance with guide-
lines of NFPA 10, " Portable Fire Extinguishers, Installation, Maintenance and -

Use." Dry chemical extinguishers should be installed with due consideration
given to possible adverse effects on safety-related equipment installed in the
area.

7. Guidelines for Specific Plant Areas |

a. Primary and Secondary Containment

(1) Normal Operation - Fire protection requirements for the primary and
secondary containment areas should be provided for hazards identified by
the fire hazards analysis.

Examples of such hazards include lubricating oil or hydraulic fluid system
for the primary coolant pumps, cable tray arrangements and cable penetra-
tions, and charcoal filters. Because of the general inaccessibility of
primary containment during normal plant operation, protection should be
provided by automatic fixed systems. The effects of pestulated fires
within the primary containment should be evaluated to ensure that the
integrity of the primary coolant system and the containment is not
jeopardized assuming ro action is taken to fight the fire

(a) Operation of the fire protection systems should not compromise the
integrity of the containment or other safety related systems. Fire
protection activities in the containment areas should function in
conjunction with total containment requirements such as ventilation
and control of contaminated liquid and gaseous release.
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(b) Inside noninerted containment one of the fire protection means stated
in Positions C.5.b.1 and C.5.b.2 or the following fire prctectiong

/.) means should be provided: separation of cables and equipment and
W/ as:,cciated nonsafety circuits of redundant trains by a noncombustible

radiant energy shield having a minimum fire rating of one-half hour.

(c) In primary containment, fire detection systems should be provided
for each fire hazard. The type of detection used and the location
of the detectors should be tiie most suitable for the particular type
of fire hazard identified by the fire hazard analysis.

A general area fire detection capability should be provided in the
primary containment as backup for the above described hazard detection.
To accomplish this, suitable smoke or heat detectors compatible with
the radiation environment should be installed.

(d) Standpipe and hose stations should be inside PWR containments and
BWR containments that are not inerted. Standpipe and hose stations
inside containment may be connected to a high quality water supply
of sufficient quantity and pressure other than the fire main loop if
plant specific faatures prevent extending the fire main supply inside
containment. For BWR drywells, standpipe and hose stations should
be placed outside the drywell with adequate lengths of hose, no longer
than 100 ft, to reach any location inside the drywell with an effective
hose stream.

The containment penetration of the standpipe system should meet the
p isolation requirements of General Design Criterion 56 and should be

( s) seismic Category I and Quality Group B.
~.

(e) The reactor coolant pumps should be equipped with an oil collection
system if the containment is not inerted during normal operation.
The oil collection system s:1ould be so designed, engineered, and
installed that Tailure will not lead to fire during normal or design
basis accident conditions and that there is reasonable assurance that
the system will withstand the safe shutdown earthquake.

Such collection systems should be capable of coilecting lube oil from
all potential pressurized and unpressurized leakage sites in the reactor
coolant pump lube oil systems Leakage should be collected and drained
to a vented closed container that can hold the entire lube oil system
inventory. A flame arrester is required in the vent if the flash
point characteristics of the oil present the hazard of fire flashback.
Leakage points to be protected should include lift pump and piping
overflow lines, lube oil cooler, oil fill and drain lines and plugs,
flanged connections on oil lines, and lube oil reservoirs where such
features exist on the reactor coolant pumps. The drain line should
be large enough to accommodate the largest potential oil leak.

(f) For secondary containment areas, cable fire iiazards that could affect
safety should be protected as described in Position C.5.e(2). The
type of detection system for other fire hazards identified by the
fire hazards analysis should be the most suitable for the particular

/O type of fire hazard.
( !
u
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(2) Refueling and Maintenance - Refueling and maintenance operations in
containment may introduce additional hazards such as contamination control
materials, decontamination supplies, wood planking, temporary wiring,
welding, and flame cutting (with portable compressed gas fuel supply).
Possible fires would not necessarily be in the vicinity of fixed detection
and suppression systems. Management procedures and controls necessary to
ensure adequate fire protection for transient fire loads are discussed in
Position C.I.

Adequate self-contained breathing apparatus should be provided near the
containment entrances for firefighting and damage control personnel. These
units should be indepen&nt of any breathing apparatus or air supply systems
provided for general plant activities and should be clearly marked as
emergency equipment.

b. Control _ Room Complex

The control room complex 'ircluding galleys, office spaces, etc.) should be
protected against disablir.g fire damage and should be separated from other areas
of the plant by floors, walls, and roof having minimum fire resistance ratings
of 3 hours. Peripheral rooms in the control room complex should have automatic
water suppression and should be separated from the control room by noncombustible
construction with a fire resistance rating of 1 hour. Ventilation system open-
ings between the control room and peripheral rooms should have automatic smoke
dampers that close on operatian of the fire detection or suppression system.
If a halon flooding system is used for fire suppression, these dampers should
be strong enough to support the pressure rise accompanying halon discharge and
seal tightly against infiltration of halon into the control room. Carbon dioxide
flooding systems are not acceptable for these areas.

Manual firefighting capability should be provided for Wth:

(1) Fire originating within a cabinet, console, er connecting, cables; ard

(2) Exposure fires involving combustibles in the general room area.

Portable Class A and Class C fire extinguishers should ne located in the control
room. A hose station should be installed immediately outside the control room.

Noules that are compatible with the hazards and equipment in the control room
should be provided for the manual hose station. The nozzles chosen should
satisfy actual firefighting needs, satisfy electrical safety, and minimize
physical damage to electrical equipment from hose stream impingement.

Smoke detectors should be provided in the control room, cabinets, and consoles.
If redundant safe shutdown equipment is located in the same control room cabinet
or console, additional fire protection measures should be provided. Alarm and
local indication should be provided in the control room.

Breathing apparatus for control room operators should be readily dve lable.

The outside air intake (s) for the control room ventilation system should be
provided with smoke detection capability to alarm in the control room to enable
manual isolation of the control room ventilation system ard thus prevent smoke
from entering the control room.
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Venting of smoke produced by fire in the control -oom by means of the normal
p ventilation system is acceptable; however, provisian should be made to permit

isolation of the recirculating portion of the normal ventilation system.(* Manually operated venting of the control room should be available to the
operators.

All cables that enter the control room should terminate in the control room.
That is, no cabling should be routed ti. rough the control room from one area to
another. Cables in underfloor and ceiling spaces should meet the separation
criteria necessary for fire protection.

Air-handling functions should be ducted separately from cable runs in such
spaces; i.e., if cables are routed in underfloor or ceiling spaces, these spaces
should not be used as air plenums for ventilation of the control room. Fully
enclosed electrical raceways located in such underfloor and ceiling snaces, if
over 1 square foot in cross-sectional area, should have automatic fire suppression
inside. Area automatic fire suppression should be provided for underfloor and
ceiling spaces if used for cable runs unless all cable is run in 4-inch or smaller
steel conduit c. the cables are in fully enclosed raceways internally protected,

4

by automatic fire suppression.

There should be no carpeting in the control rcom.
1

| c. Cable Spreading Room .

The primary fire suppressiorl in the cable spreading room should be an automatic
j water system such as closed-head sprinklers, open-head deluge system, or open
; directional water spray system. Deluge and open spray systems should have

provisions for manual operation at a remote station; however, there should be
,

provisions to preclude inadvertent operation. Location of sprinkler heads or
spiay nozzles should consider cable tray arrangements and possible transient
combustibles to ensure adequate water coverage for areas that could present
exposure hazards to the cable system. Cables should be designed to allow wetting
down with water supplied by the fire suppression system without electrical
faulting.

Open-head deluge and open directional spray systems she :ld be zoned.

The use of foam is acceptable.

Cable spreading rooms should have:

(1) At least two remote and separate entrances for access by fire brigade
personnel;

(2) An aisle separation between tray stacks at least 3 feet widc and 8 feet
high;

(3) Hose stations and portable ext w ' es installed immediately outside
the room;

(4) Area smoke detection; and

(5) Continuous line-tyoe heat detectors for cable trays inside the cable
,D spreading room.
.

9.5.1-45 Rev. 2 - July 1981

_. . . . .



Drains to remove firefighting water should be provided. When gas systems are
installed, drains should have adequate seals or the gas extinguishing systems
should be sized to compensate for losses through the drains.

A separate cable spreading room should be provided for each redundant division.
Cable spreading rooms should not be shared between reactors. Each cable spread-
ing room should be separated from the others and from other areas of the plant
by barriers with a minimum fire rating of 3 hours. If this is not possible, a
dedicated system should be provided.

The ventilation system to each cable spreading room should be designed to isolate
the area upon actuation of any gas extinguishing system in the area. Separate
manually actuated smoke venting that is operable from outside the room should
be provided for the cable spreading room.

d. Plant Computer Rooms

Computer rooms for computers performing safety-related functions that are not
part of the control room complex should be separated from other areas of the
plant by barriers having a minimum fire resistance rating of 3 hours and should
be protected by automatic detection and fixed automatic suppression. Computers
that are part of the control room complex but not in the control room should
be separated and protected as described in Position C.7.b. Computer cabinets
located in the control room should be protected as other control room equipment
and cable runs therein. Nonsafety-related computers outside the control room
complex should be separated from safety-related area: by fire barriers with a
minimum rating of 3 hours and should be orotected as needed to prevent fire
and smoke damage to safety-related equipment.

e. Switchgear Rooms

Switchgear rooms containing safety-related equipment should be separated from
the remainder of the plant by barriers with a minimum fire rating of 3 hours.
Redundant switchgear safety divisions should be separated from each other by
barriers with a 3-hour fire rating. Automatic fire detectors should alarm and
annunciate in the control room and alarm incally. Cables entering the switchgear
room that do not terminate or perform a function there should be kept at a
micimum to minimize the combustible loading. These rooms should not be used
for any other purpose. Fire hose stations and portable fire extinguishers
should be readily available outside the area.

Equipment should be located to facilitate access for manual firefighting. Drain:
should be provided to prevent water accumulation from damaging safety-related
equipment (see NFPA 92M, " Waterproofing and Draining of Floors"). Remote manually
actuated ventilation should be provided for venting smoke when manual fire
suppression effort is needed (see Position C.5.f).

f. Remote Safety-Related Panels

Redundant safety-related panels remote from the control room complex should be
separated from each other by barriers having a minimum fire rating of 3 hours.
Panels providing remote shutdown capability should be separated from the control
room complex by barriers having a minimum fire rating of 3 hours. Panels provid-
ing remote shutdown capability should be electrically isolated from the control
room complex so that a fire in either area will not affect shutdown capability
from the other area. The general area housing remote safety-related panels
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should be provided with automatic fire detectors that alarm locally and alarm
and annunciate in the control room. Combustible materials should be controlled

e and limited to those required for operation. Portable extinguishers and manual
( hose stations should be readily available in the general area.

g. Safety-Related Battery Rooms

Safety-related battery rooms should be protected against fires and explosions.
Battery rooms should be separated from each other and other areas of the plant
by barriers having a minimum fire rating of 3 hours inc?usive of all penetrations
and openings. DC switchgear and inverters should not be located in these battery
rooms. Automatic fire detection should be provided to alarm and annunciate in
the control room and alarm locally. Ventilation systems in the battery rooms
should be capable of maintaining the hydrogen concentration well below 2 vol-L
Loss of ventilation should be alarmed in the control room. Standpipe and hose
and portable extinguishers should be readily available outside the roum.

h. Turbine Building

The turbine building should be separated from adjacent structures containing
safety-related equipment by a fire barrier with a minimum rating of 3 hours.
The fire barriers should be designed so as to maintain structural integrity
even in the event of a complete collapse of the turbine structure. Openings
and penetrations in the fire barrier should be minimized and should not be
located where the turbine oil system or generator hydrogen cooling system creates
a direct fire exposure hazard to the barrier. Considering the severity of the
fire hazards, defense in depth may dictate additional protection to ensure barrier
integrity.

i. Diesel Generator Areas

Diesel generators should be separated from each other and from other areas of
the plant by fire barriers having a minimum fire resistance rating of 3 heurs.

Automatic fire suppression should be installed to combat any diesel generator
or lubricating oil fires; such systems should be designed for operation when
the diesel is running without affecting the diesel. Automatic fire detection
should be provided to alarm and annunciate in the control room and alarm locally.
Hose stations and portable extinguishers should be readily available outside
the area. Drainage for firefighting water and means for local manual venting
of smoke should be provided.

Day tanks with total capacity up to 1100 gallons are permitted in the diesel
generator area under the following conditions:

(1) The day tank is located in a separate enclosure with a minimum fire resist-
ance rating of 3 hours, including doors or penetrations. These enclosures
should be capable of containing the entire contents of the day tanks and
should be protected by an automatic fire suppression system, or

(2) The day tank is located inside the diesel generator room in a diked enclo-
sure that has sufficient capacity to hold 110% of the contents of the day
tank or is drained to a safe location.

nv
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j. Diesel Fuel Oil Storage Areas

Diesel fuel oil tanks with a capacity greater than 1,100 gallons should not be
located inside buildings containing safety-related equipment. If above ground
tanks are used, they should be located at least 50 feet from any building
containing safety-related equipment or, if located within 50 feet, they should
be housed in a separate building with construction having a minimum fire resist-
ance rating of 3 hours. Potential oil spills should be confined or directed
away from buildings cor taining safety related equipment. Totally buried tanks
are acceptable outside or under buildings (see NFPA 30, " Flammable and Combustible
Liquids Code," for additional guidance).

Above ground tanks should be protected by an automatic fire suppression system.

k. Safety-Related Pumps

Pump houses and rooms housing redundant safety-related pup trains should be
separated from each other and from other areas of the plant oy fire barriers
having at least 3-hour ratings. These rooms should be protected by automatic
fire detection and suppression unless a fire hazards analysis can demonstrate
that a fire will not endanger other safety-related equipment required for safe
plant shutdown. Fire detection should alarm and annunciate in the control room
and alarm locally. Hose stations and portable extinguishers should be readily
accessible.

Floor drains should be provided to prevent water accumulation from damaging
safety-related equipment (see Position C.5.a.(14)).

Provisions should be made for manual control of the ventilation system to
facilitate smoke removal if required for manual firefighting operation (see
Position C.5.f).

1. New Fuel Area

Hand portable extinguishers should be located within this area. Also, hose
stations should be located outside but within hose reach of this area. Automatic
fire detection should alarm and annunciate in the control room and alarm locally.
Combustibles should be limited to a minimum in the new fuel area. The storage
area should be provided with a drainage system to preclude accumulation of water.

The storage configuration of new fuel should always be so maintained as to ,

preclude criticality for any water density that might occur during fire water |
'

application.

r Spent Fuel Pool Area
,

Protection for the spent fuel pool area should be provided by local hose stations
and portable extinguishers. Automatic fire detection should be provided to
alarm and annunciate in the control room and to alarm locally.

n. Radwaste and Decontamination Areas

Fire barriers, automatic fire suppression and detection, and ventilation controls
should be provided.

O
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o. Safety-Related Water Tanks

( A Storage tanks that supply water for safe shutdown should be protected from the|effectsofanexposurefire. Combustible materials should not be stored next
U to outdoor tanks.

p. Records Storage Areas

Records storage areas should be so located and protected that a fire in these
areas does not expose safety-related systems or equipment (see Regulatory
Guide 1.88, " Collection, Storage, and Maintenance of Nuclear Power Quality
Assurance Records").

q. Cooling Towers4

Cooling towers should be of noncombustible construction or so located and
protected that a fire will not adversely affect any safety-related systems or
eauipment. Cooling towers should be of noncombustible construction when the
basins are used for the ultimate heat sink or for the fire protection water
supply.

r. Miscellaneous Areas

Miscellaneous areas such as shops, v ehouses, auxiliary boiler rooms, fuel
' oil tanks, and flammable and combusuole liquid storage tanks should be so

located and protected that a fire or effects of a fire, including smoke, will
not adversely affect any safety related systems or equipment.

8. Special Protection Guidelines

a. Storage of Acetylene-0xygen Fuel Gases

Gas cylinder storage locations should not be in areas that contain or expose
safety related equipment or the fire protection systems that serve those safety-
related areas. A permit system should be required to use this equipment in
safety-related areas of the plant (also see Position C.2).

b. Storage Areas for Ion Exchange Resins

Unused ion exchange resins should not be stored in areas that contain or expose
safety-related equipment.

c. Hazardous Chemicals

Hazardous chemicals should not be stored in areas tho! contain or expose safety-
,

related equipment.'

d. Materials Containing Radioactivity

Materials that collect and contain radioactivity such as spent ion exchange
resins, charcoal filters, and HEPA filters should be stored in closed metal
tanks or containers that are located in areas free from ignition sources or
combustibles. These materials should be protected from exposure to fires in
adjacent areas as well. Consideration should be given to requirements for a

removal of decay heat from entrained radioactive materials.
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APPENDIX A TO BRANCH TECHNICAL POSITION APCSB 9.5-14
'

" GUIDELINES FOR FIRE PROTECTION FOR NUCLEAR POWEP PLANTS
DOCKETED PRIOR TO JULY 1, 1976" (August 23,1976)

*

:

!

l (The guidelines of this appendix have been incorporated into BTP CMEB 9.5-1
| and therefore this appendix has been deleted.) !
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9.5.2 COMMUNICATIONS SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

The PSB review of the communication system is limited to that portion of the system
used in intra plant and plant-to-offsite communications during transient, fire and
accident conditions. The system is reviewed with respect to the following considera-
tions: capability of the system to provide effective intra plant communications
and effective plant-to-offsite communications during normal plant operations and
during transient, fire, and accident conditions, including loss of offsite power.

In the review of the communication system, the PSB will coordinate evaluations of
G other branches that interface with the overall review of the system as follows:

j

('") The Emergency Preparedness Licensing Branch verifies that the offsite communicationsystem provided will satisfy emergency plan requirements for accident conditions,
including notification of personnel and implementation of evacuation procedures as
part of their primary review responsibility for SRP Section 13.3. The Procedures
and Test Review Branch determines the acceptability of the preoperational and
startup tests as part of their primary review responsibility for SRP Section 14.0.

The review for fire protection is coordinated and performed by the Chemical Engineer-
ing Branch as part of its primary review responsibility for SRP Section 9.5.1.

For those areas of review identified above that are part of the primary review
responsibility of other branches, the acceptance criteria and review procedures are
contained in the referenctJ 3RP sections.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the communication system, as described in the
applicant's safety analysis report 3AR), is based in part on the degree of
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similarity of the design with that for previously reviewed plants with satis- i

factocy operating experience. There are no general design criteria or regula-
tory guides that directly apply to the safety-related performance raquirements
for the design and use of the communication system during normal plant opera-
tions and transient conditions. The PSB will use the following criterion to

assess the system design capability: the communication system is acceptable
'if the integrated desig' of the system will provide effective communication

between plant personnel in all vital areas during normal plant operation and
during the full spectrum of accident or incident condit1 m (including fire)
under maxim :.a potential noise levels.

III. REVIEW PROCEDURES

The information provided in the SAR pertaining to the design of the communica-
tion system will be evaluated to determine that intra plant communication equip-
ment needed in vital areas during recovery actions from transient, fire or acci-
dent conditions is provided. Material will be selected and emphasized from
this SRP section as may be deemed appropriate for a particular case.

The design basis, design criteria, system description sections, and the analyses
that demonstrate the effectiveness of the system when maximum plant noise levels
are being generated during incident and accident conditions are reviewed to
verify that the communication system will function effectively. Engineering
judgment is used in conjunction with a comparison of the system capabilities
with equipment and communication systems provided for previously approved plants.
The PSB will accept the communication system if a statement in the SAR commits
the applicant to perform a functional test under conditions that simulate the
maximum plant noise levels being generated during the various operating condi-
tions, including fire and accident ccadition, to demonstrate system capabilities.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
the his review supports conclusions of the following type, to be included in
the staff's safety evaluation report:

The communication system includes all components for intra plant and
piant-to-offsite communications. The scope of review of the communi-
cations system for the plant included verification that
offsite equipment is capable of providing for notifict. tion of person-
nel and implementation of evacuation procedures, and verification
that onsite communications are adequate in the event of an emergency.

The basis for acceptance of the communication system in our review
was conformance of the design, design criteria, and design bases to
staff positions and industry standards, and the ability of the
systems to provide effective communications between plant personnel
in all vital areas during the full spectrum of accident or incident
conditions under maximum potential noise levels.

The staff concludes that the design of the communications system
conforms to the staff's criteria and industry s'.andards and is
therefore acceptable.
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants arid licensees regard-
' ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Coumission regulations.

VI. REFERENCES

None.
;
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9.5.3 LIGHTING SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

The PSB reviews the normal and emergency or supplementary pisat lighting systems.
The systems are reviewed with respect to the following considerations: (1) the
capability of the normal lighting system (s) to provide adequate lighting during all
plant operating conditions and (2) the capability of the emergency lighting system
to provide adequate lighting during all plant operating conditions, inciuding fire,
transierts and accident conditions, and the effect of the loss of-offsite power on
the emergency lighting system.

The review for lighting requirements for fire protection is coordinated and per-(g) formed by the Chemical Engineering Branch as part of its primary review responsi-
() bility for SRP Section 9.5.1. The acceptance criteria and review procedures for

the fire protection review are contained in the referenced SRP section.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the normal and emergency lighting systems, as de- |
scribed in the applicant's safety analysis report (SAR), is based in part on the
degree of similarity of the systems design with those for previously reviewed plants
with satisfactory operating experience. There are no general design criteria or
regulatory guides that directly apply to the safety-related performance requirements
for the lighting system. The PSB will use the follcwing criteria to assess the
systems design capability: (1) the normal lighting system (s) is acceptable if the
integrated design of the system (s) will provide adequate station lighting in all
areas, from offsite power sources, required for norme. plant operation, control and
maintenance of equipment and plant access routes; (2) the emergency lighting
system (s) is acceptable if the integrated design of the system (s) will provide ade-
quate emergency station lighting in all areas, from onsite power sources, required
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for fire fighting, control and maintenance of safety-related equipment, and
the access routes to Md from taese areas; and (3) the lighting systems designs
will be acceptable if they conform to the Illuminating Engineering Society (IES)
Lighting Handbook as related to systems design and illumination levels recom-
mended for industrial facilities.

III. REVIEW PROCEDURES
,

The information provided in the SAR pertaining to the designs of the normal
and emergency lighting systems is evaluated to determine that the lighting in
normal plant areas and in vital areas and essential passageways to and from |

these areas is adequate. Engineering judgment, in conjunction with a compari-
son to equipment and lighting systems provided on previously approved plants, |is used as a basis for determining acceptability.

IV. EVALUATION FINDINGS

The reviewer determines that stJficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The normal and emergency lighting systems include all components
necessary to provide adequate lighting during normal and emergency
plant operating conditions. The scope of review of "e lighting
systems provided for the plant included assessment of
the systems designs, adequacy of the normal and emergency power
sources, and verification of adequate lighting during fire, transient,
and accident conditions.

The basis for acceptance of the normal and emergency lighting :ystems
was conformance of the design, design criteria, and design bases to
staff positions and industry standards and the ability of the emergency
lighting system to provide adequate station lighting in all vital
areas from onsite power sources during the full spectrum of accident
and/or transient conditions and to the access routes to and from
these areas.

The staff concludes that the design of the lighting system conforms
to the applicable staff positions and industry standards and is
therefore acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method des ri. J herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. Illuminating Engineering Society Lighting Handbook. |
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9.5.4 EMERGENCY DIESEL ENGINE FUEL OIL STORAGE
AND TRANSFER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None
|

I. AREAS OF REVIEW

Nuclear power plants are required to have redundant onsite emergency power sources
of sufficient capacity to power safety-related equipment. In almost all cases, the
onsite power sources include diesel engine-driven generator sets. SRP Sections -

9.5.4 through 9.5.8 cover the review of various essential elements of the emergency
diesel engine sets. This SRP Section 9.5.4 deals with the fuel oil storage and
transfer system for these diesel engines up to the engine housing.

The PSB review of the emergency diesel engine fuel oil storage and transfer system
(EDEFSS) is performed to assure conformance with the requirements of General Design

/^'N Criteria 2, 4, 5, and 17 and includes all piping up to the connection to the engine
( ) interface,1 the fuel oil storagt tanks, the fuel oil transfer pumps, day tanks, and |
'' the tank storage vaults. In addition, the review includes the quality and the

quantity of fuel oil stored onsite, and the availability and procurement of addi-
tional fuel from offsite sources.

1. The diesel engine fuel oil storage and transfer system is reviewed to deter-
mine that:

a. The system meets appropriate seismic design requirements.

b. The system will be designed, fabricated, erected, and tested te accep-
table quality standards.

IAs defined by the engine manufacturer.
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c. Sufficient space has bi 1 provided to permit inspection, cleaning,
maintenance,.ind repaic of the system.

d. A minimum of seven days' supply of fuel 'il, for each redundant diesel
generator system, has been provided onsite to meet the engineered
safety feature load requirements following a loss of offsite power
and a design basis accident.

e. Adequate and acceptable sources of fuel oil are available, including
the ueans of transporting and recharging the fuel storage tank,
following a design basis accident (DBA) so as to enable each redundant
diesel generator system to supply uninterrupted emergency power for
as long as may be required.

f. Seismic Category I structures housing the system n stect it from
natural phenomena and external missiles.

2. The PSB verifies that suitable precautions will be taken to prevent
deleteriocs material from degrading the stored fuel and that periodic tests
will bc performed to verify that fuel deg-adation does not proceed to the
point where engine performance is affected.

3. The PSB will determine the adequsy of tne design, installation, inspec-
tion, and testing of all electrical components required for reliable opera-
tion of the system, including interlocks.

In the review of the diesel engine fuel oil storage and transfer system, the
PSB will coordinate other branch evaluations that interface with the overall
review of the system as follows: Structural Engineering Branch (SEB) determines
the acceptability of the design analyses, procedures, and criteria used to
establish the ability of facility structures housing the system to withstand
the effects of natural phenomena such as the safe shutdown earthquake (SSE),
the probable maximum flood (PMF), and tornado missiles as part of its primary
review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4,
3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) reviews the seismic
design qualification of components and determines that components, piping, and
structures are designed in accordance with applicable codes and standards as
part of its primary review responsibility for SRP Sections 3.9.1 through 3.9.3.
The MEB also determines the acceptability of the seismic and quality group
classifications for system components as part of its primary review responsi-
bility for SRP Sections 3.2.1 and 3.2.2. The Auxiliary Systems Branch (ASB)
determines that the EDEFSS is in accordance with Branch Technical Positions
ASB 3-1 and MEB 3-1 for cracks and breaks in high-energy and moderate-energy
piping systems outside containment as part of its primary review responsibility
for SRP Section 3.6.1. The Materials Engineering Branch (MTEB) verifies upon

,
request of PSB the compatibility of the aaterials of construction with service

I conditions. The Procedures and Test Review Branch determines the acceptability
of the preoperational and startup tests as part of its primary review responsi-
bility for SRP Section 14.0. The reviews for fire protection, technical specifi-
cations, and quality assurance are coordinated and performed by the Chemical
Engineering Branch, Licensing Guidance Branch, and Quality Assurance Branch as
part of their primary review responsibility for SRP Sections 9.5.1, 16.0,
and 17.0, respectively.

O
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For those areas of review identified above as being part of the primary review
j . responsibility of other branches, the acceptance criteria necessary for the
; }reviewandtheirmethodsofapplicationarecontainedinthereferencedSRP
| s ,,,> section of the corresponding primary branches.

II. ACCEPTANCE CRITERIA

Acceptability of the diesel engine fuel oil storage and transfer system, as
described in the applicant's safety analysis report (SAR), is based on specific
general design criteria, regulatory guides and industry standards. The review
will also utilize information obtained from other Federal agencies and reports,
industry standards, military specifications, available technical literature,
and operational performance data obtained from similarly designed systems at
other plants having satisfactory operational experience.

The design of the diesel engine fuel oil storage and transfer system is accep-
table if the integrated design of the system is in accordance with the following
criteria:

1. General Design Criterion 2, as related to the ability of structures housing
the system and the system itself to withstand the effects of natural pheno-

'

mena such as earthquakes, tornadoes, hurricanes, and floods, as established
in Chapters 2 and 3 of the SAR, and the position of Regulatory Guide 1.117,
as related to the protection of structures, systems, and components important

'

to safety from the effects of tornado missiles, Appendix Position 13.
1
; 2. General Design Criterion 4, with respect to structures housing the system

and the system itself being capable of withstanding the effects of external

} missiles and internally generated missiles, pipe whip, and jet impingementi

forces associated with pipe breaks, and the position of Regulatory Guide 1.115,-
,

as related to the protection of structures, systems and components important
to safety from the effects of turbine missiles, Position C.1.

3. General Design Criterion 5, as related to the capability of shared systems
and components important to safety to perform required safety functions.

4. General Design Criterion 17, as related to the capability of the fuel oil
system to meet independence and redundancy criteria, and the guidance and
positions of the following:

a. Regulatory Guide 1.9 as related to the design of the diesel engine
fuel oil systems,

j b. Regulatory Guide 1.137 as related to the diesel engine fuel oil system
design, fuel oil quality and tests.,

| c. Branch Technical Position ICSB-17 (PSB) as related to diesel engine
fuel oil systems' protective interlocks during accident conditions,

d. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator
Reliability."

e. IEEE Standard 387 as related to the design of the diesel engine fuel

n' oil system.

j s~s

4
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f. ANSI Standard N195, " Fuel Oil Systems for Standby Diesel Generators."

g. Diesel Engine Manufacturers' Association (DEMA) Standard as related
to the design of the diesel fuel oil system.

*
III. REVIEW PROCEDURES

The procedures below are used during the con,truction permit (CP) review to
determine that the design criteria and bases and the preliminary design meet
the acceptance criteria given in subsection II of this SRP section. For the
review of operating license (0L) applications, the procedures are used to verify
that the initial design criteria and bases have been appropriately implemented
in the final design. The OL review includes verification that the content and
intent of the technical specifications prepared by the applicant are in agreement
with requirements for system testing, minimum performance, and surveillance
developed as a result of the LGB review, as indicated in subsection I of this

|SRP section. '

Plant-to plant variations in the design of fuel oil storage and transfer systems
will occur due to the number of architect-engineering companies having design
responsibility in this area. Differences may occur in the number of redundant
systems, in piping interconnections between diesel engines, and in sharing require-
ments between units. The reviewer will select and emphasize material from the
paragraphs below to fit the particular design under review.

The primary reviewer will coordinate this review with other branches for their
particular areas of responsibility as stated in subsection I. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

1. The SAR is reviewed to verify that the diesel engine fuel oil storage and
transfer system description and related diagrams clearly indicate all
modes of system operation, including the means for indicating, controlling,
and monitoring fuel oil level, temperature, and pressure as required for
uninterrupted operation.

| 2. The reviewer verif'ies that the system is designed to withstand the effects
of seismic events, other design bases, natural phenomena, and internally

i and externally generated missiles. The review of internally generated
' missiles will consider the relative locations and orientation of components

as placed in the facility.

3. Piping and interconnections between systems are reviewed to verify that
single active failures will not cause unacceptable results. The associated
drawings are examined to ascertain that sufficient space has been provided
around the components to permit inspection, cleaning, maintenance, and
repair.

1

4. The SEB reviews the seismic design bases and the MEB reviews the quality
and seismic classification as indicated in subsection I of this SRP section.
The PSB assures that essential portions of the EDEFSS including the isola-
tion valves separating essential and nonessential portions are classified
Quality Group C and Seismic Category I. Components and system descriptions
in the SAR that identify mechanic 11 and performance characteristics are
reviewed to verify that the above seismic and quality group classifica-
tions have been included and that the P& ids indicate any points of change
at the systems and/or systems components interfaces.
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I

I 5. The reviewer verifies that the design is such as to minimize the creation
'

of turbulence of the sediment at the bottom of the fuel oil storage tank
'

or the chance of deleterious material entering the system during recharging,
or by operator error, or due to natural phenomena. The reviewer will
ascertain that provisions or a program have been incorporated to assure

i that the quality of the stored fuel oil meets minimum requirements at all
times.

1 ,

6. The descriptive informatior, and drawings in the SAR are reviewed to verify
.

that:
1
|

| a. Each storage tank is equipped with an outside fill and vent line,
! located and protected so as to minimize the chance of damage, from
'

vehicles, tornado, tornado missiles, and floods. The fill and vent
point should be 'ocated higher than the PMF flood level. Each tank
is also provided with a stick gauge connection for determining fuel
level in the tank.

j b. The minimum onsite inventory of fuel oil for each redundant diesel-
generator system is sufficient to enable the diesel aenerators to
power required engineered safety features for a period of seven days
following any design basis accident and loss of offsite power.

c. The physical location of the day tank associated with each diesel-
, generator set is located at an elevation to assure a slight positive1

pressure at the engine-driven fuel oil pump (s). Where this require-
i ment is centrary to manufacturers' recommendation, justification and

O.
a detailed system description shall be provided in the SAR. Addi-
tionally, the justification for locating the day tank other than
stated above shall assure that the diesel generator unit can starti

automatically and attain the required voltage and frequency within
acceptable limits and time. If a booster pump is required, it shall

4
' be powered from a reliable power supply snd arranged to operate when-

the engine receives a start signal and it shall operate during the
engine starting cycle or until system fuel oil pressure is establishedi

by the engine-driven fuel oil pump.

d. A day or integral tank overflow line is provided to return excess
fuel oil delivered by the transfer pump back to the fuel oil storage

;

; tank.
<

| A low-level alarm is provided to enable the operator to accomplishe.
minor repairs or maintenance before all fuel in the day or integral!

tank is consumed (assuming full power operation).

! f. The day or integral tank and storage tanks associated with each diesel-
generator set include provisions for removal of accumulated water.;

7. The reviewer verifies that suitable precautions will be taken, once the |
fuel oil tank has been filled, to exclude sources of ignition such as open
flames or hot surfaces, and that protective measures such as compartmenta-
tion of redundant elements are used to minimize the potential causes and
consequences of fires and explosions.

s

;
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8. The reviewer verifies that the system function will be maintained as |
required in the event of failure of nonseismic Category I systems or struc-
tt.res located near the system. Reference to the SAR sections describing
site features and the general arrangement and layout drawings will be neces- *

sary in this determine. tion. Plant arrangement features, in conjunction
with the protection obtained by location and the design of the system and
structures, are considered in determining the ability of the system to
maintain function in the event of such failures.

The diesel engine fuel oil storage and transfer system is reviewed to .erify |9.
that protection from the effects of breaks in high and moderate energy
lines has been provided. Layout drawings are reviewed to assure that no
high- or moderate-energy piping systems are located close to the fuel oil
system or that protection from the effects of failure will be provided.
The means of providing such protection will be given in Section 3.6 of
the SAR, and the procedares for reviewing this information by ASB are given |
in the corresponding SRP sections.

10. The descriptive information, relat.ed system drawings, and the results of |
failure modes and effects analyses in the SAR are reviewed to verify that
minimum system requirements will be met following design basis accidents
assuming a concurrent single active component failure. For each case the
design will be acceptable if minimum system requirements are met.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that
his review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The emergency diesel engine fuel oil storage ana transfer system
(EDEFSS) includes storage tarks, fill, vent, stick gauge drain, and
overflow return lines, fuel o'l transfer pump,, strainers, filters,
valves, day tanks, and all components and pipi 7 up to the connections
to the engine interfaces. The scope of review of the diesel engine |fuel oil storage and transfer system for the
plant included layout drawings, piping and instrumentation diagrams,
and descriptive information for the system and auxiliary supporting
systems essential to its operation. The essential portions of the
EDFESS that are necessary for the safe shutdown of the reactor or
necessary to mitigate the consequences of an accident are designed
to seismic Category I and Quality Group C.

The basis for acceptance of the EDEFSS in our review was conformance
of the design criteria and cases to the Conmission's regulations as
set forth in the General Design Criteria (GDC) of Appendix A to
10 CFR Part 50. The staff concludes that the plant design is accep-
table and meets the requirements of GDC 2, 4, 5 and 17. This conclu-
sion is based on the following:

1. The applicant has met the requirements of GDC 2, " Design Bases
for Protection Against Natural Phenomena," with respect to the
ability of structures housing the EDEFSS and the system itself
to withstand the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, and floods, and GDC 4, " Environmental and
Missile Design Bases," with respect to structures housing the
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system and the system itself being capable of withstanding the
effects of externally and internally generated missiles, pipe,

whip, and jet impingement forces associated with pipe breaks.
Q The EDEFSS, except for the buried fuel oil storage tankn and

i related components and piping, is housed in a Seismic Category I
structure which provides protection from the effects of tornados,
tornado missiles, turbine missiles, and floods. The buried
portions are also protected from tornadas, tornado and turbine
missiles, and floods. This meets the positions of Regulatory
Guide 1.115, " Protection Against Low-Trajectory Turbine Missiles,"
Position C.1, and " Tornado Design Classification," Appendix
Position 13.

2. The applicant has met the requirements of GDC 5, " Sharing of
Structures, Systems, and Components," with respect to capability
of shared systems and components important to safety to perform
required safety functions. Each unit of the plant
has its own emergency diesel generators whose DEFSS is not
shared between the diesel generators.

3. The applicant has met the requirements of GDC 17, " Electric
Power Systems," with respect to the capability of the fuel oil
system to meet independence and redundancy criteria. Each
EDEFSS is independent and physically separated from the other
system serving the redundant diesel generator. A single failure
in any one of the two systems will affect only the associated
diesel generator. This meets the positions of Regulatory
Guide 1.9, " Selection, Design, and Qualification of Diesel
Generator Units Used As Standby (Onsite) Electric Power Systems
At Nuclear Power Plants," and Regulatory Guide 1.137, " Diesel
Generator Fuel Oil Systems." The apLlicant has also met the
positions of Branch Technical Position ICSB-17 (PSB), " Diesel
Generator Protective Trip Circuit Rypasses," and NUREG/CR-0660,
" Enhancement Of Onsite Emergency D;esel Generator Reliability."
The applicant has met the requirements of the following industry
standards: ANSI-N195 " Fuel Oil Systems for Standby Diesel
Generators," IEEE-Standard 387 "IEEE Standard Criteria For
Diesel Generator Units Applied As Standby Power Supplies For
Nuclear Power Goverating Stations," and Diesel Engine Manufacturers
Association (DEMA) Standard.

The staff concludes that the design of the diesel fuel oil storage
and transfer system conforms to all applicable GDC, positions of the
regulatory guides cited, NUREG/CR-0660, staff positions, and industry
standards, and is therefore acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC eerf75 plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of

(j conformance with Commission regulations.
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Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREG.

VI. REFERENCES )

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental |
and Missile Design Bases." '

10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of Struc-
tures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 17, " Electric Power |
Systems." j

5. Regulatory Guide 1.9, " Selection, Design, and Qualification of Diesel-
Generator Units Used As Standby (0nsite) Electric Power Systems At Nuclear
Power Plants."

6. Regulatory Guide 1.115, " Protection Aca 'st Low-Trajectory Turbine Missiles.".

7. Regulatory Guide 1.117, " Tornado Des 9 Classification." |

8. Regulatory Guide 1.137, " Diesel Gener' o- Fuel Oil Systems."

9. ANSI Standard N195, " Fuel Oil Systems for Standby Diesel Generators,"
American National Standards Institute.

|10. Branch Technical Positions ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment" (attached to SRP Section 3.6.1).

11. b,anch Technical Position MEB 3-1, " Postulated Break and Leakage Locations
in Fluid System Piping Outside Containment" (attached to SRP Section 3.6.2).

12. Branch Technical P'osition ASB 9.5-1, " Guidelines for Fire Protection for
Nuclear Power Plants" (attached to SRP Section 9.5.1).

13. Branch Technical Position ICSB-17 (PSB), " Diesel-Generator Protective Trip
Circuit Bypasses" (at tached to SRP 8.3.2. Appendix 8A).

14. IEEE Standard 387 "IEEE Standard Criteria for Diesel Generator Units Applied
As Standby Power Supplies for Nuclear Power Generating Stations."

15. Diesel Engine Manufacturers Association (DEMA) Standard.

16. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator Reliability."

O
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SECTION 9.5.5 EhERGENCY DIESEL ENGINE COOLING WATER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Syt tems Branch (PSB)

Secondary - None

I. APEAS OF REVIEW

The energency diesel engine cooling water system (EDECWS) provides cooling water to
the station emergency diesel engines and is ie /iewed to assure conformance with
General 'esign Criteria 2, 4, 5, ll, 44, 45, and 46. The PSB review includes thosev
portions of the EDECWS that receive heat from components essential for proper opera-
tion of the diesel engines and that are housed within their respective diesel engine
compartments, and those additional parts of the system that transfer the heat to a
heat sink. The system includes all valves, heat exchangers, pumps, and piping up to
the engine interface.*

n

['v) 1.
9e PSB reviews the functional performance characteristics of the EDECWS and
the effects on those characteristics of adverse environmental occurrences,
abnormal operational requirements, accident conditicos, and loss of offsite
power.

2. The system is reviewed to determine that malfunction or single failure of a
component, or the loss of a cooling source, will not reduce the safety-related
functional performance capabilities of the system. The PSB verifies that:

a. System components and piping have sufficient physical separation or
shielding to protect the system from internally or externally generated
missiles and from pipe whip and jet impingement caused by cracks or
breaks in high- and moderate-energy piping.

b. System components are designed in accordance with the design codes re-
quired by the assigned quality group and seismic category classifications.

*As defined by the engine manufacturer.

Rev. 2

USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible f 3r the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the

[m\ Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
j plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The

,(j standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
Not all sections of the Standard Format have a corresponding review plan.

Pubhshed standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation, Washington, D.C. 20565.



c. The system is housed in structures designed to seismic Category I
requirements.

d. Failures of nonseismic Cateoory I structures and components would
not affect the safety-related functions of the EDECWS.

3. The PSB reviews the design of the EDECWS with respect to the following:

a. Functional capability during periods of abnormally high water levels
(the probable maximum flood).

b. Capability to detect and control system leakage, including isolating
portions of the system in the event of excessive leakage or component
malfunction.

c. Measures to preclude long-term corrosion and organic fouling that
would degrade system cooling performance, and the compatibility of
any corrosion inhibitors or antifreeze compounds used with the
materials of the system.

d. The capacity of the EDECWS with regard to the manufacturer's recom-
mended engine temperature differentials under adverse operating con-
ditions.

e. Provision of proper instruments and testing systems to permit opera-
tional testing of the system.

f. Provisions to assure that normal protective interlocks do not pre-
clude engine operation during emergency conditions.

4. The PSB will determine the adaquacy of design installation, inspection,
and testing of all electrical components (sensing, control, and power)
required for proper operation of the system, including interlocks.

In the review of the emergency diesel engine cooling water system, the PSB will
coordinate other branches evaluations that interface with the overall review
of the syttem as follows: The Structural Engineering Branch (SEB) determines
the acceptability of the design analyses, procedures, and criteria used to
establish the ability of the Category I facility structcres housing the system
and supporting systems to withstand the effects of natural phenomena such as a
safe shutdown earthquake (SSE), the probable maximum flood (PMF), and tornado
missiles as part of its primary review responsibility for SRP Sections 3.3.1,
3.3 2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering
Branch (MEB) determines that components, piping, and structures are designed
in accordance with applicable codes and standards as part of its primary review
responsibility for SRP Sections 3.9.1 through 3.9.3. The MEB also determines
the acceptability of the seismic and quality group classifications for system
components as part of its primary review responsibility for SRP Sections 3.2.1
and 3.2.2. The Materials Engineering Branch verifies, upon request of PSB,
the compatibility of the materials of construction with service conditions.
The Auxiliary Systems Branch (ASB) determines that the EDECWS is in a rdance
with Branch Technical Positions ASB 3-1 and MEB 3-1 for cracks and breaks in
high-energy and moderate energy piping systems outside containment as part of
its primary review responsibility lor SRP Section 3.6.1. The Procedures and
Test Review Branch determines the acceptability of the preoperational and start-
up tests as part of its primary review responsibility for SRP Section 14.0.
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The reviews for fire protection, technical specifications and quality assurance
1 are coordinated and performed by the Chemical Engineering Branch, Licensing
' Guic'ance Branch, and Quality Assurance Branch as part of their primary review

\ responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

5 For those areas of review identified above as being part of the primary retiew
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP

; section of the corresponding primary branches.

II. ACCEPTANCE CRITERIA
;

! Acceptability of the emergency ciesel engine cooling system design, as-
described in the applicant's safety analysis report (SAR), is based on specific
General Design Criteria, regulatory guides, and industry standards. Informatica'

obtained from other Federal agencies and reports, military specifications, avail-
able technical literature, and operational perfcrmance data obtained from

,

; similarly designed systems at other plants having satisfactory operational
; experience will also be utilized in determining EDECWS acceptability.
i

| The EDECWS is acceptable if the integrated system design is in accordance with
j the following criteria:

1. Genera.1 Design Criterion 2, as related to structures housing i.ne system
and the system itself being capable of withstanding the effects of natural
phenomena such as earthquakes, tornadoes, hurricanes, and floods, as
established in Chapters 2 and 3 of the SAR. Acceptance is based on meeting

( Appendix Position 13 of Regulatory Guide 1.117 as related to the protection
of structures, systems, and components important to safety from the effects

J
- of tornado missiles.

2. General Design Criterion 4, with respect to structures housing the system
and the system itself being capable of withstanding the effects of external

| missiles and internally generated missiles, pipe whip, and jet impingement
forces associated with pipe breaks. Acceptance is based on meeting
Position C.1 of Regulatory Guide 1.115 as related to the protection of'

structures, systems, and components important to safety from the effects
,

j of turbine missiles.
1

3. General Design Criterion 5, as related to the capability of shared systems
and components important to safety being capable of performing required
safety functions.

4. General Design Criterion 17, as related to the capability of the cooling
water system to meet independence and redundancy criteria, and General
Design Criterion 44, to assure:

i

: a. The capability to transfer heat from systems and components to a heat
sink under transient or accident conditions.'

.1

I b. Redundancy of components so that under accident conditions the safety
function can be performed assuming a single active component failure.

c. The capability to isolate components of the system or piping, if
\ required to maintain the system safety function.
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To meet the requirements of these regulations the following guidance a'nd
positions are used:

a. Regulatory Guide 1.9, as related to the design of the diesel cooling
water system,

b. Branch Technical Position ICSB-17 (PSB), as related to engine cooling
water protective interlocks during accident conditions.

c. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator
Reliability."

d. IEEE Standard 387, as related to the design of the diesel engine cooling
water system.

e. Diesel Engine Manufacturers Association (DEMA) Standard, as related
to tne design of the engine cooling water system.

5. General neign Criterion 45, as related to design provisions to permit
perioaic inspection of safety-related components and equipment of the
system.

6. General Design Criterion 46, as related to design provisions to permit
appropriate functi ,al testing of safety related systems or components to
assure structural ii,6egrity and leaktightness, operability and performance
of active components, and the capability of the system to function as
intended under accident conditions.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the desi9i criteria and bases and the preliminary design as set
forth in tne preliminacy safety analysis report meet the acceptance criteria
given in subsection '.I of this SRP section. For the review of o; erating
license (0L) applications, the procedures are used to verify that the initial
design criteria and bases have been appropriately implemented in the final
design as set forth in the final safety analysis report. The procedures for
OL reviews include a determination that the content and intent of the technical
specifica+ ions prepared by the applicant are in agreement with the requirements
for systeiii testing, minimum performance, and surveillance developed as a result
of the LGB review, as indicated in subsection I of this SRP section.

The design of the diesel engine cooling water system may vary considerably from
plant to plant due to the requirements of various diesel engine manufacturers,
the number and type of secondary cooling loops used for heat removal, and the
number of intermediate cooling loops required to transfer the rejected heat to
the ultimate heat sink. Variations in design may also occur due to peri.cmances
of various architect-engineer firms. Therefore, for the purpose of this SRP
section, a typical system is assumed. Any variance in the review procedure,
to suit a particular design, will be such that the system review areas in sub-
section I are covered, and the system will meet the criteria in subsection II
of this SRP section.

The primary reviewer will coordinate this review with the other branches' areas
of review as stated in subsection I of this SRP section. The primary reviewer
obtains and uses such input as required to assure that this review procedure
is complete.
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1. The SAR is reviewed to establish that the EDECWS description and related
diagrams clearly delineate system operation, individual and total heat(qi removal rates required by components, and the margin in the design heat

l removal rate spability. The reviewer verifies the following:v

a. The SEB reviews tne seismic design bases and the MEB reviews the
quality and seismic classification as indicated in subsection I of
this SRP section. The PSB assures that essential portions of the
EDECWS including the isolation valves separating essential and non-
essential portions are classified Quality Group C and seismic
Category I. Components and system descriptions in the SAR that
identify mechanical and performance characteristics are reviewed to
varify that the above seismic and quality classification have been
incluoed and that the P& ids indicate any points of change at the
systems and/or systems components interfaces.

b. Failure of a piping interconnection, as shown on system piping and
instrumentation diagrams (P& ids), between subsystems does not cause
total degradation of the EDECWS. The results of failure modes and
effects analyses are used as a basis of acceptance.

c. Provisions have been made to permit inspection of components, as shown |
'

on system layout drawings.

d. The performance and water chemistry of the EDECWS is in conformance |
with the engine manufacturer's recommendations.

The engine "first try" starting reliability has been increased by }e.
providing an independent loop for circulating heated water while the
engine is in the standby mode.'

! f. A three-way bypass-type thermostatically controlled valve has been
provided to control water flow through the jacket water coolers or
radiaters so that proper coolant temperature is maintained at the
engine inlet, as specified by the manufas'urer.

g. Temperature sensors have been provided to alert the operator when
cooling water temperatures exceed the limits recommended by the manu-
facturer. Protective interlocks ir. this system are acceptable if
the SAR indicates that the interlocks are in conformance with Branch
Technical Position ICSB-17 (PSB).

2. The reviewer verifies that the EDECWS can be vented to assure that all
spaces are filled with water. Statements in the SAR to the effect that
the system design satisfies the above requirement are acceptable.

3. The reviewer verifies that system function will be maintained in the event
of adverse environmental phenomena and loss of offsite power. The reviewer
evaluates the system, using engineering judgment and the results of failure
modes and effects analyses to determine that:'

a. Failure of nonessential portions of the system or the other systems
not designed to seismic Category I requirements and located close to

O essential portions of the system, or of nonseismic Category I
Q structures that house, support, or are clcse to essential portions

of the EDECWS, will not preclude essential functions. Reference to
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SAR sections describing site features and the general arrangement
and layout drawings will be necessary, as well as the SAR tabulation
of seismic design classifications for structures and systems.
Statements in the SAR to the effect that the above conditiens are'

met are acceptable.

b. The essential portions of the system are protected from the effects
of floods, hurricanes, tornadoes, and internally and externally
generated missiles. Flood protection and missile protection
criteria are discussed and evaluated in detail under the ERP sec-
tions for Chapter 3 of the sad. A statement to the effect that the
system is located in a seismic Category I structure that is tornado
missile and flood protected, or that coronents of the system will
be located in individual cubicles or rooms that will withstand the
effects of both flooding and missiles, is acceptable.

4. The reviewer verities that there are no high- or moderate-energy piping
systems located close to the EDECWS or that the EDECWS is protected from
the effects of postulated breaks in these systems. The means of proviaing
such protection are given in Chapter 3 of the SAR and procedures to review
the information presented are given in the SRP sections for the chapter.

5. The descriptive information, P& ids, onsite emergency power supply drawings,
and system analyses are reviewed to assure that essential portions of the
system will function following design basis accidents, assuming a concurrent
single active component failure. The reviewer evaluates the results of
failure modes and effects analyses presented in the SAR to ensure the func-
tioning of required portions of the system.

6. The performance requirements of the diesel engine are reviewed to deter-
mine the time available to provide cooling water to the diesels and the
other systems that have to operate to assure onsite power capability.

7. The reviewer verifies that the EDECWS and the diesel generator can per-
form for extended periods when less thaa full electrical power generation
is required without degradation of performance or reliability. A statement
to the effect that operating procedures will be provided requiring loading
of the engine up to a minimum of 25% of full load for 1 hour after 8 hours<

| of continuous no-load operation or as recommended by the manufacturer will
be acceptable.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The emergency diesel engine cooling water system (EDECWS) includes
all piping, valves, heat exchangers, and pumps up to the points where

i the cooling water piping connects to the engine interfaces. The scope
of rev'ew of the diesel engine cooling water system for the _
plant included layout drawings, process flow diagrams, piping and
instrumentation diagrams, and descriptive information for the system
and auxiliary supporting systems that are essential to its cperation.
The essential portions of the EDECWS that are necessarv to n.itigate
the consequences of an accident are designed to seismic Category I
and Quality Group C.
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The basis for acceptance of the EDECWS in our review was conformance

(Q tions as set forth in the General Design Criteria (GDC) of Appendix A
of the designs, design criteria, and bases to the Commission's regula-

to 10 CFR Part 50. The staff concludes that the plant design is accept-'

able and meets the requirements of GDC 2, 4, 5, 17, 44, 45, and 46.
This conclusion is based on the following:

1. The applicant has met the requirements of GOC 2, " Design Bases
for Protection Against Natura) 3henomena," with respect to the
ability of structures housing the EDECWS and the system itself
to withstand the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, and floods, and GDC 4, " Environmental
and Missile Design Bases," with respect to structures housing
the system and the system itself being capable of withstanding
the effects of exteinally and internally generated missiles,
pipe whip, and jet impingement forces associated with pipe breaks.
The EDECWS is housed in a seismic Category 4 structure which
provides protection from the effects of tornado, tornado missiles,
turbine missiles, and floods. This meets the positions of Regulatory
Guides 1.115, " Protection Against Low-Trajectory Turbine Missiles,"
Position C.1, and 1.117, " Tornado Design Classification," Appendix
Position 13.

2. The applicant has met the requirements of GDC 5, " Sharing of
Structures, Systems, and Components," with respect to capabil-
ity of shared systems and components important to safety to perform
required safety functions. Each unit of the,

[Q] plant has its own emergency diesel generators w bse EDECWS is
not shared between the diesel generators.

3. The applicant as met the requirements of GDC 17, " Electric Power
Systems," with respect to the capability of the cooling system
to meet independence and redundancy criteria, and GDC 44 with-
respect to the following:

a. The capability to transfer heat from systems and components
to a heat sink under transient or accident conditions,

b. Redundancy of components so that under accident conditions
the safety function can be performed assuming a single active
component failure, and

c. The capability to isolate components of the system or pip-
ing, if required to maintain the system safety function.

Each EDECWS is independent and physically separcted from the
other system serving the redundant diesel generator. A single
failure in any one of the two systems will affect only the
associated diesel generator. The EDECWS tranfers the heat
generated by the diesel to the pitimate heat sink via the heat
exchangers and the service wate. system. This meets the position
of Regulatory Guide 1.9, " Selection, Design, and Qualification
of Diesel Genetetor Units Used as Standby (0nsite) Electric Powerp) Systems at Nuclear Power Plants." The applicant has also mct(V the positions of Branch Technical Position ICSB-17 (PSB), " Diesel
Generator Prntective Trip Circuit Bypasses," and NUREG/CR-0660,

9.5.5-7 Rev. 2 - July 1981

. _ _ _ _ _ - _ - _ - _ _ _ _ _ - _ _ _ - _ _ _ _ _ - ._ - _ - _ _ - _ - - - _ - _ - _- _.



- _ _ _ .

" Enhancement of Onsite Emergency Diesel Generator Reliability."
The apolicant has met the requirements of the following industry
standards: IEEE Standard 387, "IEEE Standard Criteria for Diesel
Generator Units Applied as Standby Power Supplies for Nuclear
Power Generating Stations," and Diesel Engine Manufacturers
Association (DEMA) Standard.

4. The applicant has met the requirements of GDC 45 with respect
to design provisions to permit periodic inspections of safety-
related components and equipment of the system and GDC 46 with
respect to design provisions to permit appropriate functi'nal
testing of safety-related systems or components to assure
structural integrity and leaktightness, operability and per-
formance of active components, and the capability of the system
to function as intended under accident conditions. To assure
structural intagrity and leaktightness, operability and per-
formance of active components, and the capability of the system
to function as intended, the diesel engine cooling water system
has provisions to permit periodic inspection and functional
testing during standby and normal modes of power plant operation.

The staff concludes that the design of the diesel engine cooling water
system conforms to all applicable GDCs, positions of the regulatory guides'

cited, NUREG/CR-0660, staff positions, and industry standards, and is
therefore acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
j are contained in the referenced regulatory guides and NUREG.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

|

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 17, " Electric Power
Systens."

5. 10 ( R Part 50, Appendix A, General Design Criterion 44, " Cooling Water
Sys tm."
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6. 10 CFR Part 50, Appendix A, General Design Criterion 45, " Inspection of
Q Cooling Water System."

7. 10 CFR Part 50, Appendix A, General Design Criterion 46, " Testing of
Cooling Water System."

8. Regulatory Guide 1.9, " Selection, Design, and Qualification of Diesel
Generator Units Used as Standby (0nsite) Electric Power Systems at
Nuclear Power Plants."

9. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

10. Regulatory Guide 1.29, " Seismic Design Classification."

11. Regulatory Guide 1.68, " Initial Test Programs for Water Cooled Reactor
Power Plants."

12. Regulatory Guide 1.115, " Protection Against Low Trajectory Turbine
Missiles." -

13. Regulatory Guide 1.117, " Tornado Design Classification."

14. Branch Technical Position ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP
Section 3.6.1.

15. Branch Technical Position MEB 3-1, " Postulated Break and Leakage Locations
in Fluid System Piping Outside Containment," attached to SRP Section 3.6.2.

16. Branch Technical Position ICSB-17 (PSB), " Diesel-Generator Protective
Trip Circuit Bypasses," attached to SRP Section 8.3.2, Appendix 8A.

17. Branch Technical Position ASB 9.5-1, " Guidelines for Fire Protection for
Nuclear Power Plants," attached to SRP Section 9.5.1.

18. IEEE Stanuard 387, "IEEE Standard Criteria for Diesel Generator Units
Applied as Standby Power Supplies for Nuclear Power Generating Static m."

19. Diesel Engine Manufacturers Association (DEMA) Standard.

20. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator
Reliability."

v
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9.5.6 EMERGENCY DIESEL ENGINE STARTING SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

The PSB review of the emergency diesel engine starting system (EDESS) includes
those system features necessary to assure reliable starting of the emergen y diesel
engine following a loss of offsite power to assure conformance with the require-
ments of General Design Criteria 2, 4, 5, and 17. The review includes the system
air compressors, air dryers, air receivers, devices to crank the diesel engine,
valves, piping up to the connection to the engine interface,1 filters, and
associated ancillary instrumentation and control systems.

1. The PSB reviews the EDESS to verify that:
j'M

(V) a. Each emergency diesel engine has reliable, redundant starting systems of
adequate starting capacity.

b. The system complies with appropriate seismic requirements and quality
standards, and has beer properly designed, fabricated, erected, and
tested.

c. Essential portions of the system are housed within seismic Category I
structures capabl9 of protecting the system from extreme natural phenom-
ena, missiles, and the effects of pipe whip or jet impingement from high-
and moderate-energy pipe breaks.

2. The PSB will determine the adequacy of design, installation, inspection and
testing of all electrical components (sensing, control, and power) required
for proper operation of the system, including interlocks.

TAs defined by the engine manufacturer.

Rev. 2

USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the office of Nuclear Resctor Regu'ation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are r9ade available to the public as part of the
Commission's policy to inform the nuclear industty and the general public of regulatory procedures and policies. Standard rewaw

/n\ plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them ts not required. The
( j standard r6 view plan sections are keyed to the Standard Format end Content of Safety Analysis Reports for Nuclear Power Plants.
N / Not all sections of the Standard Format have a corresponding revi1pw plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for irrprovement will be :onsidered and should be sent to the U.S. Nuclear Regulatory Commission.
office of Nuclear Reactor Regulauon. Washington, D.C. 20555.
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lIn the review of the diesel engine starting system, the P58 will coordinate
the evaluaticos of other branches that interface with the overall review of
the system as follows: The Structural Engineering Branch (SEB) determines the
acceptability of the design analyses, procedures, and criteria uscd to establish
the ability of structures housing the system to withstand the effects of natural
phenomena such as the safe shutdown earthquake (SSE), the probable maximum flood
(PMF), and tornado missiles as part of its primary review responsibility for
SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3 8.4, and 3.8.5. The
Mechanical Engineering Branch (MEB) determines that componeats, piping, and
structures are designed in accordance with applicable codes and standards as
part of its primary review responsibility for SRP Sections 3.9.1 through 3.9.3.
The MEB also determines the acceptability of the seismic and quality group classi-
fications for system components as part of its primary review responsibility
for SRP Sections 3.2.1 and 3.2.2. The Auxiliary Systems Branch (ASB) determines
that the EDESS is in accordance with Branch Technical Positions ASB 3-1 and
MEB 3-1 for breaks in high-energy and moderate-energy piping systems outside
containment. The Materials Engineering Branch (MTEB) verifies, upon request,
the compatibility of the materials of construction with service conditions.
The Procedures and Test Review Branch determines the acceptability of the pre-
operational and styrtup tests as part of its primary review responsibility for
SRP Section 14.0.

The reviews for fire protection, technical specifications, and quality assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
section of the corresponding branch.

II. ACCEPTANCE CRITERIA

Acceptability of the diesel engine starting system, as described in the appli-
cant's safety analysis report (SAR), is based on specific general design
criteria, regulatory guides, and industry standards. Information obtained from
other Federal agencies and reports, military specifications, available tech-
nical literature, and operational performance data obtained from similarly
designed systems at other plants having satisfactory operational experience
will also be utilized to determine EDESS acceptability.

The design of the EDESS is acceptable if the integrated design of the system
is in accordance with the following criteria:

1. General Design Criterion 2, as related to the ability of structures housing
the system to withstand the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, and floods, as established in Chapters 2 and 3 of
the SAR. Acceptance is based on meeting Position 13 to the appendix to
Regulatory Guide 1.117, as related to the protection of structures, systems,
and components important to safety from the effects of tornado missiles.

2. General Design Criterion 4, with respect to structures housing the systems
and the system itself being capable of withstanding the effects of exter-
nally and internally generated missiles, pipe whip, and jet impingement
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forces associated with pipe breaks. Acceptance is based on meeting Posi-
tion C.1 of Regulatory Guide 1.115 as related to the protection of struc-
tures, systems, and components important to safety from the effects of
turbine missiles.

3. General Design Criterion 5, as related to the capability of shared systems
and components important to safety to perform required safety functions.

4. General Design Criterion 17 as related to the capability of the diesel
engine air starting system to meet independence and redundancy criteria.
Specific criteria and guidance necessary to meet the relevant requirements
of GDC 17 are as follows:

a. Regulatory Guide 1.9 as related to the design of the diesel air start-
ing systems,

b. Branch Technical Position 1C58-17 (PSB) as related to diesel engine
air starting systems' protective interlocks during accident conditions.

c. NUREG/CR-0660 "Enhancerent of Onsite Emergency Diesel Generator
Reliability."

d. IEEE Standard 387 as related to the design of the diesel engine air
starting system.

e. Diesel Engine Manufacturers Association (DEMA) Si.andard as related
to the design of the diesel air starting system.

f. Each diesel engine should be provided with a dedicated air starting
system consisting of an air compressor, an air dryer, one or more air
receiver (s), piping, injection lines and valves, and devices to crank
the engine as recommended by the engine manufacturer.

g. As a minimum, the air starting system should be capable of cranking
a cold diesel engine five times without recharging the receiver (s).
The air start.ing system capacity should be determined as follows:
(1) each cranking cycle duration should be approximately 3 seconds;
(2) consist of two to three engine revolutions; or (3) air start require-
ments per engine start provided by the engine manufacturer; whichever
air start requirement is larger.

h. Alarms s1ould be provided which alert operating personnel if the air
receiver pre:sure falls below the minimum allowable value.

i. Provisions should be made for the periodic or automatic blowdown of
accumulated moisture and foreign material in the air receiver (s),
and other critical points of the system.

j. Starting air should be dried to a dew point of not more than 50 F
when installed in a normally controlled 70 F environment, otherwise
the starting air dew point should be controlled to at least 10 F less
than the lowest expected ambient temperature.

O
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III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsect. ion II of this SRP section. For the review of operating license
(0L) applicatiois, the procedures are used to verify that the initial design
criteria and bases have been appropriately implemented in the final design as
set forth in the final safety analysis report, The review procedures for OL
applications include a determination that the content and intent of the tech-
nical specifications prepared by the applicant are in agreement with the
requirements for system testing, minimum performuce, and surveillance devel-
oped as a result of the LGB review as indicated in subsection I of this SRP
section. The reviewer will select and emphasize material from the paragraphs
below, as may be appropriate for a particular case.

The primary reviewer will coordinate this review with the other branches'
areas of review as stated in subsection I of this SRP section. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

1. The SEB reviews the seismic design bases and the MEB reviews the quality
and seismic classification as indicated in subsection I of this SRP sec-
tion. The PSB assures that essential portions of the EDESS including the
isolation valves separating essential and nonessential portions are classi-
fied Quality Group C and seismic Category I. Components and system
descriptions in the SAR that identify . mechanical and performance character-
istics are reviewed to verify that the above seismic and quality
classifications have been included and that the P& ids indicate any points
of change at the systems and/or systems component interfaces.

2. The reviewer establishes that the EDESS description and piping and instru-
mentation drawings (P& ids) clearly delineate all modes of operation and
include the means for monitoring, indicating, and controlling receiver
air pressure as required by the engine starting service. The P& ids are
reviewed to determine that the receiver (s) has been provided with a pres-
sure gauge, relief valve, drain valve, and automatic means of maintaining
the receiver pressure within an allowable range, and suitable low pressure
alarms. If there are piping interconnections between the dedicated air
start systems, they are reviewed to verify that a failure in the inter-
connecting piping could not lead to the loss of starting of more than one
diesel engine. The building layout drawings are examined to ascertain
that sufficient soace has been provided around the components to permit
inspection. The reviewer verifies that the air starting system meets the
specific criteria given in subsection II, item 4 of this SRP section.

3. The SAR is reviewed to assure that each diesel engine air start system
has its own compressor and that the compressor capacity is adequate with
respect to the air receiver capacities of the dedicated air starting system.

4. The reviewer verifies that the system has been designed to be operated
and maintained in the event of adverse environmental conditions such as
hurricanes, tornadoes, or floods, and is protected against the effects of
internally or externally generated missiles.
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5. The reviewer determines that the failure of nonseismic Category I
systems, structures, or components located close to the EDESS will not *
preclude operation of the system.

6. The reviewer determines that measures have been taken in the design of
the EDESS to preclude the fouling of the air start valve or filter with
moisture and contaminants such as oil and rust carryover. An air dryer (s)
should be installed upstream of the air receiver (s) for the removal of
entrained moisture.

7. The reviewer determines that essential portions of the EDESS are
protected from the effects of high- and moderate-energy line breaks.
Layout drawings are reviewed to assure that no high- or moderate-energy
piping systems are close to the system, or that protection from the
effects of failure are provided. The means of providing such protection
are discussed in Section 3.6 of the SAR and the procedures for reviewing

; this information are given in the corresponding SRP sections.

8. The SAR information, P& ids, related system drawings, and failure modes |,

| and effects analyses are reviewed to assure that minimum requirements of
the system will be met following design basis accidents, assuming a
concurrent single active failure and loss of offsite power. The analyses
presented in the SAR are reviewed to assure function of required com-
ponents following postulated accidents. Utilizing the descriptions,
related drawings, and analyses, the reviewer verifies that minimum system
requirements are met for each degraded situation over the required time
spans. For each case the design is considered acceptable if minimum
system requirements are met.,

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and that |
his review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The emergency diesel engine starting system (EDESS) includes an air
compressor, air dryer (s), filters, valves, and all components and
piping connecting to the engine interfaces necessary to assure that

! the system will be available and capable of starting the diesel
engine following a loss of offsite power. The scope of review of

| the system for the plant included
' layout drawings, flow diagrams, piping and inrrumentation diagrams,

and descriptive information for the emergency s iesel engine starting
system and supporting systems essential to its operation. Thei

'

essential portions of the EDESS that are necessary for the safe
shutdown of the reactor or necessary to mitigate the consequences of
an accident are designed to seismic Category I and Quality Group C.

,

The staff concludes that the design of the emergency diesel engine
starting system is acceptable and meets the requirements of GDC 2,
4, 5, and 17. This conclusion is based on the following:

i 1. The applicant met the requirements of GDC 2, " Design Bases for
Protection Against Natural Phenomena," with respect to the

; ability of structures housing the EDESS and the system itself
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to withstand the effects of natural phenomena such as earth- I

quakes, tornadoes, hurricanes, and floods, and GDC 4,
" Environmental and Missile Design Bases," with respect to
structures housing the system and the system itself being
capable of withstanding the effects of externally and internally
generated missiles, pipe whip, and jet impingement forces
associated with pipe breaks. The EDESS is housed in a seismic
Category I structure which provides protection from the effects
of tornado, tornado missiles, turbine missiles, and floods.
This meets the positions of Regulatory Guides 1.115, "Protec-
tion Ac inst Low-Trajectory Turbine Missiles," Position C.1, anda
1.117, " Tornado Design Classification," Appendix Position 13.

2. The applicant has met the requirements of GDC 5, " Sharing of
Structures, Systemt and Components," with respect to capability
of shared systems aid components important to safety to perform
required safety functions. Each unit of the
plant has its own emergency diesel generators, whose EDESS is
not shared between the diesel generators.

3. The applicant has met the requirements of GDC 17, " Electric
Power Systems," with retpect to the capability of the air
starting system to meet independence and redundancy criteria.
Each EDESS is independent and physically separated from the
other system serving the redundant diesel generator. A single
failure in any one of the systems will affect only the asso-
ciated diesel generater. Each of the starting systems is
capable of cranking a cold diesel engine five times without
recharging the air receiver (s). This meets the positions of
Regulatory Guide 1.9, " Selection, Design, and Qualification of
Diesel-Generator Units Used as Standby (Onsite) Electric Power
Systems at Nuclear Power Plants." The applicant has also met
the positions of Branch Technical Position ICSB-17(PSB), " Diesel
Generator Protective Trip Circuit Bypasses," and NUREG/CR-0660,
" Enhancement of Onsite Emergency Diesel Generator Reliability."
The applicant has met the requirements of the following industry
standards: IEEE Standard 387, "IFEE Standard Criteria for Diesel
Generator Units Applied as Standby Power Supplies for Nuclear
Power Generating Stations," and Diesel Engine Manufacturers
Association (DEMA) Standard.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Cocmission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREG.

O
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VI. REFERENCES i
!

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
: Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

| 3. 10 CFR Part 50, Appendix A, Gt..aral Design Criterion 5, " Sharing of
Structures, Systems, and Componeni.,.",

4. 10 CFR Part 50, Appendix ^ jeneral Design Criterion 17, " Electric Power'

Systems."

5. Regulatory Guide 1.9, " Selection, Design, and Qualification of
Diesel-Generator Units Used as Standby (Onsite) Electric-Power Systems at

i Nuclear Power Plants."

6. Regulatory Guide 1.68, " Initial Test Programs for Water Cooled Reactor
Power Plants."

7. Regulatory Guide 1.115, " Protection Against Low-Trajectory Turbine
Missiles."

! 8. Regulatory Guide 1.117, " Tornado Design Classification."

! 9. Branch Technical Position ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP
Section 3.6.1.

! 10. Branch Technical Position met, 3-1, " Postulated Break and Leakage
Locations in Fluid System Piping Outside Containment," attached to SRP
Section 3.6.2.

11. Branch Technical Position ICSB-17 (PSB), " Diesel Generator Protective
Trip Circuit Bypasses," attached to SRP Section 8.3.2, Appendix 8A.

i 12. IEEE Standard 387, "IEEE Standard Criteria for Diesel Generator Units
Applied as Standby Power Supplies for Nuclear Power Generating Stations."

13. Diesel Engine Manufacturers Association (DEMA) Standard.

14. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator
Reliability."
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SECTION 9.5.7 EMERGENCY DIESEL ENGINE LUBRICATION SYSTEM

REVIEW RESPONSIBI ITIES

Primary - Power Sv,t% - ..i(PSB)

Secondary - None

I. AREAS OF REVIEW

The emergency diesel engine lubrication system (EDELS) provides essential
lubrication to the components of the emergency diesel engines. The PSB revius the
EDELS and associated auxiliary systems to assure conformance with the requirements
of GDC 2, 4, 5, and 17. The review includes system piping, pumps, components, and
associated auxiliary equipment essential for system operation up to the engine
interface.1

1. The P58 reviews the characteristic; of the EDELS and system components with
[] respect to the effect on functional performance of adverse environmental
s / occurrences, abnormal operational requirements, and accident conditions.'

v

2. The PSB determines that a malfunction or failure of a component, or the loss
of a cooling source does not reduce the safety-related functional performance
capabilities of the emer gency powered systems. Further, the PSB review
assures that:

a. System components and piping have sufficient physical separation or
barriers to protect the system from internally and externally generated
missiles.

b. The system is protected from the effects of pipe cracks or breaks in
high- and moderate-energy pi?ing.

c. System components are des;gned in accordance with the design codes
required by the assigned quality grcup and seismic category classifications.

'As defined by the engine manufacturer.

Rev. 2
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d. The system is housed in structums designed to seismic Category I
requirements.

e. Failure of nonseismic Category I structures or components will not
affect the safety-related functions of the system.

3. The PSB will also review the design of the EDELS with respect to the
following:

a. Functional capability during abnormally high site water levels
(probable maximum flood).

b. Capability for detection and control of system leakage. -

c. Measures to assure the quality of the lubricating oil.

d. Capability for isolating portions of the system in the event of exces-
sive leakage or component malfunction.

e. Instrumentation and control features provided to permit operational
testing of the system and to assure that normal protective interlocks
do not preclude engine operation during emergency conditions.

f. Measures are provided for cooling the system and removing system heat
load.

4. The PSB will determine the adequacy of the design, installation, inspec-
tion, and testing of all electrical components (sensing, control, and power)
required for proper operation of the system, including interlocks.

In the review of the diesel engine lubrication system, the PSB will coordinate
the evaluations of other branches that interface with the overall review of
the system as follows: The Structural Engineering Branch (SEB) determines the
acceptability of the design analyses, procedures, and criteria used to establish
the a'>ility of seismic Category I structures housing the system and supporting
systens to withstand the effects of natural phenomena such as the safe shutdown
earthquake (SSE), the probable maximum flood (PMF), and tornado missiles as
part of its primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3,
3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB)
determines that the components, piping, and structures are designed in accordance
with applicable codes and standards as part of its primary review responsibility
for SRP Sections 3.9.1 through 3.9.3. The MEB also dete nines the acceptability
of the seismic and quality group classifications for system components as part
of its primary review responsibility for SRP Sections 3.2.1 and 3.2.0 The
Auxiliary Systems Branch (ASB) determines that the EDELS is in accordance with
Branch Technical Position ASB 3-1 and MEB 3-1 for breaks in high ent rgy and
cracks in moderate-energy piping systems outside containment as par' of its
pric. nary review responsibility for SRP Section 3.6.1. The Materials Engineering
Branch (MTEB) verifies, upon request, the compatibility of the mattrials of
construction with service conditions. The Procedures and Test Rev.ew Branch
determines the acceptability of the preoperational and startup tests as part
of its primary review responsibility for SRP Section 14.0.

The reviews for fire protection, technical specifications, and quality assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
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Guidance Branch, and Quality Assurance Branch as part of their primary review
; ]onsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

/
or those areas of review identified above as being part of the primary review

responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced.SRP
section of the co.' responding primary branch.

II. ACCEPTANCE CRITERIA

Acceptability of the emergency diesel engine lubrication system, as described
in the applicant's safety analysis report (SAR), is based on specific general
design criteria and regulatory guides. The reviewer will also utilize informa-
tion obtained from other sources such as other Federal agencies, p%1ished reports,

: industry standards, military specifications, and technical literature on commer-
cially svailable products. An additional basis for the acceptability of the'

system will be the degree of similarity with systems in previously reviewed
plants with satisfactory operating experience.'

The design of the EDELS is acceptable if the integrated design of the system
is in accordance with the following criteria:

1. General Design Criterion 2, as related to structures housing the system
and the system itself being capable of withstanding the effects of natural
phenomena such as earthquakes, tornadoes, hurricanes, and floods, as estab-
lished in Chapters 2 and 3 of the SAR. Acceptance is based on meeting
Position 13 of the appendix to Regulatory Guide 1.117, as related to the
protection of structures, systems, and components important to safety from
the effects of tornado missiles.

2. General Design Criterion 4, wi'.h respect to structures housing the system
i and the system itself being capable of withstanding the effects of external

missiles and internally generated missiles, pipe whip, and jet impingement
forces associated with pipe breaks. Acceptance is based on meeting Posi-
tion C.1 of Regulatory Guide 1.115 as related to the protection of structures,
systems, and components important to safety from the effects of turbine
missiles.

3. General Design Criterion 5, as related to shared systems and components
important to safety being capable of performing required safety functions.

I 4. Generql Design Criterion 17, as related to the capability of the diesel
engine lubrication system to meet independence and redundancy criteria.
Acceptance is based on meeting the following specific criteria:

a. Regulatory Guide 1.9, as related to the design of the diesel engine
systems.

b. Branch Technical Position ICSB-17 (PSB), as related to diesel engine
lubrication systems' protective interlocks during accident conditions.

c. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator
sReliability."
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d. IEEE Standard 387, as related to the design of the diesel engine lubri-
cation system.

e. Diesel Engine Manufacturers Association (DEMA) Standard, as related
to the design of the diesel lubrication system.

f. The operating pressure, temperature differentials, flow rate, and
heat removal rate of the system external to the engine are in accord-
ance with recommendations of the engine manufacturer.

g. The system has been provided with sufficient protective measures to
maintain the required quality of the oil during engine operation.

h. Protective measures (such as relief ports) have been taken to prevent
unacceptable crankcase explosions and to mitigate the consequences
of such an event.

i. The temperature of the lubricating oil is automatically maintained
above a minimum value by means of an independent recirculation loop
including its own pump and heater, to enhance the "first-try" start-
ing reliability of the engine in the standby condition.

j. The diesel engine is provided with a dedicated lube oil system
design which includer, measures to provide lubrication to the diesel
engine wearing parts during standby conditions and/or normal and
emergency starts.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II of this SRP section. For the review of operating license
(0L) applications, the procedures are utilized to verify that the initial design
criteria and bases have been appropriately implemented in the final design as
set forth in the final safety analysis report.

The OL review includes a determination that the content and intent of the tech-
nical specifications prepared by the applicant are in agreement with the
requirements for system testing, minimum performance, and surveillance devel-
oped as a result of the LGB review, as indicated in subsection I of this SRP
section.

The primary raviaver will coordinate this review with the other branches' areas
of review as stated in subsection I of this SRP section. The primary reviewer
obtains and uses such input as required to assure th7t this review procedure
is complete.

The reviewer will select and e .phasize material from this SRP section as may
be appropriate for a particular case.

1. The SAR is reviewed to establish that the EDELS is a dedicated system and
that the description and related diagrams clearly delineate system opera-
tion, including the means provided for indicating and monitoring oil levels,
temperatures, and pressures required for continuous operation of the system.
The reviewer verifies the following:
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a. The SEB reviews the seismic design bases and the MEB reviews the qual-
ity and seismic classification as indicated in subsection I of thiss

i SRP section. The PSB assures that essential portions of the EDELSj including the isolation valves separating essential and nonessential
portions are classified Quality Group C and seismic Category I.
Components and system descriptions in the SAR that identify mechani-
cal and performance charactetistics are reviewed to verify that the
above seismic and quality classifications have been included and that
the P& ids indicate any points of change at the systems and/or systems
components interfaces.

b. Failure of a piping interconnection, as shown on the system piping
and instrumentation diagrams (P& ids) between subsystems will not
cause total degradation of the lube oil system function. The
results of failure modes and effects analyses will be used in this
determination.

c. The system layout drawings are examined to ascertain that sufficient
space has been provided to permit inspection of components.

d. The system has been designed to preclude the entry of deleterious |material into the system due to operator error or extreme natural
phenomena during recharging or normal operation. The system is
acceptable if it is shown in the SAR that the system is locked
closed, or if entry is administratively controlled.

e. The design contains an independent circulation loop to maintain the
temperature of the crankcase oil above a minimum value during the
standby mode.

f. The system P& ids indicate the temperature, pressure, and level sen- !
3sors wnich alert the operator when these parameters exceed the ranges

recommended by the engine manufacturer.

g. The system has been designed to minimize the potential fire hazard |
from lube oil leaking and accumulating on the engine exhaust mani-
fold and in the turbocharger housing as a result of excessively long
prelubrication of the engine prior to starting. The prelube time
interval prior to manual starting of the engine should be limited to
3 to 5 minutes unless otherwise recommended by the diesel engine
manufacturer.

h. The system has been designed to preclude dry starting of the diesel
engine during emergency starts, that is, the momentary lack of lubri-
cation at the various moving parts or bearing surfacas resulting from
the tendency for the lube oil system to drain during long periods of

| standby. It is necessary for the system to establish as quickly as
possible an oil film on the wearing parts of the diesel engine;
otherwise, damage to the bearing surface will result causing unavail-
ability of the engine. To remedy this situation, any one of the
following may be used and should be confirmed with the diesel engine
manufacturer:

Q]
. (1) An electrically :friven lubricating oil pump powered from a relf-

able DC power supply, and installed to operate in parallel with
the engine-driven main lube oil pump. The electric-driven prelube
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pump should operate only during the engine cranking cycle or
until satisfactory lube oil pressure is established in the engine
main lube oil distribution header.

(2) Installation of a continuously operated prelube system which
would provide lube oil to all moving parts and bearing surfaces
during the standby condition of operation. Appropriate alarms
should be provided to alert operators to pump failure or low
system pressure.

(3) Installation of an intermittently operated prelube system which
would provide lube oil to all moving parts and bearing surfaces
during the standby condition of operation. This system would
operate automatically for a minimum of 5 minutes per day to
prelube the moving parts. Appropriate alarms should be provided
to alert operators of pump failure to start.

i. The design provides for the total heat removal rates required by the
system and the margin in the design heat removal rate capability.

2. The reviewer determines that the system is designed to maintain its
function under adverse environmental phenomena. The reviewer, using
engineering judgment and the results of failures modes and effects
analyses, determines that:

a. The failure of systems not designed to seismic Category I require-
ments or of nonseismic Category I structures that house, support, or
are close to the EDELS, will not preclude functioning of the system.

'

Chapters 2 and 3 of the SAR describe related site features and provide
the general structural arrangement and layout drawings and a tabula-
tion of seismic design classifications for the structures and systems.
Statements in the SAR to the effect that the above design requirements
are met are acceptable.

b. The essential portions of the system are protected from the effects
of floods, hurricanes, tornadoes, and internally and externally
generated missiles.

3. The reviewer verifies that the EDELS is protected from the effects of breaks
in high- and moderate energy lines. The system description in the SAR is
reviewed to verify that there are no high- or moderate energy piping systems
close to the lube oil system or that protection from effects of failure
will be provided. The means of providing such protection are given in
Chapter 3 of the SAR and procedures to review the information presented
are given in the corresponding SRP sections.

4. The descriptive information, P& ids, related system drawings, and system
analyses in the SAR are reviewed to assure that essential portions of the
system will function following design basis accidents, assuming a concurrent
single active component failure. The reviewer evaluates the results of
failure modes and effacts analyses presented in the SAR to assure functioning
of required component'. traces the availability of these components on
system drawings, and checks that minimum system requirements are met for
each degraded situation over required time spans. For each case, the design
is acceptable if minimum system requirements are met.
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
Q review supports conclusions of the following type, to be included in the

staff's safety evaluation report:

The emergency diesel engine lubrication system (EDELS) includes the
pumps, heat exchangers, valves, piping, makeup piping, and the points
of connection or interfaces with other systems. The scope of review
of the emergency diesel engine lubrication system for the
plant included layout drawings, flow diagrams, piping and instrumen-
tation diagrams, and descriptive information for the system and
supporting systems that are essential to its operation. The essen-
tial portions of the EDELS that are necessary for the safe shutdown
of the reactor or necessary to mitigate the consequences of an acci-
dent are designed to seismic Category I and Quality Group C.

The staff concludes that the design of the emergency diesel engine
lubrication system is acceptable and meets the requirements of GDC
2, 4, 5, and 17. This conclusion is based on the following:

1. The applicant has met the requirements of GDC 2, " Design Bases
for Protection Against Natural Phenomena," with respect to the
ability of structures housing the EDELS and the system itself
to withstand the effects of natural phenomena such as earthquakes,
tornadoes, hurricanes, and floods, and GDC 4, " Environmental
and Missile Design Bases" with respect to structures housing

pi the system and the system itself being capable of withstanding
the effects of externally and internally generated missiles, pipeid whip, and jet impingement forces associated with pipe breaks.
The EDELS is housed in a seismic Category I structure which pro-
vides protection from the effects of tornado, tornado missiles,
turbine missiles, and floods. This meets the positions of Regu-
latory Guides 1.115, " Protection Against Low-Trajectory Turbine
Missiles," Position C.1, and 1.117, " Tornado Design Classification,"
Appendix Position 13.

2. The applicant has met the requirements of GDC 5, " Sharing of
Structures, Systems and Components," with respect to the capability
of shared systems and components important to safety to perform
required safety functions. Each unit of the plant -

has its own emergency diesel generators, whose EDELS is not
shared between the diesel generators.

3. The applicant has met the requirements of GDC 17, " Electric
Power Systems," with respect to the capability of the lubri-
cation system to meet independence and redundancy criteria.
Each EDELS is independent and physically separated from the
other system serving the redundant diesel generator. A single
failure in any one of the systems will affect only the associ-
ated diesel generator. The EDELS for each diesel engine provides
the necessary engine lubrication during operation and maintains
the lube oil at a temperature that improves first-start reli-

O ability. This meets the positions of Regulatory Guide 1.9,
Q " Selection, Design, and Qualification of Diesel Generator Units

,
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Used as Standby (Onsite) Electric Power Systems at Nuclear
Power Plants." The applicant has also met the positions of
Branch Technical Position ICSB-17 (PSB), " Diesel Generator
Protective Trip Circuit Bypasses," and NUREG/CR-0660, " Enhance-
ment of Onsite Emergency Diesel Generator Reliability." The
applicant has met the requirements of the following industry
standards: IEEE Standard 387, "IEEE Standard Criteria for
Diesel Generator Units Applied as Standby Power Supplies for
Nuclear Power Generating Stati'ons," and Diesel Engine
Manufacturer Association (DEMA) Standard.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREG.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 17, " Electric Power
Systems."

5. Regulatory Guide 1.9, " Selection, Design, and Qualification of
Diesel-Generator Units Used as Standby (Onsite) Electric Power Systems at
Nuclear Power Plants."

6. Regulatory Guide 1.68, " Initial Test Programs for Water Cooled Reactor
Power Plants."

7. Regulatory Guide 1.115, " Protection Against Low-Trajectory Turbine Missiles."

8. Regulatory Guide 1.117, " Tornado Design Classification."

9. Branch Technical Position ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP
Section 3.6.1.

10. Branch Technical Position MEB 3-1, " Postulated reak and Leakage
Locations in Fluid System Piping Outside Coqtainment," attached to SRP
Section 3.6.2.
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11. Branch Technical Position ASB 9.5-1, " Guidelines for Fire Protection for
Nuclear Power Stations," attached to SRP Section 9.5.1.

12. Branch Technical Position ICSB-17 (PSB), " Diesel-Generator Protective Trip
Circuit Bypasses," attached to SRP Section 8.3.2, Appendix 8A.

13. IEEE Standard 387, "IEEE Standard Critoria for Diesel Generator Units
Applied as Standby Power Supplies for Nuclear Power Generating Stations."

14. Diesel Engine Manufacturers Association (DEMA) Standards.

| 15. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Operating Reliability."
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W(3/S } STANDARD REVIEW PLAN
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9.5.8 EMERGENCY DIESEL ENGINE COMBUSTION AIR INTAKE AND EXHAUST SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None

I. AREk, 0F REVIEW

The emergency diesel engine combustion air intake and exhaust system (EDECAIES)
supplies combustion air of reliable quality to the diesel engines, and exhausts the
products of combustion from the diesel engines to the atmosphere. The PSB reviews
the system from the outside air intake to the combustion air supply lines connected
tothedieselengineinterface,2 and from the exhaust connections at the dieselengine interface to the discharge point outside the building to assure conformance
with General Design Criteria 2, 4, 5, and 17.

1. The PSB reviews the EDECAIES to verify that:
( )

U/ a. The system design meets appropriate seismic design classification
requirements and the components are designed, fabricated, erected, and
tested to acceptable quality standards.

b. The essential portions of the system are housed in or on a seismic
Category i structure that is capable of protecting the system from
extreme natural phenomena and external missiles.

c. Each diesel engine has an independent combustion air intake and exhaust
system.

d. The consequences of a single active failure in an engine combustion air
intake or exhaust system will not lead to the loss of function of more
than one diesel generator.

2. The PSB will determine the adequacy of the design, installation, inspection
and testing of all electrical systems (sensing, control and power) required

2As defined by the engine canufacturer.
Rev. 2

tJSNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation steff responsible for the review of l

|applications to construct and operate nuclear power plants. These documents are made available to the public as part of the
[ Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review'

( I plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The
y/ standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.

Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new inf orma- |tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.s. Nuclear Regulatory Commission, I
office of Nuclear Reactor Regulation. Washington, D.C. 20555
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for proper system operation and will evaluate the protection provided to
the electrical system from dust accumulation in SRP Section 8.3.1.

In the review of the EDECAIES, the PSB will coordinate other branches' evalua-
tions that interface with the overall review of the system as follows: The
Structural Engineerirg Branch (SEB) determines the acceptability of the design
analyses, procedures, and criteria used te establish the ability of seismic
Category I structures housing the system and supporting systems to withstand
the effects of natural phenomena such as the safe shutdown earthr.uake (SSE),
the probable maximum flood (PMF), ar.d tornado missiles as part of its primary
review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4,
3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB) determines that
system components, piping, and structures are designed in accordance with
applicable codes and standards as part of its primary review responsibility
for SRP Sections 3.9.1 through 3.9.3. The MEB also determines the acceptability
of the seismic and quality group classifications for system components as part
of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2. The
Auxiliary Systems Branch (ASB) determines that the EDECAIES is in accordance
with Branch Technical Position ASB 3-1 and MEB 3-1 for cracks and breaks in
high-energy and moderate-energy piping systems outside containment as part of
its primary review responsibility for SRP Section 3.6.1. In the case of the
diesel generator building ventilation system supplying the combustion air as
well as building ventilation, the ASB, upon request, determines that the ventila-
tion system meets the criteria of this SRP section as part of its primary review
responsibility for SRP Section 9.4.5. The Materials Engineering Branch (MTEB)
verifies, upon request, the compatibility of the materials of construction with
service conditions. The Procedures and Test Review Branch determines the accept-
ability of the preoperational and startup tests as part of its primary review
responsibility for SRP Section 14.0. | I

The reviews for fire protection, technical specifications, and quality assur-
ance are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
section of the corresponding primary branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the emergency diesel generator combustion air
intake and exhaust system, as described in the applicant's safety analysis report
(SAR), is based on specific general design criteria and regulatory guides and
industry standards. Information obtained from other Federal agencies and reports,
military specifications, available technical literature, and operational perfor-
mance data obtained from similarly designed systems at other plants having satis-
factory operational experience will also be utilized to determine EDECAIES accept-
ability.

The design of the EDECAIES is acceptable if the integrated design of the sys-
tem is in accordance with the following criteria:

1. General Design Criterion 2, as related to the ability of structures housing
the system and system components to withstand the effects of natural phenomena
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such as earthquakes, tornadoes, hurricanes, and floods, as establishec
in Chapters 2 and 3 of the SAR. Acceptance is based on meeting Appendix,

Position 13 of Regulatory Guide 1.117 as related to the protection of
structures, systems, and components important to safety from the effects,

of tornado missiles.

2. General Design Criterion 4, with respect to structures housing the sys-
tems and the system components being capable of withstanding the effects
of external missiles and internally generated missiles, pipe whip, and
jet impingement forces associated with pipe breaks. Acceptance is based
on meeting Position C.1 of Regulatory Guide 1.115 as related to the pro-
tection of structures, systems, and components important to safety from
the effects of turbine missiles.

3. General Design Criterion 5, as related to shared systems and components
important to safety being capable of performing required safety functions.

4. General Design Criterion 17 as related to the capability of the diesel
engine air starting system to meet independence and redundancy criteria.
Acceptance is based on meeting the following specific criteria:

a. Fegulatory Guide 1.9 as related to the design of the diesel engine
combustion air intake and exhaust systems,

b. Branch Technical Position ICSB-17 (PSB) as related to diesel engine
combustion air intake and exhaust systems' protective interlocks dur-
ing accident conditions.

x
c. NUREG/CR-0660, " Enhancement of Onsite Emergency Diesel Generator

Reliability."

d. IEEE Standard 387 as related to the design of the diesel engine com-
bustion air intake ano exhaust system.

e. Diesel Engine Manufacturers Association (DEMA) Standard as related
to the desigr ,. i.he diesel combustion air intake and exhaust system.

f. Each emerg. icy diesel engine should be provided with an independent
and reliable combustion air intake and exhaust system. The system
should be sized and physically arranged such that no degradation of
engine function will be experienced when the diesel generator set is
required to operate continuously at the maximum rated power output.

g. The combustion air intake system shall be provided with a means of
reducing airborne particulate material over the entire time period
that emergency power is required assuming the maximum airborne par-
ticulate concentration at the combustion air intake.

h. Suitable design precautions have been taken to preclude degradation
of the diesel engine power output due to exhaust gases and other
dilutents that could reduce the oxygen content below acceptable levels. >

III. REVIEW PROCEDURES

te procedures below are used during the construction permit (CP) review toy

determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
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given in subsection II of this SRP section. For the review of operating
license (0L) applications, the procedures are utilized to verify that the
initial design criteria and bases ''ve been appropriately implemented in the
final design as set forth in the final safety analysis report.

The review procedures for OL applications include a determination that the
content and intent of the technical specifications prepared by the applicant
are in agreement with the requirements for system testing, minimum performance,
and surveillance developed as a result of the LGB review, as indicated in
subsection I of this SRP section.

The primary reviewer will coordinate this review with the other branches'
areas of review stated ir, subsection I of this SRP section. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

The reviewer will select and emphasize material from the paragraphs below, as
may be appropriate for a particular case.

1. The SAR is reviewed to determine that the EDECAIES is a dedicated system
and that the description and related diagrams clearly delineate the
system components and the modes of system operation. The SEB reviews the
seismic design bases and the MEB reviews the quality and seismic classi-
fication as indicated in subsection I of this SRP section. The PSB
assures that essential portions of the EDECAIES are classified Quality
Group C and seismic Category I. Components and system descriptions in
the SAR that identify mechanical and performance characteristics are
reviewed to verify that the above seismic and quality classifications
have been included and that the P& ids indicate any points of change at
the system and/or system component interfaces.

2. The SAR is reviewed to ascertain that sufficient space has been provided
around the components to permit inspection of the system components.

3. The SAR is reviewed to assure that the arrangement and location of the
combustion air intake and exhaust are such that dilution or contamination
of the intake air by exhaust products, fire extinguishing (gaseous)
medium, or other gases that may intentionally or accidentally be
released on site will not preclude operation of the diesel engines at
rated power output, or cause engine shutdown as a consequence of any
meteorological or accident condition.

4. The SAR is reviewed to verify that if the intake air flow or engine
exhaust is dependent upon the actuation of flow control devices (louvers,
dampers), the EDECAIES will function if there is a failure of an active
component.

5. The SAR is reviewed to assure that system components exposed to
atmospheric conditions (dust storms, rain, ice, snow) are protected from
possible clogging during standby or operation of the system.

6. The reviewer verifies that tne system will function as required in the
event of other adverse natural phenomena. The reviewer evaluates the
system, using engineering judgment and failure modes and effects analyses
to determine that:
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a. The failure of nonessential portions of the system or of other
systems not designed to seismic Category I requirements and located
close to essential portions of the system, or of non-seismic

- Category I structures that house, support, or are close to essential
portions of the EDECAIES, will not preclude operation of the system.
Reference to SAR sections describing site features and the general
arrangement and layout drawings will be necessary, as well as the
SAR tabulation of seismic design classifications for structures and

: systems. Statements in the SAR that verify that the above
conditions are met are acceptable,

b. The essential portions of the system are protected from the effects
of floods, hurricanes, tornadoes, and internally or externally
generated missiles. Flood protection and missile protection
criteria are discussed and evaluated in detail under the SRP
sections for Chapter 3 of the SAR. The location and the design of
the systems and structures are reviewed to determine that the degree
of protection provided is adequate. A statement to the effect that

' the system is located in seismic Category I structure that is
tornado missile and flood protected, or that components of the
system will be located in individual cubicles or rooms that will
withstand the effects of both flooding and missiles is acceptable.

,

c. The essential portions of the system are protected from the effects
of high- and moderate-energy line breaks. Layout drawings are
reviewed to assure that no high- or moderate-energy piping systems
are close to the essential portions of the system, or that protec-

p tion from the effects of failure will be provided. The means of
( providing such protection will be given in Section 3.6 of the SAR

and procedures for reviewing this information are given in the'

corresponding SRP sections.

7. The descriptive information, P& ids, EDECAIE! layout drawings, and failure
modes and effects analyses in the SAR are reviewed to assure that
functional requirements of the system will be met following design basis
accidents assuming a concurrent single active component failure. The
reviewer evaluates the effects of failure of components, traces the
availability of redundant components on system drawings, and checks that
the SAR contains verification that the system functional requirements are
met.

8. The SAR is reviewed to assure that provisions have been made in the
diesel generator combustion air intake design te minimize the ingestion
of airborne particulate material over the er. tire time period that,

emergency power is required. The revicwer also verifies the following,

a. That the intake design is reviewed to assure that the bottom of the
intake opening is located a minimum of 20 feet above grade.

b. That the SAR is reviewed to assure that provisions have been made to
minimize the generation of dust, particularly in multiunit plants
when one unit is operating and the other is under construction
(abnormal generation of dust).

Dust control in the diesel generator rooms entering via the ventilation
system is reviewed by ASB as part of its review responsibility for SRP
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Section 9.4.5. In SRP Section 8.3.1, PSB reviews the SAR to assure that
the electrical equipment associateo with starting the diesel generators
(e.g. , auxiliary relay contacts, control switches, individually or panel
mounted) are protected from dust accumulation, other deleterious material
entering diesel generator room, and dust generated from concrete floors
and walls.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The emergency diesel generator combustien air intake and exhaust
system (EDECAIES) includes all components and piping of the air
intake system from the atmospheric air intake to its connection to
the engine interface and all components and piping of the exhaust
system from its connection to the engine interface to the point
where it exhausts to the atmosphere. The scope of the review of the
EDECAIES for the plant included layout drawings,
piping and instrumentation diagrams, and descriptive information for
the system and auxiliary supporting systems that are essential to
its safe operation. The essential portions of the EDECAIES that are
necessary for the safe shutdown of the reactor or necessary to
mitigate the consequences of an accident are designed to seismic
Category I and Quality Group C.

The staff concludes that the design of the emergency diesel
generator combustion air intake and exhaust sy tem is acceptable and
meets the requirements of GDC 2, 4, 5, and 17. This conclusion is
based on the following:

1. The applicant has met the requirements of GDC 2, " Design Bases
for Protection Against Natural Phenomena," with respect to the
ability of structures nousing the EDECAIES and the system
itself to withstand the effects of natural phenomena such as
earthquakes, tornadoes, hurricanes, and floods, and GDC 4,
" Environmental and Missile Design Bases," with respect to
structures housing the system and the system itself being
capable of withstanding the effects of externally and inter-
nally generated missiles, pipe whip, and jet impingement forces
associated with pipe breaks. The EDECAIES is housed in a
seismic Category I structure which provides protection from the
effects of tornadoes, tornado missiles, turbine missiles, and
floods. The exposed portions of the system are also protected
from tornadoes, tornado missiles, turbine missiles, and floods.
This meets the positions of Regulatory Guides 1.115, "Protec-
tion Against Low-Trajectory Turbine Missiles," Position C.1 and
1.117, " Tornado Design Classification," Appendix Position 13.

2. The applicant has met the raquirements of GDC 5, " Sharing of
Structures, Systems and Components," with respect to the
capability of shared systems and components important to safety
to perform required safety functions. Each unit of the

plant has its own emergency diesel generators, whose
N CAIES is not shared between the diesel generators.
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3. The applicant has met the requirements of GDC 17, " Electric
Power Systems," with respect to the capability of combustion

N air intake and exhaust system to meet independence and redun-
dancy criteria. Each EDECAIES is independent and physically
separated from the other syster serving the redundant diesel
generators. Single failure in any one of the two systems will
affect only the associated diesel generator. Each system is
sized and physically arranged _such that no degradation of
engine function will be experienced when the diesel generator
set is required to operate continuously at maximum rated power
output. The air intakes are located feet above plant
grade and adequate filters are provided to minimize airbone
particulate material (dust) from entering the system. Suitable
design precautions have been taken to preclude degradation of
the diesel engine power output due to recirculation of exhaust
gases and ingestion of other dilutents that would reduce the
oxygen content below acceptable levels. This meets the
position of Regulatory Guide 1.9, " Selection, Design, and
Qualification of Diesel Generator Units Used as Standby
(0nsite) Electric Power Systems at Nuclear Power Plants." The
applicant has also met the positions of Branch Technical
Position ICSB-17 (PSB), " Diesel Generator Protective Trip
Circuit Bypasses," and NUREG/CR-0660, " Enhancement of Onsite
Emergency Diesel Generator Reliability." The applicant has met
the requirements of the following industry standa.ds: IEEE
Standard 387, "IEEE Standard Criteria for Diesel Generator
Units Applied as Standby Power Supplies for Nuclear Power
Generating Stations," and Diesel Engine Manufacturers

/] Associated (DEMA) Standard.
V '

V. IMPLEMENTATION

Th2 following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREG. The
implementation schedule for the new position in Section III, item 8a, above,
shall be applied only to CP applications.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

,

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50. Appendix A, General Desigr Criterion 5, " Sharing ofp

V) Structures, Systems, and Components."I
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4. 10 CFR Part 50, Appendix A, General Design Criterion 17, " Electric Power
Systems."

5. Regulatory Guide 1.9 " Selection, Design, and Qualification of Diesel
Generator Units Used as Standby (0nsite) Electric Power Systems at
Nuclear Power Plants."

6. Regulatory Guide 1.68, " Initial Test Programs for Water-Cooled Reactor
Power Plants."

7. Regulatory Guide 1.115, " Protection Against Low-Trajectory Turbine
Missiles."

8. Regulatory Guide 1.117, " Tornado Design Classification."

9. Branch Technical Position ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attacl.ed to SRP
Sec'. ion 3.6.1.

10. Branch Technical Position MEB 3-1, " Postulated Break and Leakage
Locations in Fluid System Piping Outside Containment," attached to SRP
Section 3.6.2.

11. Branch Technical Position ICSB-17 (PSB), " Diesel-Generator Protective
Trip Circuit Bypasses" attached to SRP Section 8.3.2 Appei, dix 8A.

12. IEEE Standard 387, "IEEE Stanadrd Criteria for Diesel Generator Units
Applied as Standby Power Supplies for Nuclear Power Generating Stations."

13. Diesel Engine Manufacturers Association (DEMA) Standard.

14. NUREC/CR-0660, " Enhancement of Onsite Emergency Diesel Generator
Reliability."

,
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10.2 TURBINE GENERATOR

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

Nuclear reactor plants include a turbine generator system (TGS) to ccnvert the
energy in steam from the nuclear steam supply system into electrical energy. The
TGS consists essentially of the turbine unit and the automatic devices, alarms, and
trips which control and regulate turbine action, and the generator unit and its con-
trols. The turbine control system and ie steam inlet stop and control valves, the
low pressure turbine steam intercept and inlet control valves, and the extraction
steam control valves contrcl the speed of the turbine under normal and abnormal
conditions, and are thus related to the overall safe operation of the plant.

,

( )Theturbinegeneratorsysteminstalledinanuclearplantistypicallyequipped
\_/ with redundant overspeed protection instrumentation and controls and the main steam

and reheat steam control and stop valving arrangements typically provide redundancy
in the valves essential for overspeed protectica. The intent of the review under
this SRP section is to verify that such redundancy, in conjunction with inservice
inspection and testing of the essential valves, makes a turbine overspeed condition
above the design overspeed very unlikely and to assure conformance with General
Design Criterion 4. Assessment of the risk to essential plant systems and struc-
tures from potential turbine missiles is reviewed under SRP Section 3.5.1.3.

1. The PSB reviews the turbine generatar system and the components and subsystems
normally provided with this equipment with respect to the following considera-
tions:

a. The general arrangement of the turbine and associated equipment with
respect to safety-related structures and systems and balance of plant.

b. The types and locations of main steam stop and control valves, reheat
stop and intercept valves, and associated piping arrangements.

Rev. 2 - July 1981
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c. The capability of the turbine generator control and overspeed protec-
tion sistems to detect a turbine overspeed condition and to actuate
appropriate system valves or other protective devices to preclude an
overspeed condition above the design overspeed.

d. The overspeed protection instrumentation and controls with respect
to redundancy, testability, and reliability.

2. The PSB reviews the inservice inspection and operability assurance program
for valves essential for overspeed protection.

3. Consideration of turbine orientation as related to turbine missiles is
reviewed by Auxiliary Systems Branch as part of its prinary review responsi-
bility for SRP Section 3.5.1.3.

In the review of the turbine generator, the PSB will coordinate with other
branches for their evaluations that interface with the overall review of the
system as follows: The Mechanical Engineering Branch (MEB) determines the accep-
tability of the seismic and quality group classifications for system components
as part of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2.
The MEB determines that the components, piping, and structures are designed in
accordance with applicable codes and standards as part of its primary review
responsibility for SRP Sections 3.9.1 through 3.9.3. The Auxiliary Systems
Branch (ASB) determines that the TGS is in accordance with Branch Technical
Positions ASB 3-1 and MEB 3-1 as related to pipe crack;. or breaks in high- and
moderate energy riping systems outside of containment as part of its primary
review responsibility for SRP Section 3.6.1. The Materials Engineering Branch
(MTEB) verifies, upon request of PSB, the compatibility of the materials of
construction with service conditions. The Radiological Assessment Branch (RAB)
determines if any radiation shielding is necessary to assure safe access to
turbine equipment as part of its primary review responsibility for SRP Section 12.0.
The Procedures and Test Review Branch determines the acceptability of the pre-
operational and startup tests as part of its primary review responsioility for
SRP Section 14.0.

The reviews for fire protection, technical specifications, and quality
assurance are coordinated and performed by the Chemical Engineering branch,
Licensing Guidance Branch, and Quality Assurance Branch as part of their primary
review responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being part of the primary review
responsibility of the other branches, the acceptance criteria necessary for
the review and their methods of application are contained in the referenced
SRP section of the corresponding primary branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the turbine generacor system, as described in
the applicant's Safety Analysis Report (SAR), is based on the General Design
Criteria and the other specific criteria listed below, and on the similarity
of the design to that of plants previously reviewed and found acceptable.

The design of the turbine generator sy.; tem is acceptable if the integrated
design of the system meets the requirement of General Design Criterion 4 as
related to the protection of structures, systems, and components important to
safety from the effm.ts of turbine missiles by providing a turbine overspeed
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protection system (with suitable redundancy) to minimize the probability of
q generation of turbine missiles. Specific criteria necessary to meet the'

requirements of GDC 4 are as follows:

1. A turbine control and overspeed protection system should be provided to
control turbine action under all normal or abnormal uperating conditions,
and to assure that a full load turbine trip will not cause the turbine to
overspeed beyond acceptable limits. Under these conditions, the control
and protection system should permit an-orderly reactor shutdown either by

i use of the turbine bypass system and main steam relief system or other
,

engineered safety systems. The overspeed protection system should meet
the single failure criterion and should be testable when the turbine is'

in operation.

2. Turbine main steam stop and control valves and reheat steam stop and
intercept valves should be provided to protect the turbine from exceeding
set speeds and to protect the reactor system from abnormal surges. The
reheat stop and intercept valves should be capable of closure concurrent
with the main ',ean stop valves, or of sequential closure within an
appropriate ti..e limit, to assure that turbine overspeed is controlled,

within accept.Sle limits. The valve arrangements and valve closure times'

should be such that a failure of any single valve to close will not
result ;o excessive turbine overspeed in the event of a TGS trip signal.

3. The extraction steam check valves provided at extraction connections
shall be capable of closing within an appropriate time limit to maintain
stable turbine speeds in the event of a TGS trip signal.

4.g The TGS should be provided with the capability to permit periodic testing
of components important to safety while the uait is operating at rated
load.

5. An inservice inspection program for main steam and reheat valves should
be provided and it should include the following provisions:

a. At approximately 3-1/3 year intervals, during refueling or maintenance
shutdowns coinciding with the inservice inspection sc5edule required
by Section XI of the ASME Code for reactor components, at least one
main steam stop valve, one main steam control valve, one reheat stop
valve, and one reheat intercept valve should be dismantled and
visual and surfuce examinations conducted of valve seats, disks, and
stems. If unacceptable flaws or excessive corrosion are found in a

i valve, all other valves of that type should be dismantled and inspected.
Valve bushings should be inspected and cleaned, and bore diameters,

! should be checked f)r proper clearance.

b. Main steam stop and control valves and reheat stop and intercept
valves should be exercised at least once a week by clssing each
valve and observing by the valve position indicator that it moves
smoothly to a fully closed position. At least once a month, this'

examination should be made by direct observation of the valve motion.
i

6. Unlimited access to all levels of .1e turbine area under all operatingg

) conditions should be provided. Radiation shielding should be provided as
,

j ,/ necessary to permit access.
i
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7. Connection joints between the low pressure turbine exhaust and the main
condenser should be arranged to prevent adverse effects on any safety-
related equipment in the turbine room in the event of rupture (it is
preferable not to locate safety-related equipment in the turbine room). |

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and preliminary design as set
forth in the Preliminary Safety Analysf; Report meet the acceptance criteria
given in subsection II. For review of operating license (0L) applications,
the procedures are utilized to verify that the initial design criteria and
bases have been appropriately implemented in the final design as set forth in
the Final Safety Analysis Report.

The review procedures for OL applications include a determination that the
content and intent of .ne technical specifications prepared by the applicant
are in agreement with the requirements for system testing, minimum performance,
and surveillance developed as a result of the staff's re iew.

The review procedures given are for a typical turbine generator system. Any
variance of the review, to take account of a proposed unique design, will be
such as to assure that the system meets the criteria of subsection II. The
reviewer evaluates the TGS, subsystems, and components of the unit that are
considered essential for the safe integrated operation of the reactor facility.
The reviewer will select and emphasize material from this review plan, as may
be appropriate for a particular case.

The primary reviewer will coordinate this review with other branche for their
particular areas of responsibility as stated in subsection I. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

1. The SAR is reviewed to determine that the system description and piping
and instrumentation diagrams (P& ids) show the turbine generator system.

! The general arrangement of the TGS and associated equipment with respect
to safety-related structures, systems, and components is noted.

2. The reviewer verifies the adequacy of the control and overspeed protection
system and determines that:

Support systems, subsystems, control systems, and alarms and tripsa.
will function for all abnormal conditions, including a single failure
of any component or subsystem, and will preclude an unsafe turbine

| overspeed. The indepth defense that is provided by the turbine
! generator protection system to preclude excessive overspeeds should
i be designed with diverse protection means.
|

| b. For normal speed-load control, the speed governor action of the
electro-hydraulic control system fully cuts off steam at approxi-
mately 103 percent of rated turbine speed by closing the control, |
and intercept valves.

;

A mechanical overspeed trip device is provided that will actuate thec.
control, stop, and intercept valves at approximately 111 percent of
rated speed.

|
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i d. An independent and redundant backup electrical overspeed trip circuit
! is provided that senses the turbine speed by magnetic pickup and
i closes all valves associated with speed control at approximately

112 percent of rated speed. This backup electrical overspeed trip
system may utilize the same sensing techniques as the electro-
hydraulic control. system. However, the circuitry is reviewed to

; determine that the control signals from the two systems are isolated
from and independent of one another.

3. The main steam stop, control, reheat stop, and intercept valving arrange-4

ments and valve closure times are reviewed to ensure that no single valve
failure can disable the overspeed control function.

4. The extraction steam valving arrangements and valve closure times are
reviewed to see that stable turbine operation will result after a TGS
trip.

I 5. The capability for testing of essential components during TGS operation
is reviewed.

6. The proposed inservice inspection program for essential speed control
valves is reviewed to verify that it includes the provisions of item 5 of

|subsection II of this SRP section.
.

7. The RAB reviews the expected radiation levels around the TGS and the
degree of access to TGS components during operation and the MEB reviews
the quality and seismic classificati,on as indicated in subsection I of
this SRP section.

! 8. If there are safety-related systems or portions of systems located close
to the TGS, the physical layout of the system is reviewed to assure that
protection has been provided from the effects of high and moderate energy
TGS piping failures or failure of the connections from the low pressure
turbine section of the main condenser. The means of providing such pro--
tection will be given in Section 3.6 of the SAR, and the procedures for
reviewing this information are given in the corresponding SRP Sections.

,

IV. EVALUATION FINDINGS
,

The reviewer verifies that sufficient information has been provided and his
j review supports conclusions of the following type, to be included in the

staff's safety Evaluation Report:

. The turbine generator system (TGS) includes all components and
i equipment normally provided including turbine main steam stop and

control valves and reheat steam stop and intercept valves. The
scope of review of the turbine generator system for the plant6

included layout drawings, piping and instrumentation diagrams, and'
descriptive information for the system and for control and supporting
systems that are essential to its operation.

The basis for acceptance of the turbine generator system in our
review was conformance of the designs, design criteria, and design
bases to the Commission's regulations as set forth in General Design
Criteria (GDC) of Appendix A to 10 CFR Part 50. The staff concludes,

i 10.2-5 Rev. 2 - July 1981
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that the plant design is acceptable and meets the requirements of
GDC 4 with respect to the protection of structures, systems, and
components important to safety from the effects of turbine missiles.
The applicant has met this requirement by providing a turbine over-
speed protection system to control the turbine action under all
operating conditions and which assures that a full-load turbine trip
will not cause the turbine to overspeed beyond acceptable limits and
will not result in turbine missiles.

The staff concludes that the design of the turbine generator system
conforms to all applicable GDC, staff positions, industry standards,
and it can perform its designed safety functions and is therefore
acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alter-
native method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

2. Regulatory Guide 1.68, " Initial Test Programs for Water-Cooled Reactor
Power Plants."

3. Branch Technical Positions ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP
Section 3.6.1.

4. Branch Technical Position MEB 3-1, " Postulated Break and Leakage
Locations in Fluid System Piping Outside Containment," attached to SRP
Section 3.6.2.

O
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10.2.3 TURBINE DISK INTEGRITY

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

General Design Criterion 4 requires that structures, systems, and components
important to safety shall be appropriately protected against environmental and
dynamic effects, including the effects of missiles, that may result from equipment
failure. Because turbine disks have large masses and rotate at relatively high
speed: during normal reactor operation, failure of a disk may result in the genera-
tion of high energy missiles and cause excessive vibration of the turbine rotor
assembly. Measures taken by the applicant to assure turbine disk integrity and
reduce the probability of turbine disk failure satisfy the. relevant requirements of
General Design Criterion 4.

(qU) The purpose of this section of the SRP is to review and evaluate the information
submitted by the applicant to assure turbine disk integrity and a low probability
of turbine disk failure with the generation of missiles.

The following areas of the applicant's safety analysis report (SAR) relating to
turbine disk integrity are reviewed:

1. Materials Selection

The low pressure turbine rotor assembly usually consists of a rotor shaft with
shrunk-on disks. Low pressure disk stresses are due to thermal gradients, the
interference fit, and centrifugal forces. These stresses are relatively high.
The low pressure turbine operates at lower temperatures than the high pressure
turbine. Thus, it is particularly important that low pressure disks be made
of a tough material. The use of suitable design, materials, and inservice
inspection can greatly reduce the probability of a turbine disk failure.

Rev. 1 - July 1981
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The materials properties, including descriptions of the procedures to
minimize flaws and improve fracture toughness, are reviewed to establish
that sufficient information is provided to permit an evaluation of the
adequacy of the low pressure disk materials.

Included in this information are:

a. A discussion of the ductile-brittle transition temperatures (FATT or
NDT) of the materials and the tests and standards used to determine
them.

b. The Charpy V-notch test program used to establish minimum upper-shelf
energies of the disk materials.

c. The fracture toughness test program used to establish minimum upper-
shelf toughness of the disk materials.

2. Fracture Toughness

The fracture toughn s of the materials and the materials tests or
correlations of Cha.., and tensile data to toughness properties are
reviewed to establish that the turbine disk materials exhibit adequate
fracture toughness at normal operating temperature and during startup.

3. Preservice Inspection

The preservice inspection program information is reviewed to verify that
the disk forgings are first machined with minimum excess stock prior to
heat treatment, that visual and surface inspections are performed on all
finished machined surfaces, and that a 100% volumetric (ultrasonic) examina-
tion is performed.

4. Turbine Disk Design

The low pressure turbine rotor design information, including allowable
stresses, temperature distributions, and design overspeed considerations,
is reviewed.

5. Inservice Inspecti i

Descriptions of the baseline and inservice phases of the inservice inspec-
tion program, including types of inspections, areas to be inspected,
frequencies of inspection, and acceptance criteria, are reviewed.

II. ACCEPTANCE CRITERIA

MTEB acceptance requirement is based on meeting the relevant requirements of
General Design Criterion 4, " Environmental and Missile Design Bases," as it
relates to structures, systems, and components important to safety being appro-
priately protected against environmental and dynamic effects, including the
effects of missiles, that may result from equipment failure. The specific
criteria necessary to meet the relevant requirements of GDC 4 to reduce the
probability of failure of the turbine disk are as follows:

O
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1. Materials Selection

The turbine disk should be made from a material and by a process that tends
Q to minimize flaw occurrence and maximize fracture toughness properties,

such as a N;CrMoV alloy processed by vacuum melting or vacuum degassing.
The material should be examined and tested to meet the following criteria:

Chemical ana?ysis should be made for each forging. Elements thata.
have a deleterious effect on toughness, such as sulfur and phosphorus,
should be controlled to low levels.

b. The fracture appearance transition temperature (50% FATT) as obtained
from Charpy tests performed in accordance with specification ASTM
A-370 should be no higher than 0 F for low pressure turbine disks.
Nil-ductility transition (NDT) temperature obtained in accordance
with specification ASTM E-208 may be used in lieu of FATT. NDT
temperatures should be no higher than -30 F.

The Charpy V-notch (C ) energy at the minimum operating temperaturec.
y

of each low pressure disk in the tangential direction should be at
least 60 ft-lbs. A minimum of three C specimens should be testedy

in accordance with specification ASTM A-370.

2. Fracture Toughness

The low pressure turbine disk fracture toughness properties are acceptable
if in compliance with the following criteria:

The ratio of the fracture toughness (Kyc) of the disk material to the
maximum tangential stress at speeds from normal to design overspeed should
be at least two fih., at minimum operating temperature. Bore stress calculations
should include components due to centrifugal loads, interference fit, and
thermal gradients. Sufficient warmup time should be specified in the turbine
operating instructions to assure that toughness will be adequate to prevent
brittle fracture during startup. Fracture toughness properties can be
obtained by any of the following methods:

a. Testing of the actual material of the turbine disk to establish the
K value at normal operating temperature.yc .

b. Testing of the actual material of the turbine disk with an instrumented
Charpy machine and a fatigue precracked specimen to establish the
KIc (dynamic) value at normal operating temperature. If this method

is used, KIc (dynamic) shall be used in lieu of KIc (static) in meeting
the toughness criteria above,

c. Estimating of K values at various temperatures from conventionalIc
Charpy and tensile data on the disk material using methods presented
by J. A. Begley ar-d W. A. Logsdon in Westinghouse Scientific Paper
71-1E7-MSLRF-P1 (Ref. 5). This method of obtaining K should be

Ic
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used only on materials which exhibit a well-defined Charpy energy
and fracture appearance transition curve and are strain-rate insensi-
tive. The test data and the calculated toughness curve should be
submitted to the staff for review.

d. Estimating " lower bound" values of K at various temperatures usingIc
the equivalent energy concept of F. J. Witt and T. R. Mager, ORNL-TM-3894
(Ref. 6). Load-displacement data from the compact tension specimens
and the calculated toughness data should be submitted to the staff
for review.

3. Preservice Inspection

The applicant's preservice inspection program is acceptable if in
compliance with the following criteria:

a. Disk forgings should be rough machined prior to heat treatment.

b. Each finished disk should be subjected to 100% volumetric (ultrasonic),
s . face, and visual examinations using procedures and acceptance
criteria equivalent to those specified for Class 1 components in the
ASME Boiler and Pressure Vessel Code, Sections III and V.

c. Finish machined bores, keyways, and drilled holes should be subjected
to magnetic particle or liquid penetrani examination. No flaw indica-
tions in keyway or hole regions are allowat.le.

d. Each turbine rotor assembly should be spin tested at the maximum speed
anticipated during a turbine trip following lass of full load.

4. Turbine Disk Design

The applicant's design is acceptable if in compliance with the following:

The turbine assembly should be designed to withstand normal conditions,
anticipated transients, and accidents resulting in a turbine trip without
loss of structural integrity. The design of the turbine assembly should
meet the following criteria:

a. The design overspeed of the turbine should be 5% above the highest
anticipated speed resulting from a loss of load. The basis for the
assumed design overspeed should be submitted to the staff for review.

,

1

b. The combined stresses of low pressure turbine disk at design overspeed
due to centrifugal forces, interference fit, and thermal gradients
should not exceed 0.75 of the minimum specified yield strength of
the material, or 0.75 of the measured yield strength in the weak
direction of the materials if appropriate tensile tests have been
performed on the actual disk material.

c. The turbine shaft bearings should be able to withstand any combination
of the normal operating loads, anticipated transients, and accidents
resulting in turbine trip.:

O
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d. The natural critical frequencies of the turbine shaft assemblies
existing between zero speed and 20% overspeed should be controlled4

f in the design and operation so as to cause no distress to the unit
,

during operation,

e. The turbine disk design should facilitate inservice inspcction of
i all high stress regions, including bores and keyways, without the

need for removing the disks from the shaft.,

1

! 5. Inservice Inspection
4

The applicant's inservice inspection program is acceptable if in compliance!

with the following criteria:
:

| The inservice inspection program for the steam turbine assembly should
provide assurance that disk flaws that might lead to brittle failure of a
disk at speeds up to design speed will be detected. The inservice inspec-

| tion program for the turbine assembly should include the following:

Disassembly of the turbine at approximately 10 year intervals,
during plant shutdown coinciding with the inservice inspection
schedule as required by ASME Boiler and Pressure Vessel Code,
Section XI, and complete inspection of all normally inaccessible
parts, such as couplings, coupling bolts, turbine shafts, low-
pressure turbine blades, low pressure disks, and high pressure

; rotors. This inspection should consist of visual, surface, and
volumetric examinations, as required.

III. REVIEW PROCEDURES

For each area of review, the following review procedures are followed:

1. Materials Selection

The materials properties and the procedures to minimize flaws and improve
fracture toughness, as described by the applicant, are reviewed and com-
pared with the requirements of subsection II.1 of this SRP section. If a
new material not used in prior licensed cases is utilized, the applicant's,

materials selection is reviewed and evaluated to establish its acceptability.;

Such an evaluation is based on the acceptance criteria of subsection II
of this SRP section.

2. Fracture Toughness

The fracture toughness properties of the low pressure turbine disk material,
including specimen test data, where applicable, are reviewed and compared "

,

with the requirements of subsection II.2 of this SRP section. The applicant,

; is permitted any of three alternates for deriving the fracture toughness
of the disk materials.

3. Preservice Inspection

The preservice inspection program, including finish machining, ultrasonic
inspection, surface inspection, visual inspection, and spin testing, is
reviewed and compared with the requirements of subsection II.3 of this, ,

N,

i
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SRP section. The extent to which the ultrasonic inspections and the accep-
tance criteria in-the SAR agree with ASME Boiler and Pressure Vessel Code,
Section III, NB-2530 for plate materials or NB-2540 for forgings, is reviewed.

Turbine Disk Design*

The design and stress analysis procedures used for the low pressure turbine
disks ar; reviewed including the following areas:

a. Load combinations at normal operating speed and allowable stresses.

b. Design overspeed and basis for selection of design overspeed.

c. Load combinations at design overspeed and aliowable stresses.

The SAR data are compared and evaluated against subsection II.4 of this
SRP section.

5. Inservice Inspection

The inservice inspectior. program described by the applicant, including
areas to be inspected, methods of inspection, frequency of inspection,
and acceptance criteria, is reviewcd and compared with the requirements
of subsection II.5 of this SRP section.

IV. EVALUATIPN FINDINGS

The staff concludes that the integrity of the turbine disk is acceptable and
meets the relevant requirements of General Design Criterion 4 of 10 CFR Part 50.
This conclusion is based upon the following:

The applicant has met the requirements of General Design Criterion 4 of 10 CFR
Part 50 with respect to the use of materials with acceptable fracture toughness
and elevated temperature properties, ariequate design, and the requirements for
preservice and inservice inspections. The applicant has described his program
for assuring the integrity of low pressure turbine disks by the use of suitable
materials of adequate fracture toughness, conservative design practices, and
preservice and inservice inspections. The staff concurs that these provisions
provide reasonable assurance that the probability of failure with missile
generation is low during normal operation, including transients up to design
overspeed.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specific portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conforrince with the Commission regulations.

VI * ERENCES

1. .FR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."
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NU REG-0800
(Formsrly NUREG-75/087)

e
U S. NUCLEAR REGULATORY COMMISSION

W$s) STANDARD REVIEW PLANv
%v / OFFICE OF NUCLEAR REACTOR REGULATION

*eee*

10.3 MAIN STEAM SUPPLY SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systens Branch (ASB)
Power Systems Branch (PSB)

Secondary - None

I. AREAS OF REVIEW

The main steam supply system (MSSS) for both boiling water reactor (BWR) and
pressurized water reactor (PWR) plants transports steam from the nuclear steam
supply system to the power conversion system and various safety-related or nonsafety-
related auxiliaries. Portions of the MSSS may be used as a part of the heat sink
to remove heat from the reactor facility during certain operations and may also be
used to supply steam to drive engineered safety feature pumps. The MSSS may also
include provisions for secondary system pressure relief in PWR plants,

p
/ T

( ! The MSSS for the BWR direct cycle plant extends from the outermost containment
isolation valves up to and including the turbine stop valves, and includes connected
piping of 2-1/2 inches nominal diameter and larger up to and including the first
valve that is either normally closed or is capable of automatic closure during all
modes of reactor operation. The MSSS for the PWR indirect cycle plant extends from
the connections to the secondary sides of the steam generators up to and including
tht '.urbine stop valves, and includes the containment isolation valves, safety and
relief valves, connected piping of 2-1/2 inches nominal diameter and larger up to
and including the first valve that is either normally closed or capable of automatic
closure during all modes of operation and the steam line to the auxiliary feedwater
pump turbine. The ASB is responsible for the review of the MSSS from the containment
up to and including the outermost isolation valve. The PSB is responsible for the
review of the remainder of the MSSS. (The turbine stop valve review is included in
SRP dection 10.2.) The PSB also determines the adequacy of the design, installation,
inspection, and testing of the electrical power supplies for essential components
required for proper operation of the MSSS. The design of the MSSS must be in accor-
dance with General Design Criteria 2, 4, 5, and 34.
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1. The ASB and PSB review the MSSS to determine which, if any, portions of
the system are essential for safe shutdown of the reactor or for preventing
or mitigating the consequences of accidents. The system is reviewed to
verify that;

a. A single malfunction or failure of an active component would not
preclude safety-related portions of the system from functioning as
required during normal operations, adverse environmental occurrences,
and accident conditions, including loss of offsite power.

b. Appropriate quality group and seismic design classification are met
for safety-related portions of the system.

c. Failures of nonseismic Category I equipment or structures, or pipe
cracks or breaks in high- and moderate-energy piping will not preclude
essential functions of safety-related portions of the system.

d. The system is capable of performing multiple functions such as trans-
porting steam to the power conversion system, providing heat sink
capacity or pressure relief capability, or supplying steam to drive
safety system pumps (e.g., turbine-driven auxiliary feedwater pumps),
as may be specified for a particular design.

e. The design of the MSSS includes the capability to operate the atmo-
spheric dump valves remotely frc.a the control room following a safe
shutdown earthquake coincident with the loss of offsite power so that
a cold shutdown can be achieved with dependence upon safety grade
components only.

2. The ASB reviews the MSSS with regard to measures provided to limit blow-
down of the system in the event of a steam 'ine break.

3. The ASB and PSB also review the design of the MSSS with respect to the
following:

a. The functional capability of the system to transport steam from the
nuclear steam supply system as required during all operating
conditions.

b. The capability to detect and control system leakage, and to isolate
portions of the system in case of excessive leakage or component
malfunctions.

c. The capability to preclude accidental releases to the environment.

d. Provisions for functional testing for safety-related portions of the
system.

4. ASB also performs the following reviews under the SRP sections indicated:

a. Review for flood protection is performed under SRP Section 3.4.1.

b. Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1.

Rev. 2 - July 1981
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c. Review of the structures, systems, and components to be protected
against externally generated missiles is perforced under SRP
Section 3.5.2.

q
v

d. Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

In the review of the main steam supply system, the ASB and PSB will coordinate
other branches' evaluations that interface with the overall review of the system
as follows: The Reactor Systems Branch (RSB) identifies essential components
associated with the portion of the MSSS inside the primary containtrent that'

are required for normal operations and accident conditions, establishes shutdown
cooling load requirements versus time, and verifies the design transient used
in establishing the flow capacity and setpoint(s) of steam generator relief
and safety valves as part of its primary review responsibility for SRP
Section 5.2. The Structural Engir.cering Branch (SEB) determines the accept-
ability of the design analyses, procedures, and criteria used to establish the
ability of seismic Category I structures housing the system and supporting
systems to withstand the effacb> of natural phenomena such as the safe shutdown
earthquake (SSE), the probable maximum f'ood (PMF), and tornado missiles as
part of its primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3,
3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The Equipment Qualification Branch (EQB)
reviews the seismic and environmental qualification of components under SRP
Sections 3.10 and 3.11. The Mechanical Engineering Branch (MEB) determines
that the components, piping, and supports are designed in accordance with appli-
cable codes and standards as part of its primary review responsibility for SRP
Sections 3.9.1 through 3.9.3. The HEB determines the acceptability of the seismic
and quality group classifications for system components as part of its primary
review responsibility for SRP Sections 3.2.1 and 3.2.2. The MEB also reviews

- the adequacy of the inservice testing program of the system valves as part of
its primary review responsibility for SRP Section 3.9.6. The Materials
Engineering Branch (MTEB) verifies, upon request, the compatibility of the
materials of construction with service conditions. The Instrumentation and
Control Systems Branch (ICSB) reviews portions of the MSSS with respect to the
adequacy of design, installation, inspection, and testing of essential components
necessary for instrumentation and control functions as part of its primary
review responsibility for SRP Sections 7.1, 7.4, 7.5, and 7.7. The Procedures
and Test Review Branch determines the acceptability of the preoperational and
startup tests as part of its primary review responsibility for SRP Section 14.0.
The reviews for fire protection, technical specifications, and quality assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being part of the primary review
responsiblity of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
sections of the corresponding primary branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the MSSS, as described in the applicant's safety
analysis report (SAR), is based on specific general design criteria and regulatory

/ 3 guides.

;
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The design of the MSSS is acceptable if the integrated design of the system is
in accordance with the following criteria:

1. General Design Criterion 2, as related to safety-related portions of the
system being capable of withstanding the effects of natural phenomena such
as earthquakes, tornadoes, hurricanes, and floods, and the positions of
the following:

a. Regulatory Guide 1.29, as related to the seismic design classification
of system components, Positions C.1.a, C.1.e, C.1.f, C.2, and C.3.

b. Regulatory Guida 1.117, as related to the protection of structures,
systems, and components important to safety from the effects of tornado
missiles, Appendix Positions 2 and 4.

2. General Design Criterion 4, with respect to safety-related portions of
the system being capable of withstanding the effects of external missiles
an.1 internally generated missiles, pipe whip, and jet impingement forces
associated with pipe breaks, and the position of Regulatory Guide 1.115
as related to the protection of structures, systems, and components impor-
tant to safety from the effects of turbine missiles, Position C.1.

3. General Design Criterion 5, as related to the capability of shared systems
and components important to safety to perform required safety functions.

4. General Design Criterion 34, as related to the system function of transfer-
ring residual and sensible heat from the reactor system in indirect cycle
plants, and the following:

The positions in Branch Technical Position RSB 5-1 as related to thea.
design requirements for residual heat removal.

b. Issue Number 1 of NUREG-0138 as related to credit being taken for
all valves downstream of the main steam isolation valves (MSIV) to
limit blowdown of a second steam generator in the event of a steam
line t,reak upstream of the MSIV.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II of this SRP section. For review of operating license (0L)
applications, the procedures are used to verify that the initial design criteria
and bases have been appropriately implemented in the final design as set forth
in the final safety analysis report.

The procedures for OL applications include a determination that the content
and intent of the technical specifications prepared by the applicant are in
agreement with the requirements for system testing, minimum performance, and
surveillance, developed as a result of the LGB review, as indicated in
subsection I of this SRP section.

The primary reviewers, will coordinate this review with the other branches' areas
of review as stated in subsection I of this SRP section. The primary reviewers
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obtain and use such input as required to assure that this review procedure is
complete.p

( The review procedures below are written for typical MSSSs for both direct and4

indirect cycle plants. The reJiewer will select and emphasize material from
this SRP section, as may be appropriate for a particular case.

1. There are significant differences in the design of the MSSS for an indirect
cycle (PWR) plant as compared to that for a direct cycle (BWR) plant.
Further, different portions of the MSSS are safety related in different
plant designs, although the safety functions of the system are much the
same in all PWR plants, and also in all BWR plants. The first step in
the review of the MSSS, then, is to determine which portions are designed
to perform a safety function. For this purpose, the system is evaluated
to determine the components and subsystems necessary for achieving safe
reactor shutdown in all conditions or for performing accident prevention
or mitigation functions.

2. The reviewer determines that essential (safety-related) portions of the
MSSS are correctly identified and are isolable to the extent required from
nonessential portions of the system. The system description and piping
and instrcmentation diagrams (P& ids) are reviewed to verify that they clearly
indicate the physical division between each portion. System arrangement
drawings are reviewed to identify the means provided for accomplishing
system isolation.

3. The SEB reviews the seismic design bases and MEB reviews the quality and
seismic classification as indicated in subsection I of this SRP section.
The SAR is reviewed by ASB and PSB to verify that essential portions of

v the MSSS are designed to Quality Group B and/or seismic Category I require-
ments, and to verify that the design classifications specified meet the
acceptance criteria specified in subsection II of this SRP section. In
general:

a. The main steam lines from the steam generators to the containment
isolation valves in PK plants are classified seismic Category I and
Quality Group B.

b. The main steam lines in BWR plants extending from the outermost con-
tainment isolation valve and connected piping up to and including
the first valve that is either normally closed or capable of automatic
closure during all modes of normal reactor operations but not including
the turbine stop and bypass valves are classified seismic Category I
and a quality group classification in accordance with BTP RSB 3-1.

Alternatively, for BWRs containing a shutoff valve (in addition to
the two containment isolation valves) in the MSSS, seismic Category I
and a quality group classification in accordance with BTP RSB 3-2 should
be applied to that portion of the MSSS extending from the outermost
containment isolation valves up to and including the shutoff valve.

4. The SAR is reviewed to assure that design provisions have been made to
permit appropriate functional testing of system components important to
safety. It is acceptable if the SAR delineates a testing and inspectionI^) program and the system drawings show any test recirculation loops orC/
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special connections around isolation valves that would be required by this
program.

5. The system description, safety evaluation, component table, and P& ids are
reviewed to verify that the system has been designed to:

a. Provide the necessary quantity of steam to any turbine-driven safety
system pumps. The reviewer verifies that the design is capable of
providing the required steam flow to the turbine so that an adequate
supply of water can be pumped. (OL)

b. Assure safe plant operation by including appropriate design margins
for pressure relief capacity and setpoints for the secondary system,
and for removal of decay heat during various accident conditions, as
may be applicable in a particular case. The review is done on a case-
by-case basis, and system acceptability is based on a comparison of
system flow rates, heat loads, maximum temperatures, and neat removal
capabilities to those of similarly designed systems for previously
reviewed plants. For PWRs the design is reviewed to verify system
capability for controlled cooldown to about 350 F to allow actuation
of RHR system.

c. Provide leakage detection means for steam leakage from the system in
the event of a steam line break. Temperature or pressure sensors
are acceptable means for initiating signals to close the main steam
line isolation valves and/or turbine stop valves to limit the release
of steam during a steam line break accident.

d. Assure that in the event of a postulated break in a main steam line
in a PWR plant, the design will preclude the blowdown of more than
one steam generator, assuming a concurrent single active component
failure. In this regard, all main steam shut-off valves downstream
of the MSIVs, the turbine stop valves, and the control valves are
considered to be functional. The reviewer should verify that the
main steam isolation valved, shut-off valves in connecting piping,
turbine stop valves, and byaass valves can close against maximum
steam flow. The reviewer verifies that the SAR provides a tabulation
and descriptive text of all flow paths that t, ranch off the main steam
lines between the MSIVs and the turbine stop valves. The descriptive
information shall include the following for each flow path:

(1) System identification

(2) Maximum steam flow in pounds per hour

(3) Type of shut-off valve (s)

(4) Size of valve (s)

(5) Quality of the valve (s)

(6) Design code of the valve (s)

(7) Closure time of the valve (s)
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(8) Actuation mechanism of the valve (s) (i.e., solenoid operated,
motor operated, air operated diaphragm valve, ecc.)

(9) Motive or power source for the valve actuating mechanism.

e. In the event of a main steam line break, termination of steam flow
from all systems identified -in d, above, except those that can be
used for mitigation of the accident, is required to bring the reactor
to a safe cold shutdown. For these systems the reviewer verifies that
the SAR describes what design features have been incorporated to assure
closure of the steam shut-off valve (s) and what operator actions,
if any, are required. If the systems that can be used for mitigation
of the accident are not available, cr the decision is made to use
other means to shut down the reactor, the reviewer verifies that the
SAR decribes how these systems are secured to assure positivu steam
shut-off and what operator actions, if any, are required.

f. Assure that in the event of a postulated safe shutdown earthquake in
a PWR plant, the design includes the capability to operate atmospheric
dump valves remotely from the control room so that cold shutdown can
be achieved using only safety grade components, assuming a concurrent
loss of offsite power (refer to Branch Technical Position RSB 5-1
attached to SRP Section 5.4.7).

6. The reviewer verifies that the system is designed so that essential
functions will be maintained, as required, in the event of adverse
environmental phenomena, certain pipe breaks, or loss of offsite power.
The reviewer uses engineering judgment and the results of failure modes
and effect analyses to determine that:

Failure of nonseismic Category I portions of the MSSS or of othera.
systems located close to essential portions of the system, or of
nonseismic Catagory I structures that house, support, or are close
to essential portions of the MSSS, do not preclude operation of the
essential portions of the MSSS. Reference to SAR sections describing
site features and the general arrangement and layout drawings will
be necessary, as well as the SAR tabulation of seismic design classi-
fications for structures and systems. Statements in the SAR that '

confirm that the above conditions are met are acceptable.

b. Essential portions of the MSSS are protected from the effects of
i floods, hurricanes, tornadoes, and internally and externally

generated missiles. Flood protection and missile protection
criteria are evaluated under the SRP Section 3 series. The loca-
tions and the design of the system and structures are reviewed to

' determine that the degree of protection provided is adequate. A

statement to the effect that the system is located in a seismic
Category I structure that is tornado missile and flood protected,
or that components of the system will be located in individual
cubicles or rooms that will withstand the effects of winds,
flooding, and tornado missiles is acceptable.

! Essential portions of the MSSS are protected from the effects of highc.,

h and moderate energy line breaks and cracks, including pipe whip, jet
O,
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forces, and environmental effects. The means of providing such protec-
tion will be given in Section 3.6 of the SAR and procedures for
reviewing this information are given in SRP Section 3.6.

d. Essential components and subsystems necessary for safe shutdown car.
function as required in the event of loss of offsite power. The SAR
is reviewed to verify that for each MSSS component or subsystem
affected by a loss of offsite power, the system functional capability
meets or exceeds minimum design requirements. Statements in the SAR
and results of failure modes and effects analyses are considered in
assuring that the system meets these requirements. This is an accept-
able verification of system functional reliability.

7. The descriptive information, P& ids, MSSS drawings, and failure modes and
effects analyses in the SAR are reviewed to assure that essential portions
of the system will function following design basis accidents assuming a
concurrent single active component failure. The reviewer evaluates the
analyses presented in the SAR to assure function of required components,
traces the availability of these components on system drawings, and checks
that the SAR contains verification that minimum requirements are met for
each accident situation for the required time spans. For each case the
design is acceptable if minimen system requirements are met.

IV. EVALUATION FINDINGS (

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The main steam supply system (MSSS) includes all components and pip-
ing from the outermost containment isolation valves (for BWRs) [from
the steam generator connection (for PWRs)] up to and including the
turbine stop valves. The essential portions of the MSSS are designed
to quality Group B [for PWRs, from the steam generator to the contain-
ment isolation valves, and connected piping up to and including the
first valve that is normalny closed] [for BWRs, from the outermost
containment isolation valves and connecting piping up to and includ-
ing the first valve that is either normally closed or capable of
automatic closure during all modes of normal reactor operation, but
not including the turbine stop and bypass valves]. Those portions

| of the MSSS necessary to mitigate the consequences of an accident
' such as a steam line break are designed to the quality standards

commensurate with the importance to its safety function, and are
designed to the following standards: The.

scope of review of the MSSS for the plant included
| layout drawings, piping and instrumentation diagrams, and descriptive
I information for the system.

| The basis for acceptance of the MSSS in our review was conformance
| of the applicant's design criteria and bases to the Commission's regula-

tions as set forth in the General Design Criteria (GDC) of Appendix A
to 10 CFR Part 50. The staff concludes that the plant design is accept-
able and meets the requirements of GDC 2, 4, 5, and 34. This conclusion
is based on the following:

|
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1. The applicant has met the requirements of GDC 2, " Design Bases
for Protection Against Natural Phenomena," with respect to the

j ability of structures housing the safety-related portion of the
system and the safety-related portions of the system being capable
of withstanding the effects of natural phenomena such as earth-
quakes, tornadoes, hurricanes, and floods and GDC 4 " Environmental
and Missile Design Bases" with respect to structures housing
the safety-related portions of the system and the safety-related
portions of the system being capable of withstanding the effects
of external missiles, and internally generated missiles, pipe
whip and jet impingement forces associated with pipe breaks.
The essential portions of the MSSS (as identified in the above
discussion) are designed Seismic Category I and housed in a Seismic
Category I structure which provides protection from the effects
of tornadoes, tornado missiles, turbine missiles, and floods.
This meets the positions of Regulatory Guide 1.29, " Seismic Design
Classification," Position C.1.a, C.1.e, C.2 and C.3 or C.1.f,
C.2 and C.3; Regulatory Guide 1.115, " Protection Against Low
Trajectory Turbine Missiles," Position C.1; and Regulatory Guide
1.117, " Tornado Design Classification," Appendix Positions 2
and 4.

2. The applicant has met tha requirements of GDC 5, " Sharing of
Structures, Systems, and Components with Respect to tne Capability
of Shared Systems and Components," important to safety to perform
required safety functions. We have reviewed the interconnections
from the MSSS of each unit to The interconnections.

O are designed so that the capability to mitigate the consequences
Q of an accident in either unit and achievo safe shutdown in that unit;

is retained without reducing the capability of the other unit to
achieve safe shutdown.

or

Each unit of the plant has its own MSSS with no
interconnections between the safety-related and/or nonsafety-
related portions.

3. The applicant has met the requirements of GDC 34, " Residual Heat
Removal," with respect to the system function of transferring
re idual and sensible heat from the reactor system in PWR plants.
The MSSS is capable of providing heat sink capacity and pressure
relief capability and supplying steam to the steam driven safety-
related pumps necessary for safe shutdown. The MSSS is also designed
to include the capability to operate the atmospheric pump valves
remotely from the control room-following a safe shut-down earthquake
coincident with the loss of offsite power so that a cold shutdown
can be achieved with dependence upon safety grade components only.
This meets the positions in Branch Technical Position RSB 5-1,
" Design Requirements of Residual Heat Removal System," and in
Issue 1 of NUREG-0138.

,

!

O
V
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRF section.

Except in those cases in which the applicant proposes an acceptable alternative
m thod for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-

I

formance with Comm#ssion regulations.

Implemenat.'on schedd es for conformance to parts of the metaod discussed herein |are contained in the referenced regulatory guides and NUREG.
|

VI. REFERENCES |

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for |

Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures Systems and Components."

,

4. 10 CFR Part 50, Appendix A, General Design Criterion 34, " Residual Heat
Removal."

5. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

6. Regulatory Guide 1.29, " Seismic Design Classification."

7. Regulatory Guide 1.115, " Protection Against Low-Trajectory Turbine Missiles."

8. Regulatory Guide 1.'117, " Tornado Design Classification."

9. Branch Technical Positions ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP Section 3.6.1,
Branch Technical Position MEB 3-1, " Postulated Break and Leakage Locations
in Fluid System Piping Outside Containment," attached to SRP Section 3.6.2.

10. Branch Technical Position RSB 3-1, " Classification of Mair. Steam Components
Other than the Reactor Coolant Pressure Boundary for BWR Plants," attached
to SRP Section 3.2.2.

11. Branch Technical Position RSB 3-2, " Classification of BWR/6 Main Steam
and Feedwater Components Other Than the Reactor Coolant Pressure Boundary,"
attached to SRP Section 3.2.2.

12. Branch Technical Position RSB 5-1, " Design Requirements of the Residual
Heat Removal System," attached to SRP Section 5.4.7.

13. NUREG-0138, " Staff Discussion of Fifteen Technical Issues Listed in Attach-
ment to November 3, 1976, memorandum from Director NRR to NRR Staff."
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10.3.6 STEAM AND FEEDWATER SYSTEM MATERIALS

REVIEW RESPONSIBILITIES

Primary - Materials Engineering Branch (MTEB)

Secondary - None

I. AREAS OF REVIEW

General Design Criterion 1 requires that systems important to safety shall be
designed to quality standards commensurate with the importance to safety of the
functions to be performed. General Design Criterion 35 requires suitable inter-
connections, leak detection, isolation, and contaminant capabilities be provided
to assure that the safety system function (i.e., emergency core cooling) can be
accomplished, assuming a single failure.

The following areas relating to the general materials considerations for ASME
Boiler and Pressure Vessel Code (hereafter "the Code"), Section III, Class 2 and

(3 3 componsnts of the steam and feedwater systems are reviewed. The review procc-
t ) dures for materials considerations for steam generators are given in Standard
'd Review Plan Section 5.4.2.1. The class 2 and 3 components of the main steam and

feedwater systems shall be as defined in Regulatory Guide 1.26, " Quality Group
Classifications and and Standards for Water, Steam, and Radioactive Waste Contain-
ing Components of Nuclear Power Plants." Class 1 component materials are covered
in Standard Review Plan Section 5.2.3, " Reactor Coolant Pressure Boundary Materials."

1. Fracture Toughness of Class 2 and 3 Components

| The fracture toughness properties and requirements for Class 2 and 3 components
! are reviewed. Typical components in this review include steam generator shells

in PWRs, as well as carbon or low alloy steel portions of steam and feedwater
lines in both PWRs and BWRs.

2. Materials Selection and Fabrication

a. The materials selected for all Class 2 and 3 components and their
fabrication are reviewed.

Rev. 2 - July 1981
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b. For all components the following points are reviewed:

(1) The qualification procedures for welds in areas of limited
accessibility are reviewed.

(2) The cleaning procedures are reviewed.

(3) For tubular products, the nondestructive examination procedures
are reviewed for conformance with the ASME Code.

c. For carbon or low alloy steel components, the controls placed on the
welding procedures are reviewed.

MTE8 will coordinate other branches' evaluations that interface with the overall
review of steam and feedwater system materials as follows: Mechanical Engineering
Branch reviews the acceptability of the seismic and quality group classifications
for system components as part of its primary review responsibility for SRP
Sections 3.2.1 and 3.2.2. The review for Quality Assurance is coordinated and
performed by the Quality Assurance Branch as part of its primary review responsi-
bility for SRP Section 17.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria neces-
sary for the review and their methods of applica+. ion are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The applicable rules and basic acceptance criteria pertinent to the areas of
this section of the Standard Review Plan are:

1. 10 CFR Part 50, G50.55a - Codes and Standards

This rule requires that structures, systems, and components shall be
designed, fabricated, erected, constructed, tested, and inspected in
accordance with the requirements of applicable codes and standards com-
mensurate with the importance of the safety function to be performed.
(Ref. 1).

2. 10 CFR Part 50, Appendix A:

a. General Design Criterion 1 " Quality Standards and Records." This
criterion requires that structures, systems, and components important
to safety shall be designed, fabricated, erected, and tested to quality
standards commensurate with the importance of the safety functions
to be performed. It also requires that appropriate records of the
design, fabrication, erection, and testing of structures, systems, and
components important to safety shall be maintained by or under the
control of the nuclear power unit licensee throughout the life of
the unit. (Ref. 2)

b. General Design Criterion 35 " Emergency Core Cooling." This criterion
requires that a system be provided to supply abundant emergency core
cooling such that damage to reactor core components is minimal follow-
ing any loss of reactor coolant. It also requires that the system

10.3.6-2 Rev. 2 - July 1981
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will have containment capabilities to assure that the emergency core
cooling function can be accomplished, assuming a single failure.

j For pressure containing components of a critical nature, their contain-
U ment capability, i.e., their structural integrity, including freedom

from brittle fracture, can only be assured by requiring minimum frac-
ture toughness performance of the materials of which they are
fabricated. This is a standard industrial practice which is frequently
used in construction codes of significant steel structures.

3. 10 CFR Part 50, Appendix B " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants." This appendix establisbes quality
assurance requirements for the design, construction, and operation of those
structures, systems, and components of nuclear power plants that prevent or
mitigate the consequences of postulated accidents that could cause undue
risk to the health and safety of the public. (Ref. 5)

The following Regulatory Guides provide information, recommendations, and
guidance and in general describe a basis acceptable to the staff that may
be used to implement the requirements of 10 CFR Part 50, g50.55a; 10 CFR
Part 50, Appendix A, General Design Criteria 1 and 35; 10 CFR Part 50,
Appendix B.

a. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning
of Fluid Systems and Associated Components of Nuclear Power Plants."
This guide describes methods acceptable to the staff for prevention
of intergranular and stress corrosion cracking of austenitic stainless
steel and nickel-base alloy components.

b. Regulatory Guide 1.71, " Welder Qualification for Aras of Limited
Accessibility." This guide describes methods accepuble to the staff
for providing better control of welder technique in production welding.

c. Regulatory Guide 1.85, " Code Cas. Acceptability ASME Section III
Materials." This guide lists tho u ASME Section III Code Cases that
are generally acceptable to the NRL staff.

Specific criteria necessary to meet the relevant requirements of the Commission
regulations identified above are as follows:

1. Fracture Toughness of Class 2 and 3 Components

The fracture toughness properties of the ferritic materials of these com-
ponents must meet the following requirements of the Code, Section III, of
edition and addenda as invoked by Regulatory Guide 1.26, " Quality Group
Classifications and Standards for Water , Steam , and Radioactive-Waste-
Containing Components of Nuclear Power Plants."

NC-2300 " Fracture Toughness Requirements for Materials" (Class 2)
ND-2300 " Fracture Toughness Requirements for Materials" (Class 3)

2. Materials Selection and Fabrication

fm a. (1) The materials specified for use in Class 2 and 3 components must

(V')
conform to Appendix I to Section III of the Code, and to Parts A,
B, and C of Section II of the Code.

10.3.6-3 Rev. 2 - July 1981
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(2) Regulatory Guide 1.85, " Code Case Acceptability ASME Section III
Materials," describes acceptable code cases that may be used in
conjunction with the above specifications.

b. The following criteria are applicable to all components:

(1) Regulatory Guide 1.71, " Welder Qualification for Areas of Limited
Accessibility," provides the following criteria for assuring
the integrity of welds in locations of restricted direct physical
and visual accessibility.

(a) The performance qualification should require testing of
the welds when conditions of accessibility to production
welds are less than 30 to 35 cm (12-14 inches) in any
direction from the joint.

(b) Requalification is required for different accessibility
conditions or when other essential variables listed in the
Code, Section IX, are changed.

(c) The qualification and requalification tests required by
2.c(1)(a) and (b) above may be waived provided that the
joint is to be 100% radiographed or ultrasonicaly examined
after completion of the weldment. Examination procedures
and acceptance standards should meet the requirements of
the ASME Code Section III. Records of the examination
reports and radiographs should be retained and made part
of the Quality Assurance documentation of the completed
weld.

(2) Regulatory Guide 1.37, " Quality Assurance Requirements for
Cleaning of Fluid Systems and Associated Components of Water-
Cooled Nuclear Power Plants," and ANSI Standard N 45.2.1-1973,
" Cleaning of Fluid Systems and Associated Components During
Construction Phase of Nuclear Power Plants," describe acceptable
procedures for cleaning and handling Class 2 and 3 components
of the steam and feedwater systems. Vented tanks with deionized
or demineralized water are an acceptable source of water for

; final cleaning or flushing of finished surfaces. The cxygen
content of the water in these vented tanks need not be controlled.

(3) Acceptance criteria for nondestructive examination of tubular
products are given in the ASME Code, Section III, Paragraphs

| N8/NC/ND 2550 through 2570.
1

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from the procedures described
below, as may be appropriate for a particular case. To ascertain that the
acceptance criteria given in subsection II of this SRP section are met, the
reviewer examines the areas listed in subsection I for the required information,
in accordance with the following procedures:

O
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1. Fracture Toughness of Class 2 ana 3 Components

G The reviewer determines which components of the steam and feedwater

(V) systems will be made of carbon or low alloy steels, and determines that
their fracture toughness properties are in conformance with subsection II.1
of this SRP section.

2. Materials Selection and Fabrication

The reviewer determines that the materials proposed for the steam and feed-
water systems are in conformance with Appendix I to Section III and to
parts A, B, or C of Section II of the Code.

The reviewer determines that the methods for qualifying welders fora.
making welds in locations of restricted direct physical and visual
accessibility, and the methods for monitoring and certification of
production welds in such areas are in accordance with the acceptance
criteria stated in subsection II.2.b(1) of this SRP section.

b. The reviewer determines that the methods for cleaning and handling
the Class 2 and 3 components are in accordance with acceptance criteria
stated in subsection II.2.b(2) of this SRP section.

c. The reviewer verifies that the tubular products are examined in accord-
ance with acceptance criteria stated in subsection II.2.b(3) of this
SRP section.

3. General
,

k ) If the information contained in the safety analysis report or the plant'

Technical Specifications does not comply with the appropriate acceptance
criteria, or if the information provided is inadequate to establish such
compliance, a request for additional information is prepared and
transmitted. Such requests identify not only the necessary additional
information, but also the changes needed in the SAR or the Technical
Specifications. Subsequent amendments received in response to these
requests are reviewed for compliance with the acceptance criteria.

IV. EVALUATION OF FINDINGS

The reviewer verifies that sufficient information has been provided in accordance
with the requirements of this SRP section and that his evaluation supports con-
clusions of the following type to be included in the staff's safety evaluation
report:

The staff concludes that the main steam and feedwater system materials
are acceptable and meet the relevant requirements of 10 CFR Part 50,
50.55a, General Design Criteria 1 and 35, and Appendix B to 10 CFR

Part 50. This conclusion is based on the following:

The applicant has selected materials for Class 2 and 3 components
of the steam and feedwater systems that satisfy Appendix I of
Section III of the ASME Boiler and Pressure Vessel Code, and meet
the requirements of Parts A, B, or C of Section II of the Code.

[m') The applicant has also met the recommendations of Regulatory
(/ Guide 1.85 which describes acceptable code cases that may be used

in conjunction with this industry standard.

10.3.6-5 Rev. 2 - July 1981
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When required, the fracture toughness properties of ferritic steel
materials satisfy the requirements of the Code. Where the Code
allowed fracture testing to be optional, the applicant provided
reasonable justification for not requiring fracture toughness testing ~

of ferritic steel components of the main steam and feedwater systems.
These fracture toughness tests and mechanical properties required by
the Code provide reasonable assLrance that ferritic materials will
have adequate safety margins against the possibility of nonductile
behavior or rapidly propagating fracture.

The applicant has met the requirements of Regulatory Guide 1.71, |
" Welder Qualification for Areas of Limited Accessibility," by
meeting the regulatory positions in Regulatory Guide 1.71 or pro-
viding and meeting an alternative to the regulatory positions in
Regulatory Guide 1.71, that the staff has reviewed and found to be
acceptable. The onsite cleaning and cleanliness controls during
fabrication satisfy the position given in Regulatory Guide 1.37,
" Quality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants," and
the requirements of ANSI Standard N 45.2.1-1973, " Cleaning of Fluid
Systems and Associated Components During Constr.ction Phase of Nuclear
Power Plants."

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using the SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Apperdix A, General Design Criterion 1, " Quality Standards
and Records."

2. ASME Boiler and Pressure Vessel Code, Section III, subsection NB, NC, and
ND, and Appendix I, Section II, Parts A, B, and C: and Section IX; American
Society of Mechanical Engineers.

3. Standard Revie., ?lan Secticn 5.4.2.1, " Steam Generator Materials."

4. Standard Review Plan Section 5.2.3, " Reactor Coolant Pre:,sure Boundary |
Materials."

5. Regulatory Guide 1.85, " Code Case Acceptability ASME Section III Materials."

6. Regulatory Guide 1.71, " Welder Qualification for Areas of Limited Accessi-
bility."
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10.4.1 MAIN CONDENSERS

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)-

Secondary - None

|
I. AREAS OF REVIEW

The main condenser (MC) system is designe' to condense and deaerate the exhaust
steam from the main turbine and provide a heat sink for the turbine bypass system.

1. The PSB reviews tiic performance requirements of the main condenser for both
direct and indirect cycle plants during all operating conditions. Emphasis
will bl pla.ed on the review of direct cycle facilities with regard to the
prevention of loss of vacuum, corrosion and/or erosion, and hydrogen buildup.

2. The PSB reviews the design of the MC sysi,em with respect to the following:
/ T

/ The means to detect, centrol and facilitate corr _ction of the leakage ofa.
cooling water into the condensate; to detect radioactive leakage into or
out of the system; and to preclude accidental releases of radioactive

materials to the environment in amounts in excess of established limits.

b. Instrumentation and control features that determine and verify that the
MC is operating in a correct mode.

c. Tne means provided to deal with flooding from a complete failure of the
MC and to preclude damage to safety-related equipment from the flooding.

d. The capability of the MC te withstand the blowdown effects of steam from
the turbine bypass system.

In the review of the Main Condenser, the PSB will coordinate other bran h evalua-
tions that interface with the overall review of the system as follows. The

Rev. 2 - July 1981
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Ef fluent Treatment Systems Branch evaluates the inventory of radioactive contami-
nants in the MC during power operation and during shutdown as part of its primary
review responsibility for SRP Section 11.5. The Materials Engineering Branch,
upon request of PSB, evaluates the adequacy of the materials of construction,
the methods used to reduce the corrosion and/or erosion of MC tubes and compo-
nents, the permissible cooling water inleskage, and the allowed time of operation
with inleakage without affecting condensate /feedwater quality for safe reactor
operation. The Auxiliary Systems Branch determines that safety-related systems
and structures are protected from the effects of flooding as part of its primary
review responsibility for SRP Section 3.4.1. The procedures and Test Review
Branch determines the acceptability of the preoperational and startup tests
as part of its primary review responsibility for SRP Section 14.0.

The reviews for fire protection, technical specifications, and quality assurance
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respect %ely.

For those areas of review identified above as being part of the primary review
responsibility of the other branches, the acceptance criteria necessary 'or
the review and their methods of application are contained in the referenced
SRP section M corresponding primary branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the maia condenser system, as described in the
applicant's safety analysis report (SAR), is based on meeting the requirements
of General Design Criterion 60 (GDC 60) and on the similarity of the design to
that of plants previously reviewed and found acceptable.

The design of the Main Condenser System is acceptable if the integrated design
of the system meets the requirements of GDC 60 as related to failures in the
design of the system which do not result in excessive releases of radioactivity
to the environment. In addition, GDC 60 is satisfied if the system is designed
such that failures do not cause unacceptable condensate quality, or flooding
of areas housing safety-related equipment.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design meet
the acceptance criteria given in subsection 11. For the review of operatingi

license (OL) applications, the procedures are used to verify that the initial
design criteria and bases have been appropriately implemented in the final
design as set forth in the final safety analysis report. The reviewer will
select and emphasize material from this SRP section as may be appropriate for
a particular case.

The primary reviewer will coordinate this review with other branches' areas of
review as stated in subsection I. The primary reviewer obtains and uses such
input as required to assure that this review procedure is complete;

1. The SAR is reviewed to determine that the system description delineates
!

| the main condenser system capabilities including the minimum system heat
transfer and system flow equirements for normal plant and turbine bypass'

operation. Measures provided to prevent loss of vacuum, corrosion and/or
,

erosion of MC tubes and components, and hydrogen buildup in the MC areI

10.4.1-2 Rev. 2 - April 1981



- , _ _ - _ _ - - _ - --.

reviewed, with particular emphasis on these measures for direct cycle
(boiling water reactor) plants. System performance requirements are
reviewed to determine that they satisfactorily limit possible system degra-
dation conditions (e.g., leakage, partial loss of vacuum) and describe
the procedures that are followed to detect and correct these conditions.
The SAR is also reviewed to determine that any allowed MC system degraded,

) operation does not have an adverse effect on the reactor primary system
4 or secondary system in the case of pre surized water reactors.

2. The reviewer evaluates the MC system design to verify that:

Means have been provided for detecting, controlling and correctinga.
condenser cooling water leakage into the condensate.

b. The permissible cooling water inleakage and time of operation with
inleakage are provided to assure that condensate /feedwater quality
can be maintained within safe limits.

Measures have been provided to detect re 'ioactive leakage into andc.
out of the MC system and to preclude unacceptable accidental releases

] of radioactivity to the environment from the system.

d. The system is provided with instrumentation and control features that
determine and verify that the MC is operating in a correct mode.

3. The reviewer uses engineering judgment and the results of failure modes
and effects analyses to determine that:

The failure of a main condenser and the resulting flooding will nota.
preclude operation of any essential systems. Reference to sectionsi

'

of the SAR describing plant features and the general arrangement and
layout drawings will be necessary, as well as the SAR tabulation of
seismic design classifications for structures and systems. Statements :

in the SAR that verify that the above conditions are met are acceptable.

b. The system, in conjunction with the main steam system, has provisions
i to detect loss of condenser vacuum and to effect isolation of the

steam source. For direct cycle plants, it will be acceptable if the
detection system in the MC can actuate the main steam isolation valves
to limit the quantity of steam lost from the condenser.

Design provisions have been incorporated into the MC that will precludec.
component or tube failures due to steam blowdown from the turbine
bypass system.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The main condenser system (MC) includes all components and equipment
|

<

from the turbine exhaust to the connections and interfaces with the

O main condensate and other systems. The scope of review of the main
condenser system for the plant
included layout drawings, piping and instrumentation diagrams, and
descriptive information for the main condenser system and supporting
systems that are essential to its operation.

10.4.1-3 Rev. 2 - July 1981
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The basis for acceptance of the main condenser system in our review
was conformance of the design, design criteria, and design bases to
the Commission's regulation as set forth in GDC 60. The staff
concludes that the main condenser system design is acceptable and
meets the requirements of GDC 60 with respect to failures in the
design of the system which do nt result in excessive releases of
radioactivity to the envir' The applicant has met this require-.

ment by providing radioac nitors in the system to detect
leakage into and out of tt. condenser.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding tne NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations, ,

the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, " General Design Criterion 60, " Control of
Releases of Radioactive Materials to the Environment."

2. Regulatory Guide 1.68, " Initial Test Programs for Water-Cooled Reactor
Power Plants."

O

O
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10.4.2 MAIN CONDENSER EVACUATION SYSTEM

REVIEW RESPONSIBILITIES

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - None

I. AREAS ut REVIEW

At the construction permit (CP) stage of review, ETSB reviews the information in
the applicant's safety analysis report (SAR) in the specific areas that follow. At
the operating license (OL) stage of review, the ETSB review consists of confirming
the design accepted at the CP stage.

The main condenser evacuation system (MCES) generally consists of two subsystems:
the " hogging" or startup system which initially establishes main condenser vacuum
and the normal system which maintains condenser vacuum once it has been established.

/~'1 1. The ETSB review of each MCES subsystem includes the design, design objectives,

V) capacity, method of operation, and factors that influence gaseous radioactivei

material handling, e.g., system interfaces and potential bypass routes. The
ETSB review includes the system piping and instrumentation diagrams (P& ids).

2. Design features to preclude the possibility of an explosion if the potential
for explosive mixtures exists are reviewed by ETSB.

Provisionsincorporatedtodetectexplosivegasmixtureandmonitorradioactive|3.
materials in gaseous effluents from the MCES are reviewed in SRP Sections 11.3
and 11.5 by ETSB.

In addition, the ETSB will coordinate evaluations of other branches that interface
, with the overall review of the system as follows: Mechanical Engineering Branch|

(MEB) reviews systems quality group classifications as part of its primary review!

responsibility for SRP Section 3.2.2. Quality Assurance Branch (QAB) reviews
systems quality assurance programs as part of its primary review responsibility for
SRP Sections 17.1 and 17.2.

|
,
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For those areas of review identified as being reviewed as part of the primary
review responsibility of other branches, the acceptance criteria necessary for
the review and their methods of application are contained in the referenced
SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

ETSB will accept the MCE5 design if the following Commission regulations are
met:

1. General Oesign Criterion 60 as it relates to the MCES design for the
control of releases of radioactive materials to the environment.

2. General Design Criterion 64 as it relates to the MCES design for the monitor-
ing of releases of radioactive materials to the environment.

The requirement of the Commission regulations identified above are met by using
the regulatorv positions contained in the following regulatory guides and
industrial J andard:

1. Regulatory Guide 1.26 as it relates to the quality group classification
for the MCES that may contain radioactive materials, but are not part of
the reactor coolant pressure boundary and are not important to safety.

2. Regulatory Guides 1.33 and 1.123 as they relate to the quality assurance
programs for the MCES components that may contain radioactive materials.

3. " Standards for Steam Surface Condensers" as it relates to the MCES components
that may contain .adioactive materials.

Specific criteria necessary to meet the relevant requirements of 10 CFR Part 50,
Appendix A, General Design Criteria 60 and 64 are as follows:

1. The MCES capacity should be consistent with the industry guidelines given
in Reference 2. Either mechanical vacuum pumps or steam jet air ejectors
may be us.d for hogging (startup) o: normal evacuation of the main condenser.

2. The compont.'its of the MCES should be designed to Quality Group D as defined
in Regulatory Guide 1.26 (Ref. 3) and to a nonseismic design classification.
These quality standards meet the requirements of 10 CFR 50.55a for water-
and steam-containing components that may contain radioactive materials
but are not part of the reactor coolant pressure boundary and are less
important to safety.

3. If there is a potential for explosive mixtures to exist, the McES should
be designed to withstand the effects of an explosion and provide instrumenta-
tion to detect and annunciate the buildup of potentially explosive mixtures,
or provide dual instrumentation to detect, annunciate, and effect control
measures to prevent the buildup of potentially explosive mixtures, as outlined
in SRP Section 11.3, subsection II, " Acceptance Criteria," Item 6. Such a
potential does not exist on systems designed to maintain the steam content
above 58% by volume in hydrogen-air mixtures or nitrogen content above
92% by volume in hydrogen-oxygen mixtures in all MCES components.

O
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4. Provisions to control and monitor releases of radioactivity to the environ-
ment from the MCES must conform to the requirements of General Design Cri-
teria 60 and 64 (Ref. 1).

d The design pressure and normal operational absolute pressure should be5.
provided for MCES components containing potentially explosive mixtures.

III. REVIEW PROCEDURES

The ETSB reviewer will select and emphasize material from this SRP section as
may be appropriate for a particular case.

1. In the ETSB review of the MCES, the P& ids are reviewed to determine the
flow paths of gases through the system, including all bypasses, and the
points of release of gaseous wastes to the environment or other systems.
This information is used in SRP Section 11.3 to calculate the quantity of
radioactive material released annually in gaseous effluents during normal
operations, including anticipated oterational occurrences. ETSB verifies
that water from the mechanical v wuum pumps and condensate from the steam
jet air ejectors are classified as radioactive liquids and treated
accordingly.

2. ETSB reviews the equipment quality group classifications to meet the guide-
lines of Regulatory Guide 1.26 (Ref. 3). Exceptions are transmitted to
MEB, which has primary responsibility under SRP Section 3.2.2.

3. If there is a potential that explosive mixtures may exist, ETSB determines
whether the applicant has designed the MCES to withstand the effects of
such an explosic7 and has provided instrumentation to detect and annunciate
or has provided dual instrumentation on redundant MCES trains to detect,
annunciate, and effect control measures to prevent the buildup of poten-
tially explosive eixtures. This review is conducted by ETSB concurrently
with its review as outlined in SRP Section 11.3 for a gaseous radioactive
waste management system. ETSB will also determine if the applicant's
design includes adequate provisions to stop continuous leakage paths after
an explosion.

4. ETSB reviews the quality assurance for the design, construction, and opera-
tional phases for the MCES according to the guidelines of Regulatory
Guides 1.33 and 1.123 (Refs. 4 and 5). Exceptions are transmitted to QAB,
which has primary responsibility under SRP Sections 17.1 and 17.2.

IV. EVALUATION FINDINGS
'

ETSB verifies that sufficient information has been provided and~that the review
is adequate to support conclusions of the following type, to be included in
the staff's safety evaluation report:

The main condenser evacuation system includes equipment and instruments
to establish and maintain condenser vacuum and to prevent an uncontrolled
release of radioactive material to the environment. The scope of our review
included the system capability to transfer radioactive gases to the gaseous
waste processing system or ven+.ilation exhaust systems, the design provi-
sions incorporated to moniter and control releases of radioactive materials
in effluents. The staff has reviewed the applicant's system descriptions,
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piping and instrumentation diagrams, and design criteria for the components
of the main condenser evacuation system.

The staff concludes that the MCES design is acceptable in that the applicant
has met the requirements of General Design Criteria 60 and 64 with respect
to the control and monitoring of releases of radioactive materials to the
environment by providing a controlled and monitored MCES. The applicant
has met the requirements of industrial standard " Standards for Steam
Surface Condensers" that has been reviewed by the staff and determined to
be appropriate for this application.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans M using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendis A, General Design Criterion 60, " Control of
Releases of Radioactive Materials to the Environment," and General Design
Criterion 64, " Monitoring Radioactivity Releases."

2. " Standards for Steaa Surface Condensers," 6th Ed., Heat Exchanger Institute
(1970).

3. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
Water , Steam , and Radioactive-Waste-Containing Components of Nuclear
Power Plants."

4. Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operation)."

| 5. Regulatory Guide 1.123, " Quality Assurance Requirements for Control of
Procurement of Items and Services for Nuclear Power Plants."'

|

|

|
l

|
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10.4.3 TURBINE GLAND SEALING SYSTEM

REVIEW RESPONSIBILITIES

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - :Jone

I. AREAS OF REVIEW

At the construction permit (CP) stage of review, ETSB reJiews the information in
the applicant's safety analysis report (SAR) in the specific areas that follow. At
the operating license (OL) stage of review, the ETSB review consists of confirming
the design accepted at the CP stage.

The turbine gland sealing system design, design objectives, method of operation,
and factors that influence gaseous radioactive material handling, e.g., source of
sealing steam, system interfaces, and potential leakage paths are reviewed. The
ETSB review includes piping and instrumentation diagrams (P& ids).

/ ,

i i

C/ Provisions for controlling the release of radioactive materials from the gland seal
condenser vent are reviewed in SRP Section 11.3 by ETSB.

In addition, the ETSB will coordinate evaluations of other branches that interface
with the overall review as follows:

Mechanical Engineering Branch (MEB) reviews systems quality group classifica-
tions as part of its primary review responsibility for SRP Section 3.2.2.
Quality Assurance Branch (QAB) reviews systems quality assurance programs as
part of its primary review responsibility for SRP Sections 17.1 and 17.2. The
Auxiliary Systems Branch (ASB) reviews the potential effect of high energy pipe
breaks within this system on safety-related equipment as part of its primary
review responsibility for SRP Section 3.6.1.

For those areas of review identified above as being reviewed as part of the primary
review responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP section
of the corresponding primary branch.
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II. ACCEPTANCE CRITERIA

ETSB will accept the Turbine Gland Sealing System design if the following Commis-
sion regulations are met:

1. General Design Criterion 60 as it relates to the turbine gland sealing
system design for the control of releases of radioactive materials to the
environment.

2. General Design Criterion 64 as it relates to the turbine gland sealing
system design for the monitoring of releases of radioactive materials to
the environment.

The requirement of the Commission regulations ider'ified above are met by using
regulatory positions contained in the following regulatory guides:

1. Regulatory Guide 1.26 as it relates to the quality group classification
for the turbine gland sealing system that may contain radioactive materials,
but are not part of the reactor coolant pressure boundary and are not
important to safety.

2. Regulatory Guides 1.33 and 1.123 as they relate to the quality assurance
programs for the turbine gland sealing systea components that may contain
radioactive materials.

Specific criteria necessary to meet the relevant requirements of 10 CFR Part 50,
Appendix A, General Design Criteria 60 and 64 are as follows:

The turbine gland sealing system should be designed to provide for the
collection and condensation of sealing steam and the venting and treatment
(as required in Ref. 1) of noncondensables. Quality Group D as defined
in Regulatory Guide 1.26 (Ref. 2) and a nonseismic design classification
are acceptable design criteria for this system.

III. REVIEW PROCEDURES

The ETSB reviewer selects and emphasizes material from this SRP section, as
j may be appropriate for a particular case.
1

1. ETSB reviews the equipment quality group classification to meet the guide-
| lines of Regulatory Guide 1.26 (Ref. 2). Exceptions are transmitted to |

MEB, which has primary responsibility under SRP Section 3.2.2.

2. ETSB reviews the system P& ids to determine the source of sealing steam
and the disposition of steam and noncondensables vented from the gland
seal, The review includes the radiological processing and monitoring provi-
sicns in accordance with SRP Sections 11.3 and 11.5.

3. ETSB reviews the quality assurance for the design, construction, and operational
phases for the turbine gland sealing system according to the guidelines
of Regulatory Guides 1.33 and 1.123 (Refs. 3 and 4). Exceptions are trans-
mitted to QAB which has primary responsibility under SRP Sections 17.1
and 17.2.

O
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IV. EVALUATION FINDINGS
,

sETSB verifies that sufficient information has been provided and that the review
is adequate to support conclusions of the following type, to be included in
the staff's safety evaluation report:

4

The turbine gland sealing system includes the equipment and instruments
to provide a source of sealing steam to the annulus space where the turbine
and large steam valve shafts penetrate their casings. The scope of our
review included the source of sealing steam and the provisions incorporated
to monitor and control releases of radioactive material in effluents.

i
'

The staff concludes that the turbine gland sealing system design is accept-
able in that the applicant has met the requirements of General Design1

Criteria 60 and 64 with respect to the control and monitoring of releases
of radioactive materials to the environment by providing a controlled and
monitored turbine gland sealing system.

V. IMPLEMENTATION
*

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

i

recept in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

O are contained in the referenced regulatory guides.Implementation schedules for conformance to parts of the method discussed herein

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of
Releases of Radioactive Materials to the Environment," and General Design
Criterion 64, " Monitoring Radioactivity Releases."

2. Regulatory Guide 1.26, " Quality Group Classifications and Standards for
! Water , Steam , and Radioactive-Waste-Containing Components of Nuclear

Power Plants."
1

3. Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operation)."

4. Regulatory Guide 1.123, " Quality Assurance Requirements for Control of
Procurement of Items and Services for Nuclear Power Plants."

O
|
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10.4.4 TURBINE BYPASS SYSTEM

REVIEW RESPONSIBILITIES

Primary - Power Systems Branch (PSB)

Secondary - None |

I. AREAS OF REVIEW

The turbine bypass system (TBS) provides operational flexibility so that the plant
may accept certain load changes without disturbing the nuclear steam supply system.
The TBS is designed to discharge a stated percentage of rated main steam flow
directly to the main condensers, bypassing the turbine. This steam bypass enables
the plant to take step load reductions up to the TBS capacity without the reactor or
turbine tripping. The system is also used during startup and shutdown to control
reactor pressure for a boiling water reactor (BWR) and steam generator pressure for
a pressurized water reactor (PWR). The TBS is not required for safe shutdown as
the relief and safety valves are operated under emergency conditions. The system

o) is not required to function as a heat sink for the prevention or mitigation of(
'V postulated accidents. Failure of the 185 during a load reduction or turbine trip

would result in the actuation of the relief valves and possibly the safety valves.

The PSB reviews the system from the branch connection at the main steam system to
the main condensers.

1. The PSB reviews the Tb5 to determine that a failure of the system or system
components will not have an adverse effect on essential equipment.

2. The PSB reviews the TBS functional requirements for both normal and abnormal
operating conditions, and with respect to the following: (a) capability to

isolate those portions of the system that could leak or malfunction; (b) capa-
bility to perform adequate operational testing and inservice inspection; (c)
to assure there are no adverse effects of postulated system piping failures on
safety-related equipment; and (d) to reduce the possibility of reactor tran-
sients due to inadvertent operation of the TBS from faults in the TBS instru-
mentation and control.
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In the review of the turbine bypass system the PSB will coordinate other branch.es'
evaluations that interface with the overall review of the system as follows:
The Mechanic 2; Engineering Branch (MEB) determines that the appropriate seismic
and quality group classifications have been established for system components
as part of its primary review responsibility for SRP Sections 3.2.1 and 3.2.2.
The Auxiliary Systems Branch (ASB) determines that TBS is in accordance with
Branch Technical Positions ASB 3-1 and MEB 3-1 as related to cracks and breaks
in high and moderate-energy piping outside of containment as part of its primary
revi w responsibility for SRP Section 3.6.1. The Reactor Systems Branch (RSB)
determines that the steam bypass capacity is consistent with reactor transient
analysis as part of its primary review responsibility for SRP Section 4.4. The
Procedures and Test Review Branch determines the acceptability of the preopera-
tional and startup tests as part of its primary review responsibility for SRP
Section 14.0.

The reviews for fire protection, technical specifications, and quality assuranco
are coordinated and performed by the Chemical Engineering Branch, Licensing
Guidance Branch, and Quality Assurance Branch as part of their primary review
responsibility for SRP Sections 9.5.1, 16.0, and 17.0, respectively.

For those areas of review identified above as being part of the primary review
responsibility of other branches, tne acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
sections of the corresponding primary branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the turbine bypass system, as described in the
applicant's safety analysis report (SAR), is based on the specific General
Design Criteria, industry standards, and oi.her criteria listed below and on
the similarity of the design to that of plants praviously reviewed and found
acceptable.

The design of the turbine bypass system is acceptable if the integrated design
of the system is in accordance with the following criteria:

1. General Design Criterion 4 in that failure of the TBS due to a pipe break
or malfunction of the TBS should not adversely affect essential systems
or components (i.e. , those necessary for safe shutdown or accident preven-

| tion or mitigation).

2. General Design Criterion 34 as related to the ability to use the system
for shutting down the plant during normal operations. The operation of
the TBS eliminates the need to rely solely on safety systems which are
required to meet the redundancy and power source requirements of this
criterion.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II of this SRP section. For review of operating license
(0L) applications, the procedures are used to verify that the initial design
criteria and bases have been appropriately implemented in the final design as
set forth in the final safety analysis report.
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The procedures for OL applications include a determination that the content
and intent of the technical specifications prepared by the applicant are inc

(j} agreement with the requirements for system testing, minimum performance, and(
surveillance, developed as a result of the LGB review, as indicated in
subsection I of this SRP section.

The primary reviewer, will coordinate .this review with the other bt anches' areas
of review as stated in subsection I of this SRP section. The prinary reviewer
obtains and uses such input as required to assure that this review procedure
is complete.

The reviewer selects and emphasizes material from this SRP section as may be
appropriate for a particular case.

1. The SAR is reviewed to determine that the system description and piping
and instrumentation diagrams (P& ids) delineate the system and components.

2. The SAR is reviewed to verify that the system design bases and an evalua-
tion of the system capacity are provided, including the relation between
the TBS capacity and relief valve capacity in terms of percentage of rated
main steam flow, the maximum reactor power step change the system is designed
to accommodate without a reactor or turbine trip, and the maximum electric
load step change the reactor is designed to accommodate without reactor
control rod motion or steam bypassing.

3. The reviewer uses engineering judgment and the results of failure modes
and effects analyses to determine that:

fm.

(V) a. Failure of the TBS to operate will not preclude operation of any
essential systems. Statements in the SAR that confirm the above are
acceptable.

b. Failure of the TBS high energy piping will not have adverse effects
on any safety-related systems or components that mav be located close
to the system.

IV. EVALUATION FINDINGS

The reviewer determines that sufficient information has been provided and that
the review supports conclusions of the following type, to be included u the
staff's safety evaluation report:

The turbine bypass system (TBS) includes all components and piping
from the branch connection at the main steam system to the main
condensers. The scope of review of the turbine bypass system for
the plant included layout drawings, piping and
instrumentation diagrams, and descriptive information for the TBS
and auxiliary supporting systems that are essential to its operation.

The basic for acceptance of the TBS in our review was conformance of
the designs, design criteria, and design bases to the Commission's
regulations as set forth in General Design Criteria (GDC) 4 and 34
of Appendix A to 10 CFR Part 50.

A

V)f
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1. The applicant has met the requirments of GDC 4 " Environmental
and Missile Design Bases" with respect to the system being
designed such that a safe shutdown will not be pree.luded as
a result of the TBS failure.

2. The applicant has met the requirements of GDC 34 " Residual Heat
Removal" with respect to the ability to use the turbine bypass
system for shutting down the plant during normal operations.
The turbine bypass system is designed such that sufficient steam
can be bypassed to the main condenser so that the plant can be
shutdown during normal operations without using the turbine
generator.

The staff concludes that the design of the turbine bypass system con-
forms to all applicable GDC's, staf f positions and industry standards
e.nd is therefore acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 4, " Environmental
and Missile Design Bases."

2. 10 CFR Part 50, Appendix A, General Design Criterion 34, " Residual Heat
Removal."

3. Regulatory Guide 1.68, " Initial Test Programs for Water Cooled Reactor
Power Plants."

4. Branch Technical Positions ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP Section
3.6.1.

5. Branch Technical Position MEB 3-1, " Postulated Break and Leakage Locations
in Fluid System Piping Outside Containment," attached to SRP Section 3.6.2.

O
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CIRCULATING'ATER SYSTEM10.4.5 W

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The circulating water system (CWS) provides a continuous supply of cooling water to
the main condenser to remove the heat rejected by the turbine cycle and auxiliary
systems.

1. The ASB reviews the performance of the CWS with respect to its functional
requirements and the effects of adverse environmental occurrences, abnormal
operational transients, or accident conditions such as loss of offsite power.

2. The ASB reviews the CWS and its interfaces with other systems to determine
(m) that a malfunction, failure of a component, or failure of a circulating water
,

kJ pipe including the failure of an expansion joint do not have unacceptable
adverse effects on the functional performance capabilities of safety-related
systems located in the immediate area.

3. ASB further reviews the design cf the circulating water system with respect to
the following:

a. The capability to prevent or detect and control flooding of safety-
related areas so that the intended safety function of a safety system or
component will not be precluded due to circulating water system leakage.

b. Provisions to annunciate abnormal and unsafe operating conditions.

4. ASB also performs the review of high- and moderate-energy pipe breaks under
SRP Section 3.6.1.
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5. Upon request, the Chemical Engineering Branch (CMEB) will review the
compatibility of the methods proposed for control of water chemistry and
of long-term corrosion and organic fouling with system components mid piping
materials, and will assure that agents uscd for the control of water
chemistry, corrosion, and organic fouling should be compatible with the
materials of the system.

In addition, the ASB will coordinate other branch evaluations that interface
with the overall review of the CWS as follows:

As part of its primary review responsibilities, the Instrumentation
and Control Systems Branch (ICSB) in SRP Sections 7.1 and 7.6, and
the Power Systems Branch (PSB) in SRP Sections 8.3.1 and 8.3.2
review instrumentation and controls and electrical power systems as
they may relate to operations that could affect safety-related
systems or components.

For those areas of review identified above as being the responsibil-
ity of other branches, the acceptance criteria and their methods of
application are contained in the SRP sections identified as the
primary review responsibility of those branches.

II. ACCEPTANCE CRITERIA

Acceptability of the circulating water system, as described in the applicant's
safety analysis report (SAR), is based on meeting the requirements of General
Design Criteria 4 as it relates to design provisions provided to accommodate
the effects of discharging water that may result from a failure of a component
or piping in the CWS. Compliance with GDC 4 is based on meeting the following:

1. Means should be provided to prevent or detect ana control flooding of
safety-related areas so that the intended safety function of a system or
component will not be precluded due to leakage from the CWS.

2. Malfunction or a failure of a component or piping of the CWS including an
expansion joint should not have unacceptable adverse effects on the func-
tional performance capabilities of safety-related systems or components. |

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II. For the review of operating license (0L) applications,
the procedures are used to verify that the initial design criteria and bases
have been appropriately implemented in the final design as set forth in the
final safety analysis report.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I. The primary
reviewer obtains and uses such input as required to assure that this review
procedure is complete.

The reviewer will select and emphasize material from this SRP section as may
be appropriate for a particular case.

10.4.5-2 Rev. 2 - July 1981
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1. Although the circulating water system is not safety ruiated, a failure of
this system, or any of its components, may affect a safety related compo-O nent or syster. Since large quantities of water flow through the CWS, a
leak or break in a component or pipe or expansion joint failure could cause
severe and unacceptable flooding of adjacent areas. The reviewer verifies
that the design includes provisions to minimize hydraulic transients and
their effect upon the functional capability and the integrity of system
components.

In evaluating the effects of the failure of an expansion joint, ASB assumes
that the butterfly valve (s) are not available to isolate CWS flow out of
the failed expansion joint unless the valve (s) have been designed to safety-
grade requirements. The ASB reviews the descriptions and drawings in the
SAR and determines that provisions are incorporated in the design to pre-
vent unacceptable flooding of areas containing safety-related equipment
or to mitigate the consequences of flooding.

2. The ASB reviews the CWS to verify that the capability to detect leaks and
secure the system quickly and effectively exists.

3. Based on the information contained in the SAR, the reviewer verifies that
the applicant's proposed methods for control of water chemistry and of
long-term corrosion and organic fouling, and the chemical agents used for
these purposes are compatible with the system materials.

IV. EVALUATION FINDINGS

S The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

The circulating water system includes all components and equipment
necessary to provide the main condenser with a continuous supply of
cooling water. The system is designed to nonnuclear safety, Quality
Group D requirements since it is not necessary for safe shutdown,
accident prevention or accident mitigation. Based on the review of
the applicant's proposed design criteria and bases for the circulat-
ing water system, the staff concludes that the design of the circula-
ting water system is acceptable and meets the requirements of General
Design Criterion 4. This conclusion is based on the following:

The applicant has met the requirements of General Design
Criterion 4 with respect to the effects of discharging

,

water that may result from a failure of a component or
piping in the CWS. Acceptance is based on provisions of
the design that prevent flooding of safety-related areas
so that the intended safety function of a system or compo-
nent will not be precluded due to leakage from the CWS; or
provisions of the design that detect and control flooding
of safety-related areas so that the intended safety function
of a system or component will not be precluded due to
leakage from the CWS; or provisions of the design such
that malfunction of a component or piping of the CWS
including an expansion joint will not have unacceptable

i
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adverse effects on the functional performance capabilities
of safety-related systems or components.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants anc licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the x,ethod described herein will be used by the staff in its evaluation of
conformance with Commission regulations

VI. REFERENCES

10 CFR Part 50, General Design Criterion 4, " Environmental and Missile Design
Bases."

O

O

10.4.5-4 Rev. 2 - July 1981

_ . _ _



NU REG-0800
(Formsrly NUREG-75/0871

p ana

m)\

O @/$~fjSTANDARD REV EW PLAN
U.S. NUCLEAR REGULATORY COMMISSION

OFFICE OF NUCLEAR REACTOR REGULATION%
...ee

10.4.6 CONDENSATE CLEANUP SYSTEM

REVIEW RESPONSIBILITIES

Primary - Chemical Engineering Branch (CMEB)

Secondary - None

I. AREAS OF REVIEW

The condensate cleanup system (CCS) removes dissolved and suspended impurities
due to corrosion from condenser or steam generator leaks that could be introduced
into the CCS by carryover from the main steam system. The CCS is not required
for safe shutdown or mitigation of postulated accidents, but is important in
maintaining the primary coolant quality in direct cycle plants or the secondary
coolant quality in indirect cycle plants.

The CMEB reviews the CCS from the supply point downstream of the condensate
pumps to the discharge point upstream of the feedwater heaters, and also to

gy the interfaces with the effluent treatment systems.

( )
(/ 1. The CME 3 assures that the CCS is reviewed to verify that the system provides

feedwater to the reactor for direct cycle plants or to steam generators
for indirect cycle plants that meets water purity requirements. Condensers
are reviewed to determine that prnper design measures are taken to assure
that the chloride concentration and other contaminant concentrations are
limited to allowable values until the condensate and feedwater systems

can be isolated in the event of condenser tube leaks.

2. A review is performed by CMEB to determine that the quality of the water
supplied to the reactor for direct cycle plants (SRP Section 5.4.8), and
to the steam generators for indirect cycle plants (BTP MTEB 5-3), meets
water purity requirements. CMEB reviews are performed to verify the
compatibility of the materials of construction with the service conditions.

CMEB will coordinate the evaluations of other branches that interface with the
overall review of the condensate cleanup system as follows:
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The Auxiliary Systems Branch (ASB) reviews the system to determine that
the design satisfies the recommendations cf Branch Technical Position ASB
3-1 with respect to breaks and cracks in high- and moderate-energy system
piping as part of its primary review responsibility for SRP Section 3.6.1.
The Effluent Treatment Systems Branch (ETSB) determines the effect of the
CCS on fission and corrosion product concentrations and the effect of the
quantity of spent resin and regenerant solution on radwaste system require-
ments as part of its primary review responsibility for SRP Sections 11.2,
11.3 and 11.4. The shielding design for the condensate demineralizer system
is reviewed by the Radiological Assessment Branch as part of its primary
review responsibility for SRP Section 12.2. The review for technical
specifications is coordinated and performed by the Licensing Guidance
B,anch as part of its primary review responsibility for SRP Section 16.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acce,.c.ance criteria ncces-
sary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

CMEB acceptance criteria for the CCS is based on meeting the relevant require-
ments of General Design Criterion 14 as it relates to the water chemistry control
being capable of preventing adverse chemistry conditions that could degrade
the primary coolant boundary integrity. Specific criteria necessary to meet
requirements of GDC 14 are as follows:

1. For direct cycle (BWR) plants, the design of the CCS should conform to
the recommendations of Regulatory Guide 1.56, as related to the design of
condensate demineralizer systems to maintain the proper water purity
specified for the reactor.

2. For indirect cycle (PWR) plants, the secondary water chemistry program
should conform with SRP Section 5.4.2.1, Branch Technical Position MTEB
5-3.

III. REVIEW PROCEDURES

The review procedures below are used during the construction permit (CP) review
to determine that the design criteria and bases and the preliminary design as
set forth in the preliminary safety analysis report (PSAR) meet the acceptance
criteria given in subsection II of this SRP section. For the review of operating
license (OL) applications, the procedures are used to verify that the initial
design criteria and bases have been appropriately implemented in the final design
as set forth in the final safety analysis report (FSAR).

Upon request from the primary reviewer, the CMEB will provide input for the
areas of review stated in subsection I of this SRP section. The primary reviewer
uses such input as required to assure that this review procedure is complete.

The reviewer will select and emphasize material from the paragraphs below, as
may be appropriate for a particular case.

O
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1. CME 8 evaluates the system design information and drawings and, utilizing
engineering judgment, operational experience, and performance character-
istics of similar, previously approved systems, verifies that:

a. The system meets the requirements for condensate cleanup capacity,
provides effluent of the required purity, and contains adequate
instrumentation to monitor the effectiveness of the system. For BWRs
refer to Regulatory Guide 1.56 and for PWRs refer to BTP MTEB 5-3.

b. The system is connected to radioactive waste disposal systems to allow
disposal of spent resin or regenerant solutions when required.

2. ASB reviews the effects of CCS high-and moderate-energy piping failures
under SRP Section 3.6.1 to assure that other safety-related systems are
not rendered inoperable.

3. ETSB determines the capability to treat and process spent resin and resin
regenerant solutions in liquid and solid waste management systems under
SRP Sections 11.2, 11.3, and 11.4.

4. RAB determines the adequacy of the shielding design of the condensate
demineralizers under SRP Section 12.2.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided to support
conclusions of the following type, to be included in the staff's safety evalua-
tion report:

O, The condensate cleanup system includes all components and equipment
necessary for the removal of dissolved and suspended impurities which
may be present in the condensate. Based on the staff's review of
the applicant's proposed design criteria and design bases for the
condensate cleanup system and the requirements for operation of the
system, the staff concludes that the design of the condensate cleanup
system and supporting systems is acceptable and meets the primary
boundary integrity requirements of General Crsign Criterion 14. This
conclusion is based on the applicant having met the requirements of
GDC 14 as it relates to maintaining acceptable chemistry control for
BWR reactor coolant and for PWR secondary coolant during normal opera-
tion and anticipated operational occurrences by reducing corrosion
of BWR reactor system components and of PWR steam generator tubes
and materials, thereby reducing the likelihood and magnitude of reactor
piping failures and of primary-to-secondary coolant leakage. This
requirement has been met by the applicant's design of the CCS meeting
the regulatory positions of Regulatory Guide 1.56 for BWRs and meeting
the Branch Technical Position MTEC 5-3 for PWRs.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section.

O
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Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

VI. 81EFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 14, " Reactor Coolant
Pressure Boundary."

2. Regulatory Guide 1.56, " Maintenance of Water Purity in Boiling Water
Reactors."

3. Branch Technical Positions ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP Section 3.6.1,
and MEB 3-1, " Postulated Break and Leakage Locations in Fluid System Piping
Outside Containment," attached to SRP Section 3.6.2.

4. Branch Technical Position MTEB 5-3, " Monitoring of Secondary Side Water
Chemistry in PWR Steam Generators," attached to SRP Section 5.4.2.1.

O
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10.4.7 CONDENSATE AND FEEDWATER SYSTEM

REVIEW RESPONSIBILITIES

Primary - Auxiliary Systems Branch (ASB)

Secondary - None
|

I. AREAS OF REVIEW

The condensate and feedwater system (CFS) provides feedwater at the required tempera-
ture, pressure, and flow rate to the reactor for boiling water reactor (BWR) plants
and to the steam generators for pressurized water reactor (PWR) plants. Condensate
is pumped from the main condenser hotwell by the condensate pumps, passes through
the low pressure feedwater heaters to the feedwater pumps, and then is pumped
through the high pressure feedwater heaters to the nuclear steam supply system.

ASB reviews the CFS from the condenser outlet to the connection with the nuclear
, Q steam supply system and to the heater drain system to assure conformance to General,

( l Design Criteria 2, 4, 5, 44, 45 and 46. For indirect cycle plants, there are also
interfaces with the secondary water makeup system and the auxiliary feedwater system.
The CFS is used for normal shutdown. The only part of the CFS classified as safety-
related, i.e. , reautred for safe shutdown or in the event of postulated accidents,
is the feedwater piping from the steam generators for PWRs and from the nuclear
steam supply system for BWRs, up to and including the outermost containment isola-
tion valve.

1. The ASB reviews the characteristics of the CFS with respect to the capability
to supply adequate feedwater to the nuclear steam supply system as required
for normal operation and shutdown.

2. The ASB review determines that an acceptable design has been established for:

a. The interfaces of the CFS with the auxiliary feedwater system (PWR), the
reactor core isolation cooling system (BWR), and the condensate cleanup
system with regard to functional design requirements and seismic design
classification.
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b. The feedwater system (PWR), including the auxiliary feedwater system
piping entering the steam generator, with regard to possible fluid
flow instabilities (e.g. , water hammer) during normal plant operation
as well as during upset or accident conditions.

c. The detection of major system leaks that could affect the functional
Iperformance of safety-related equipment.

3. ASB also performs the following reviews under the SRP sections indicated:

(a) Review for ficod protection is performed under SRP Section 3.4.1,

(b) Review of the protection against internally generated missiles is
performed under SRP Section 3.5.1.1,

(c) Review of the structures, systems, and components to be protected
against externally generated missiles is performed under SRP
Section 3.5.2, and

(d) Review of high- and moderate-energy pipe breaks is performed under
SRP Section 3.6.1.

The ASB will coordinate evaluations performed by other branches that interface
with the overall evaluation of the system as follows:

The Reactor Systems 3 ranch (RSB) determines that transients resulting from
feedwater flow control malfunctions will not violate the primary system pres-
sure boundary integrity criterion as part of its primary review responsibility
for SRP Sections 15.1.1 through 15.1.4, and that the loss of normal feedwater
flow will not violate the fuel damage criterion or the system pressure boundary
integrity criterion as part of its primary review responsibility for SRP
5ection 15.2.7.

The Power Systems Branch (PSB) evaluates the system power sources with respect
to their capability to perform safety-related functions during normal, transient,
and accident conditions as part of its primary review responsibility for SRP
Section 8.3.1. The Structural Engineering Branch (SEB) determines the accepta-
bility of the design anclyses, procedures, and criteria used to establish the
ability of seisnaic Category I structures housing the system and supporting
systems to withstand the effects of natural phenomena such as the safe shutdown
earthonake (SSE), the probable maximum flood (PMF), and tornado missiles as
part of its primary review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3,
3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The Mechanical Engineering Branch (MEB)
determines that the components, piping and structures are designed in accordance
with applicable codes and standards as part of its primary review responsibility
for SRP Sections 3.9.1 through 3.9.3. The MEB determines the acceptability of
the seismic and quality group classifications for system components as part of
its primary review responsibility for SRP Sections 3.2.1 and 3.2.2. The MEB
also reviews the adequacy of the inservice testing program of pumps and valves
as part of its primary review responsibility for SRP Section 3.9.6. Upon
request, the MEB determines the acceptability of design analyses, procedures,
and criteria used to establish the adequacy of devices or restraints as they
may relate to significant water hammers in system piping and the MEB reviews
test programs of components that may be affected by water hammers. The Materials
Engineering Branch (MTEB) verifies that inservice inspection requirements are
met for system components as part of its primary review responsibility for SRP
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Section 6.6 and, upon request, verifies the compatibility of the materials of
construction with service conditions. The review for Fire Protection, Technical
Specifications, and Quality Assurcnce are coordinated and performed by the

(^) Chenical Engineering Branch, Licensing Guidance Branch, and Quality Assurance
U Branch as part of their primary review responsibility for SRP Sections 9.5.1,

16.0, and 17.0, respectively. The Equipment Qualification Branch (EQB) reviews
the seismic qualification of Category I instrumentation and electrical equipment
and the environmental qualification of mechanical and electrical equipment as
part of its primary review responsibility for SRP Sections 3.10 and 3.11,
respectively. Upon request, the Instrument and Control Systems Branch (ICSB)
will review the instrumentation and controls associated with the feedwater
control system (BWR) or steam generator level control system (PWR).

For those areas of review identified above as being part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
sections of the corresponding primary branches.

II. ACCEPTANCE CRITERIA

Acceptability of the condensate and feedwater system, as described in the
applicant's safety analysis report (SAR), is bast.d on the specific requirements
of General Design Criteria and the positions of regulatory guides. Listad below
are the specific criteria as they relate to the CFS.

1. General Design Criterion 2, as related to the system being capable of with-
standing the effects of eartnquakes. Acceptance is based on meeting the
guidance of Regulatory Guide 1.29, Position C.1 for safety-related portions,

/' i and Position C.2 fce nonsafety-related portions.

2. General Design Criterion 4, as related to the dynamic effects associated
with possible fluid flow instabilities (e.g., water hammers) during normal :

plant operation as well as during upset or accident conditions (PWRs only).
Acceptance is based on meeting the guidance cont.ained in the attached
Branch Technical Position ASB 10-2 on reducing the potential for water
hamcers in steam generators with top feedring designs.

3. General Design Criterion 5, as related to the capability of shared systems
and components important to safety to perform required safety functions. '

4. General Design Criterion 44, as it relates to:

a. The capability to transfer heat loads fro:n the reactor system to a
heat sink under both normal operating and accident conditions.

b. Redundancy of components so that under accident conditions the safety
function can be performed assuming a single active component failure.
(This may be coincident with the loss of offsite power for certain

events.)
J

c. The capability to isolate components, subsystems, or piping if required
so that the system safety function will be maintained.

|

5. General Design Criterion 45, as related to design provisions to permitp) periodic inservice inspection of system components and equipment.
G -
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6. General Design Criterion 46, as related to design provisions to permit
appropriate functional testing of the system and components to assure
structural integrity and leak- ,.iness, operability and performance of
active components, and capability of the integrated system to function as
intended during normal, shutdown, and accident conditions.

III. REVIEW PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the r,reliminary safety analysis report meet the acceptance criteria
given in subsection II of this SRP section. For the review of operating license
(OL) applications, the procedures are used to verify that the initial design
criteria and bases have been appropriately implemented in the final design as
set forth in the final safety analysis report.

The primary reviewer will coordinate this review with the areas of review of
interfacing branches as stated in subsection I of this SRP section. The primary
reviewer obta'ns and uses such inputs as required to assure that this review
procedure is complete.

The reviewer will select and emphasize material from this SRP section as may
be appropriate for a particu'ar case.

The SAR is reviewed to determine that the system description and diagrams
delineate the function of the condensate and feedwater system under normal and
abnormal conditions. Tne reviewer verifies the following:

1. The system has been designed to function as required for all modes of
operation. The results of failure modes and effects analyses presented
in the SAR, if any, are used in making this determination.

2. The system piping is designed to preclude hydraulic instabilities from
occurring in the piping for all modes of operation. As appropriate, the
reviewer evaluates the results of model tests and analyses that are relied
on to verify that water hammer will not occur, or proposed tests of the
installed system that are intended to verify design adequacy. Steam
generators that use top feed designs are reviewed in accordance with Branch
Technical Position ASB 10-2.

3. The outermost containment isolation valves and all downstream piping to
the nuclear steam supply system are designed in accordance with seismic
Category I requirements. The review for seismic design is performed bj
SEB and the review for seismic and quality group classification is per-
formed by MEB as indicated in subsection I of this SRP section.

4. The CFS design is such that the plant can be safely shut down using the
auxiliary feedwater system c- the reactor core isolation cooling system,
if required.

I

5. The CFS design, or other plant systems, provide the capability to detect
and control leakage from the system.

6. The reviewer verifies that the essential portion of the system has been
designed so that system function will 'e maintained as required in the
event of adverse environmental phenome.:a or loss of of fsite power. The
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review for protection against natural phenomena is performed in the
p Chapter 3 SRP sections. The reviewer evaluates the system, using engineer-4

ing judgment and the results of failure modes and effects analyses, to
(~ determine that the failure of nonessential portions of the system or of.

other systems not designed to seismic Category I standards and located
close to essential portions of the system, or of nonseismic Category I
structures that house, suoport, or are close to essential portions of the
CFS, will not preclude operation of the essential portions of the CFS.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

. The condensate and feedwater system includes all components and
' equipment from the condens u outlet to the connection with the nuclear

steam supply system and to the heater drain system [ secondary water
makeup system, and auxiliary feedwater system interfaces. (PWRs only)].
Based on the review of the applicant's proposed design criteria, the.
design bases, and safety classification for the safety-related por-
tions of the condensate and feedwater s7 stem and the requirements
for system performance for all conditions of plant operation, the,

staff concludes that the design of the condensate and feedwater ystem
and supporting systems is in conformance with the Commission regula-
tions as set forth in General Design Criterion 2, 4, 5, 44, 45 and
46. This conclusion is based on the following:

,

1. The aoplicant has met the requirements of General Design
Criterion 2 with respect to safety-related portions of the system"

being capable of withstanding the effects of earthquakes by meeting
Regulatory Guide 1.29 Position C.1 for the safety-related portions
and Position C.2 for the nonsafety-related portions.

2. The applicant has met the requirements of General Design
Criterion 4 with respect to the dynamic effects associated with
possible fluid flow instabilities (e.g., water hammers) by having
the feedwater system designed in accordance with the guidance
contained in Branch Technical Position ASB 10-2 and thereby ,

'eliminating or reducing the possibility of water hammers in this
system (PWRs only).

3. The applicant has met the requirements of General Design
,

Criterion 5 with respect to the capability of shared systemsi

and components important to safety to perform required safety
functions. We have reviewed the interconnections of the CFS
between each unit. The interconnections are designed so that
the capability to mitigate the consequences of an accident in
either unit and achieve safe shutdown in that unit is retained

,

without reducing the capability of the other unit to achieve
safe shutdown.

4. The applicant has met the requirements of General Design

[/t Criterion 44 with respect to cooling water by providing a
(, redundant and isolable system capable of transferring heat loads'

.
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frcm the reactor system to a heat sink under both normal on 'ra-
tin.1 and accident conditions. The applicant has demonstrat i
that the condensate and feedwater system can provide suffic ent
cooling water to transfer the heat load of the reactor system
under normal operating conditions and accident conditions assuming
loss of offsite power and a single failure and that portions of
the system can be isolated so that tt.e safety function of the
system will not be compromised.

5. The applicant has ms.t the requirements of General Design
Criterion 45 with respect to inspection of cooling water systems
by providing a feedwater system design that perm +ts inservice
inspection of safety-related components and equipment.

6. The applicant has met the requirements of General Design
Criterion 45 with respect to testina of cooling water systems
by providing a feedwater system design that permits operational
functional testing of the safety-related portion of the system
and its components.

The s, ff concludes that the design of the CFS conforms to all applicable GDCs
and positions of the regulatory guide cited and is, therefore, acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to all applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staf f in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
a r. contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

2. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures , Sy cems , and Connanents. "

3. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water."

4. 10 CFR Part 50, Appendix A, General Design Criterion 45, " Inspection of
Cooling Watar System."

5. 10 CFR Part 50, Appendix A, General Design Criterion 46, " Testing of
Cooling Water System."

|
6. Regulatory Guide 1.29, " Seismic Design Classificttion."

7. Branch Technical Position ASB 10-2, " Design Guidelines for Water Hammer
in Steam Generators with Top Feedring Designs."

10.4.7-6 Rev. 2 - July 1981



V BRANCH TECHNICAL POSITION ASB 10-2
DESIGN GUIDELINES FOR WATER HAMMERS IN

STEAM GENERATORS WITH TOP FEEDRING DESIGNS

BACKGROUND

Experience over the past decade or so has shown that top-feed steam generators
containing feedwater spargers with bottom drain holes incur steam condensation
induced water hammers. This type of water hammer has frequently occurred after

i the feedwater sparger was uncovered (due to some plant transient) and cold
I auxiliary feedwater flow was subsequently initiated. The initiation of the

auxiliary feedwater flow into the steam generator produces a water slug in the
sparger or feedwater piping, which is then accelerated by the unbalanced pres-

j sures produced by the condensation of a steam pocket in the line. The resultant
impulse could be of a sufficient magnitude to cause damage to the steam generator
or associated piping. An increasing number of these steam generator water hammer
events has been occurring, in some cases resulting in negligible effects, and
in others resulting in damage to piping support systems.

Beginning with the Yankee Rowe Nuclear Plant in 1966, more than 25 steam generator
water hammers have been reported to the NRC. These water hammers or flow instabi-
lities have involved 15 of the 34 presently operating PWRs, and resulted in
four of these plants needing extensive repairs because of permanent pipe deforma-

p) tion and component damage. In 1973, the most damaging of these water hammer
,

(# incidents occurred at Indian Point 2, resulting in the fracture and bulging of
an 18-inch feedwater pipe and thermal deformation of the containment. In view
of the frequency and potential severity of these flow instability events, various
hardware modifications and operating procedures have been adopted by most U.S.
and foreign utilities. These ad hoc approaches by U.S. industry were based

' almost entirely on qualitative descriptions of the phenomena, and accordingly
a successful means to eliminate water hammer did not emerge.

In 1976, the NRC engaged an engineering firm (CREARE, Inc.) to undertake its
own study to determine the cause and effects of past steam generator water ham-
mers. The outcome of the program provided information which led to the develop-
ment of procedural and design changes to avoid these incidents. CREARE utilized

j the results of their review of the available data from past incidents in the
development and performance of its own test program which was to perform small'

; scale tests (1/10) to qualitatively investigate the phenomena associated with
; slug formation and acceleration. From the test results obtained, CREARE was

able to show that feedwater type spargers located within the steam p merators1

; with top feed and combined with a short length of pipe significanti duced
the overpressure magnitude (factor 5 to 10) vis a vis bottom drain spo.gers
and long pipes. Thus, these results generally confirmed the results of the
European tests to install J-Tubes in top-feed steam generators.

Large-scale testing has so far confirmed the efficacy of reducing water hammers
i by providing top discharge from the sparger and short pipe arrangement, as shown

by testing at Trojan, Indian Point 2, Farley and St. Lucie in the U.S. , and at
Doel, Tihange 1, Ringhals 2 and Fessenheim 1 in Europe. A detailed discussion

V of most of the above work is published in NUREG-0291, entitled, "An Evaluation
of PWR Steam Generator Water Hammer."

i
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The staff believes that the evidence to date warrants the establishment of design
guidelines for steam generators and the associated piping. Guidelines have
been developed that may be used to reduce the probability of a damaging steam |
condensation induced water hammer, especially in the Westinghouse and Combustion
Engineering PWR designs which use top-feed steam generators. The B&W once-
through steam generators have not experienced damaging water hammer incidents,
and therefore are not considered.

BRANCH TECHNICAL POSITION

Top-Feed Designs

In CP and OL application reviews, the staff requires the applicant to provide
the following for steam generators utilizing top feed: |

To eliminate or reduce possible water hammer in the feedwater system:

1. Prevent or delay water draining from the feedring following a drop in
steam generator water level by means such as J-Tubes.

2. Minimize the volume of feedwater piping external to the steam generator
which could pocket steam using the shortest possible (less than seven
feet) horizontal run of inlet piping to the steam generator feedring.

3. Perform tests acceptable to NRC to verify that unacceptable feedwater
i

hammer will not occur using the plant operating procedures for normal and I

emergency estoration of steam generator water level following loss of
normal feedwater and possible draining of the feedring. Provide the i

|procedures for these tests for approval before conducting the tests.
|
|

|

|

|

|
|

|
|

|
|

|

9
.
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10.4.8 STEAM GENERATOR BLOWDOWN SYSTEM (PWR)

REVIEW RESPONSIBILITIES

Primary - Chemical Engineering Branch (CMEB)

Secondary - None

I. AREAS OF REVIEW

IAt the construction permit (CP) stage, CMEB reviews the steam generator blowdown
system (SGBS), as described in the applicant's safety analysis report (SAR), in the
specific areas that follow. At the operating license (0L) stage, the CMEB review |

consists of confirming the design accepted at the CP stage.

1. CMEB reviews the SCBS design basis in terms of its ability to remove particu-
late and dissolved impurities from the steam generator secondary side, thus
assisting in maintaining optimum secondary-side water chemistry in steam genera-
tors during normal operation, including anticipated operational occurrencesn (main condenser inleakage and primary-to-secondary leakage). The design basis

(\,.s) should include consideration of expected and design flows for all modes of
operation (process and process bypass), process design parameters and equip-
ment design capacities, expected and design temperatures for temperature sensi-
tive treatment processes (demineralization and reverse osmosis) and process
instrumentation and controls for maintaining operations within established
parameter ranges.

2. Process sampling capabilities of the SGBS is reviewed by CMEB as part of its
primary review responsibility for SRP Section 9.3.2.

CMEB will ccordinate evaluations of other branches that interface with the
overall review of the Steam Generator Blowdown System as follows: Mechanical
Engineering Branch (MEB) reviews the system's seismic design and quality group
classification as part of its primary review responsibility for SRP Sections
3.2.1 and 3.2.2, respectively; Structural Engineering Branch (SEB) determines
the acceptability of the design analysis, procedures, and criteria used to
establish the ability of seismic Category I structures housing the system and
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supporting systems to withstaM the effects of natural phenomena, such as
the safe shutdown earthquake (%E), the probable maximum flood (PMF), and
tornado missiles as part of its primary review responsibility for SRP
Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1, 3.7.2, 3.7.3, 3.7.4, 3.8.4, and 3.8.5;
the liquid and gaseous waste treatment aspects of the SGBS are reviewed
in SRP Sections 11.2 and 11.3 and the liquid and gaseous process and
effluent radiological monitoring is reviewed in SRP Section 11.5 by Effluent
Treatment Systems Branch (ETSB) as part of its primary review responsibility
for those sections; Auxiliary Systems Branch (ASB), as part of its primary
review responsibility for SRP Section 3.6.1, evaluates the effect of high-
and moderate-energy system piping failures to assure that safety related
equipment will not be made inoperable, evaluates the capabilities of the
high energy portion of the 5GBS to withstand the effects of internally
generated missiles both outside containment in SRP Section 3.5.1.1 and
inside containment in SRP Section 3.5.1.2; the Containment Systems Branch
(CSB) determines that the blowdown lines penetrating the primary containment
are isolated on a containment isolation signal and evaluates containment
isolation dependability (NUREG-0737 Task II.E.4.2) as part of its primary
review responsibility in SRP Section 6.2.4. The review of the quality
assurance program is performed by the Quality Assurance Branch as part of
its primary review responsibility for SRP Sections 17.1 and 17.2.

For those areas of review identified above as part of the primary review
responsibility of other branches, the acceptance criteria necessary for
the review and their methods of application are contained in the referenced
SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

CMEB accepts the design of the steam generator blowdown system if the relevant
requirements of General Design Criterion 1, 2, and 14 are met. The relevant
requirements are as follows:

1. General Design Criterion 1, as it relates to system components being
designed, fabricated, erected, and tested for quality standards.

2. General Design Criterion 2, as it relates to system components designed
to seismic Category 1 requirements.

3. General Design Criterion 14, as it relates to secondary water chemistry
control are complied with so that the primary coolant boundary material|

'

integrity will be maintained. The steam generator tubes are part of the
reactor coolant pressure boundary, and these tubes could be degraded by
adverse chemistry conditions on the seconaary site. The SGBS primary
function is to remove steam generator secondary side impurities and thus

I assist in maintaining acceptable secondary side water chemistry in the
steam generators.

Spec,ific Criteria necassary to meet the relevant requirements of GDC 1, 2, and
14 are as follows:

1. The SGBS is sized to accommodate the design blowdown flow needed to maintain
secondary coolant chemistry for normal operation, includi.1g anticipated
operational occurrences.

1
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2. Equipment capacities are based on design blowdown flow rates and are such
q that temperature limits for heat-sensitive processes are not exceeded.

3. Instrumentation and automatic controls ensure operation within design
parameters. *

4. The design of the SGBS is seismic Category I and Quality Group B, from
its connection to the steam generator inside primary containment up to
and including the first isolation valve our. side containment. The design
of the SGBS downstream of the outer containment isolation valves is in
accord with the provisions of Regulatory Gtide 1.143, Position C.1.1.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes material from this SRP section as may be I

appropriate for a particular case.

1. a. CMEB considers the pressure, temperature, flow rate, secondary coolant I

chemistry, main condenser water inleakage, and primary-to-secondary leak-
age to determine whether the SGBS design has included the effects of normal4

operation and anticipated operational occurrences (e.g., main condenser
inleakage or primary-to-secondary leakage). CMEB determines that the design |
parameters are reasonable. If the urope ed system includes processes which
are heat-sensitive (e.g. , deminera'.1zation or reverse osmosis), CMEB verifies |

' that the design includes instrumentation and controls to protect the temper-
ature-sensitive elements. CMEB ensures that instrumentation and process |

1 ccntrols are provided to control flashing, liquid levels, and process flow
/] through the proper components for the radioactivity levels expected.
V

b. CMEB reviews the proposed piping and instrumentation diagrams (P& ids) |
and process flow diagrams, the method of operation, the processing to be
provided, and the interfaces between the blowdown system and other plant
systems to determine: (1) whether unusual design conditions exist which
could lead to safety problems, and (2) that the system is capable of
performing its intended functions.

c. CMEB reviews the secondary coolant chemistry program for steam genera-
tor blowdown samples in SRP Section 5.4.2.1, BTP MTEB 5-3 (Monitoring of
Secondary Side Water Chemistry in PWR Steam Generators).

'

d. CMEB coordinates its review with MEB to verify that the assigned classi-
i fications at the boundary interfaces between systems and/or system components

are in accordace with the importance of the safety function to be performed
and the guidelines of Regulatory Guides 1.26, 1.29, and 1.143.

2. SEB determines the seismic design and MEB determines the quality group
and seismic design classification for the SGBS components as indicated
above in subsection I, Areas of Review.

3. ETSB determines the capability to treat liquid and gaseous wastes asso-
ciated with the SGBS as part of its review under SRP Sections 11.2 and
11.3.

4. ASB reviews the effect of SGBS high- and moderate-energy piping failures
V under SRP Section 3.6.1 to assure t;.at other safety-related sy stems are

not rendered inoperable.
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IV. EVALUATION FINDINGS

CMEB verifies that sufficent information has been provided and that the review |
is adequate to support conclusions of the following type, to be included in
the staff's safety evaluation report:

The steam generator blowdown system (SGBS) controls the concentra-
tion of chemical impurities and radioactive materials in the secondary
coolant. The scope of review of the SGBS included piping and instru-
mentation diagrams, seismic and quality group classifications, design
process parameters, and instrumentation and process controls. The
review has included the applicant's evaluation of the proposed system
operation and the applicant's estimate of the controlling process
parameters.

The SGBS design meets the primary boundary material integrity require-
ments of General Design Criterion 14 as it relates to maintaining accept-
able secondary water chemistry control during normal operation and
anticipated operational occurrences by reducing corrosion of steam
generator tubes and materials thereby reducing the likelihood and
magnitude of primary-to-secondary coolant leakage.

The SGBS is seismic Category I and Quality Group B from its connection
to the steam generator inside primary containment up to and including
the first isolation valve outside containment in accordance with Regulatory
Guides 1.26 and 1.29, because this portion of the SGBS is considered
an extension of primary containment. The SGBS downstream of tl ? ot.ter
containment isolation valves is not seismic Category I and meets the
quality standards of Position C.1.1 of Regulatory Guide 1.143 since
it is not safety related. Thus, the SGBS meets the quality standards
requirements of General Design Criterion 1 and seismic requirements
of General Design Criterion 2.

Based on the foregoing evaluation, we conclude that the proposed steam
generator blowdown system is acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plan for using this SRP section.

Except in those cases in which the applicc't proposes an acceptable alternative|

method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 1, " Quality Standards
and Records."

2. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."
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3. 10 CFR Part 50, Appendix A, General Design Criterion 14, " Reactor Coolant
Pressure Boundary."

( 4. Regulatory Guide 1.26, " Quality Group Classifications for Water- Steam ,
and Radioactive-Waste Containing Components of Nuclear Power Plants."

5. Regulatory Guide 1.29, " Seismic Design Classification."

6. Regulatory Guide 1.143, " Design Guidance for Radioactive Waste Management
aystems, Structures, and Components in Light-Water-Cooled Nuclear Reactor
Power Plants."

|

|

|
|

|
>

|
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10.4.9 AUXILIARY FEEDWATER SYSTEM (PWR)

REVIEW RESPONSIBILITIE_S

Primary - Auxiliary Systems Branch (ASB)

Secondary - None

I. AREAS OF REVIEW

The auxiliary feedwater system (AFWS) normally operates during startup, hot
standby and shutdown as the feedwater system for pressurized water reactor
(PWR) plants. In conjunction with a seismic Category I water source, it
also functions as an emergency system for the removal of heat from the
primary system when the main feedwater system is not available for emergency
conditions including small LOCA cases. The AFWS operates over a time period
sufficient either to hold the plant at hot standby for several hours or to
cool down the primary system, at a rate not to exceed limits specified in
technical specifications, to temperature and pressure levels at which the
low pressure decay heat removal system can operate. The design of the AFWS

(Q should meet the requirements of General Design Criteria 2, 4, 5, 19, 34, 44,
/ 45 and 46.

v

The ASB reviews the AFWS from the condensate storage tank (normal operation),
or the seismic Category I water supply including valving and cross-connects
(emergency operation), to the c 7nections with the steam generators, which
are made either through a conr etion to the main feedwater piping or through
separate auxiliary feedwater piping connected directly to the steam generators.
All inter-connections and cross-connections are included in the review.

The review also includes AFWS components, e.g., pumps, valves, and piping,
with respect to their functional performance as affected by adverse environ-

,
mental occurrences, abnormal operational requirements, and off-normal

| conditions, e.g., small breaks in the primary system or the loss of offsite
I power.
|

| The system is reviewed to determine that a cinale malfunction, a failure of
a component, or the loss of a cooling source does not reduce the safety-related
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functional performance capabilities of the system. The ASB review assures
that:

System components and piping have sufficient pnysical separation or2.

shielding to protect the essential portions of the system from the effects
of internally and externally generated missiles. This review is periormed
according to SRP Section 3.5.1.1 for internally generattd missiles and
Sections 3.5.1.4 and 3.5.2 for externally generated missiles.

2. The system is protected against the effects of pipe whip and jet impinge-
ment that may result from high or moderate energy piping breaks or cracks
This review is performed according to SRP Section 3.6.1.

I3. The failure of non-essential equipment or components does not affect
essential functions of the system.

4. The system is capable of withstanding a single active failure.

5. The system possesses diversity in motive power sources such t at system
performance requirements may be met with either of the assigneJ power
sources, e.g., a system with an a-c subsystem and a redundant steni/d-c
subsystem.

6. The system design precludes the occurrence of fluid flow instabilities,
e.g., water hammer, in system inlet piping during normal plant operation
or during upset or accident conditions (see c"/ Section 10.4.7).

7. Func.'onal capability is assured by suitable protection during abnormally
hi, _ter levels (adequate flood protection considering the probable
maximum flood). This review is performed according to SRP Section 3.4.1.

8. The capability exists to detect, c.ollect, and control system leakage and
to isolate portions of the system in case of excessive leakage or component
malfunctions.

9. Provisions are made for opera *ional testing.

10. Instrumentation and control features are provided to verify the system is
operating in a correct mode.

11. The system is capable of automatically initiating auxiliary feedwater
flow upon receipt of a system actuation signal.

12. The system satisfies the recommendations of Regulatory Guide 1.62 with
respect to the system capability to manually initiate protective action
by the auxiliary feedwater system.

13. The system design possesses the capability to automatically terminate
auxiliary feedwater flow to a depressurized steam generator, and to
automatically provide feedwater to the intact steam generator. Or as an
alternative if it is shown that the intact steam generator will recieve
the minimum required flow without isolation of the depressurized steam
generator and containment design pressure is not exceeded, then operator
action may be relied upon to isolate the depressurized steam generator.
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14. The system possesses sufficient auxiliary feedwater flow capacity so that
a cold shutdown can be achieved. Upon request from ASB, the Reactor

p Systems Branch (RSB) will verify that the syster meets the minimum flow
requirements for decay heat removal.,

15. The applicant's proposed technical specifications are such as to assure
the continued reliabilit." of the AFWS during plant operation; i.e. , the
limiting conditions for operation and the surveillance testing requirements
are specified and are consistent with the Standard Technical Specifications.

16. In conjunction with the Instrumentation and Control Systems Branch (ICSB)
the ASB verifies that the system design meets the generic short and long
term recommendations identified in NUREGS-0611 and -0G35. These
recommendations will apply to all PWRs.

17. An .'FWS reliability analysis is performed in accordance with Item II.E.1.1
of NUREG-0737 using the methodology defined by Appendix III and Annex 1
of Appendix X in NUREG-0611 and NUREG-0635 to determine the system reliabi-
lity and major contributors to AFW system failure under various loss of
main feedwater transients. The ICSB will evaluate the design to determine
that the requirements and guidance of II.E.1.2 of NUREG-0737 are met.

.

18. The reviewer verifies that the system design has the capability to permit
operation at hot shutdown for at least four hours followed by ccaidown to
the RHR cut-in temperature from the control room using only safety grade
equipment and assuming the worst case single active failure in accordance
with Branch Technical Postion RSB 5-1.

/O Coordinated reviews are performed by other branches and the results used by
\''/ the ASB to complete the overall evaluation of the system. The coordinated

reviews are as follows. The RSB identifies any functional interfaces between
essential components of the reactor coolant or emergency core cooling systems
and the AFWS that are required for c.peration during normal operations or
accident conditions. The RSB establishes postaccident heat loads and the
associated time intervals available for cooling various components. The
Structural Engineering Branch (SEB) determines the acceptability of the design

, analyses, procedures, ani criteria used to establish the ability of seismic
Category I structures housing the system and supporting systems to withstand
the effects of natural phenomena such as the safe shutdown earthquake (SSE),
the probable maximum flood (PMF), and tornado missiles as part of its primary
review responsibility for SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through
3.7.4, 3.8.4 and 3.8.5. The Mechanical Engineering Branch (MEB) determines
that the components piping and structures are designed in accordance with
applicable codes and standards as part of its primary review responsibility
for SRP Sections 3.9.1 through 3.9.3. The MEB, also, determines the accept-
ability of the seismic and quality group classifications for system components
as part of its primary review responsibility for SRF Sections 3.2.1 and 3.2.2.
The MEB also reviews the adequacy of the inservice testing program of pumps
and valves as part of ~t' primary review responsibility for SRP Section 3.9.6.
The Materials Enginee og Branch (MTEB) verifies that inservice inspection
requirements are inet for syster, components as part of its primary review
responsibility for SRP Section 6.6, and, upon request, verifies the compatibi-
lity of the materials of consc.ruction with services conditions. The review
for Fire Protection, Technical Specifications, and Quality Assurance aren

( ) coordinated and performed by the Chemical Engineering Branch, Licensinga' Guidance Branch and Quali(,y Assurance Branch as part of their primary review
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responsibility for SRP Sections 9.5.1, 16.0 and 17.0, respectively. The
Equipment Qualification Branch (EQB) reviews the seismic qualification of
Category I instrumentation and electrical equipment and the environmental
qualification of mechanical and electrical equipment as part of its primary
review responsibility for SRP Sections 3.10 and 3.11, respectively. The ICSB
and Power System Branch (PSB) evaluate system controls, instrumentation, and
power sources with respect to capability, capacity, and reliability during nor-
mal and emergency conditions as part of their primary review responsibility
for SRP Sections 7.1 and 7.3 through 7.5 for ICSB and Section 8.3 for PSB.

For those areas of review identified above as being reviewed as part of the
primary responsibility of other branches, the acceptance criteria and their
methods of application are contained in the SRP sections corresponding to
those branches.

II. ACCEPTANCE CRITERIA

Acceptability of the design of the auxiliary feedwater system, as described in
the applicant's safety analysis report (SAR), is based on specific general design'

criteria and regulatory guides. Listed below are the specific criteria used
in this SRP section as they relate to the AFWS.

1. General Design Criterion 2, as related to structures housing the system
and the system itself being capable of withstanding the effects of earth-
quakes. Acceptability is based on meeting position C.1 of Regulatory Guide 1.29
for safety-related portions and position C.2 for nonsafety-related portions.

2. General Design Criterion 4, with respect to structures housing the system
and the system itself being capab h ;f withstanding the effects of external
missiles and internally generated missiles, pipe whip, and jet impingement
forces associated with pipe breaks. The basis for acceptance for meeting
this criterion is set forta in the SRP Section 3.5 and 3.6 series.

3. General Design Criterion 5, as related to the capability of shared sys-
tems and components important tc safety to perfo"m required safety
functions.

.

4. Gen _ral Design Criterion 19, as related to the design capability of system
instrumentation and controls for prompt hot shutdown of the reactor and
potential capability for subsequent cold shutdown. Acceptance is based on
meeting Branch Technical Positio, RSB 5-1 with regards to cold shutdown
from the control room using only safety grade equipment.

I5. General Design Criteria 34 and 44, to assure:

a. The capability to transfer heat loads from the reactor system to a
heat sink under both normal operating and accident conditions.

b. Redundancy of components so that under accident conditions the
safety function can be performed assuming a single active component
failure. (This may be coincident with the loss of offsite power for
certain events.) Branch Technical Position ASB 10-1 as it relates
to AFW pump drive and power supply diversity shall be used in meeting
these criteria.

The capability to isolate components, subsystems, or piping if requiredc.
so that the system safety function will be maintained.
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In meeting these criteria, the recommendations of NUREG-0611 and 0635
shall also be met. An acceptable AFWS should have an unreliability in

Q the range of 10 4 to 10 5 per demand based on an analysis using methods
Q and data presented in NUREG-0611 and NUREG-0635. Compensating factors

such as other methods of accomplishing the safety functions of the AFWS
or other reliable metheds for cooling the reactor core during abnormal
conditions may be considered to justify a larger unavailability of the
AFWS.

6. General Design Criterion 45, as related to design provisions made to
permit periodic inservice inspection of system components and equipment.

7. General Design Criterion 4L, as related to design provisions made to
permit appropriate functional testing of the system and components to
assure structural integrity and leak-tightness, operability and perform-
ance of active components, and capability of the integrated system to
function as intended during normal shutdown, and accident conditions.
In meeting this criteria the technical specifications should specify that
the monthly AFWS pump test shall be performed on a staggered test basis
to reduce the likelihood of leaving more than one pump in a test mode
following the tests.

III. REVIE9 PROCEDURES

The procedures below are used during the construction permit (CP) review to
determine that the design criteria and bases and the preliminary design as set
forth in the preliminary safety analysis report meet the acceptance criteria
given in subsection II. For operating license (0L) applications, the procedures
are utilized to verify that the initial design criteria and ba:es have been

C appropriately implemented in the final design as set forth in the final safety ,

analysis report. The procedures for OL applications also include a determina-
tion that the content and intent of the technical specifications prepared cy
the applicant are in agreement with the requirements for system testing
minimum performance ar.d surveillance developed as a result of the staff,s
review.

Upon request from the primary reviewer, the coordinating review branches will
provide input for the areas of review stated in subsection I. The primary
reviewer obtains and uses such input as required to assure that this review'

procedure is complete.

For the purpose of this SRP section, a typical system is assumed which has
redundant auxiliary feedwater trains, with a 50% capacity motor-driven pump in;

each train feeding directly to the steam generators, and a 100% capacity steam
turbine-driven pump able to supply either of the redundant trains. The pumping
capacity should permit the system to hold the plant at hot standby and subse-
quently to cool down the reactor at specified cooldown rates. The 50% capacity
pump is assumed to have sufficient capacity for decay heat removal following
any accident or transient although cooldown to RHR cut in temperature may take
longer than design. This requirement should also be met for conditions involving
a small break area loss-of-coolant accident (LOCA) or a pipe break outside
containment. For cases where there are variations from the typical arrangement,

i the reviewer adjusts the review procedures to suit the design. However, the
tem design is required to meet the acceptance criteria given in subsection

'u

10.4.9-5 Rev. 2- - July 1981 I
|

|
,- . -- . - - - - . . . - .. - . - - - - - - . - - - - - . -



1. The SAR is reviewed to determine that the system description and piping
and instrumentation diagrams (P& ids) identify the AFWS equipment and
arrangement that is used for normal operation and for s C e plant shutdown
(essential) operation. The system P& ids, layout drawings, and component
descriptions and characteriotics are then reviewed to verify that:

a. Minimum performance requirements for the system are sufficient for
the various functions of the AFWS.

b. Essential portions of the AFWS are isoiable from non-essential portions,
so that system performance is not impaired in the event of a failure
of a non-essential component.

c. Component and system descriptions in the SAR include appropriate
seismic and quality group classifications, and the P& ids indicate
any points of change in piping quality group classification. The
review for seismic design is performed by the SEB and the review for
seismic and quality group classification is performed by the MEB as
indicated in Subsection I of this SRP section.

d. Design provisions have been made that permit appropriate inservice
inspection and functional testing of system components important to
safety. It is acceptable if the SAR information delineates a testing
and inspection program if the system drawings show the necessary
recirculation loops around pumps or isolation valves as may be
required by this program.

2. The reviewer verifies that the system safety function will be maintained
as required, in the event of adverse environmental phenomena, breaks or
cracks in fluid system piping outside containment, system component
failures, loss of an onsitr motive power source, or loss of offsite
power. The reviewer uses engineering judgment and the results of failure
modes and effects analyses to determine that:

The failure of portions of the system or of other systems not designeda.
to seismic Category I standards and located close to essential
portions of the system, or of nonseismic Category I structures that
house, support, or are close to essential portions of the AFWS, will
not preclude operation of the essential portions of the AFWS.
Reference to SAR sections describing site features and the gereral
arrangement and layout drawings will be necessary, as well as the
SAR tabulatian of seismic design classifications for structures and
systems.

b. The essential portions of the AFWS are protected from the effects of
floods, hurricanes, tornadoes, and internally or externally generated
missiles. Flooi protection and missile protection criteria are
discussed and etaluated in detail under the SRP Section 3 series.
The location anJ design of the system, structures, and pump rooms
(cubicles) arc reviewed to determine that the degree of protection
provided is adequate. A statement to the effect that the syste:. #
located in a seismic Category I structure that is tornado missile
and flood protected, or the components of the system will be located
in individual seismic Category I cubicles or rooms that will withstand
the effects of both flooding and missiles is acceptable.
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c. The essential portions of the system are protected from the effects
of high and moderate energy line breaks. Layout drawings are reviewed

) to assure that no high or moderate energy piping systems are close
to essential portions of the AFWS, or that protection from the
effects of failure will be provided. The means of providing such
protection will generally be given in Section 3.6 of the SAR and
procedures for reviewing this information are given in SRP Section
3. 6.1.

d. Essential components and subsystems necest.ary for safe shutdown can
function as required in the event of loss of offsite power. The SAR
is reviewed to see that for each AFWS component or subsystem affected
by the loss of offsite power, system flow and heat transfer capability
meet minimum requirements. Statements in the SAR and the results of
failure modes and effects analyses are considered in assuring that
the system meets these requirements.

e. The system is designed with adequate redundancy to accommodate a
single active component failure without loss of function. This
includes redundant piping and valves from the condensate storage
tank (or other primary source) to the AFW pump suctions,

f. Dive.rsity in pump motive power sources and essential instrumentation
and control power sources has been provided. The diverse system
including pump (s), controls and valves should be independent of
offsite and onsite AC power sources in accordance with the guidelines
of Branch Technical Position ASB 10-1.

!

O g. The system is designed with adequate instrumentation to automatically
initiate auxiliary feedwater flow to the steam generators upon
receipt of an actuation signal. The initiation signal should start
all auxiliary feedwater pumps and supporting systems, align the
auxiliary feedwater sources, and open flow paths from the auxiliary
feedwater pumps to the steam generator (s). The system is also
designed with the capability to manually initiate the necessary

: protective actions. The AFWS is designed with redundant instrumenta-
tion so that the system will automatically limit (may be flow limiting
orifice rather than instrumentation) or terminate auxiliary feedwater
flow to a depressurized steam generator, and to assure that the
minimum required flow is directed to the intact steam generator (s).
The electrical portion of this review is performed by ICSB as indicated
in subsection I of this SRP section. If a flow limiter is used then
it must be dcmonstrated that sufficient flow still goes to the
intact steam generator and containment design pressure is not exceeded
by the AFW flow to the depressurized generator.

j. The AFWS is designed with sufficient flow capacity so that the
system can remove residual heat over the entire range of reactor
operation and cool the plant to the decay heat removal system cut-in
temperature. This review is performed by RSB upon reques* as
indicated in subsection I of this SRP section.

s3. The reviewer verifies that the design has features to meet the generic
i recommendations of NUREG-0611 and 0635. For additional short term recom-O mendation No. 2 regarding AFW pump endurance tests, a 48 hour test is
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acceptable rather than the 72 hour test specified in the NUREGS. The ASB
reviewer coordinates with the ICSB reviewer to assure that the instrumen-
tation and control system aspects of these recommendations are met by the
system design.

4. The reviewer verifies that an AFWS reliability evaluation has been per-
formed in accordance with item II.E.1.1 of NUREG-0737. The reliability
analysis is reviewed to determine the potential for AFW system failure
under various loss of main feedwater transients.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The auxiliary feedwater system includes all components and equipment from
the condensate storage tank (nermal operation) or the seismic Category I
emergency water supply (including valves and cross connections) to the
connection with the steam generators. The AFWS is designed to seismic
Category I requirements since system operation is necessary to mitigate
the consequences of an accident. This includes an automatic seismic
Category I, tornado protected supply of water to the AFW pump suction.
Based on the review of the applicant's proposed design criteria, design
bases and safety classification for the auxiliary feedwater system, and
system performance requirements during normal, abnormal, and accident
conditions, the staff concludes that the design of the auxiliary feed-
water system and supporting systems is acceptable and meets the Commission's
regulations as set forth in General Design Criteria 2, 4, 5, 19, 34, 44,
45, and 46. This conclusion is based on the following:

1. The AFW system design meets the requirements of General Design
Criterion 2 with respect to protection against the effects of
earthquakes since the safety related portions are designed to
seismic Category I requirements in accordance with position C.1 of
Regulatory Guide 1.29 and the nonsafety-related portions are
designed in accordance with position C.2 of Regulatory Guide 1.29.

2. The AFW system design meets the requirements of General Design
Criterion 4 with respect to protection against the effects of pipe
breaks and missiles. Acceptance was based on locating the AFW
system pumps and trains in individual cubicles which separate
redundant components and are protected against the effects of
tornado missiles. Refer to the Chapter 3 sections of this report
for a description of how this protection is accomplished.

3. The AFW system is designed in accordance with the requirements of
General Design Criterion 5 with respect to sharing of structures
systems and components. This is accomplished since a failure of any
component including a pipe break and single active failure will not
prevent the safe shutdown and cooldown of either unit (together or
singularly).

4. The system design meets the requirements of General Design Criterion 19
as related to the design capability of system instrumentation and
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controls for prompt hot shutdown of the reactor and potential capabil-
ity for subsequent cold shutdown since the design meets the requirementp') of Branch Technical Position RSB 5-1 which requires the capability(V to bring primary plant temperature to the RHR cut-in point following
four hours at hot standby from the control room using only safety
grade equipment and assuming any single active failure.

5. The system design meets the requirements of Genral Design Criteria 34
and 44 since it has the capability to transfer heat loads, including

,

decay heat from the reactor, during normal operating and accident I
conditions assuming any single active failure. The system has suit- |
able redundancy such that it can withstand a pipe break and single
active failure and still perform its safety function. The system
deign also has sufficient diversity such that it meets the require-
ments of Branch Technical Position ASB 10-1. In meeting these
General Design Criteria the applicant has also met the generic
recommendations identified in NUREGS-0611 and -0635 and has performed
a reliability analysis in accordance with NUREG-0737, item II.E.1.1.
The results of the reliability analyses were acceptable since it was
shown that the AFWS has an unreliability in the range of 10 4 to 10 5
per demand.

6. The pumps, valves, heat exchangers and piping of the system, to the
extent practicable, are designed and located to facilitate periodic
inspection as required by General Design Criterion 45. This is
accomplished by providing adequate accessability to conduct the
required examinations. p

Q) i

( 7. To meet the requirements of General Design Criterion 46, the auxiliaryv feedwater system is designed to include the capability for testing
through the full operational sequence that brings the system into
operation for reactor shutdown and for loss of-coolant accidents,
including operation of applicable portions of the protection system
and the transfer between normal and emergency buses.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

Implementation schedules for conformance to part of the method discussed herein
are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 2, " Design Bases for
Protection Against Natural Phenomena."

) 2.
10 CFR Part 50, Appendix A, General Design Criterian 4, " Environmental
and Missile Design Bases."
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3. 10 CFR Part 50, Appendix A, General Design Criterion 5, " Sharing of
Structures, Systems, and Components."

4. 10 CFR Part 50, Appendix A, General Design Criterion 19, " Control Room."

5. 10 CFR Part 50, Appendix A, General Design Criterion 34, " Decay Heat
Removal."

6. 10 CFR Part 50, Appendix A, General Design Criterion 44, " Cooling Water."

7. 10 CFR Part 50, Appendix A, General Design Criterion 45, " Inspection of
Cooling Water System."

8. 10 CFR Part 50, Appendix A, General Design Criterion 46, " Testing of
Cooling Water System."

9. Regulatory Guide 1.29, " Seismic Design Classification."

10. Branch Technical Position RSB 5-1, " Design Requirements of the Residual
Heat Removal System," attached to SRP Section 5.4.7.

11. Branch Technical Position ASB 10-1, " Design Guidelines for Auxiliary
Feedwater System Pump Drive and Power Supply Diversity for Pressurized
Water Reactor Plants," attached to this SRP section.

12. NUREG-0611 " Generic Evaluation of Feedwater Transients and Small Break
Loss-of-Coolant Accidents in Westinghouse - Designed Operating Plants,"
January 1980.

13. NUREG-0635 " Generic Evaluation of Feedwater Transients and Small Break
Loss-of-Coolant Accidents in Combustion Engineering - Designed Operating
Plants," January 1980.

14. NUREG-0737 " Clarification of TMI Action Plan Requirements," November 1980.

i
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BRANCH TECHNICAL POSITION ASB 10-1

DESIGN GUIDELINES FOR
AUXILIARY FEEDWATER SYSTEM PUMP DRIVE AND

POWER SUPPLY DIVERSITY FOR PRESSURIZED WATER
REACTOR PLANTS

A. BACKGROUND

Heat removal from pressurized water reactor plants following reactor trip and
a loss of offsite power is accomplished by the operation of several systems
including the secondary system via the steam relief system. Similar capability
is required to mitigate the consequences of certain postulated piping breaks.
Such heat removal involves heat transfer from the reactor to the steam generators,
resulting in the production of steam which is then released to the atmosphere.
In this process it becomes necessary to supply makeup water to the steam
generators. This is accomplished by the use of an auxiliary feedwater system,
which generally consists of redundant components that are powered by both
electrical and steam-driven sources.

The auxiliary feedwater system functions as an engineered safety system because
it is the only source of makeup water to the steam generators for decay heatn

V)( removal when the main feedwater system becomes inoperable. It must, therefore,
be designed to operate when needed, using the principles of redundancy and
diversity in order to assure that it can function under postulated accident
conditions. The majority of current systems are powered by electrical or
steam-driven sources. Operating experience demonstrates that each type of
motive power can be subject to a failure of the driving component itself, its
source of energy, or the associated control system. The effects of such
failures can be minimized by the utilization of diverse systems that include
energy sources of at least two different and distinct types.

The provision of several independent flow paths for the auxiliary feedwater
system serves to preclude the possibility of a complete loss of function due
to a single event, either occurring alone, or in conjunction with the failure
of an active component. The auxiliary feedwater system is categorized as a
high energy system, because either that section of line which connects to the
main feedwater piping or the steam generator is pressurized during plant
operation or else the entire system is pressurized when in use during startup,
hot. standby, and shutdown.

The staff believes that it is necessary to establish design guidelines for the
auxiliary feedwater system, and in this regard has developed guidelines that
may be used to select the minimum diversity acceptable for auxiliary feedwater
system pump drives and power supplies.

O
O
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B. BRANCH TECHNICAL POSITION

1. The auxiliary feedwater system should consist of at least two full-capacity,
independent systems that include diverse power sources.

2. Other powered components of the auxiliary feedwaten system should also
use the concept of separate and multiple sources of motive energy. An
example of the required diversity would be two separate auxiliary feedwater
trains, each capable of removing the afterheat load of the reactor system,
having one separate train powered from either of two a-c sources and the
other train wholly powered by steam and d-c electric power.

3. The piping arrangement, both intake and discharge, for each train should
be designed to permit the pumps to supply feedwater to any combination of
steam generators. This arrangement should take into account pipe failure,
active component failure, power supply failure, or control system failure
that could prevent system function. One arrangement that would be accept-
able is crossover piping containing valves that can be operated by remote
manual control from the control room, using the power diversity pri.ciple
for the valve operators and actuation systems.

4. The auxiliary feedwater system should be designed with suitable redundancy
to offset the consequences of any single active component failure; however,
each train need not contain redundant active components.

5. When considering a high energy line break, the system should be so arranged
as to assure the capability to supply necessary emergency feedwater to
the steam generators, despite the postulated rupture of any high energy
section of the system, assuming a concurrent single active failure.

C. REFERENCES

None

%
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BRANCH TECHNICAL POSITION ASB 10-1

DESIGN GUIDELINES FOR
AUXILIARY FEEDWATER SYSTEM PUMP DRIVE AND

POWER SUPPLY DIVERSITY FOR PRESSURIZED WATEl
REACTOR PLANTS

A. BACKGROUND

Heat removal from pressurized water reactor plants following reactor trip and
a loss of offsite power is accomplished by the operation of several systems
including the secondary system via the steam relief system. Similar capability
is required to mitigate the consequences of certain postulated piping breaks.
Such heat removal involves hent transfer from the reactor to the steam generators,
resulting in the production of steam which is then released to the atmosphere.
In this process it becomes necessary to supply makeup water to the steam
genera b ra. This is accomplished by the use of an auxiliary feedwater system,
which generally consists of redundant components that are powered by both
electrical and steam-driven sources.

The auxiliary feedwater system functions as an engineered safety system because
o it is the only source of makeup water to the steam generators for decay heat

(v) removal when the main feedwater system becomes inoperable. It must, therefore,

be designed to operate when needed, using the principles of redundancy and
diversity in order to assure that it can function under postulated accident
conditions. The majority of current systems are powered by electrical or
steam-driven sources. Operating experience demonstrates that each type of
motive power can be subject to a failure of the driving component itself, its
source of energy, or the associated control system. The effects of such
failures can be minimized by the utilization of diverse systems that include
energy sources of at least two different and distinct types.

The provision of several independent flow paths for the auxiliary feedwater
system serves to preclude the possibility of a complete loss of function due
to a single event, either occurring alone, or in conjunction with the failure
of an active component. The auxiliary feedwater system is categorized as a
high energy system, because either that section of line which connects to the
main feedwater piping or the steam generator is pressurized ' ming plant
operation or else the entire system is pressurized when ir, use Furing startup,
hot standby, and shutdown.

The staff believes that it is necessary to establish design guidelines for the
auxiliary feedwater system, and in this regard has developed guidelines that
may be used to select the minimum diversity acceptable for auxiliary feedwater
system pump drives and power supplies.

V
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B. BRANCH TECHNICAL POSITION

1. The auxiliary feedwater system should consist of at least two full-capacity,
independent systems that include diverse power sources.

2. Other powered components of the auxiliary feedwater system should also
use the concept of separate and multiple sources of motive energy. An
example of the required diversity would be two separate auxiliary feedwater
trains, each capable of reaoving the afterheat load of the reactor system,
having one separate train powered from either of two a-c sources and the
other. train wholly powered by steam and d-c electric power.

3. The piping arrangement, both intake and discharge, for each train should
be designed to permit the pumps to supply feedwater to any combination of
steam generators. This arrangement should take into account pipe failure,
active component failure,. power supply failure, or control system failure
that could prevent system function. One arrangement that wou;d be accept-
able is crossover piping containing valves that can be operated by remote
manual control from the control room, using the power diversity principle
for the valve operators and actuation systems.

4. The auxiliary feedwater system should be designed with suitable redundancy
to offset the consequences of any single active component failure; however,
each train need not contain redundant active components.

5. When considering a high energy line break, the system should be so arranged
as to assure the capability to supply necessary emergency feedwater to
the steam generators, des 91te the postulated rupture of any high energy
section of the system, as;uming a concurrent single active failure.

C. REFERENCES

None
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SECTION 11.1 SOURCE TERMS

REVIEW RESPONSIBILITIES

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - None

I. AREAS OF REVIEW

At the construction permit (CP) stage of review, ETSB reviews the information in |
the applicant's safety analysis report (SAR) on the sources of radioactivity that I

are input to the radioactive waste management systems for treatment of liquid and
gaseous wastes. At the operating license (0L) stage of review, ETSB review consists
of confirming the information accepted at the CP stage.

1. ETSB review of radioactive source terms includes consideration of parameters
used to determine the cor. centration of each isotope in the reactor coolant;
fraction of fission product activity released to the reactor coolant; concen-

O trations of all nonfission product radioactive isotopes in the reactor coolant;
''j leakage rates and associated fluid activity for all potentially radioactives

water and steam systems; and potential sources of radioactive materials in
effluents that are not considered in the applicant's safety analysis report
(SAR) Section 11.2, " Liquid Waste Management Systems," and SAR Section 11.3,
" Gaseous Waste Management Systeris." The following sources are considered in
the evaluation of effluent releases:

a. Boiling water reactor (BWR) gaseous wastes (noble gases, radioiodine,
and particulates, carbon-14 and tritium), consisting of offgases from
the main condenser evacuation and turbine- gland sealing systems, steam
and liquid leakage to containment, radwaste, turbine, fuel handling
and auxiliary buildings, and ventilation system exhausts from buildings
having the potential for containing radioactive materials.

b. BWR liquid wastes, consisting of leakage to equipment and floor drains
from buildings housing equipment and components that may contain radio-
active fluids; contaminated liquids produced by plant operations, such
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as demineralizer regenerants and resin sluice Nater, filter backwashes,
ultrasonic resin cleaning rinses, decontaminat. ion solutions, and
laboratory samples and rinses; and detergent vastes.

c. Pressurized water reactor (PWR) gaseous wastes (noble gases, radio-
iodine, and particulates, carbon-14 and tritium), consisting of
offgases from the steam generator blowdown flash tank; offgases from
the main condenser evacuation system; leakage to containment, fuel
handling, auxiliary, and turbine buildings; noble gases stripped from
the primary coolant during normal operation and at shutdown; and cover
and vent gases from tanks and equipment containing radioactive material.

d. PWR liquid wastes, consisting of primary coolant processed to control
boron concentration (shim bleed); leakage collected in equipment and
floor drains from buildings housing equipment and components that
may contain radioactive fluids; steam generator blowdown; condensate
demineralizer regenerant solutions; contaminated liquids from antici-
pated plant operations such as resin sluices, filter backwashes,
decontamination solutions, and sample station drains; and detergent
wastes.

2. The releases of radioactive materials in liquid and gaseous ef fluents
calculated by ETSB will be used in SRP Sections 11.2 and 11.3 to evaluate
the liquid and gaseous waste systems.

II. ACCEPTANCE CRITERIA

ETSB will accept the source terms used as the design basis for expected releases
if the following Commission regulations are met:

1. 10 CFR Part 20 as it relates to radioactivity in effluents to unrestricted
areas.

2. 10 CFR Part 50, Appendix I as it relates to the numerical guides for design
objectives and limiting conditions for operation to meet the criterion
"as low as is reasonably achievable" given in the Appendix I.

3. General Design Criterion 60 as it relates to the radioactive waste manage-
ment systems being designed to control releases of radioactive materials
to the environment.

The requirement of the Commission regulations identified above are met by using
the regulatory positions contained in the following regulatory guides:

a. Regulatory Guide 1.110 as it relates to the cost-benefit analysis
for radioactive waste management systems and equipment.

b. Regulatory Guide 1.112 as it relates to the method of calculating
release of radioactive materials in effluents from nuclear power
plants.

c. Regulatory Guide 1.140 as it relates to the design testing and main-
tenance of normal ventilation exhaust systems at nuclear power plants.

O
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Specific criteria necessary to meet the relevant requirements of 10 CFR Part 20
and 10 CFR Part 50 are as follows:3

1
1. The parameters used to calculate primary and secondary coolant concentra-

tions for PWRs are consistent with those given in NUREG-0017 (Ref. 1).
The parameters used to calculate coolant concentrations for BWRs are
consistent with those given in NUREG-0016 (Ref. 2).

2. All normal and potential sources of radioactive effluent delineated in
subsection I are considered.

,

3. For each source of liquid and gaseous waste considered in subsection I.1,
the volumes and concentrations of radioactive material given for normal
operation and anticipated operational occurrences are consistent with
those given in NUREG-0016 or NUREG-0017.

4. Decontamination factors for inplant control measures used to reduce gaseous
effluent releases to the environment, such as iodine removal systems and
high efficiency particulate air (HEPA) filters for building ventilation
exhaust systems and containment internal cleanup systems are consistent
with those given in Regulatory Guide 1.140 (Ref. 3). The building mixing
efficiency for containment internal cleanup is consistent with NUREG-0017.

5. Decontamination factors for inplant control measures used to reduce liquid
effluent releases to the environment, such as filters, demineralizers and
evaporators, are consistent with those given in NUREG-0016 or NUREG-0017.

,

6. Radwaste augments used in the calculation of effluent releases to the environ-
) ment are consistent with the findings of a cost-benefit analysis, performed i

*

V using the guidance of Regulatory Guide 1.110 (Ref. 4). The provisions
that require a cost-benefit analysis are stated in Section II.D of Appendix I ..

to 10 CFR Part 50 (Ref. 5).

7. The source terms meet the "as low as is reasonably achievable" objective
*for effluent releases as required by paragraph c of Section 20.1 of 10 CFR
I.Part 20 (Ref. 6).

8. The source terms result in meeting the design objectives for doses in an
unrestricted area as set forth in Appendix I to 10 CFR P~t 50.

9. For evaluating the source terms, the applicant shour aide the relevant
information in the SAR as required by 10 CFR Part 50, Section 50.34 (Ref. 7)
and 10 CFR Part 50, Section 50.34a (Ref. 8). This. technical information
should include all the basic data listed in Appendix A (BWRs) and Appendix B
(PWRs) to Regulatory Guide 1.112 (Ref. 9) required in calculating the
releases of radioactive material in liquid and gaseous effluents (the source
terms). An acceptable method for satisfying the criteria given in items 1
through 6 consists of using the gaseous and liquid effluent (GALE) Computer
Code and the source term parameters given in NUREG-0016 or NUREG-0017 for
BWRs and PWRs respectively. Complete listings of the GALE Computer Codes
for BWRs and PWRs are given in NUREG-0016 and NUREG-0017 respectively.

%<
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10. If the applicant's calculational technique or any source term parameter
differs from that given in NUREG-0016 and NUREG-0017, they should be
oescribed in detail and the bases for the methods and parameters used
should be provided.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from this SRP section as may
be appropriate for a particular case.

1. In tne review of the mathematical models and parameters given in the SAR
to calculate primary coolant concentrations, and of the leakage rates to
the radioactive waste management systems, ETSB compares parameters and
calculations given in the SAR with the models and parameters given in
NUREG-0016 and NUREG-0017. If the SAR includes models or parameters to
estimate reactor coolant concentrations and leakage rates that differ from
these reports, the parameters and calculations used need to be substantiated.
The preferred method of substantiation is by presentation of operating
data from similar reactors.

2. ETSB performs an independent calculation of the primary and secondary (PWR)
coolant concentrations and of the release rates of radioactive materials
using the GALE Computer Code, and the " Principal Parameters for Source
Term Calculations" given in NUREG-0016 and NUREG-0017, and the information
supplied by the applicant in accordance with Appendices A and 3 of Re~gulatory
Guide 1.112.

3. In the calculation, ETSB will use the applicant's values as given in the
SAR for the following parameters: design core thermal power level, steam
flow rate, coolant mass, and coolant purification rates.

4. ETSB will use the coolant concentrations, leakage rates, and effluent
release rates calculated above as inputs for evaluation of the liquid
waste system, under SRP Section 11.2, and the gaseous waste systems,
under SRP Section 11.3, to determine if these systems meet the dose
design objectives of Appendix I to 10 CFR Part 50.

5. The ETSB will review under SRP Section 11.5 " Process and Effluent Radio-
logical Monitoring and Sampling Systems," the monitoring and control
provisions for all the applicable effluent release points identified in
subsection I.1, above.

6. The ETSB source term calculations are used for both the review of the SAR
and for the staff's Environmental Impact Statement.

IV. EVALUATION FINDINGS

Sufficient information has been provided by the applicant so that the require-
ments of 10 CFR Part 50, Sections 50.34 and 50.34a have been met. The ETSB
summary statement on the acceptability of source terms used as design parameters
for the waste management systems will be made under SRP Sections 11.2, " Liquid
Maste fystems," and 11.3, " Gaseous Waste Systems."

9
11.1-4 Rev. 2 - July 1981

,



;

V. IMPLEMENTATION
^

'((-)Thefollowingisintendedtoprovideguidancetoapplicantsandlicenseesregarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREGs.

VI. PEFERENCFS

1. NUREG-0017, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Pressurized Water Reactors (PWRs)."

2. NUREG-0016, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Boiling Water Reactors (BWRs)."

3. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration and Adsorption Units of

' Light-Water-Cooled Nuclear Power Plants."

4. Regulatory Guide 1.110, " Cost-Benefit Analysis for Radwaste Systems for
~ Light-Water-Cooled Nuclear Power Reactors."
N

5. 10 CFR Part 50, Appendix I, " Numerical Guides for Design Objectives and
Limiting Conditions for Operation to Meet the Criterion ' As Low As Practi-
cable' for Radioactive Material in Light-Water-Cooled Nuclear Power Reactor
Effluents," May 5, 1975.

6. 10 CFR Part 20, " Standards for Protection Against Radiation."

7. 10 CFR Part 50, Sec. tion 50.34, " Domestic Licensing of Production and
Utilization Facilities - Contents of applications; technical information."

8. 10 CFR Part 50, Section 50.34a, " Domestic Licensing of Production and
- Utilization Facilities - Design objectives for equipment to control

releases of radioactive material in effluents - nuclear power reactors."

9. Regulatory Guide 1.112, " Calculation of Releases of Radioactive Materials
in Gaseous and Liquid Effluent from Light-Water-Cooled Power Reactors."

10. 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of Releaser
of Radioactive Materials to the Environment."

11. 10 CFR Part 50, Appendix A, General Design Criterion 64, " Monitoring
Radioactivity Releases."

.
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11.2 LIQUID WASTE MANAGEMENT SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - Radiological Assessment Branch (RAB)

I. AREAS OF REVIEW

The primary review function is performed by ETSB. At the construction permit (CP)
stage, ETSB reviews the information in the applicant's preliminary safety analysis
report (PSAR) in the specific areas that follow. During the operating license (OL)
stage of review, the ETSB review consists of confirming the design accepted at the
CP stage and evaluating the adequacy of the applicant's technical specifications
in these areas. The ETSB review includes:

1. The liquid radwaste treatment system design, design objectives, design
criteria, methods of treatment, exoected releases, and principal parametersg

t used in calculating the releases of radioactive materials in liquid effluentsV) including the system piping and instrumentation diagrams (P& ids) and process
flow diagrams showing methods of operation and factors that influence waste
treatment, e.g., system interfaces and potential bypass routes.

2. Equipment design capacities, expected flow and radionuclide concentrations,
expected decontamination factors for radionuclides, and available holdup time.

3. The system design capacity relative to the design and expected input flows,
and the period of time the system is required to be in service to process
normal waste flows.

4. The availability of standby equipment, alternate processing routes, and
interconnections between subsystems in order to evaluate the overall system
capability to meet anticipated demands imposed by major processing equipment
downtime and waste volume surges due to anticipated operational occurrences.

5. The quality group classifications of piping, and equipment, and the bases
governing the design criteria chosen.
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6. Provisions to prevent, control ano collect releases of radioactive material
in liquids due to tank overflows from all plant systems, outside reactor
containment having the potential to incur such releases.

7. Design and expected temperatures and pressures, and materials of construc-
tion of the components of the liquid waste management system.

8. Design provisions incorporated in the equipment and facility design to
reduce leakage and facilitate operation and mai. 7ance in accordance with
the guidelines of Regulatory Guide 1.143. (Ref. o)

9. Design features that would h liquid input volumes or discharge of
radioactive material in liqtsd effluents.

10. Special design features that may be unique to the plant, topical reports
incorporated by reference, and data obtained from previnus experience with
similar systems which are submitted with the SAR.

ETSB reviews the design provisions of the liquid radwaste system incorporated
te iample and monitor radioactive elements in liquid procets and effluent
streams as part of its primary responsibility for SRP Section 11.5.

ETSB also reviews the conwquences of a liquid tank failure having the potential
to release radioactive ma srial to a portable water supply as part of its
primary review responsibi .ty for SRP Section 15.7.3.

A secondary review is performed by the RAB and the results are used by ETSB to
complete the overall evaluation of the system. RAB performs the dose calcula-
tions based on the liquid source term provided by ETSB and transmits the results
to ETSB for their use in - valuating the gaseous waste processing system. RAB
also reviews the dose calculational portions of the radiological effluent tech-
nical specifications for input into SRP Section 16.0.

In addition, ETSB will coordinate other branches' evaluations that interface
with the overall review of the system as follows: the Structural Engineering
Branch (SEB) determines the acceptabilit) of the design analyses, procedures,
and criteria used to establish the ability of seismic Category 1 structures
housing the system and supporting systems to withstand the effects of natural
phenomena such as tM safe shutdown earthquake (SSE), probable maximur flood
(PMF), and tornado missiles as part of its primary review responsibility for
SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4, and 3.8.5. The
Mechanical Engineering Branch (MEB) determines the acceptability of the seismic
and quality group classifications for system components as part of its primary
review responsibility for SRP Sections 3.2.1 and 3.2.2. The Accident
Evaluation Branch (AEB) evaluates the radiological consequences of the release
to the atmosphere of radioactive fission gases resulting from an unexpected
and uncontrolled release of radioactive liquids as part of its primary review
responsibility for SRP Section 15.7.2. The reviews for technical specifications
and quality assurance are coordinated and performed by the Licensing Guidance
Branch and the Quality Assurance Branch (QAB) as part of their primary review
responsibility for SRP Sections 16.0 and 17.0, respectively.

For those areas of review identified above as being revi ved as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.
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II. ACCEPTANCE CRITERIA

ETSB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

1. 10 CFR Part 20, 9 20.106 as it relates to radioactivity in effluents to
unrestricted areas.

2. 10 CFR Part 50, 9 50.34a as it relates to sufficient design information being
provided to demonstrate that design objectives for equipment necessary to
control releases of radioactive effluents to the environment have been
met.

3. General Design Criterion 60 as it relates to the radioactive waste manage-
ment systems being designed to control releases of radioactive materials
to the environment.

4. General Design Criterion 61 as it relates to radioactive waste systems to
be designed to assure adequate safety under normal and postulated accident
conditions.

The relevant requirements of the Comission regulations identified above
are met by using the regulatory positions contained in the following
regulatory guides listed below.

a. Regulatory Guide 1.110 as it relates to performing a cost-benefit
analysis for reducing cumulative dose to the population by using
available technology.

b. Regulatory Guide 1.143 as it relates to the seismic design and goality
group classification of components used in the liquid waste treatment
system and structures housing systems and the provisions used to
control leakages.

5. 10 CFR Part 50, Appendix I, Sections II.A and II.D as it relates to the
numerical guides for dose design objectives and limiting conditions for
operation to meet the "as low as is reasonably achievable" criterion.

The liquid radwaste treatment system should have tha capability to meet the ,

requirements specified in 10 CFR Part 20, 9 20.106 and 10 CFR Part 50, S 50.34a,
and General Design Criteria 60 and 61 of Appendix A of 10 CFR Part 50 and the
dose design objectives specified in Sections II.A and II.D of Appendix I to 10
CFR Part 50, including provisions to treat liquid radioactive waste.

1. Specific criteria necessary to meet the relevant requirements of the
Commission regulations are as follows:

a. The calculated annual total quantity of all radioactive material
released from EEh reactor at the site to unrestricted areas will
not result in an estimated annual dose or dose commitment from liquid
effluents for any individual in an unrestricted area from all pathways
of exposure in excess of 3 millirems to the total body or 10 millirems
to any organ.

O
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b. In addition to 1.a above, the liquid radwaste treatment systems
should include all items of reasonably demonstrated technology that
when added to the system sequentially and in order of diminishing
cost-benefit return, can for a favorable ;ost-benefit ratio effect
reductions in dose to the population reasonably expected to be within
50 miles of the reactor. Regulatory Guide 1.110 provides an accep- |
table method for performing this analysis. '

c. The concentrations of radioactive materials in liquid effluents
released to an unrestricted area should not exceed the limits in
10 CFR Part 20, Appendix B, Table II, Column 2.

2. The liquid radwaste treatment system should be designed to meet the |
anticipated procebing requirements of the station. Adequate capacity
should be provided to process liquid wastes during periods when major
processing equipment may be down for maintenance (single failures) and
during periods of excessive waste generation. ETSB will accept systems I
that have adequate capacity to process the anticipated wastes and that |
are capable of operating within the design objectives during normal |
operation, including anticipated operational occurrences. To meet these I

processing demands, ETSB will consider interconnections between subsystems,
redundant equipment, and reserve storage capacity.

3. The seismic design of structures housing liquid radwaste systems, the
quality group classification of liquid radwaste treatment equipment, and |

provisions to prevent and collect spills from indoor and outdoor storage I

tanks should conform to the guidelines of Regulatory Guide 1.143.

4. ETSB will accept system designs that contain provisions to control leakage
and facilitate operation and maintenance in accordance with the guidelines
of Regulatory Guide 1.143.

I

III. REVIEW PROCEDURES

ETSB reviews the applicants submittal in the following manner:

1. The P& ids and system process flow diagrams are reviewed to determine all
sources of liquid inpat volumes, the points of collection of liquid waste,
the flow paths of liquids through the system including all bypasses, the.

treatment provided, and the points of release of liquid effluents to the ;
environment. This information is used to calculate the quantity of radio- |

active materials released annually in liquid effluents during normal
ope a tion, including anticipated operational occurrences, using the para-
meters given, the GALE Code, and calculational techniques given in NUREG-0016
and NUREG-0017. The results of this calculation will be used to determine
whether the proposed treatment system design meets the acceptance criterion

|of subsection II.1.c and in review of SRP Section 11.1. Compliance with
the acceptance criteria given in subsection II.1.a concerning exposures
to the total body or critical organ of an individual in an unrestricted |
area will be determined based on RAB dose calculations using the ETSB- )
calculated source term.

Compliance with the acceptance criterion given in subsection II.1.b
concerning the cost-benefit analysis will be determined based on RAB

|man-rem dose calculations in conjunction with ETSB cost-benefit studies. '

11.2-4 Rev. 2 - July 1981 |
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2. The ETSB review of the liquid waste treatment system design capacity will,

' encompass three major areas:

a. The system capability to process wastes in the event of a single major
equipment item failure, e.g., an evaporator outage.

b. The system capability to accept additional wastes during operations
which result in excessive liquid waste generation.

c. The system capability to process wastes at design basis fission product
leakage levels, i.e., from 1% of the fuel producing power in a PWR
or, in a BWR, consistent with a noble gas release of 100 pCi/sec/MWt
measured after 30 minutes delay.

e

ETSB will compare the average input flows to the design flows to
determine the fraction of time individual subsystems must be online'

to process normal waste inputs. ETSB will review the operational
flexibility designed into the system, i.e., cross connections between
subsystems, redundant or reserve processing equipment, and reserve
storage capacity. Based on the usage factors and operational flexi-
bilities, ETSB will evaluate the overall system capability to process,

| wastes in the event of (a), (b), or (c), above, by comparing the
design flows to the potential process routes and equipment capacities.

| ETSB will assume evaporators are unavailable for 2 consecutive days
per week for maintenance. If two days holdup capacity or an alter-'

',

native evaporator are not available for the process stream, ETSB will
assume the stream is processed by an alternate route or discharged
to the environment, consistent with the guidelines of NUREG-0016 and(p) NUREG-0017.

E/
3. ETSB compares the seismic and quality group classification for radwaste

systems with the guidelines of Regulatory Guide 1.143. Exceptions are
transmitted to MEB in accordance with our coordinated review responsibility,

' given in subsection I, above. ETSB assures that the design includes
provisions to prevent and collect leakage due to overflows and spillage
from indoor and outdoor storage tanks, and are in conformance with the
guidelines of Regulatory Guide 1.143. ETSB reviews the seismic design
criteria of structures housing the liquid radwaste system in accordance
with the design guidance identified in Regulatory Guide 1.143. Exceptions
are transmitted to SEB in accordance with our coordinated review responsi-
bility given in subsection I, above.

4. ETSB compares the system design, system and building layout, equipment
design, method of operation, and provisions to reduce leckage and:

' facilitate operations and maintenance with the guidelines of Regulatory
Guide 1.143. ETSB will evaluate special design features provided to
control leakage from system components and topical reports on systems
designed on a case-by-case basis.

5. ETSB reviews the technical specifications proposed by the applicant for
process and effluent control for input into SRP Section 16.0. RAB reviews.

the dose calculation portions of the technical specifications for input
into SRP Section 16.0. The reviewer will determine that the content and 5

intent of the technical specifications are in agreement with the require-
j ments developed as a result of the staff's review. The review will include

11.2-5 Rev. 2 - July 1981
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the evaluation or deve:1pment of appropriate limiting conditions for opera-
tion and their bases consistent with the plant design. The technical
specifications are reviewed with respect to the requirements of 10 CFR
Part 50, S 50.34a.

1

IV. EVALUATION FINDINGS

ETSB verifies that sufficient information has been provided and that the review
is adequate to support conclusions of the following type, to be included in
the staf f's safety evaluation report:

The liquid radwaste systems includes the equipment necessary to control the
releases of radioactive materials in liquid effluents in accordance with General
Design Criteria 60 and 61 of Appendix A of 10 CFR Part 50 and 10 CFR Part 50,
% 50.34a. The staff concludes that the design of the liquid waste managment
systems is acceptable and meets the requirements of 10 CFR Part 20, a 20.106,
10 CFR Part 50, S 50.34a, General Design Criteria 60 and 61 and 10 CFR Part 50,
Appendix I. This conclusion is based on the following:

1. The applicant has met the requirements of Section II.A of Appendix I of
10 CFR Part 50 with respect to dose limiting objectives by proposing a
liquid radwaste treatment systems that is capable of maintaining releases
of radioactive materials in liquid effluents such that the calculated
individual doses in an unrestricted area from all pathways of exposure are
less than 3 millirems to the total body and 10 millirems to any organ.
In the staff's evaluation, we have considered releases of radioactive
materials in liquid effluents for normal operation including anticipated
operational occurrences based on expected radwaste inputs over the life
of the plant for each reactor on the site in accordance with
SRP Section 11.1.

2. The applicant has met the requirements of Section II.D of Appendix I of
10 CFR Part 50 with respect to meeting the "as low as reasonably achievable"
criterion since we have considered the potential effectiveness of augmenting
the proposed liquid radwaste treatment systems using items of reasonably
demonstrated technology and have determined that further effluent treatment
will not effect reductions in the cumulative population dose reasonably
expected within a 50-mile radius of the reactor at a cost of less than
$1000 per man-rem or man-thyroid-rem.

3. The applicant has met the requirements of 10 CFR Part 20, 920.106 since
we have considered the potential consequences resulting from reactor opera-
tion, and we have determined the concentrations of radioactive materials
in liquid effluents in unrestricted areas will be a small fraction of the
limits in 10 CFR Part 20, Appendix B, Table II, Column 2.

4. The applicant has met the requirements of General Design Criterion 60 and
61 with respect to controlling releases of radioactive material to the
environment since we have considered the capabilities of the proposed
liquid radwaste treatment system to meet the demands of the plant due to
anticipated operational occurrences and have concluded that the system
capacity and design flexibility are adequate to meet the anticipated
needs of the plant. We have reviewed the applicant's quality assurance
provisions for the liquid radwaste systems, the quality group classifi-
cations used for system components, and the seismic design applied to
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structures housing these systems. The design of the systems and structures '

housing these systems meet the criteria as set forth in Regulatory Guide
4

1 1.143. We have reviewed the provisions incorporated in the applicant's
design to control the release of radioactive materials in liquids due tos

inadvertent tank overflows and conclude that the measures proposed by the<

applicant are consistent with the criteria as set forth in Regulatory Guide
1.143.;

5. The applicant has met the requirements of 10 CFR Part 50, 5 50.36a with
; respect to providing technical specifications pertaining to the liquid

radwaste systems so that the provisions of the specifications are
sufficient to insure that they fulfill the requirement of tne regulation.

4

*

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

4

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations, '

the method described herein will be used by the staff in its evi!uation of
conformance with Commission regulations.

,

Implementation schedules for conformance to parts of the method discussed herein
are contained in the reference regulatory guides.

VI. REFERENCES

1. 10 CFR Part 20, " Standards for Protection Against Radiatien," and
,

Appendix B, " Concentration in Air and Water Above Natural Background." '

2. 10 CFR Part 50, S 50.34a, " Design Objectives for Equipment to Control
Releases of Radioactive Material in Effluents - Nuclear Power Reactors."

3. 10 CFR Part 50, S 50.36a, " Technical Specifications on Effluents from
Nuclear Power Reactors."

4. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power
Plants." '

5. 10 CFR Part 50, Appendix I, " Numerical Guides for Design Objectives and
Limiting Conditions for Operation to Meet the Criterion 'As Low As
Practicable' for Radioactive Material in Light-Water-Cooled Nuclear Power i

Reactor Effluents."

6. NUREG-0016, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Boiling Water Reactors (BWRs)."

7. NUREG-0017, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Pressurized Water Reactors (PWRs)."4

8. Regulatory Guide 1.110, " Cost Benefit Analysis for Radwaste System for
Light-Water-Cooled Nuclear Power Reactors."

4

1
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9. Regulatory Guide 1.143, " Design Guidance for RadioM tive Waste Mana. 'nt
Systems, Structures and Components in Light-Water-Cooled Nuclear Reactor
Power Plants."

O

O
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11.3 GASEOUS WASTE MANAGEMENT SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - Radiological Assessment Branch (RAB)

I. AREAS OF REVIEW

At the construction permit (CP) stage of review, ETSB reviews the information in
the applicant's safety analysis report (SAR) in the specific areas that follow.
At the operating license (OL) stage of review, ETSB review consists of confirming
the design accepted at the CP stage and evaluating the adequacy of the applicant's
technical specifications in these areas. TN ETSB review includes:

|
1. The gaseous waste managelrent (treatment and ventilation) systems design,

design objectives, design criteria, methods of treatment, expected releases,
_ and principal parameters used in calculating the releases of radioactive

materials (noble gases, radioiodine, and particulates) in gaseous effluents.(j The ETSB review will include the system piping and instrumentation diagrams'

(P&lDs), and the process flow diagrams showing methods of operation and
factors that influence waste treatment, e.g., system interfaces and potential
bypass routes.

2. Equipment and ventilation system design capacities, expected flows and
radionuclide concentrations, expected decontamination factors for radio-
nuclides, and available holdup time. The system design capacity relative to
the design and expected input flows, the period of time the system is
required to be in service to process normal waste flows, availability of
standby equipment, alternate processing routes, and interconnections between
subsystems. This information is used to evaluate the overall system capabi-
lity to meet anticipated demands imposed by major procassing equipment
downtime and waste volume surges due to anticipated op eational occurrences.

3. The quality group classifications of piping and equipment, and the bases
governing the design criteria chosen. Design and expected temperatures and
pressures, and materials of construction of the components of the system.
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4. Design provisions incorporated in the equipment and facility design to
facilitate operation and maintenance in conformance with the guidelines
of Regulatory Guide 1.143. (Ref. 8)

5. Special design features to reduce leakage of gaseous waste or discharge
of radioactive material in gaseous effluents. Special design features,
topical reports incorporated by reference, and data obtained from pre-
vious experience with similar systems which are submitted with the SAR.

6. Design features to preclude the possibility of an explosion if the
potential for explosive mixtures exist.

Design provisions incorporated to sample and monitor radioactive materials
in gaseous process and effluent streams are reviewed under SRP Section 11.5
by ETSB.

A secondary review is performed by the Radiological Assessment Branch
(RAB). RAB calculates the doses based on the gaseous source term pro-
vided by ETSB and transmits the results to ETSB for their use in evaluat-
ing the gaseous waste management systems. RAB also reviews the dose
calculational portions of the radiological effluent technical specifica-
tions for input into SRP Section 16.0.

In addition, ETSB will coordinate other branches' evaluations that inter-
face with the overall review of the system as follows: the Structural
Engineering Branch (SEB) determines the acceptability of the design
analyses, procedures, and criteria used to establish the ability of
seismic Category I structures housing the systems and supporting systems
to withstand the effects of natural phenomena such as the safe shutdown
earthquake (SSE), probable maximum flood (PMF), and tornado missiles as
part of its primary review responsibility for SRP Sections 3.3.1, 3.3.2,
3.5.3, 3.7.1 through 3.7.4, 3.8.4, and 3.8.5. Upon request from ETSB,
the SEB will also review non-seismic Category I structures housing radwaste
management systems to determine their ability to withstand the effects of
the Operating Basis Earthquake (OBE) in accordance with Regulatory
Guide 1.143. The Mechanical Engineering Branch (MEB) determines the
acceptability of the seismic and quality group classifications for
structures and system components as par,t of its primary review
responsibility for SRP Sections 3.2.1 and 3.2.2. The reviews for
Technical Specifications and Quality Assurance are coordinated and per-
formed by the Licensing Guidance Branch and the Quality Assurance Branch
(QAB) as part of their primary review responsibility for SRP Sections 16.0
and 17.0, respectively.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other brar.ches, the acceptance
criteria necessary for the review and their methods of application are
contained in the referenced SRP section of the corresponding primary
branch.

II. ACCEPTANCE CRITERIA

A. ETSB acceptance criteria are based on meeting the relevant requirements
of the following regulations:

11.3-2 Rev. 2 - July 1981
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i 1. 10 CFR Part 26, s20.106, as it relates to radioactivity in effluents-
! to unrestricted areas.

2. 10 CFR Part 50, 650.34a, as it re'ates to sufficient design informa-
tion being provided to demonstrate that design objectives for I

equipment necessary to control releases of radioactive efffluents to-
,

the environment have been met. '

}
] 3. General Design Criterion 3 as it relates to providing protection to |

gaseous waste handling and treatment systems from the effects of an i

explosive mixture of hydrogen and oxygen. |
'

| 4. General Design Criterion 60 as it relates to the radioactive waste !

! management systems being designed to control releases ei radioactive
materials to the environment.

+ 5. General Design Criterion 61 as it reistes to radioactivity control
: in gaseous waste management systeme and ventilation systems
| associated with fuel storage and handling areas.
j

! 6. 10 CFR Part 50 Appendix I, Sections II.B., II.C., and II.D., as it
| relates to the numerical guides for design objectives and limiting
; conditions for operation to meet the "as low as is reasonably
; achievable" criterion.
!

The requirements of the Commission regulations identified above are'

met by using the regulatory positions contained in the following
regulatory guides:+

i a. Regulatory Guide 1.140 as it relates to the design testing and
maintenance of normal ventilation exhaust systems at nuclear
power plants.

b. Regulatory Guide 1.143 as it relates to the seismic design and
quality group classification of components used in the gaseous

i waste treatment system and structures housing the systems and

|
the provisions used to control leakages.

| B. Specific criteria necessary to meet the relevant requirements of the

|
Commission regulations are as follows:

; 1. The gaseous waste management systems should have the capability to-
meet the dose design objectives and include provisions to treat i

gaseous radioactive wastes such that:
,

a. The calculated annual total quantity of all radioactive material !

j released from each reactor at the site to the atmosphere will
| not result in an estimated annual external dose from gaseous

effluents to any individual in unrestricted areas in excess of-

; 5 milliress to the total body or 15 milliress to the skin.
;

i b. The calculated annual total quantity of all radioactive iodine
! and radioactive material in particulate form released from each

O reactor at the site in effluents to the atmosphere will not
result in an estimated annual dose or dose commitment from such'

! radioactive iodine and radioactive material in particulate form

11.3-3 Rev. 2 - July 1981
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for any individual in an unrestricted area from all pathways of
exposure in ex m s of 15 millirems to any organ.

c. In addition to a. and b., above, the gaseous waste management
systems should include all items of reasonably demonstrated
technology that when added to the system sequentially and in
order of diminishing cost-benefit return, can for a favorable
cost-benefit ratio effect reductions in dose to the population
reasonably expected to be within 50 miles of the reactor.

d. The concentrations of radioactive materials in gaseous effluents
released to an unrestricted area should not exceed the limits
specified in 10 CFR Part 20, Appendix B, Table II, Column 1.

2. The gaseous waste management system should be designed to meet the
anticipated processing requirements of the plant. Adequate capacity
should be provided to process gaseous wastes during periods when
major processing equipment may be down for maintenance (single
failures) and during periods of excessive waste generation. ETSB
will accept systems that have adequate capacity to process the
anticipated wastes and that are capable of operating within the
design objectives during normal operation, including anticipated
operational occurrences. To meet these processing demands, ETSB
will conrider shared systems, redundant equipment, and reserve
storage s pacity.

3. The seismic design and quality group classificat'on of components
used in the gaseous waste management systems and structures housing
these systems should conform to the guidelines of Regulatory Guide
1.143. The design should include precautions to stop continuous
leakage paths, i.e., to provide lic,uid seals downstream of rupture
discs and to prevent permanent loss of the liquid seals in the event
of an explosion.

4. ETSB will accept system designs that contain provisions to control
leakage and to. facilitate operation and maintenance in accordance
with the guidelines of Regulatory Guide 1.143.

5. ETSB will use the guidelines in Regulatory Guide 1.140 (Ref. 9) for
the design, testing and maintenance of HEPA filters and charcoal
adsorbers installed in normal ventilation exhaust systems.

If decontamination factors for iodine different from those specified
in Regulatory Guide 1.140 are used for design purposes, they should
be supported by test data under operating or simulated cperating
conditions (temperature, pressure, humidity, expected iodine concen-
trations, and flow rate). The effects of aging and poisoning by
airborne contaminants should also be supported by test data.

6. If the potential for an explosive mixture of hydrogen and oxygen
exists, the gaseous waste management systems should either be designed
to withstand the effects of a hydrogen explosion, or be provided
with dual gas analyzers with automatic control functions to preclude
the formation or buildup of explosive mixtures.
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;

a. For a system designed to withstand the effects of a hydrogen
explosion, the design pressure of the system should be approxi-O mately 20 times the operating at, solute pressure (including the
intermediate stage condenser for M offgas systems). ,

Small allowances should be made to conform to standard design
pressures for off-the-shelf components; i.e., if the system
operating pressure is nominally 15 psia but could approach 20 ,

psia by design, piping could be designed to 350 psia, since the |
next higher standard pressure rating is 600 psia. t

The process gas stream should be analyzed for potentially- i

explosive mixtures and annunciated both locally and in the
control room.

b. For systems not designed to withstand a hydrogen explosion,
dual gas analyzers (with dual being defined as two independent
gas analyzers continuously operating and providing two inde- ,

pendent measurements verifying that hydrogen and/or oxygen are ,

'

not present in potentially-explosiv.e concentrations) with
automatic control functions are required to preclude the for- :

mation or buildup of explosive hydrogen / oxygen mixtures. Gas '

analyzers should annunciate alarms both locally and in the ,

should be set approximately 2% andcontrol room. "Hi d

"High-high alarm" gh al unshould be sat at a maximum of 4% hydrogen or |
i

oxygen. ,

O Control features to reduce. potential for explosion should be auto-
matically initiated at "High-high alarm" setting. The automatic
control features should be as follows: (1) for systems designed to
preclude explosions by maintaining either hydrogen or oxygen below
4%, the source of hydrogen or oxygen (as appropriate) should be

Iautomatically isolated from the system (valve should fail in closed
position); (2) for systems using recombiners, if the downstream i

hydrogen and/or oxygen concentration exceeds 4% (as appropriate),
acceptable control features include automatically switching to an
alternate recombiner train; and (3) injection of diluents to reduce
concentrations below the limits specif1ed herein.

Systems designed to operate below 4% hydrogen and below 4% oxygen
may be analyzed for either hydrogen or oxygen; systems designed to
operate below 4% hydrogen only (no oxygen restrictions), should be
analyzed for hydrogen; and systems designed to operate above 4%
hydrogen, should be analyzed for oxygen.

For BWR systems with steam dilution upstream of the recombiners,
analysis for hydrogen (oxygen is not an acceptable alternative)
should be downstream of the recombiners and upstream of the delay
portions of the system (analysis upstream of the recombiners is not
required if the system is designed to assure the availability of
dilution steam during operation). For PWR systems using recombiners,
analysis for hydrogen and/or oxygen should be downstream of the
recombiners. In addition, unless the system design features pre-

O clude explosive mixtures of hydrogen and oxygen upstream of the
recombiners, analysis for hydrogen and/or oxygen (as appropriate) 1

should be upstream of the recombiners as well. The number of gas ;

i
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analyzers and control features at each location should be in
accordance with this SRP section. T6e gas analyzer epstream and one
gas analyzer downstream of the recombiners should not be construed
as d al gas analyzers. For systems involving pressiT/ized storage tanks
(e A ding surge tanks), at least one gas analyzer is required between
the compressor and the storage tanks. Dual gas analyzers set to
sequentially measure concentrations both upstream and downstream of
a recombiner are acceptable for a PWR. When two or more potentially
explosive process streams are combined before entering a component,
each stream or the combination thereof, is required to have dual gas
analyzers.

If gas analyzers are to be used to sequentially measure several
points in a system not designed to withstand a hydrogen explosion,
at least one gas analyzer which is continuously on stream is required.
The continuous gas analyzer should be at a point coman to streams
measured sequentially; i.e., should be sampling the combined stream.

Gas analyzers should have daily sensor checks, monthly functional
checks and quarterly calibrations.

Gas analyzers installed in systems designed to withstand a hydrogen
explosion should also be capable of withstanding a hydrogen explosion;
gas analyzers installed in the systems not designed to withstand a
hydrogen explosion need not be capable of withstanding a hydrogen
explosion (similar requirements apply to radiation monitors which
are internal to lines containing putentially explosive mixtures).

All gas analyzers shall be nonsparking.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from this SRP section, as may
be appropriate for a parti; alar case.

1. In the ETSB review of the gaseous waste management systems, the P& ids and
system process flow diagrams are reviewed to determine all sources of
gaseous waste, the points of collection of gaseous wastes, the flow paths
of gases through the systems, including all bypasses, the treatment pro-
vided and the points of release of gaseous effluents to the environment.
This information is used to calculate the quantity of radioactive material
(noble gases, radioiodine, and particulates) released annually in gaseous
effluents during normal operations, including anticipated operational
oc:urrences, using the given parameters, the GALE Code, and the calcula-
tional techniques given in NUREG Reports 0016 and 0017. A complete
Fortran listing of the GALE computer code is given in these reports. The
results of this calculation will be used to determine whether the pro-
posed gaseous waste management systems design meets the acceptance criterion
of subsection II.B. .d of this SRP section. Compliance with the accept-
ance criteria of subsection II.B.1.a and b of this SRP section concerning
exposures of the total body, skin, and thyroid will be determined based
on RAB dose calculations using the ETSB calculated source term. Con-
formance with the acceptance criterion given in subsection II.B.I.c of
this SRP section concerning the cost-benefit analysis will be determined
based on RAB man-rem dose calculations in conjunction with ETSB cost-benefit
studies.
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2. The ETSB review of the gaseous waste management systems design capacity
,

willencompasstwomajorareas:
l' mT

The capability of the system to process gaseous wastes in the eventV a.
of a single major equipment item failure. For nonredundant equipment
or components, ETSB will assume a 3-week downtime every other year
(10 days per year average).

b. The capability of the system to process gaseous wastes at design
basis fiss4n product levels, i.e., from 1% of the fuel producing
power in i W R or, in a BWR, consistent with a noble gas release
rate of 100 pCi/sec/MWt at 30 minutes delay.

ETSP will review the operational flexibilities designed into the
system, e.g., cross connections between subsystems, redundant or
reserve processing equipment, and reserve storage capacity.

In the evaluation of charcoal delay systems for radioactive gas
decay, ETSB considers the bed dimensions, mass of charcoal, flowi

rate, temperatures, pressures, humidity, and dynamic adsorption
coefficients to calculate the effective holdup times.

3. ETSB compares the quality group classification of piping and equipment in
the gaseous waste management systems with the guidelines of Regulatory
Guide 1.143. ETSB also compares the seismic design criteria of equipment
and of structures housing the gaseous waste management systems with the
design guidance identified in Regulatory Guide 1.143. The exceptions are
transmitted to MEB, which has primary responsibility under SRP Sec-N

']
tions 3.2.1 and 3.2.2 and to SEB, which has primary responsibility under
SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1, 3.7.2, 3.7.3, 3.7.4, 3.8.4, and
3.8.5. ETSB also determines if the applicant's design includes adequate
provisions to stop continuous leakage paths after an explosion. The areas
of concern are (1) streams where water decomposition ga:es (hydrogen and
oxygen) exist in a BWR, (2) cover gas streams where air ir,icakage can occur
in a PWR, and (3) where there is a possibility of liquid hydrocarbons and
ozone collecting in a cryogenic distillation system.

4. ETSB will compare the system der,ign, system layout, equipment design,
method of operation, and provi<, ions to reduce leakage and to facilitate
operation 3 and maintenance to the guidelines of Regulatory Guide 1.143.
ETSB will evaluate special h sign features provided to control leakage

;

from system componente and topical reports on system designs on a case-by-t

case basis.

5. ETSB will compare the design, testing and maintenance criteria for fiEPA
filters and charcoal adsorbers in filtration systems with the guidelines
of Regulatory Guide 1.140.

6. If there is a potential that explosive hydrogen / oxygen mixtures exist,
ETSB will determine, using the system description and P& ids, whether the

ement systems to withstand
ap,,licanthasdesignedthegaseouswastemanagdedtherequireddualthe effects of such an explosion, or has prny-
instrumentation to annunciate and prevent t% auildup of potentially

Q explosive mixtures.
;

V
|
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7. At the OL stage ETSB will review the technical specifications proposed by
the applicant for process and effluent control for input into SRP Sec-
tion 16.0. The reviewer will determine that the content and intent of
the technical specifications prepared by the applicant are in agreement
with the requirements developed as a result of the steff's review. The
review will include the evaluation or development of appropriate limiting
conditions for operation and their bases consistent with the plant design
and the requirement of 10 CFR Part 50, 650.36a.

8. ETSB reviews the quality assurance provisions for the gaseous waste manage-
ment systems in accordance with Regulatory Guide 1.143. The exceptions are
transmitted to QAB, wh'ch has the primary responsibility under SRP
Sections 17.1 and 17.2.

IV. EVALUATION FINDINGS

ETSB verifies that sufficient information has been provided and that the
review is adequate to support conclusions of the following type, to be
included in the staff's safety evaluation report:

The staff concludes that the design of the gaseous waste management
systems is acceptable and meets the requirements of 10 CFR Part 20,
S20.106, 10 CFR Part 50, 650.34a, General Design Criteria 3, 60, and 61,
and 10 CFR Part 50 Appendix I. This conclusion is based on the following:

1. The applicant has met the requirements of GDC 60 and 61 with respect
to controlling releases of radioactive material to the environment
by assuring that the design of the gaseous waste management systems
include the equipment and instruments necessary to detect and to
control the release of radioactive materials in gaseous effluents.

2. The applicant has met the requirements of Appendix I of 10 CFR Part
50 by meeting "as low as is reasonably achievable" criterion as
follows:

a. Regarding Sections II.B and II.C of Appendix I we have
considered releases of radioactive material (noble gases,
radiciodine and particulates) in gaseous effluents for normal
operation including anticipated operational occurrences based
on expected radwaste inputs over the life of the plant for each
reactor on the ( ) site. We have determined
that the proposed gaseous waste management systems are capable
of maintaining releases of radioactive materials in caseous
effluents such that the calculated individual doses In an
unre:tricted area from all pathways of exposure are less than
5 mrem to the total body or 15 mrem to the skin ar.J 1ess than
15 mrem to any organ from releases of radiciodine and
radioactive material in particulate form.

b. Regarding Section II.D of Appendix I we have considered the
potential effectiveness of augmenting the proposed gaseous
waste management systems using items of reasonably demonstrated
technology and have determined that further effluent treatment
will not effect reductions in the cumulative population dose
within a 50-mile radius of the reactor at a cost of less than
$1,000 per man rem or $1,000 per man-thyroid-rem.
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3. Th2 applicant has met the requirements of 10 CFR Part 20 since we
have considered the potential consequences resulting from reactor
operation with "1% of the operating fission product inventory in the
core being released to the pri m ry coolant" for a PWR or "a fission

C) product release rate consistent with a noble gas release rate to the
reactor coolant of 100 pCi/MWt-sec at 30 minutes decay" for a BWR
and determined that under these conditions, the concentrations of
radioactive materials in gaseous effluents in unrestricted areas
will be a small fraction of the limits specified in 10 CFR Part 20,
Appendix B, Table II, column 1.

4. We have considered the capabilities of the proposed gaseous waste
management systems to meet the anticipated demands of the plant due
to anticipated operational occurrences and have concluded that the
system capacity and design flexibility are adequate to meet the
anticipated needs of the plant.

5. We have reviewed the applicant's quality assurance provisions for
the gaseous waste management systems, the quality group classifica-
tions used for systems components, the seismic design applied to the
design of the systems, and of structures housing the radwaste systems.
The design of the system and structures housing these systems meet
the criteria as set forth in Regulatory Guide 1.143.

6. We have reviewed the provisions incorporated in the applicant's
design to control releases due to hydrogen explosions in the gaseous
waste management systems and concluded that the measures proposed by
the applicant are adequate to prevent the occurrence of an explosion
or to withstand the effects of an explosion in accordance with
General Design Criterion 3 of Appendix A to 10 CFR Part 50.'

V. IMPLEMENTATION
'

The following is intended to provide guidance to applicants and licenses
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alterna-
tive method for complying with specified portions of the Commission's regula-
tions, the method described herein will be used by the staff in its evaluation
of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
| herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 20, " Standards for Protection Against Radiation."

2. 10 U R Part 50, 550.34a, " Design Objective for Equipment to Control
Releases of Radioactive Materials in Effluents - Nuclear Power Reactors."

| 3. 10 CFR Part 50,"550.36a, " Technical Specifications on Effluents from Nuclear
Power Reactors.

.

4. 10 CFR Part 50, Appendix A, General Design Criterion 3, " Fire Protection,"

O\
General Design Criterion 60," Control of Releases of Radioactive Materials
to the Environment," and General Design Criterion 61 " Fuel Storage and|

; Handling and Radioactivity Control."
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5. 10 f.FR Part 50, Appendix I, " Numerical Guides for Design Objectives and
Limiting Conditions fot Operation to Meet the Criterion 'As Low As Is
Reasonably Achievable' for Radioactive Material ~ in Light-Water-Cooled
Nuclear Power Reactor Effluents."

6. NUREG-0017, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Pressurized Water Reactors (PWRs)."

7. NUREG-0016, " Calculation of Releases of Radioactive Materials ..i Gaseous
and Liquid Effluents from Boiling Water Reactors (BWRs)."

8. Regulatory Guide 1.143, " Design Guidance for Radioactive Waste Management
Systems, Structures and Components in Light-Water-Cooled Nuclear Reactor
Power Plants."

9. Regulatory Guide 1.140, " Design, Testing and Maintenance Criteria for
Normal Ventilation Exhaust System Air Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants."

O

O
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BRANCH TECHNICAL POSITION ETSS 11-5

Postulated Radioactive Releases Due to a Waste Gas
System Leak or Failure

A. BACKGROUND

During normal operation of a nuclear power plant, radioact.fve fission and
activation gases and gases that are the result of radiolytic decormusition of
water are generated in the reactor and are continuously removed from the
reactor coolant. After separation, the gases may be treated for volume reduc-
tion of the nonradioactive species before the radioactive gases are stored for
radioactive decay prior to release to the environment. The system to accomplish
this separation, reduction, and decay process is called the waste gas system.

The waste gas system at BWRs may include steam air ejectorc, vacuum pumps,
decay pipes, moisture separators, condensers, cryogenic distillation, tanks,
ambient or chilled charcoal adsorbers, filters, process sampling, instrumenta-
tion and radiation monitoring, and control features. The waste gas system at
PWRs may include volume centrol tank, letdown or shim bleed gas separation,
gas stripping, cover gas collection, compressors, recombiners, surge and
storage tanks, ambient or chilled charcoal adsorbers, moisture separators,
condensers, filters, process sampling, instrumentation and radiation monitor-

(m) ing, and control features. In all cases, the waste gas system is a radioactive
gaseouswastemanagementsjstemrequiredby10CFRPart50,Section50.34a,v
with system operatson in at:ordance with Section 50.36a. The design accep-
tance criteria for waste gis systems has been given in SRP Section 11.3.

The basic criterion for ;eactor accidents, including waste gas system failures,
is that offsice doses shall not exceed 25 rem to the whole body (10 CFR Part
100). However, that criterion is predicated on the assumption that. the prob-
ability of cccurence is very small. At least since 1972, it has been recognized
that the probability of an accidental release from the waste gas system is
relatively high and that lower dose criteria are appropriate.

Generally two kinds of waste gas system failures have been designated as
warrenting evaluation. These are (1) gross system failures, such as rupture
of a decay tank (Regulatory Guide 1.24, Rev. O, March 1972) or rupture of a
line (Regulatory Guide 1.98, For Comment, March 1976) and (2) malfunctions,
such as operator errors, valve misalignments, malfunction of attendent equip-
ment and active component failures. Both the probablities and the consequences
of a waste gas system leak or failure depend on the kind of accident considered
and the characteristics of the system (Regulatory Guide 1.70 Section 15.7.1,
Rev. 3, November 1978).

Waste gas systems characteristics differ between plants, particularly between
BWRs and PWRs, but for present purposes the most important difference is
between those systems designed to withstand the effects of a hydrogen explo-

(3 sion and earthquakes (Regulatory Guide 1.143) and those systems not so designed.
v) Gross failure of the system is considered much less likely if the system is(

designed to withstand explosions and earthquakes. Accordingly, higher dose
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" Iteria have been considered appropriate for evaluating gross failure of
these fortified systems. Initially, a 5-rem criterion was used, but more
recently the value has been 2.5 rem. For systems not designed to withstand
explosions and earthquakes, the criterion has been 0.5 rem.

This dichotomy had led to a problem in that system malfunctions appear to be
the controlling failure mode and resistance to explosions and earthquakes
provide no protection against operator error and system malfunction. No

system malfunction type failures have been designated as representative.
However, it appears that an event, such as valve misalignment or overpressure
could give a release approximating that from the rupture of a tank or pipe.
Therefore, it was considered that for future safety evaluations the waste gas
system failures analyzed could be limited to tank or pipe ruptures but that
the dose criterion in every case should be 0.5 rem at the exclusion boundary.

The purpose of this BTP is to provide guidelines on postulated radioactive
releases due to a radioactive waste gas system leak or failure. The goal is
to minimize potential radiation exposures to workers and the public, and to
provide reasonable assurance that the radiological consequences of a single
failure of an active component in the waste gas system would not result in
exceeding the guidelines of 10 CFR Part 20 for a unique unplanned release and
would, therefore, be substantially below the guidelines of 10 CFR Part 100 for
a postulated event.

The criteria in Section B, below, provide adequate and acceptable design
solutions for the concerns outlined above. This position paper sets forth
minimum branch requirements and is not intended to prohibit the implementation
of more rigorous design codes, standards, or quality assurance measures than
those indicated nor reevaluate waste gas systems with limiting conditions for
operation based on more conservative calculational assumptions.

B. BRANCH TECHNICAL POSITION

I. W" h 4 s System Leak or Failure Analysis

a) Criteria: The safety analysis report (Section 15.7.1) should
provide an analysis of the radiological consequences of a
single failure of an active component in the waste gas system.
The analysis should provide reasonable assurance that in the
event of a unique unplanned release of radioactive gas from the
waste gas system, the resulting total body exposure to an
individual at the nearest exclusion area boundary will not
exceed 0.5 rem. This is consistent with the guidelines of
10 CFR Part 20 and is substantially below the guidelines of
10 CFR Part 100. The bases for the analysis should include the
assumption that the waste gas system fails to meet its design
intent as required by 10 CFR Part 50, Section 50.34a(c), and
Appendix A, GDC 60.

b) Source Term: The safety analysis on the radiological conse-
quences of a single failure of an active component in the waste
gas system should use a system design basis source term for
light-water-cooled nuclear power plants. The NRC staff method
of calculation for this analysis is based on a conservative
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assumption that the waste gas system maximum design capacity
source term (sustained power operation) is 7 times greater than
the source term considered for normal operation, including
anticipated operational occurrences, as given in SRP Section 11.1.
This assumption is in good agreement with previous design basis
analysis which used:

1) For a PWR: 1% of the operating fission product inventory
in the core being released to the primary coolant, or

2) For a BWR: A fission product release rate consistent with
the noble gas release to the reactor coolant of 100 pCf/sec/
MWt (after 30 min. decay).

The analysis should assume principle parameters and conditions
typical of the equipment designed to remove radioactive gases
from the coolant and process and treat these gases during
normal operation, including anticipated operational occurrences
by the waste gas system. The NRC staff considers that there
would be no major alteration in the use or performance of gas
separation, reduction, and decay equipment prior to and imme-
diately following this unique unplanned release affected by the
waste gas system maximum design capacity source term.

c) Release: The safety analysis on the radiological consequences
of a single failure of an active component in the waste gas

Os system involves a release method having the condequence of
being a unique unplanned release. Such releases are less
frequent than those considered by anticipated operational
occurrences and cannot be included in a meaningful annual
average for routine releases applicable to plant effluents in
10 CFR Part 50, Appendix I. At the same time, the radiological
impact due to such a unique unplanned release has the charac-
teristics of an accident and is important to the health and
safety of workers and the public. Waste gas systems designed
to acceptance criteria of SRP Section 11.3 have low probability
of passive failure, excluding events required by the guidelines
of 10 CFR Part 100. All principal release points are to be
monitored and controlled according to the requirements of
10 CFR Part 50, Appendix A, GDC 60 and 64, and SRP Section 11.5
provides the acceptance criteria for release point instrumen-
tation to assure that setpoints are established on gaseous

j effluent lines prior to exceeding the Ifmits of 10 CFR Part 20.

Therefore, the most credible unique unplanned release would be a
major leak or a single active failure of a waste gas system com-
ponent releasing gas by a pathway not normally used for planned
releases and requiring a reasonable time to detect and take remedial
action to terminate the release. The NRC staff considers that thei

release of a compressed gas storage tank of a batch-type waste gas
system or the inadvertent bypass of the main decay portion of a
continuous-type waste gas system (such as charcoal delay beds in a(n BWR augmented off gas system) would provide a conservative assump-

'

tion for any unique unplanned release while the input to the waste%
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gas system is at the system design basis source term. Only the
radioactive noble gases (Xe, Kr, Ar) are to be considered since the
assumed transit time is great enough to permit major radi sactive
decay of oxygen and nitrogen isotopes. Particulates and radio-
iodines are assumed to be removed by pretreatment, gas separation,
and intermediate radwaste treatment equipment. The release should
be assumed to occur within the building structure housing the waste
gas system storage tank or main decay position of the system, and be
releassd to the environs without continuous effluent radiation
monitoring to automatically isolate and/or terminate the release.
Ground-level release without credit for a building wake factor
slould be assumed, and a conservative (5%) short-term diffusion
estimateforthevalue(i7Q)determinedbyamethodoutlinedinthe

Iacceptance criteria in SRP Section 2.3.4. No deposition is assumed
to occur during downwind transport.

II. Staff Method for Analysis

a) Pressurized Storage Tanks: The safety analysis for the radio-
logical consequences of a single failure of an active component
in a waste gas system with compressed gas storage (holdup or
decay) tanks or cover gas tanks assumes that the tank being
filledhasamajorleaktotheenvirons. The radioactive noble
gas inventory in the tank, at 100% capacity, should be deter-
mined based on the system design capacity source term using the
parameters and principal components considered for pretreatment
and collection of waste gas to the waste gas system tanks
during normal operation, including anticipated operational
occurrences.

To determine the pressurized storage tank noble gas inventory,
the staff method of calculation alters the PWR-GALE Code
(NUREG-0017) and requires manual calculations to determine the
radiological impact.

1) Enter a value of zero for the " Holdup Time, in days, for
Xe."

2) Enter a value of zero for the " Holdup Time, in days, for
Kr."

3) Check the value entered for " Fill Time, in days." This
should be the average volume for all storage or cover gas
tanks. If this is a cover gas system, calculate the
effective fill time based on 20% of the liquid tank volumes.
(Charcoal delay systems are not applicable.) The PWR-GALE
Code limits the minimum fill time to 0.01 days.

4) Rerun the computer program for this analysis only.

5) Multiply each noble gas printout given under " Gas
Stripping - Continuous by 7 to account for the design
capacity source term correction.
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6) Divide the values in step 5 above by the number of tanks
\ filled per year (equal to 365/value in step 3 above).

This gives to tank inventory A for each nuclide.
9

7) Calculate the radiological impact by the following equation:

Dose (mrem) = I K A4g(i7Q)(1012 pCi/Ci)/3.15x107 sec/ year

where,

A9 = The noble gas nuclide activity determined in
step 6 above, in curies / event.

The total-body dose factor given as DFB9 inK
g = Table 8-1 of Regulatory Guide 1.109, in

3mrem-m /pCi/yr.

(i7Q)=Therelativeconcentrationatthenearestexclu-
sion boundary given in Figure 1 of Regulatory

8Guide 1.24 for ground-level releases, in sec/m .

8) The sum dose shall be less than 500 mrem. Using the same
parameters, the technical specifications will set a curie
limit on a tank, based on the maximum of 500 mrem at the
nearest exclusion boundary and using the same noble gas
mixture,

b) Charcoal Delay Units: The safety analysis for the radiological
consequences of a single failure of an active component in a
waste gas system with charcoal delay units assumes that the
charcoal unit is bypassed with a 1-hour release to the environs.
The staff considers that either a line bypass valve malfunction,
control 9rror, or bed bypass would require the remedial action
by isolacion, and that starting an alternate charcoal unit, if
available, or reducing reactor power could take up to 2 hourt
The radioactive noble gas concentration should be determined
based on the system design capacity source term using the
parameters and principal components considered for pretreatment
and collection of waste gas to the waste gas system charcoal
delay units during normal operation, including anticipated
operational occurrences.

To determine the releases without the charcoal delay unit, the
staff method of calculation uses the BWR-GALE Code (NUREG-0016)
and requires manual calculations to determine the radiological
impact. Alterations to the PWR-GALE Code (NUREG-0017) are also,

included.'

1) Enter a value of 0.02 for the " Holdup Time, in days, for
Xe." (BWR or PWR-GALE Code)

2) Enter a value of 0.02 for the " Holdup Time, in days, for
v Kr." (BWR or PWR-GALE Code)
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(This time, about 30 minutes, is considered for ases to travel
through the components in the waste gas system v a the release
point to the nearest exclusion boundary.)

3) Rerun the computer program for this analysis only.

4) Multiply each noble gas printout given under " Air Ejector"
by 7 to account for the design capacity source term
correction.

5) Add to each noble gas value determined in step 4, above,
the applicable value for the nuclide given in the source
term for normal operation. This step will account for
noble gases which have been delayed in the charcoal unit
being released during the event.

6) Calculate the radiological impact by the following equation:

9 Q9 (i7Q) (1012 pCi/Ci) (7.25 x 10 12 2Dose (mrem) = I K yr / event-sec)

where,

Q = The noble gas nuclide release rate determined in
9 steps 4 aad 5, above, in curies /yr rate for 2 hrs.

9 = The total-bt.dy dose factor given as DFB,i/yr.
in Table B-1K

3of Regulatory Guide 1.109, in mrem-m /pc

(i7Q)=Therelativeconcentrationatthenearestexclusion
boundary given in Figure 1 of Regulatory Guide 1.24
for ground-level releases, in sec/m3

7) The. sum dose shall be less than 500 mrem. Using the same
parameters, the technical specifications will set a maximum
release rate to the waste gas system of 100 pCi/sec/MWt
(after 30 min. decay) or use the value of Q (in pCi/sec)

4determined above, whichever is less, to assore that the
BTP criteria of 500 mrem individual exposure for 2 hrs at
the nearest exclusion boundary is met.

O
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11.4 SOLID WASTE MANAGEMENT SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - None |
I. AREAS OF REVIEW

At the construction permit (CP) stage, ETSB reviews the design objectives,
criteria, performance objectives, and description of the solid waste system (SWS)
as given in the applicant's preliminary safety analysis report (PSAR). During the
operating license (0L) stage of review, ETSB confirms the design accepted at the CP
stage and evaluates the applicant's process control program and technical specifica-
tions in these areas.

ETSB reviews the following:
n

O)/ 1. The design objectives in terms of expected and design volumes of waste to be
processed and handled, the wet and dry types of waste to be processed (e.g. ,
sludges, resins, evaporator bottoms, and dry material such as contaminated
tools, equipment, rags, paper, and clothing), the activity and expected radio-
nuclide distribution contained in the waste, equipment design capacities, and
the principal parameters employed in the design of the SWS.

2. The description of the SWS, the piping and instrumentation diagrams (P& ids),
and the process flow diagrams showing the methods of operation, the expected
chemical content and radionuclide concentrations of liquid wastes to be
processed and handled by the SWS, and the expected volumes to be returned to
the liquid radwaste system for further treatment.

3.- The description of the methods for solidification (i.e., of removal of free
water), the description of the methods for dewatering, the solidifying agent
used, and the implementation of a process control program to ensure a solid
matrix and proper waste form characteristics and/or complete dewatering.
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4. The description of the type and size of solid waste containers; the
method of filling, handling, and monitoring for removable radioactive
contamination; and provisions for decontamination, packaging and storage.

5. The provisions for the onsite storage of solid wastes, ti, expected and
design volumes, the expected radionuclide contents, and the design bases
for these values.

6. The quality group classifications of piping and equipment, and bases
governing the classification chosen.

7. Design provisions incorporated in the equipment and facility design to
reduce leakage and facilitate operation and maintenance.

8. Special design features, referenced topical reports, and previous
experience with similar equipment and methods referenced in the SAR.

9. The consequences of a liquid tank failure having the potential to release
radioactive materials to a potable water supply as part of its review
responsibility under SRP Section 15.7.3.

In addition, ETSB will coordinate other branches' evaluations that interface
with the overall review of the system as follows: the Structural Engineering
Branch (SEB) determines the acceptability of the design analyses, procedures,
and criteria used to establish the ability of seismic Category 1 structures
housing the system and supporting systems to withstand the effects of natural
phenomena such as the safe shutdown earthquake (SSE), probable maximum flood
(PMF), and tornado missiles as part of its primary review responsibility for
SRP Sections 3.3.1, 3.3.2, 3.5.3, 3.7.1 through 3.7.4, 3.8.4 and 3.8.5. The
Mechanical Engineering Branch (MEB) determines the acceptability of the
seismic and quality group classifications for system components as part of its
primary review responsibility for SRP Sections 3.2.1 and 3.2.2. The reviews
for Technical Specifications and Quality Assurance are coordinated and
performed by the Licensing Guidance Branch and the Quality Assurance Branch
(QAB) as part of their primary review responsibility for SRP Sectiont 16.0 and
17.0, respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

ETSB acceptance criteria for the solid waste treatment system design are based
on meeting the relevant requirements of the following regulations:

A. 10 CFR Part 20, G20.106 as it relates to radioactivity in effluents to
unrestricted areas.

B. 10 CFR Part 50, 650.34a as it relates to sufficient design information
being provided to demonstrate that design objectives for equipment
necessary to control releases of radioactive effluents to the environment
have been met.
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C. General Design Criterion 60 as it relates to the radioactive waste
management systems being designed to control releases of radioactives

materials to the environment. *

D. General Design Criterion 63 and 64 as it relates to the radioactive waste
system being designed for monitoring radiation levels and leakage.

E. 10 CFR Part 71 as it relates to radioactive material packaging.

The relevant requirements of the Commission regulations identified above are -

_.

met by using the regulatory positions contained in Regulatory Guide 1.143 as |
it relates to the seismic design and quality group classification of com-
ponents used in the gaseous waste treatment system and structures housing the
systems and the provisions used to control leakages.

Specific criteria necessary to meet the relevant requirements of the
Commission's regulations are as follows:

1. The system design parameters are based on radionuclide concentrations and
volumes consistent with reactor operating experience for similar designs.

2. All liquid wet wastes will be solidified in accordance with a process
control program prior to shipment offsite or there will be provisions to
verify the absence of free liquid in each container and to reprocess
containers in which free liquid is detected in accordance with Branch
Technical Position (BTP) ETSB 11-3 (Ref. 1).

'Other wet wastes will be solidified or dewatered (subject to receiving

O 3.
burial site acceptance) in accordance with a process control program or
there will oe provisions to verify the absence of free liquid in each
container and to reprocess containers in which excess water is detected,
in accordance with Branch Technical Position (BTP) ETSB 11-3 (Ref. 1).

4. Solid waste containers, shipping casks, and methods of packaging meet
applicable Federal regulations, e.g. ,10 CFR Part 71 (Ref. 7), and wastes
are to be shipped to a licensed burial site in accordance with applicable
Commission, Department of Transportation, and State regulations.

5. Processing equipment is sized to handle the design SWS inputs, i.e., the
solid waste generation rates reviewed under item I.1 of this SRP section.

6. Onsite waste storage facilities provide sufficient storage capacity to
allow time for short-lived radionuclides to decay prior to shipping in
accordance with Branch Technical Position (BTP) ETSB 11-3 (Ref. 1). (The
bases for the storage time chosen should be given in the safety analysis
report).

7. SWS components and piping systems, and structures housing SWS components,
are designed in accordance with the provisions of Regulatory Guide 1.143
(Ref. 2), and Branch Technical Position (BTP) ETSB 11-3 (Ref.1). I

8. The SWS contains provisions to reduce leakage and facilitate operations
and maintenance in accordance with the provisions of Regulatory Guide
1.143 (Ref. 2) and Branch Technical Position (BTP) ETSB 11-3 (Ref. 1).

O
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9. For longer term onsite storage (several yea"s, but significantly less
than the life of the plant) the storage facility should be designed to
the guidelines of Appendix A to this SRP Section (Ref. 3).

III. REVIEW PROCEDURES

The ETSB reviewer will select and emphasize material from this SRP section as
may be appropriate for a particular case.

1. ETSB reviews the P& ids and the process flow diagrams to determine system
design, methods of cperation, and parameters used in the design, i.e.,

expected and design flow rates, radioactivity concentrations, radio-
nuclide distribution, and waste categories.

The system design and design criteria will be compared with the guide-
lines of Regulatory Guide 1.143 (Ref. 2), Branch Technical Position (BTP)
ETSB 11-3 (Ref. 1), and available data from operating plants of similar
design.

2. ETSB compares the methods to be used for solidification and/or dewatering |
with experience gained from previous licensing reviews and with available
data from operating plants employing similar methods. ETSB will review
the process control programs to assure that the proposed solidification
and/or dewatering method is capable of solidifying and/or dewatering the
range of constituents expected to be present in the wastes. ETSB reviews
the methods proposed to verify that all wet wastes have been adequately
solidified or dewatered and will determine their acceptability considering
(1) the ability of the technique to detect free, mobile, or uncombined
liquids (in the case of solidification) or excess free water (in the case
of devatering), (2) the procedure to be employed to solidify or dewater
free liquids if detected, and (3) the waste form characteristics.

3. ETSB reviews the description of procedures for the packaging and shipment
of solid wastes to an approved of fsite burial facility, and ve,'ifies that
the applicant makes definite commitments to following appropriate Federal
and State regulation.s. ETSB compares the values given in the SAR for the
volumes and radionuclide content of solid wastes to be shipped offsite
with data from operating plants of similar design and information from
previous license applications.

4. ETSB compares the solid waste system design capacity with the design
basis input waste volumes to determine whether the applicant has provided
sufficient reserve capacity for greater-than-expected waste volumes which
may occur as a result of anticipated operational occurrences. The inplant
storage capacity, for areas designed to accommodate approximately six
months' waste generation, is compared to the guidelines of BTP ETSB 11-3 |
(Ref. 1). The comparison will be based on the design criterie as stated
in the SAR, on the availability of system components to handle surge
flows, and on whether the storage facilities will provide onsite storage
periods sufficient to permit the decay of short-lived radionuclides. For
longer term oasite storage (several years, but significantly less than
life of the' plant) the storage facility is compared to the guidelir.es of
Appendix A to this SRP section (Re.. 3).

5. If the SWS contains any storage or makes use of flammable materials, ETSB
requests the CEB to provide a review under SRP Section 16.0.

I
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6. ETSB compares the quality group classifications of the solid waste system
to the guidelines of Regulatory Guide 1.143 (Ref. 2).

x 7. ETS3 compares the seismic design of the structures housing the SWS to the
| guidelines of Regulatory Guide 1.143 (Ref. 2). Exceptions are transmitted

to MEB, which has primary responsibility under SRP Section 3.2.1.

8. ETSB compares equipment layout, design features, and mode of operation of
the solid waste system to the guidelines of Regulatory Guide 1.143
(Ref. 2) and (BTP) ETSB 11-3 (Ref. 1).

,

9. At the OL stage ETSB reviews the technical specifications proposed by the
applicant for process and effluent control for input to the review of SRP
Section 16.0. The reviewer will determine that the content and intent of
the technical specifications prepared by the applicant are in agreement
with the requirement developed as a result of the staff's review. The
review will include the evaluation or development of appropriate limiting
conditions for operation and their bases cvnsistent with the plant design.
The technical specifications are reviewed per the requirements of 10 CFR
Part 50, 650.36a (Ref. 4).

i

IV. EVALUATION FINDINGS

ETSB verifies that sufficient information has been provided and that the
review is adequate to support conclusions of the following type, to be

* included in the staff's safety evaluation report:

p The staf# concludes that the design of the solid waste management systems
t is acceptable and meets the requirements of 10 CFR Part 20, 920.106; '

b 10 CFR Part 50, S50.34a; General Design Criterion 60, 63, and 64; and
10 CFR Part 71. This conclusion is based on the applicant demonstrating<

that the solid waste system (SWS) includes the equipment and instrument-
ation used for the processing, packaging, and storage of radioactive
wastes prior to shipment offsite for burial. The scope of the review of-
the SWS includes line diagrams of the sysi.em, piping and instrumentation
diagrams (P& ids), and descriptive information for the SWS and for those
auxiliary supporting systems that are essential to the operation of the
SWS. The applicant's proposed design criteria and design bases for the
SWS, and the applicant's analysis of those criteria and bases hue been
reviewed. The capability of the proposed system tu process the types and
volumes of wastes expected during normal operation and anticipated opera-
tional occurrences in accordance with General Design Criterion 60,
provisions for the handling of wastes relative to the requirements of 10
CFR Parts 20 and 71 and of applicable DOT regulations, and the applicant's
quality group classification and seismic design relative to Regulatory
Guide 1.143, have also been reviewed. The applicant's proposed methods4

of assuring complete solidification and/or dewatering have been reviewed
and the processing, design features and waste storage meet Branch Technical;

i Position ETSB 11-3 and SRP Section 11.4 - Appendix A (applicable to plants
with temporary onsite storage of low level radioactive waste). The basis
for acceptance in our review has been conforen;9 of the applicant's designs,
design criteria, and design bases for the r2 0d udwaste system to the
regulations and the guides referenced at% e. n vell as to staff

(O
technical positions and industry star W n 7asta on the foregoing

,

) evaluation, we conclude that the pry La 'd radwaste system isi

acceptable.
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V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commissiin's
regulations, the methoc described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementaticn schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. Branch Technical Position ETSB 11-3, " Design Guidance for Solid
Radioactive Waste Management Systems Installed in Light-Water-Cooled
Nuclear Power Reactor Plants," attached to SRP Section 11.4.

2. Regulatory Guide 1.143, " Design Guidance for Radioactive Waste Management
Systems, Structures and Components in Light-Water-Cooled Nuclear Reactor
Power Plants."

3. Standard Review Plan Section 11.4-Appendix A, " Design Guidance for
Temporary On-Site Storage of Low Level Radioactive Waste."

4. 10 CFR Part 50, 950.36a, " Technical Specifications on Effluents from
Nuclear Power Reactors."

5. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power
4iants," Criterion 60, " Control of Releases of Radioactive Material to
the Environment"; Criterion 63, " Monitoring Fuel and Waste Storage"; and
Criterion 64, " Monitoring Radioactive Release."

6. 10 CFR Part 20, " Standards for Protection Against Radiation," and '

Appendix B, " Concentrations in Air and Water Above Natural Background."

7. 10 CFR Part 71, " Packaging of Radioactive Material for Transport and
Trareportation of Radioactive Materials Under Certain Conditions."

E 10 CFR, Part 50, 550.34a, " Design Objectives for Equipment to Control
Releases of Radioactive Materials in Effluents - Nuclear Power Reactors."

O
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Branch Technical Position - ETSB 11-3

(D
h Design Guidance for Solid Radioactive Waste Management Systems

Installed in Light-Water-Cooled Nuclear Power Reactor Plants

A. BACKCROUND

During normal operation of a nuclear power plant, radioactive materials are
generated in the form of " wet" and " dry" wastes. Wet wastes, including spent
bed resins, filter sludge, spent powdered resins, evaporator and reverse
osmosis concentrates, and spent cartridge filter elements, normally result as
byproducts from liquid processing systems. Dry wastes, including activated
charcoal, HEPA filters, rags, paper, and clothing, normally result as bypro-
ducts from ventilation air and gaseous waste processing systems and maintenance
and refueling operations. Wet and dry wastes will require processing in

.

appropriate portions of the solid waste management system prior to shipment
offsite for disposal.

Compressible dry wastes such as contaminated rags, paper and clothing normally
undergo a compaction process to reduce the volume of waste shipped offsite.
Special provisions are needed to assure that contaminated airborne dusts are
not released to the process area during compaction.

Liquid wet wastes such as evaporator and reverse osmosis concentrates are,

i solidified (i.e., combined with a suitable binder) prior to shipping, to
A) render the waste immobile and thereby mitigate the consequences of potential
(V powdered resins, and filter'sludget, are either solidified or dewatered prior

ruptures to shipping containers. Other wet wastes euch as spent bead and

to shipping. Spent cartridge filte elements are packaged with suitable
absorbers in shielded containers, or solidified, prior to shipping.

Although there are a number of processes available which are capable of solidi-
fying wet wastes under controlled conditions, there is a potential for freel
liquids to remain in containers following solidification with the widely
varying chemical species encountered during power plant operations. Based on
the NRC staff's judgment, it is necessary that vendors and operators in lement
certain measures to (1) establish process parameters within which syste s must
be operated to obtain complete solidification, (2) assure proper waste form
properties are achieved, and (3) assure systems are operated within the estab-
lished process parameters, or (4) have provisions to detect free liquid in
containers prior to shipment offsite. Similar restrictions apply to dewatered
products to provide greate. assurance that these products meet the receiving
burial site free liquid restrictions at the time of receipt at the burial
site.

Following packaging, wastes are normally stored for decay of short-lived
radionuclides and to accumulate sufficient wastes for a shipment offsite.
Insofar as the continuous operation of the solid waste system is contingent
upon storage space being available for the interim period between waste pack-
aging and shipment offsite, consideration should be given to providing ample

p) IFor the purpose of this position paper, free liquid is defined as liquid
g which is still visible after solidification or dewatering is con'plete, or
U is drainable from the low point of a punctured container.
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storage capacity to accommodate wastes during periods when shipments offsite
are not eossible, e.g., during labor strikes. Furthermore, in view of the

reduced availability of burial site disposal capacity, it may be desirable to
provide addit:onal onsite short term storage capacity to accommodate surges
in solid waste volume due to interruption or limitations in offsite disposal
services. Upon resumption of the disposal services, the stored wastes could
then be shipped in an orderly fashion.

The criteria in Section B, below, provide adequate and acceptable design
solutions for the concerns outlined above.

This position paper sets forth minimum branch requirements and is not intended
to prohibit the irnlementation of more rigorous design codes, standards, or
quality assuranc- easures than those indicated.

B. BRANCH TECHNICAL POSITION

I. PROCESSING REQUIREMENTS

1. Dry Wastes

a. Compaction devices for compressible dry wastes (rags, paper, and
clothing) should include a ventilated shroud around the waste
container to control the release of airborne dusts generated during
the compaction process.

b. Activated charcoal, HEPA filters, and other dry wastes which do not
normally require solidification processing should be treated as
radioactively contaminated solids and packaged for disposal in
accordance with applicable Federal regulations.

2. Wet Wastes

a. Liquid wet wastes such as evaporator and reverse osmosis
concentrates should be rendered immobile by combining with a suit-
able binding agent (cement, asphalt, etc.) to form a homogeneous
solid matrix (absent of free water) prior to offsite shipment.
Adsorbents such as vermiculite are not acceptable substitutes for
binding agents.

b. Spent resins and filter sludges may, if acceptable to the receiving
burial site, be shipped dewatered. These dewatered wastes are
subject to (1) items B.II.1.b. and B.II.2. below, (2) to the
receiving burial site maximum free liquid criteria (upon receipt at
the burial site), and (3) applicable D0T regulations. Furthermore,
the activity level of the dewatered wastes may, subject to receiving
burial site requirements, dictate the type of container to be used.
Solidification of spent resins and fi.lter sludges in a suitable
binder is also an acceptable alternative.

c. Spent cartridge filter elements may be packaged in a shielded
container with a suitable absorber such as vermiculite, although it

i

would be desirable to solidify the elements in a suitable binder.'

O
1
|
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II. ASSURANCE OF COMPLETE SOLIDIFICATION OR DEWATERING

[] Complete solidification or dewatering of wet wastes should be assured by the
V implementation of a process control program or by methods to detect free

liquids within container contents prior to shipment.

1. Process Control Program

a. Solidification (binding) agents and potential waste constituents
should be tested and a set of process parameters (pH, ratio of waste
to agent, etc.) established which provide boundary conditions within
which reasonable assurance can be given that solidification will be
complete, with essentially zero free liquid, and appropriate waste
form characteristics.

b. Dewatering procedures, equipment, and potential waste constituents
should be tested and a set of process parameters (settling time,
drain time, drying time, etc.) be established which provide boundary
conditions within which reasonable assurance can be given that
dewatering will be complete, with essentially zero free liquid.

c. The solid waste processing system (or liquid waste processing system,
as appropriate) should include appropriate instrumentation and wet
waste sampling capability necessary to successfully implement and/or
verify the process control program described in items B.II.1.a
and/or B.II.1.b, above.

d. The plant operator should provide assurance that the process is runh. within the parameters established under items B.II.1.a and/orD 8.II.1.b, above. Appropriate records should be maintained for
individual batches showing conformance with the established
parameters.

2. Free Liquid Detection

Each container filled with solidified or dewatered wet wastes should be
checked by suitable methods to verify the absence oi free liquids if a
process control program is not followed or an off-normal condition exists
during processing. Visual inspection of the upper surface of the waste
in the container is not alone sufficient to ensure that free water is not
present in the container. Provisions to be used to verify the absence of
free liquids should consider actual solidification procedures which may
create a thin layer of solidification agent on top without affecting the
lower portion of the container.

III. WASTE STORAGE
1

1. Tanks accumulating spent resins from reactor water purification systems
should be capable of accommodating at least 60 days waste generation at
normal generation rates. Tanks accumulating spent resins from other

; sources and tanks accumulating filter sludges should be capable of
' accommodating at least 30 days waste generation at normal generation

rates.
O'

j j 2. Storage areas for solidified wastes should be capable of accommodating at
least 30 days waste generation at normal generation rates. These storage
areas should be located indoors.

11.4-9 Rev. 2 - July 1981.
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3. Storage areas for dry wastes and packaged contaminated equipment should
be capable of accommodating at least one full offsite waste f.hipment.

IV. PORTABLE SOLID WASTE SYSTEMS

The following supplementary guidance should be incorporated into the design
and use of portable (mobile) solidification and/or dewatering systems:

1. Tanks containing wet wastes are limited to inplant installation, they
should not be part of the portable system.

2. The use of flexible piping should be limited to necessary interfaces with
plant systems. Such piping is also subject to the hydrostatic test
requirements delineated in Regulatory Guide 1.143.

3. Portable systems should be located, as a minimum, on concrete pads with
curbs and drainage provisions for containing radioactive spills. Pro-
visions should be available for interfacing the drains with the plant's
liquid radwaste system. Portable systems should have integral
ventilation systems with either self-contained filters, or interface with
the plant's ventilation exhaust system.

4. Regulatory Guide 1.143 seismic criteria for structures housing solid
waste systems are not applicable.

V. ADDITIONAL DESIGN FEATURES

The following additional design features should be incorporated into the
design of the solid waste system.

1. Evaporator concentrate piping and tanks should have heat tracing if the
concentrates are likely to solidify at ambient temperatures.

2. Components and piping which contain radioactive slurries should have
flushing connections.

3. Solidification agents should be stored in low radiation areas, generally
less than 2.5 mr/hr, with provisions for sampling.

4. Tanks or equipment which use compressed gases for transport or drying of
resins or filter sludges should be vented directly to the plant ventilation
exhaust system which includes HEPA filters as a minimum. The vent design
should prevent liquids and solids from entering the plant ventilation
system.

O
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APPENDIX 11.4-A DESIGN GUIDANCE FOR TEMPORARY ONSITE STORAGE OF

Restrictions and reduced allocations at commercial burial sites have caused a
'

need to actively consider increased onsite storage capacity in excess of that
necessary to allow for decay of short-lived radionuclides and to allow for the

, possibility of shipping delays due to labor strikes. If such storage capability
I is planned, the applicant must assure that the design and operation of the
; proposed facility is adequate to maintain public health and safety, minimize

risk to operating personnel, and present a minimal environmental impact.

The objective of this appendix is to provide guidance to applicants consider-
ing onsite low level radioactive waste storage capabilities for t o eal years,
but for a period significantly less than the life of the plant. The duration

1 of the intended storage, the type and form of waste, and the magnitude of
radionuclides present will dictate the safeguards and the level of complexity
(waste form. container material, building design, surveillance, etc.) required

.

to assure public health and safety, and minimal risk to operating personnel.
The magnitude of the onsite storage hazard is predicated on the type of waste
being stored, the quantity of radionuclides present, and how readily they
might be transported into the environment. In general, it is prefarable to
store radioactive material in solid form. Under some circumstances, however,
temporary storage in liquid form may be desirable or required. The specific
design and operation of any storage facility will be significantly influenced
by the various waste forms, consequently, this Appendix addresses wet waste,'

solidified wet waste and dry low level waste.

O Prior to acceptance of such an on-site storage facility, substantial safety
4

review and environmental analysis must be conducted to assure adequate public
health and safety, and minimal environmental impact. The acceptance criteria
and performance objectives of any proposed storage facility, or area, will

; need to meet minimal requirements in areas of design considerations, oper-
ational considerations, and safety considerations. For purposes of thisf

appendix, the major emphasis will be on safety considerations in the storing,
handling, and eventual disposition of the radioactive waste. Additional con-
siderations for decontamination and decommissioning of the temporary storage
facility also need to be integrated into the design and operation of the

! proposed storage facility.
,

B. STORAGE FACILITY REQUIREMENTS

1. General Requirements

; (a) The following design objectives and criteria are applicable for wet,
solidified (or dewatered), and ' low level dry radioactive waste
storage facilities:

(1) The quantrty of radioactive material allowed and the shielding
I configurations will be dictated by the dose rate criteria for

both the site boundary and unrestricted areas onsite. The
40 CFR Part 190 limits will restrict the annual dose from
direct radiation and effluent release to the public (individualO to less than 25 mrem per year to the whole body from all sources
of the uranium fuel cycle; therefore, offsite doses from

11.4-A-1 Rev. 0 - July 1981
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onsite storage must be sufficiently low to account for other
sources (e.g., < 1 mrem / year). Onsite dose limits associated
with temporary storage will be controlled per 10 CFR Part 20
including the ALARA principle of 10 CFR Part 20, Section 20.1.

(2) All potential release pathways of radionuclides (e.g., evolved
gases, breach of container, etc.) shall be controlled and
monitored as per 10 CFR Part 50 Appendix A (General Design
Criteria 60 and 64). Surveillance programs should incorporate
adequate methods for detecting failure of container integrity
and measuring releases to the environment.

(b) in addition, the following design objectives and c.iteria are
applicable to solidified (or dewatered) and low level dry
radioactive waste storage facilities:

(1) For outside storage, periodic direct radiation and surface
contamination monitoring shall be conducted to insure that
levels are below limits specified in 10 CFR Part 20,
Section 20.202, 20.205, and 49 CFR Part 173, Section 173.397.
All containers should be decontaminated to these levels or
below before storage.

(2) Procedures should be developed and implemented for early detection,
prevention and mitigation of accidents (e.g., fires). Storage
areas and facility designs should incorporate good engineerir1
features and contingencies so as to handle accidents and proviac
safeguard systems such as fire detectors and suppression systems
(e.g., smoke detector and sprinklers), personnel training and
administrative procedures to insure both control of radioactive
materials and minimum personnel exposures. Fire suppression
devices may not be necessary if combustible materials are
minimal in the area.

(3) Provisions should be incorporF ed for collecting liquid drainage,
including. provisions for sampiing all collected liquids.
Routing of the collected liquids should be to radwaste systems
if contamination is detected, or to normal discharge pathways
if the water ingress is from external sources (e.g., rain water
or moisture) and remains uncontaminated.

(4) Low level solidified waste stored in outside areas should be
held securely by installed hold down systems. The hold down
system should secure all containers during severe environmental
conditions up to and including the design basis event for this
waste storage facility.

(5) Increased container handling and personnel exposure can be
anticipated, consequently, all ALARA methodology should be
incorporated per Regulatory Guides 8.8 and 8.10.

(6) Container integrity should be assured against corrosion from
the external environment; external weather protection should be
included where necessary and practical. Storage containers
should be raised off storage pads where water accumulation can
be expected to cause external corrosion and possible degradation
of container integrity.
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(7) Total curie and storage capacity limits should be established
, based on the design of the storage area and the safety features

3provided. The design capacity (ft , Ci) should be based on
historial waste generation rates for the specific facility,,

considering both volume minimization / reduction programs and the
need for surge capacity due to operations which may generate
unusually large amounts of waste.

i

1 (8) Inventory records of waste types, contents, dates of storage,
shipment, etc., should be maintained."

!

2. Wet Radioactive Waste Storage

(a) Wet radioactive waste will be defined as any liquid or liquid / solid
slurry. For storage considerations, wet waste is further defined as
any waste which does not meet receiving burial site free liquid
requirements for solidified or dewatered waste.

(b) The facility, supporting structure and tanks should be designed to
prevent uncontrolled releases of radioactive materials due to spillage
or accident conditions.

(c) The following design objectives and criteria are applicable for wet
radioactive waste storage facilities.

(1) Structures that house liquid radwaste storage tanks should be
designed to seismic criteria as defined in Regulatory Guide 1.143,
Section 5.0. Foundations and walls shall also be designed and.

i fabricated to contain the liquid inventory which might be
released during a container / tank failure.

(2) All tanks or containers should be designed to withstand the
corrosive nature of the wet waste storage. The duration of
storage under which the corrosive conditions exist shall also
be considered in the design.

(3) All storage structures should have curbs or elevated thresholds
with floor drains and sumps to safely collect wet waste assuming
the failure of all tanks or containers. Provisions should be
incorporated to route spilled wet waste to the radwaste
treatment systems.

(4) All tanks and containers shall have provisions to monitori

liquid levels and to alarm potential overflow conditions.
;

(5) All tempora'ily stored wet waste will regaire additional
reprocessing prior to shipment offsite; therefore, provision
should be established to integrate the required treatment with4

the waste processing and solidification systems. The interface
and associated systems should be designed and tested in
accordance with the codes and standards described in Regulatory,

Guide 1.143.

O
V
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3. Solidifiec Radioactive Waste Storage

(a) Solidified radwaste shall be defined as wet waste (e.g., evaporator
bottoms, resins, and sludge) which is solidified, meets the free
liquid criteria of Branch Technical Position ETSB 11-3, and satisfies
applicable transportation and disposal site requirements. For
purposes of this appendix, dewatered resins or filter sludges
satisfying the two latter criteria shall also be defined under this
waste .:iassification.

(b) Dewatered resins and sludges should be stored in containers that
satisfy receiving burial site criteria, in addition to applicable
transportation regulations. Any storage plans should address
container protection as well as any reprocessing requirements for
eventual shipment and burial.

(c) Casks, tanks, and liners containing solidified radioactive waste
should be designed with good engineering judgement to preclude or
reduce the occurrence of uncontrolled releases of radioactive
materials due to handling, transporting, or storage. Accident
mitigation and control for design basis events (e.g., fire, flood-
ing, tornadoes, etc. ) must be evaluated and protected against unless
otherwise justified.

(d) The following design objectives and criteria are applicable for
solidified waste storage containers and facilities:

(1) All solidified radwaste should be located in restricted areas
where effective material control accountability can be
maintained. While structures are not required to meet seismic
criteria, protection should be afforded to insure the radio-
activity is contained safely by use of good engineering
judgment, such .is the use of curbs and drains to contain spills
of dewatered resins or sludges.

(2) If the waste product is potentially corrosive, proven
provisions should be made to protect th container (i.e.,
special liners or coatings) and, or neutralize the waste. If

deemed appropriate and necessary, highly noncorrosive materials
(e.g., stainless steel) should be used. Potential corrosion
between the solid waste forms and the container should also be
considered. In the case of dewatered resins, highly corrosive
acids and bases can be generated which will significantly
reduce the longevity of the container. The Process Control
Program (PCP), should implement steps to assure the above does
not occur, and provisions on container material selection and
precoating should be made to insure that container breach does
not occur during temporary storage periods.

(3) Provisions should be made for additional reprocessing or
repackaging due to container failure and/or, as required for
final transporting and burial, as per DOT and burial site
criteria. Contaminatic isolation and decontamination cap-
abilities should be developed. Whereby significant handling
and personnel exposure can be anticipated, ALARA methodology
should be incorporated as per Regulatory Guides 8.8 and 8.10.
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4. Low Level Dry Waste Storage

( (a) Low level dry waste is classified as contaminated material which
(/ contains sources of radioactive material that is dispersed in small

concentrations throughout large eli w of inert material which
- contain no free water. Generally, this consists of dry contaminated

material such as rags, clothing, paper, air filters and small
equipment (i.e. , toolt .cd instruments) which cannot be easily
decontaminated.

(b) Licensees should implement controls to segregate and minimize the
generation of Low Level Dry Waste to lessen the impact on waste
storage.

(c) The following design objectives and criteria are applicable for low
; level dry waste storage containers and facilities.
1

(1) All dry or compacted radwaste should be locaied in restricted
; areas where effective material control and accountability can
'

be maintained. While structures are not required to meet
seismic criteria, protection should be afforded to insure the
radioactivity is contained safely by use of good engineering
judgement.

(2) The waste container should be designed to insure radioactive
material containment during normal and abnormal occurrences.
The waste container materials should not support combustion.
The packaged material should not cause fires through,p)(v spontaneous chemical reactions, retained heat, etc.

(3) Containers should generally comply with the criteria of 10 CFR
Part 71 and 49 CFR Part 170 to minimize the need for repackaging
for shipment.

I

i

O'

v
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A/ U.S. NUCLEAR REGULATOHY COMMISSION

i STANDARD REVIEW PLAN
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,/ OFFICE OF NUCLEAR REACTOR REGULATION
e .e

11.5 PROCESS AND EFFLUENT RADIOLOGICAL MONITORING INSTRUMENTATION AND
SAMPLING SYSTEMS

REVIEW RESPONSIBILITIES

Primary - Effluent Treatment Systems Branch (ETSB)

Secondary - None

I. AREAS OF REVIEW

At the construction permit (CP) stage, ETSB reviews the information in the appli-
cant's preliminary safety analysis report (PSAR) in the specific areas that follow.
During the operating license (OL) stage of review, ETSB review consists of confirm-
ing the design accepted at the CP stage and evaluating the adequacy of the appli-
cant's specifications in those areas. The ETSB review includes:

1. The design objectives and design criteria for the process and effluent radio-
logical monitoring instrumentation and sampling systems. The review includes

(_N the identification of the process and effluent streams to be monitored by
(~) radiation detection instrumentation or sampled for separate analyses, the

purpose of each instrumented monitoring or sarr.pling function provided, and
the parameters to be determined through monitoring instrumentation or sampling
and aralysis (e.g., gross beta gamma concentratioas, radionuclide distribution,i

_
or quantities of specific radionuclides).

2. The system descriptica for the process and effluent radiologice' monitoring
instrumentation and sampling systems. The review includes (a)" tescription
of radiation detection instrumentation and related instrumentation and sam-
pling equipnient provided, including redundancy (where applicable), range,
calibration, sensitivity, alarm / trip setpoints, independence, and diversity
of components for normal operations, anticipated operational occurrences,
and postulated accidents; (b)* location of monitors and direct readouts;
(c)* location of samphng points and sampling stations; (d) calculation of

" Final SafiT9 Analysis Report (FSAR) only.
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radioactivity concentrations to be monitored or sampled for normal operations,
anticipated operational occurrences, and postulated Ecidents; (e) measurements,
analyses, or determinations to be made (e.g., gross beta gamma concentration
or measurement of specific radionuclides); (f)* types and locations of annuncia-
tions and alarms and the actions initiated by each; (g) provisions for purging
sample lines, input volumes to waste collection systems, and sampling frequency;
(h) expected relationships between monitoring instrumentation readouts, sampling
analytical results and plant operatians; (i)* descriptions or procedures for
calibration, maintenance, and inspection of monitoring instrumentation; (j)
layout drawings, piping and instrtmentation diagrams (P& ids), and process flow
diagrams.

In addition, ETSB will coordinate other branches evaluations that interface
with the overall review of the process and effluent radiological monitoring
instrumentation and sampling systems as follows: Instrumentation and Control
Systems Branch reviews the process and effluent radiological monitors which
are required to actuate engineered safety feature (ESF) systems designed to
prevent or mitigate consequences of accidents which could result in offsite
exposures comparable to the guidelines of 10 CFR Part 100 as part of its primary
review responsibility for SRP Section 7.6. Chemical Engineering Branch review
provisions for controlling sample leakage, sr ge, and radiation exposure
during sampling from process waste systems a. > t of its primary review respon-

sibility for SRP Section 9.3.2. The reviews isc Technical Specifications and
Quality Assurance are coordinated and performed by the Licensing Guidance Branch
and the Quality Assurance Branch as part of their primary review responsibility
for SRP Sections 16.0 and 17.0, respectively.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria necessary
for the review and their methods of application are contained in the referencor'
SRP section of the correspcnding primary branch.

II. ACCEPTANCE CRITERIA

ETSB acceptance criteria for the process and effluent radiological monitoring
instrumentation and sampling systems are based on meeting the relevant require-
ments of the following regulations:

A. 10 CFR Part 20, S20.106 as it relates to radioactivity monitoring of
effluents to unrestricted areas.

B. General Design Criterion 60 as it relates to the radioactive waste manage-
ment systems being designed to control release of radioactive materials
to the environment.

C. General Design Criteria 63 and 64 as they relate to the radioactive waste
management systems being designed to monitor radiation levels and leakage.

Specific criteria necessary to meet the relevant requirements of the Commission
regulations identified above are:

1. Provisions should be made for the instrumented monitoring or for tl sampling
and analyses of all normal and potential effluent pathways for rele_se of
radioactive materials to the enviroment to meet General Design Criterion 64.
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To meet Criterion 64, the design of systems should meet the provisions of
Regulatory Guide 1.21 (Position C and Appendix A) (Ref. 2), Regulatoryp! Guide 1.97 (Position C and Table 1 or Table 2, as applicable) (Ref. 3),;V and Regulatory Guide 4.15 (Position C) (Ref. 4).

The gaseous and liquid process streams or effluent release pointsa.
should be monitored and sampled according to Tables 1 and 2.

b. For both BWRs and PWRs, liquid wastes and confined volumes of gaseous
waste should be sampled batchwise prior to release, in accordance
with Regulatory Guide 1.21. Continuous gaseous effluent monitors
are not required for open structures, such as PWR turbine buildings
or atmospheric vents for liquid waste tanks containing treated or
processed liquid waste and located outside of buildings. For liquid
and gaseous effluents that canst be practicably monitored or sampled
batchwise, one of the following methods of representative sampling
should be provided:

(1) A continuous proportioning sampling system with at least two
sample collection tanks. The system should be designed to pro-
vide a fixed or measured flow ratio of the sample collected to
the sampled stream discharge, or, alternatively |

(2) A periodic automatic srab :,ampling system with at least two
sample collection tanks. The system should be designed to
collect a fixed volume of sample at a rate proportional to the
measured flow in the sampled stream discharge.

") (3) Radioactive materials other than noble gases in gaseous effluents.s

A continuous sampling system with replaceable particulate filter
and radioiodine adsorber. The system shouta '.e designed to automat-
ically take samples at a fixed or measured flew ratio of the
sample throughput to the sampled stream disJ.arge flow.-

For intermittently operating effluem release points, the system should
be designed to automatically take samples whenever there is flow in
the effluent stream.

For all of the above samples, a periodic analysis frequency for the
collected samples should be specified in the technical specifications.

2. Provisions should be made for the instrumented monitoring of, or the
periodic or continuous sampling and analysis of, radioactive waste
process systems. To meet Criteria 60 and 63, as they relate to radio-
active waste systems and detection of excessive radiation levels and
initiation of appropriate safety actions, the design of systems should
meet the guidelines of Appendix 11.5-A (this SRP section), Regulatory
Guide 1.21 (Position C, as applicable), Regulatory Guide 1.97 (Posi-
tion C and Table 1 or Table 2, as applicable), and Regulatory Guide
4.15 (Position C).

a. Provisions should be made to assure representative sampling from
radioactive process streams and tank contents. Recirculation

(O
pumps for liquid waste tanks (collection or sample test tanks)

/ should be capable of recirculating at a rate of not less than
,
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two tank volumes in eight hours. For gaseous liquid process
stream samples, provisions should be made for purging sample
lines and for reducing plateout in sample lines. Provisions
for gaseous sampling from ducts and stacks should be in agreement
with ANSI N13.1. (Ref. 5)

b. Where practicable, provisions should be made to collect samples
from process waste streams at central sample stations to reduce
leakage, spillage and radiation exposures to operating personnel
inaccordanceetliSRPSection9.3.2.

c. Provisions ',hould be made to purge and drain sample streams back
tu Se sy d em of origirl or to an appropriate waste treatment
system.

3. Provisions should be made for administritive and procedural control,
for necessary auxiliary or ancillary equipment, and for special features
for the instrumented radiological monitoring sampling, and analysis
of process and effluent streams. TomeetCriterion63andCriterion
64, as thev relate to radioactive waste process systems and effluent

discharge ,aths, dural controls should meet the guidelines of Appendixthe design of systems and the implementation of adminis-trative t 9 proce
11.5-A(de4.15(Position,C)gulatoryGuide1.21(PositionC)andRegula-thu SRP section) Re
tory Gui

Instrumentation sampling, and monitoring provisions should conform
to the following,:

Samplinfsfrequencies, required analyses, instrument alarm / tripa.
setpoin calibration and sensitivities and provisions for
preparing,compositesamplesforlow-levelanalysesshouldbein
conformance with Regulatcry Guides 1.21 and 4.15. Sam)1ing
frequencies and required analyses should be given in tie plant
technical specifications, these provisions will be reviewed at
the OL stage.

| b. Provisions should be made for the necessary instrumentation and
facilities to perform gross beta gamma and gross alpha measurements,
isotoaic analyses, and other routine analyses in conformance
with legulatory Guide 1.21.

c. Provisions should be made to perform routine instrument calibra-

of Regulatory Guide 4.15. pections in conformance with guidelines
tion, maintenance, and ins i

The frequencies of such actions should I

be given in the plant technical specifications. The provisions
will be reviewed at the OL stage. Provisions should also be
made to replace or decontaminate monitors without opening the
process system or losing the capability to isolate the effluent
stream.

Isolation valves, dam or diversion valves with automatic! d. controlfeaturesshou$ersd fail in the closed or safe position.
Setpoints for actuation of automatic control features initiating
actuation of isolation valves, dampers, or diversion valves should
be established in the plant technical specifications. Non-ESF
instrumentation provisions for automatic termination or diversion
of releases should conform to the design guidance contained in

11.5-4 Rev. 3 - July 1981
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Apendix 11.5-A (this SRP section). ESF instrumentation provisions for
au:omatic termination or diversion of releases are reviewed in
SRF Section 7.6 by ICSB. '

'

- 4. Provisions should be made for the instrumented monitoring or sampling
and analysis of identified gaseous effluent paths in the event of
postulated accident releases. To meet Criterion 64, as it relates
to potential gaseous effluent paths, the design of systems should
meet the provisions of NUREG-0718 and NUREG-0737 (Refs. 9 and 10)

i (Items II.F.1, Attachments 1 and 2), Appendix 11.5-A (this SRP section)

Table 2, as applicable) y Guide 1.97 (Position C, and Table 1 or
(Ref. 11), and Regulator'

(Ref. 3).

5. Prov ions should be made for the instrumented monitoring or sampling
and analysis of identified liquid effluent paths in the event of a
postulated accident. To meet Criterion 64, as it relates to postulated
accidents and identified liquid effluent paths, the design of plant
liquid waste collection and processing streams should meet the guide-
lines referenced in SRP Sectim s 9.3.3 and 11.2 and, in addition,
the following conditions shouM be met:

a. Admi;..strative controls and procedures in conformance with
subsection II.3 of this SRP section are to be in effect
to minimize inadvertent or accidenta releases of radioactive
liquids, and

i b. Liquid effluent radiological monitors are to be provided for
the automatic termination of releases in the event that effluent,. ,x
setpoints, as provided in subsection II.1 of this SRP section,

(a) and as established in the plant technical specifications, are
exceeded.

III. REVIEW PROCEDURES

The reviewer will select and emphasize material from this SRP section as may be
appropriate for a particular case.

1. In the review of the process and effluent radiological monitoring and
sampling system, ETSB will compare the listing of process and effluent
monitors contained in the SAR with the principal release points identified
in SRP Section 11.1 to assure that all major process stress and release
pathways are being monitored during normal operation, anticipated operational
occurrences, and postulated accidents. The review includes the following: |

a. The location of probes, detectors, sampling points, and sample stations, |

and the bases for the selection of these sampling or monitoring points I

are compared with the general principles fo, obtaining valid samples
of airborne radioactive materials, the methods and materials for gaseous
andparticulatesampling,andguidesforsamplingfromductsandstacks
contained in ANSI N13.1-1969, Guide to Sampling Airborne Radioactive
Materials in Nuclear Facilities" (Ref. 5).

b. The equipment, piping, and description of sampling methods to assure
representative sampling will be compared with the guidelines givenp) in Regulatory Guide 1.21..

\_s
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c. ETSB will independently calculate, on an audit basis, the radiation
levels and concentrations in process and effluent streams using the
models of NUREG-0016 or NUREG-0017 to verify the expected levels
(Refs. 6 and 7).

d. ETSB will compare the sampling frequencies, types of analyses required,
and monitoring instrument sensitivities and ranges with those recom-
mended in Regulatory Guides 1.21 and 1.97. At the OL stage, ETSB will |compare the applicant's monitoring instrumentation specifications and
performance criteria with those contained in ANSI N13.10-1974 (Ref. 8)
and in Appendix 11.5-A (this SRP section).

e. In the review of the P& ids for the liquid and gaseous waste treatment
systems, ETSB will verify that release points for radioactive material
have provisions for automatic termination of releases in the event
they exceed a predetermined level. Instrumentation provisions for
automatic termination of releases will be compared with the design
guidance contained in Appendix 11.5-A (this SRP section).

f. ETSB will review the location of the monitors shown on the P& ids and
the location of readouts, annunicators, and alarms discussed in SAR
Chapter 7 to assure that the operator will be advised of system per-
formance and effluent releases consistent with the release limits
specified in the plant technical specifications.

g. ETSB will compare the proposed calibration methods and frequency of
calibration with the guidelines in Regulatory Guide 1.21 (FSAR) and
Regulatory Guide 4.15.

h. ETSB will assure that provisions are included in the design for replac-
ing or decontaminating detectors without opening the boundary of the
proceso system or without losing the capability to isolate the syster
or divert the effluent to a standby treatment system (as approprir.te).

i. ETSB will review special features, applicable topice? reports, and
data referenced in the SAR on a case-by-case basis.

2. ETSB reviews the technical specifications proposed by the applicant for
process and effluent radiological monitoring and sampling at the OL stage.
The reviewer determines that the content and intent of the technical
specifscations prepared by the applicant are in agreement with the
requirements developed as a result of the staff's review. The revi6w
will include the evaluation or development of appropriate limiting con-
ditions for operation and their bases consistent with the plant design.

IV. EVALUATION FINDINGS

ETSB verifies that sufficient information has been provided and that the review
supports concli.sions of the following type, to be included in the staff's safety
evaluation rersort:

The staff conciades that the process and effluent radiological monitor-
ing instrumentation and sampling systems are acceptable and meet the
relevant requirements of 10 CFR Part 20, 920.106, and General Design
Criteria 60, 63, and 64. This conclusion is based on the following:
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The process and effluent radiological monitoring and sampling systems
incluc +.he instrumentation for monitoring and sampling radioactivity,

|
} contaminated liquid, gaseous, and solid waste process and effluent

V streams. Our review included the provisions proposed to sample and
monitor all station effluents in accerdance with General Design
Criterion 64, the provisions proposed to provide automatic termination
of effluent releases and assure control over discharges in accordance
with General Design Criterion 60, the provisions proposed for sampling
and monitoring plant waste process streams for process control in
accordance with General Design Criterion 63, the provisions for con-
ducting sampling and analytical programs in accordance with the guide- |
lines in Regulatory Guides 1.21 and 4.15, and the provisions for
sampling and monitoring process and effluent streams during postulated
accidents in accordance with the guidelines in Regulatory Guide 1.97. |,

The review included piping and instrument diagrams and process flow
,
' diagrams for the liquid, gaseous, and solid radwaste systems, and

for ventilation systems, and the location of monitoring points relative
to effluent release points as shown on the site plot diagrams.

Based on our review, we have determined that the applicant's designs,
design criteria, and design bases for the process and effluent radio-
logical monitoring instrumentation and sampling systems meet the
guidelines of Appendix 11.5-A (this SRP section) and industry standards.-

V. IMPLEMENTATION

The following is intended to provide guidance to applicanis and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those caser in which the applicant proposes an acceptable alterna-
4 tive method for comr sying with specified portions of the Commission's regula-
| tions, the method aescribed herein will be used by the staff in its evaluation

of conformance w.th Commission regulations.'

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced Appendix 11.5-A (this 3RP section), regulatory
guides, and NUREGs.

1

O:
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O
TABLE 1

Provisions for Monitoring and Sampling Gaseous Streams

Monitor Provisions Sample Provisions
No. Process Systems Rear _ tor In Process In Effluent In Proc 3 In Effluent

k k IType Cont' ACFJ Cont' Grab Grab Cont

a1. Waste Gas Holdup System P&B NG NG (NG) (NG,H3) (I)
D2. Condenser Evacuation System P&B NG (NG)" (NG) I (NG,H3) (I)

3. Vent &SpackReleasePt. P&B - - NG H3 (I)
System

d4. Containment Purge Systems P&B NG NG* (NG) I (NG,1,H3) I

5. Aux. Bldg. Ventilation System P&B
_ _ (NG) I (NG,H3) (I)

6. Fuel Storage Area Vent. Syst.' P&B (NG) NG* (NG) I (NG,H3) (I)
7. Radwaste Area Vent. Systems P&B

_ _ (NG) I (NG,H3) (I)
8. Turb. Gland Seal Cond. Vent P&B

- - (NG) I (NG,H3) (I)
System

9. Mech. Vacuum Pump Exnaust P&B
- - (NG) I (NG,H3) (I)

(Hogging) System

10. Evaporator Vent Systems P&B
_ _ (NG) I (NG,H3) (I)

11. Pie-treatment Liquid Radwaste P&B (NG) (I) (NG,H3) (I)
Tank Vent Gas Systems

12. Flash Tank and Steam Generator P (NG) I (NG,H3) (I)
Blowdown Vent Systems

13. Turbine Bldg. Vent Systems B
_ _ (NG) I (NG,H3) (I)

14. Pressurizer & Boron Recovery P
_ _ (NG) I (NG,H3) (I)

Vent Systems

9
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TABLE 2

Provisions for Monitoring and Sampling Liquid Streams

Monitor Provisions Sample Provisions
,

No. Process Systems Reactor In Process In Effluent In Process In Effluent

l i k k I
Cont Grab Grab ContType Cont ACF

1. Liquid Radwaste (Batch) P&B (R| R R S&A S&A,H3
_

Effluent System

2. Liquid Radwaste (Continuous) P&B R R R
_

S&A,H3 S&A

Effluent System

3. Service Water System P&B
_ _ (R) _

S&A,H3 S&A i

I4. Component Cooling Water System P&B (R) (R") (R) S&A S&A,H3 (S&A)

5. Spent Fuel Pool Treat. Syst.9 P&B (R) (R) (R) S&A (S&A,H3) (S&A)
,

6. Equip.&FloorDrainCoglectionP&B _ (R) (R) _
(S&A,H3) (S&A)

and Treatment Systems

(
Holding Basin Systems

_ (R) (R) _
(S&A,H3) (S&A)7. Phase Separator Decant & P&B

8. Chemical & Regeneration P&B
- (R) (R) -

(S&A,H3)-(S&A)
Solution Waste Systems

9. Laboratory & Sample System P&B
_ (R) (R) S&A (S&A,H3) (S&A)

Waste Systems

10. Laundry & Decontamination P&B
_ (R) (R) _

(S&A,H3) (S&A)
Waste Systems

1 Baling Drain Systems
_ (R) _

(S&A,H3) (S&A)11. Resin Slurry, Solidification & P&B (R)

12. Radwaste Liquid Tanks (outside P&B
_ _ (R) S&A (S&A,H3) (S&A)

the buildings)

13. Storm & Underdrain Water Syst. P&B
_ _ _ _

(S&A,H3) _

14. Tanks and Sumps inside Reactor P&B
_ (R) (R) _

(S&A,H3) (S&A)
Building'

.

15. Boron Recovery System Liquid- P
_ (R) (R) _

(S&A,H3) (S&A)
Effluent

: 16. Steam Generator Blowdown D (R) R R S&A (S&A,H3) (S&A)
i (Batch) Liquid Effluent

System .

(Oy17.SteamGeneratorBlowdown
(Continuous) Liquid.

_
(S&A,H3) (S&A)P (R) R R,

-Effluent System
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O
TABLE 2 (Continued)

Monitor Provisions Sample Provisions
No. Process Systems Reactor In Process In Ef fluent In Process In Effluent

Cont [
i i k

Type Cont ACF) Cont Grab Grab

18. Secondary Coolant Treat. Waste P
_ (R) (R) _

(S&A,H3) (E&Ai
& Turbine Bldg. Drain Systems

19. Ultrasonic Resin Cleanup Waste B
_ (R) (R) _

(S&A,H3) (S&A)
Systems ,

20. Non-Contaminated Waste Water & P&B
- - - -

(S&A,H3) (S&A)
PWR Turbine Building Clean

Drain System

O

O
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Notes for Table 1 and Table 2

a- for example, offgas storage tank systems, cover gas decay systems, chilled
charcoal adsorption systems, offgas cryogenic units, and delay pipes.

b- for example, main condenser steam jet air ejector systems and mechanical-
vacuum pump systems.

c- for example, free standing stacks, roof vents, building vents, exhausters,
process vents, ventilation vents,

d- for example, containment relief systems, containment normal purge, contain-
ment low volume purge, containment leak testing systems, drywell purge,
cleanup purges.

e- includes spent fuel pool and refueling pool ventilation systems, if separate
from the fuel storage area ventilation system.

f- also called closed cooling water systems and component cooling loop systems.

g- includes refueling pool cleanup systems.

h- includes suppression tanks, reactor drain tanks, equipment and drain sumps
collecting leakage, drainage, sampling, and condensate.

i- continuous radiation monitor.

j- automatic control feature. For example, the continuous liquid effluent
radiation monitor (see note m, below) should be equipped to alarm at a
setpoint established in the technical specifications and should automatically
terminate effluents in the discharge line by closing an isolation valve
(see II.3.d).

k- sample point should be available to obtain grab samples for laboratory
analyses as indicated by notations.

1- continuous sampler (see II.1.b).

m- the automatic control feature may be alternatively provided by a process
continuous radiation monitor, located at a point upstream of the systems'
effluent continuous radiation monitor.

n- for BWRs only.

P- Typical system names applicable to pressurized water reactors.

B- Typical system names applicable to boiling water reactors.

NG - Noble gas radioactivity.

I- Iodine radioactivity, radioactivity of other radionuclides in particulate |
form, and alpha emitters.

G
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H3 - Tritium

R - Gross radioactivity (beta radiation, gamma radiation, or total beta plus
gamma)

S&A- Sampling and analysis of radionuclides, to include gross radioactivity,
identification and concentration of principal radionuclides and concentration
of alpha emitters.'

( )- Provisions indicated within parentheses are required only for systems not
monitored, sampled, or analyzed (as indicated) prior to release by downstream
p rov i s i o,'s.

O

O
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VI. REFERENCES

I 1. 10 CFR Part 20, 620.106, " Radioactivity in Effluents to Unrestricted Areas,",

- and 10 CFR Part 50, Appendix A, General Design Criterion 60, " Control of,

Releases of Radioactive Material to the Environment"; Criterion 63,
'

" Monitoring Fuel and Waste Storage"; and Criterion 64, " Monitoring Radio-
activity Releases."

2. Regulatory Guide 1.21, " Measuring and Reporting Radioactivity in Solid
Wastes and Releases of Radioactive Materials in Liquid and Gaseous Effluents
from Light-Water-Cooled Nuclear Power Plants."

3. Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear
Power Plants to Assess Plant Conditions During and Following an Accident."

4. Regulatory Guide 4.15, " Quality Assurance for Radiological Monitoring
Programs (Normal Operation) - Effluent Streams and the Environment."

i

i 5. ANSI N13.1-1969, " Guide to Sampling Airborne Radioactive Materials in
Nuclear Facilities," American National Standards Institute (1969).

6. NUREG-0016, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Boiling Water Reactors" (BWR-GALE Code).

7. NUREG-0017, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents From Pressurized Water Reactors" (PWR-GALE Code).

O1
8. ANSI N13.10-1974, " Specification and Performance of On-Site Instrumentation

for Continuously Monitoring Radioactivity in Effluents" (1974).

9. NUREG-0737, " Clarification of TMI Action Plan Requirements" (1980). |

10. NUREG-0718, " Licensing Requirements for Pending Applications for Construc-
tion Permits and Manufacturing Licenses."

11. Standard Review Plan Appendix 11.5-A, " Design Guidance for Radiological
Effluent Monitors."

12. Regulatory Guide 1.143, " Design Guidance for Radioactive Waste Management
Systems, Structu.es, and Components Installed in Light-Water-Cooled
Nuclear Power Plants."

,

(
\m

i
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APPENDIX 11.5-A DESIGN GUIDANCE FOR RADIOLOGICAL EFFLUENT MONITORS
PROVIDING SIGNALS FOR INITIATING TERMINATION OF FLOW
OR OTHER MODIFICATION OF EFFLUENT STREAM PROPERTIES

A. Background

The primary design function of a radiological effluent monitor is the detectic1
and measurement of radioactive materials released in gaseous or liquid effluent
streams of light-water-cooled nuclear power reactors. An additional design
function of some monitors is that of providing a signal to automatically termi-
nate or otherwise modify the effluent stream. Examples are the termination of
exhaust air flow by closure of containment ventilation or purge isolation valves
and diversion of building ventilation exhaust streams from an untreated discharge
path to an alternative treatment system, such as a standby gas treatment system
for a BWR plant.

Depending on plant design and onsite meteorology, such an action may be necessary
to mitigate the consequences of a design basis accident (DBA). The need for
such mitigation is determined by calculating offsite doses that would result
from the DBA. In other plant designs, radiological effluent monitors are used
to actuate systems to modify or terminate releases for other purposes, e.g. ,
to terminate releases due to anticipated operational occurrences to assure that
offsite doses are maintained within the limits specified in the plant technical
specifications.

The design and quality assurance criteria applied to the design, procurement,
installation, testing, and operation of radiological effluent monitors installed
in light-water-cooled nuclear power reactors should provide assurance that the

-

monitors will perform all of their design functions.

If the DBA ana'ysis noted above shows that the actuation of an engineered safety
feature (ESF) system is required to mitigate the consequences of a DBA, and
that a signal from a radiological effluent monitor is necessary to actuate the
ESF system, then the monitor should be designed and qualified to the design
and quality assurance criteria applicable to the ESF system. Conversely, if
an automatically functioning device or system is used to reduce radioactive
releases to assure maintaining offsite doses within the limits of the plant
technical specifications (i.e., not for the purpose of mitigating the con-
sequences of a DBA), then a monitor providing the actuation signal should be
designed and qualified to criteria consistent with those of the actuated system.

This appendix does not establish, nor does it change in any manner, the design
and quality assurance criteria established elsewhere for ESF or ESF-related
systems or monitors.

The design guidance set forth in this Appendix provides reasonable assurance
that monitors used to provide initiation signals for actuation of systems to
control the release of radioactive materials in effluents, but not required to
mitigate the consequences of a DBA, are designed, constructed, installed, tested,
and maintained on a level commensurate with their intended function.

This Appendix sets forth minimum requirements and is not intended to prohibit
the implementation of equivalent design codes, standar<is, or quality assurance
measures other than those indicated herein.
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|8. Definitions

Radiological Effluent Monitor: A device which removes a representative sample
d from the effluent stream, detects and quantitatively measures the radioactive

materials present in the sample, discharges the sampled medium back to the
effluent stream, and transmits the measurement data to a central point.

Monitoring System: A system consisting of one or more remote monitors, a
centrally located cabinet or console where data from the monitors is received,
recorded, and displayed, and the necessary interconnecting cables, power
supplies, pumps, motors, alarms, recorders, display panels, relays, and other
auxiliary components.

C. Design Guidance

Design and quality assurance criteria for radiological effluent monitors should
be consistent with the design and quality assurance criteria applicable to the
systems which are actuated by a signal from the monitors.

Monitors providing signals for the actuation of engineered safety feature (ESF)
systems should be designed and qualified to the design and quality assurance
criteria applicable to ESF systems. Criteria for ESF-related monitors are
found in the appropriate Standard Review Plans under Section 7. This position
does not affect or modify existing criteria for ESF-related systems.

Monitors providing signals for the actuation of non-ESF systems should be
designed and qualified to the design and quality assurance criteria applicable
to the actuated system or to the criteria shown in Table I, below.

D. Implementation

The purpose of this section is to provide information to applicants and
licensees regarding the staff's plans for utilizing this Appendix.

Except in those cases in which the applicant proposes an alternate method for
complying with specified portions of the Commission's regulations, the criteria
described herein will be used in the evaluation of applications docketed after
July 1, 1979, as follows:

(1) Preliminary Design Approval (PDA) application reviews and Preliminary
Duplicate Design Approval (PDDA) application reviews.

(2) Final Design Approval, Type 2 (FDA-2), application reviews and Final
Duplicate Design Approval, Type 2 (PDDA-2), application reviews. Final
Design Approval, Type 1 (FDA-1), or Final Duplicate Design Approval,
Type 1 (FDA-1) applications docketed after July 1, 1979, should conform
to the criteria of the corresponding PDA or PDDA applications, respectively.

(3) Manufacturing License (ML) application reviews.

Construction Permit (CP) application reviews, except that portions of CP(4)
applications docketed after July 1, 1979, which reference standard designs
(i.e., PDAs, FDA-1s, FDA-2s, PDDAs, FDDA-1s, FDDA-2s, or MLs) and replicate

| O plant applications docketed after July 1,1979, should conform to the
i \h criteria of the referenced design.:

|

|
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(5) Operating License (OL) applications should conform to the criteria of the
corresponding CP applications.

These criteria do not apply to operating plants.

If an applicant wishes to use this guidance in developing submittals for applica-
tions docketed on or before July 1, 1979, the pertinent portions of the application
will be evaluated on the basis of this Standard Review Plan section.

TABLE I

DESIGN GUIDANCE FOR RADIOLOGICAL EFFLUENT MONITORS
(INSTRUMENTATION INSTALLED IN LIGHT WATER COOLED NUCLEAR POWER PLANTS)

Category Design Criteria Quality Assurance Criteria

Effluent Radiological Review: Reviewed Under Review: Reviewed under
Monitoring Instrumentation ' Standard Review Plan Standard Review Plan
providing a signal for the Section 11.5 Section 11.5
actuation of a system used
to reduce releases of Reviewed by: Effluent Reviewed by: Effluent
radioactive materials in Treatment Systems Treatment Systems Branch
effluents within limits Branch (ETSB) (ETSB)
specified in plant
technical specifications. Criteria: Manufac- Criteria: Quality Assur-
(Not required to initiate turer's Standard per ance set forth in Regula-
actuation for an ESF ANSI N13.10-1974 tory Guide 1.143,
system). Section IV. (Ref. 12)

|

|

@

11.5-16 Rev. 1 - July 1981



NU REG-0800
(Formtrty NUREG-75/087)

y[p **c ,I
o

{U (j'h$s) STANDARD REVIEW PLAN
U.S. NUCLEAR REGULATORY COMMISSIONh

%; % / OFFICE OF NUCLEAR REACTOR REGULATION
....e

12.1 ASSURING THAT OCCUPATIONAL RADIATION EXPOSURES ARE AS LOW AS IS
REASONABLY ACHIEVABLE

REVIEW RESPONSIBILITIES

Primary - Radiological Assessment Branch (RAB)

Secondary - None

I. AREAS OF REVIEW

The following areas of the applicant's safety analysis report (SAR) are reviewed
as they relate to assuring that occupational radiation exposures (ORE) will be as
low as is reasonably achievable (ALARA):

1. Policy Considerations

a. Management policy with respect to designing and constructing the plant
(preliminary safety analysis report, PSAR) and with respect to operat-(n) ing the plant (final safety analysis report, FSAR) and the planned

V organizational structure (FSAR).

b. TM applicable activities carried on by the individuals in management
having responsibility for radiation protection (PSAR).

c. Information describing the implementation of policy, organization,
training, and design review guidance provided in Regulatory Guides 1.8,
9.8, and 8.10. Information describing any proposed alternatives
(PSAR and update in FSAR).

2. Design Considerations ;

a. Information describing how experience from past designs and from
operating plants has been used to develop improved radiation protec-
tion design (PSAR and update in FSAR).

b. Information describing the implementation of the design guidelines
of Regulatory Guide 8.8, Section C.2, and other industry-dt: * eloped |

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Star.dard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These <focuments are made available to the public as part of the[N Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review

( ) plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The
ib'/ standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.

Not all sections of the Standard Format have a corresponding review plan.

Pubbshed standard review plans will be revised periodically, as appropriate, .0 accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
Office of Nuclear Reactor Regulation. Washington. D C. 20555.



design guidance that includes ALARA criteria. Information
describing any proposed alternatives (PSAR and update in FSAR).

3. Operational Considerations
I

The methods of planning and accomplishing work, including interfacesa.
between radiation protection, operations, maintenance, planning, and
scheduling.

b. The use of operating plant expeM ence in planning the op.;ational
considerations for plant design: (PSAR acd update in FSAR). I

I
Information describing the implementation of radiation protectionc.
programs, and operational guidance of Regulatory Guides 8.8 and 8.10.
Information describing any proprosed alternatives (PSAR and update
in FSAR).

4. Radiation Protection Considerations

In accordance with the guidelines of Item III.D.3.1 of NUREG-0718, the
applicant should commit in the PSAR to previde a Radiation Protectica
Plan consistent with the provisions of NUREG-0761.

II. ACCEPTANCE CRITERIA

The information provided in the SAR is acceptable if it meets the requirements
of 10 CFR Part 50, 650.34 and if it contains sufficient information identified
in Section 12.1 of Regulatory Guide 1.70 so that the relevant requirments of
10 CFR Parts 19 and 20 are met. The relevant requirement; a e:

1. 10 CFR Part 19, @l9.12 " Instruction to Workers"

As it relates to workers entering restricted areas being kept informed as
to the storage, transfer, or use of radioactive materials or readiation
in such areas, and instructed as to the risk associated with occupational
radiation exposure, precautions and procedures to reduce exposures and
purpose and function of protective devices employed.

2. 10 CFR Part 20, 920.1(c) " Purpose"

As it relates to persons involved in licensed activities making every
reasonable effort to maintain radiation exposures as low as is reasonably
achievable (ALARA).

The following regu'atory guides and NUREGs provide information, recommendations
and guidance and in general describe a basis acceptable to the staff for imple-
menting the requirements of Sections 19.12 and 20.1(c).

1. Reoulatory Guide 1.8 " Personnel Selection and Training," as it relates
to a basis acceptable to the staff for complying with the Commission's
regulatisns with regard to the qualifications of radiation protection
personae 1.

2. Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operational)," "

as it relates to compliance with the Commission's quality assurance regula-
tory requirements during nuclear power plant operations.

12.1-2 Rev. 2 July 1981
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'
3. Remlatory Guide 8.8 "Information Relevant to Insuring that Occupational

R h . tion Exposures at Nuclear Power Stations will be as Low as is
Riosonably Achievable," as it relates to a basis acceptable to the staff

' for meeting the requirements of 10 CFR Part 20.1(c) by providing radiation
protection information pertaining to actions taken during the design, con-
struction, operation, and decommissioning to assure that occupational
radiation exposures are kept ALARA.

4. Regulatory Guide 8.10 _0p_erating Philosophy for Maintaining OccupM ional
Radiation Exposures as aw as is Reasonably Achievable," as it relvtes to
a basis accept &ble to the staff for meeting the requirements of 10 CFR
Part 20.1(c) concerning the commitment by the applicant's management and
vigilance by the Radiation Protection Manager and the radiation protection
staff to maintain occupational radiation exposures ALARA.

5. NUREG-0718 " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses," Item III.D.3, Radiation
Protection Plan, a it relates to preparation and maintenance of a current
Radiation Protection Plan.

6. NUREG-0737, " Clarification of TMI Action Plan Recuirements," as it re ates
to implementing Task Action Plan Items II.B.2 anc II.F.l(3) for CP and OL
applications.

7. N'JREG-0761 " Contents of Radiation Protection Plans for Nuclear Power
Reactor Licensees," as it relates to guidelines for the content of a
Radiation Protection Plan and elements to be included in a comprehensive

/3 radiation protecti r orogram as well as procedural details and outlines
Q1 for incorporation into implementing procedures.

Specific Acceptance Criteria necessary to meet the regulations and the guide-
lines of the Regulatory Guides and NUREGs identified above are as follows:

1. Policy Considerations

Acceptability will be based on evidence that a policy for assuring that
ORE will be ALARA has been formulated in accordance with the trainirig
requirernents in 10 CFR Part 19, 619.12 and, the ALARA provisions of
10 CFR Part 20, S20.1(c), and that the policy has been described, dis-
played, and will be implemented in accordance with the provisions of
Regulatory Guides 8.8 and 8.10 (c.1), and NUREG-0761 (Sections e , as it
relates to maintaining doses ALARA. A specific individual (s) will be
designated and assigned responsibility and authority for implementing
ALARA policy. Alternative proposed policies will be evaluated on the
basis of a comparison with the above Regulatory Guides and NUREG-0761.

2. Design Considerations

Acceptability will be based on evidence that the design me' hods, approach,
and interactions are in accordance with the ALARA provis % of 10 CFR
Part 20, 620.1(c), and Regulatory Guide 8.8, and will include incorpora-
tion of measures for reducing the need for time spent in radiation areas;
maintenance; measures to improve the accessibility to components requiring

O periodic maintenance or inservice inspection; measures to reduce the pro-
V duction, distribution, and retention of activated corrosion products

throughout the primary system; measures for assuring that ORE during i
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decommissioning will be ALARA, reviews ri the design by competent radia-
tion protection personnel; instructions to designers and engineers
regarding ALARA design; experience from operating plants and past designs;
and continuing facility design reviews. Alternative proposed deuign poll-
cies will be evaluated on the basis of a comparison with the design guld-
ance in Regulatory Guide 8.8 (c.2).

3. _0perational Considerations

Acceptability will be based on evidence that the applicant has a prJgram
to develop plans and procedures in accordance with Regulatory Guides 1.33,
8.8, and 8.10, which can incorporate the experiences obtained in facility
operation into facility and equipment design and into operatians plannning
and which will implement specific exposure control techniques.

|

4. Radiation Protection Considerations

Acteptability will be based on evidence that the Radiation Protection
Plan has been prepared in accordance with the guidelines of Task Action
Plan item II.D.3.1 and supplemented by NUREG-0761, including criteria,
concepts, and implementation schemes to be included as part of opera-
tional radiation protection programs for power reactors.

III. REVIEW PROCEDURES

The information furnished in the SAR is reviewed for completeness in accordance
with Regulatory Guide 1.70. RAB reviews the management policy and the planned
organizational structure to determine how the guidance given in Regulatory
Guides 8.8, 8.10, and 1.8 will be implemented, and considers any alternatives
proposed. The review of organization structure includes a determination of
whether the individuals responsible for the radiation protection program are
on a high enough level of management to assure independence from operating
pressures, and implementation of management's commitment for assuring that ORE
will be ALARA and that radiation protection management has direct access to
station management in radiation protection matters. Any concerns regarding
organizational structure as related to the radiation protection manager will
be commun!cated to the L~icensee Qualification Branch, which has primary review
responsibility for this item, in Chapter 13. The reviewer uses NUREG-0731 for
additional guidance cn acceptable operating organizations.

The reviewer evaluates information in this section in accordance with Regulatory
Guide 8.8, Section C.1.t'.(3), to determine whether the organizational structure

! provides a mechanism fcr the radiation protection manager and the radiation
protection organization to interact with design review groups in such a manner
that methods and techniques for reducing ORE will be incorporated in the design
of the plant. If the future plant Radiation Protection Manager has not yet
been selected, design review should be accomplished in accordance with the
guidance of Regulatory Guide 8.8, unless acceptable alternatives are proposed.
The reviewer determines that appropriate per nnnel with operating plant
experience have refiewed the proposed plant design. The reviewer determines
from information furnished whether the applicant has incorporated previously
accepted design features and has used operating experience to improve the
design of the plant with regard to assuring that ORE will be ALARA. The
reviewer evaluates tne material in this section against the requirements of
10 CFR Part 20 and the guidelines of Regulatory Guides 8.8 and 8.10.
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t

i Based on this staff review, RAB may request additional information or request i
'

i the applicant to modify his submission in order to meet the acceptance criteria
|

given in subsection II.
,

i IV. EVALUATION FINDINGS
i

: The staff's review should verify that sufficient information has been provided
in the SAR and amendments to meet the recuirements of 50.34 to support conclu-

,

! sions of the following type, to be incluced in the staff's Safety Evaluation
Report: |

1 The staff conc 19 des that the ALARA policy, design and operational
! considerations are acceptable. This conclusion is based on the
! applicant having met the training requirements of 10 CFR Part 19,
i 919.12, and the ALARA provisions of 10 CFR Part 20,620.1(c),
j Regulatory Guides 8.8 and 8.10(c.1), and the guidelines of Task
; Action Plan Item III.D.3.1 of NUREG-0718 for PSARs supplemented by

the guidance of NUREG-0761.,

The applicant provides a management commitment to assure that (plant
; name) will be designed, constructed, and operated in a manner con-

sistent with the above criteria. The (title of person or group, e.g.,
Plant Health Physicist and staff) periodically reviews, updates, and

; modifies as appropriate plant design features and changes, as well
; as all operating and maintenance features, using exposure data and
! experience gained from operating nuclear power plants, in order to

insure that occupational exposures will be kept as low as is reason-
ably achievable in accordance with Regulatory Guide 8.8 criteria.

'
:

4|
The objective of the plant radiation protection design is to maintain
individual doses and total person rem doses to plant workers, includ-
ing construction workers, and to members of the general public as

i low as is reasonably achievable, and to maintain individual doses .

!

! within the limits of 10 CFR Part 20. Within restricted areas all
plant sources of direct radiatica and airborne radioactive contami-I

nation are considered in our review.
|

| (Utility) will incorporate the following facility and equipment
i design considerations at (plant name) in order to satisfy the above
I listed radiation protection design objectives. (List several design
; considerations used.) These design considerations conform with the
j guidelines of Regulatory Guide 8.8 and are acceptable.

Operating and maintenance personnel follow specific plans and pro-
cedures in order to assure that "as low as is reasonably achievable"
goals are achieved in the operatiun of the plant. Engineering con-
trols for the protection of personnel have been optimized. Opera-
tions involving high person-rem exposures are carefully preplanned
and carried out by personnel well-trained in radiation protection
and using proper equipment. During such maintenance activities,t

i personnel are monitored for exposure to radiation and contamination.
: Their radiation exposures are reviewed and are used to make changes

in future job procedures and techniques. The management staff
,

reviews radiation exposure trends periodically to determine major |O changes in problem areas, and to note which worker groups are
V accumulating the highest exposures. The staff uses these reports toi
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recommend design modifications or changes in plant procedures. These
practices conform with those in Regulatory Guide 8.8 and 8.10 and
are acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and ifcensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREG's with the
exception that NUREG-0761 shall be implemented at a later date in accordance
with Commission direction.

VI. REFERENCES

1. 10 CFR Part 19, " Notices, Instructions, and Reports to Workers; Inspections."

2. 10 CFR Part 20, " Standards for Protection Against Radiation."

3. 10 CFR Part 50, "00mestic Licensing of Production and Utilization
Facilities."

4. Regulatory Guide 1.8, " Personnel Selection and Training."

5. Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operations)."

6. Regulatory Guide 1.70, " Standard Format and Contents of Safety Analysis
Reports for Nuclear Power Plants."

7 Regulatory Guide 8.8, "Information Relevant to Assuring that Occupational
Radiation Exposures at Nuclear Power Stations Will be as Low as is Reason-
ably Achievable."

8. Regulatory Guide 8.10, C.1, " Operating Philosophy for Maintaining Occupa-
tional Radiation Exposures as Low as is Reasonably Achievable."

9. NUREG-0718, " Licensing Requirements for Pending Applications for Construc-
tion Permits and Manufacturing Licenses."

10. NUREG-0761, " Contents of Radiation Protection Plans for Nuclear Power
Reactor Licensees."

O
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OFFICE OF NUCLEAR REACTOR REGULATION

12.2 RADIATION SOURCES

REVIEW RESPONSIBILITIES

Primary - Radiological Assessment Branch (RAB)

Secondary - None
|

I. AREAS OF REVIEW

The following areas of the applicant's safety analysis report (SAR) are reviewed,
as they relate to radiation sources in normal operations, anticipated operational
occurrences, and accident conditions, affectirv in plant radiation protection:

1. Contained Sources

The description of radiation sources, during normal operations and accident
conditions in the plant, is used as the basis for designing the radiation
protection program and for shield design calculations (SAR Chapter 11 con-

[ ,] tains the description for sources contained in equipment of the radioactive
(,/ waste management systems). This description should include isotopic com-

position, location in the plant, source strength and source geometry, and
the basis for the values in the preliminary safety analysis report (PSAR),
and update in the final safety analysis report (FSAR). The descriptions
should include any required radiation sources containing byproduct, source, |and special nuclear materials.

2. Airborne Radioactive Material Sources

The description of airborne radioactive material sources in the plant con- |
sidered in the design of the ventilation systems, and used for design of
personnel protective measures and for dose assessment. (SAR Chapter 11
contains the description for airborne sources to be considered for their
contribution to the plant effluent releases, through equipment of the
radioactive waste management systems or the plant ventilation system.) This
description should include a tabulation of the calculated concentrations of
radioactive material, by nuclide, expected during normal operation,
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anticipated operational occurrences and accident conditions for equipment i
cubicles, corridors, and operating areas normally occupied by operating per-

,

sonnel, and should include models and parameters for the calculations (PSAR
and update in FSAR).

,

1

II. ACCEPTANCE CRITERIA

The information provided in the SAR is acceptable if it meets the requirements |
of 10 CFR Part 50, 550.34 and if it contains sufficient information identified |

in Section 12.2 of Regulatory Guide 1.70, so that the relevant requirements of
the following regulations are met:

1. 10 CFR Part 20, 920.101 " Exposure of individ;als to radiation in restricted
areas," as it relates to limiting radiation doses to protect individuals |

in restricted areas from whole or partial body exposures. |

2. 10 CFR Part 20, 620.103 " Exposure of individuals to concentrations of |

tadioactive materials in air, in restricted areas," as it relates to
limiting average concentrations of airborne radiactive materials to pro- |
tect individuals in restricted areas, and addresses control of inhalation I

or absorption of such materials.

3. 10 CFR Part 20, 920.104 " Exposure of minors," as it relates to limiting
exposure of minors to one-tenth of limits for adults.

4. 10 CFR Part 20, 620.106 " Concentrations in effluents to unrestricted areas,"
as it relates to determination of radiation levels and radioactive materials
concentrations within the components of waste treatment systems.

5. 10 CFR Part 20, S20.207 " Storage of licensed materials," as it relates
to securing licensed materials against unauthorized removal.

|
'

6. 10 CFR Part 50, General Design Criterion 61 " Fuel storage and handling
and radioactivity control," as it relates to systems which may contain |
radioactive materials.

The following Regulat~ory Guides and NUREGs provide information, recommendations,
and guidance, and in general describe a basis acceptable to the staff for imple-
menting the requirements of 10 CFR Part 20, S20.101, S20.103, S20.104, s20.106,
and g20.207.

|

1. Reculatory Guide 1.3, " Assumption Used for Evaluating the Potential
Raciological Consequences of a loss-of-Coolant Accident for Boiling
Water Reactors," as it relates to assumptions used in evaluating gaseous
concentrations of radionuclides in containment and plant systems,
following a loss-of-coolant accident for BWRs.

1

2. Regulatory Guide 1.4, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss of-Coolant Accident for Pressurized
Water Reactors," as it relates to assumptions used in evaluating gaseous
concentrations of radionuclides in containment and plant systems, follow-
ing a loss-of-coolant accident for PWRs.

3. Regulatory Guide 1.7, " Control of Combustible Gas Concentrations in |
'Containment Following a Loss-of-Coolant Accident," as it relates to

methods for determining gaseous concentrations of radionuclides in con-
tainment following an accident.
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4. Regulatory Guide 1.112, " Calculation of Releases of Radioactive Materials
in Gaseous and Liquid Effluents from Light-Water-Cooled Power Reactors,"

g as it relates ta complying with the Commission's regulations with regard
to 10 CFR Part 20, S20.106, concerning the calculation of realistic'

radiation levels and radioactive materials source terms for the evalua-
tion of waste treatment systems.

5. NUREG-0718 and NUREG-0737, Task Action Plan item II.B.2, as they relate
to identification of specific post-TMI requirements which have been
approved by the Commission for implementation at reactors.

6. ANSI N237-1976," Source Term Specification," as it relates to the establish-
ment of typical long-term concentrations of principal radionuclides in
fluid streams of light-water-cooled nuclear power plants.

Specific acceptance criteria necessary to meet the relevant requirements of
the regulations identified above are as follows:

All radiation sources which require

(1) shielding
(2) special ventilation systems
(3) special storage locations and conditions
(4) traffic or access control
(5) special plans or procedures
(6) monitoring equipment

shall be described. That source description shall include all pertinent infor-
mation required fo-

(1) input to shielding codes used in the design process
(2) establishing related facility design features
(3) plans and procedures development
(4) assessment of occupational exposure.

For contained sources, the description should include plan scale drawings of
each floor of the plant on which all sources are shown and identified in a
manner that can easily be related to tables containing the pertinent and
necessary quantitative source parameters. Their position should be located
accurately, indicating the approximate size and shape. Neutron and gamma
streaming into containment from the annulus between the reactor pressure
vessel and the biological shield should be analyzed to determine the radiation
fields that could occur in areas that may require occupancy. Relevant exper-
ience from operating reactors may be used. Airborne sources that are created
by leakage, by opening formerly closed containers, by storage of leaking fuel
elements, etc., shall be identified by location and magnitude, in a manner
useful for designing appropriate ventilation systems and in specifying appro-
priate monitoring systems. Airborne radioactivity concentrations in frequently
occupied areas will be a small fraction of 10 CFR Part 20, 620.103, Appendix B
concentrations. T h swvitions made in arriving at quantitative values for
these various sources should be specified, either in this section or by refer-
ence to Chapter 11 of the SAR.

O Shielding and ventilation design fission product source terms will be acceptable

(d if developed using these bases:\
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(1) an offgas rate of 100,000 pCi/sec after 30 minutes delay for BWRs.

(2) 0.25% fuel cladding defects for PWRs.

(3) Post-accident shielding for vital area access, including work in the area,
source terms from Task Action Plan Item II.B.2 of NUREG-0718 and 0737.

Coolant and corrosion activation products source terms should be based on
applicable reactor operating experience. The buildup of activated corrosion
products in various components and systems should be addressed. Any allow-
ances made in design source terms for buildup of activated corrosion products |
should be explained. Neutron and prompt gamma source terms should be based on
reactor core physics calculations and applicable reactor operating experience.

The tables of source parameters, which can be placed in Chapter 12 or referenced
to Chapter 11, will be acceptable if the accompanying text either in this section
or other referenced sections makes it clear how the values are used in a shield
design calculation or in a ventilation system design. In addition, the quanti-
ties will be acceptable if the specific values given in the tables are consistent
with ANSI N237 and Regulatory Guide 1.112, for coolant and corrosion activation
products source terms. For PWRs designed for recycling of tritiated water,
tritium concentrations in contained sources and airborne concentrations in the
regions specified in item I.2 above should ba based on a primary coolant con-
centration of 3.5 pCi/gm.

Using the methods listed in Section II.B.2 of NUREG-0718, applicants with CP
reviews already underway shall (1) perform radiation and shielding design
reviews of spaces around systems that may contain highly radioactive fluids in
the event of an accident and (2) implement plant designs or design modifica-
tions necessary to permit adequate access to vital areas. Applicants shall,
to the extent possible, provide preliminary design information at a level con-
sistent with that normally required at the construction permit stage of review.
New applicants for cps shall provide a general discussion of their approach
to meeting the requirements by specifying the design cor ept selected and the
supporting design bases and criteria. Applicants shall also demonstrate that
the design concept is technically feasible and within the state of the art,
and that there exists reasonable assurance that the requirements will be
implemented properly prior to the issuance of operating licenses.

Using the methods listed in Section II.B.2 of NUREG-0737, applicants fr Als
shall (1) perform a radiation and shielding design review that identifies the
location of vital areas and equipment in which personnel occupancy may be
unduly limited during operations following an accident resulting in a degraded
core, and (2) provide a description of the types of corrective actions needed
to assure adequate access to vital areas and protection of safety equipment.

III. REVIEW PROCEDURES

The reviewer determines whether the source term design bases are consistent
with the acceptance criteria, and whether source strengths, concentrations of I

airborne radioactivity, n d quantitative source descriptions are consistent
with the assumptions made and the methods used by the applicant. Locations of
the contained sources relative to shield walls, occupied aieas, traffic path-
ways, inservice inspection points, sampling stations, controls, etc., are
examined for special situations requiring additional action to assure that |

12.2-4 Rev. 2 July 1981
|

- - - _



occupational radiation exposures (ORE) will be as low as is reasonably achiev-
able (ALARA). Based on the review, RAB may request additional information or

[mj request the applicant to reevaluate the analysis for the purpose of modifying
(/ those areas which do not meet the acceptance criteria given in subsection II

of this SRP section.

IV. EVALUATION FINDINGS

The staff's review should verify that sufficient information is contained in
the SAR and amendments, in accordance with the provisions of Section 12.2 of
Regulatory Guide 1.70 and 10 CFR Part 50, 550.34, to arrive at conclusions of
the following type, which are to be included in the staff's Safety Evaluation
Report. The report will include a summary of the applicant's submittal, the
staff's basis for review and acceptance criteria, and the findings of the review.
The following is a brief representation of the evaluation findings.

The staff concludes that the information provided by the applicant
with respect to radiation sources is acceptable and meets the require-
ments of 10 CFR Part 20, and 10 CFR Part 50, General Design Criterion 61.
This conclusion is based or the following:

The applicant has described a facility that can meet the require-
ments of 10 CFR Part 20, 620.101, S20.103, 520.104, S20.106, and
$20.207 as they relate to evaluation of source terms and the related
provisions of 10 CFR Part 50, GDC 61, and supplemented by the guid-
ance of Regulatory Guide 1.112, NUREG-0718, NUREG-0737, and ANSI
Standard N237-1976.

(V The applicant has provided a description of contained and airborne radioac-i
tivity sources used as inputs for the dose assessment and for shielding and-

ventilation designs. Also included are the applicant's assumptions in arriv-
ing at quantitative values for these contained and airborne source terms,
based on ANSI N237, Regulatory Guide 1.112, General Design Criterion 61, and
10 CFR Part 20, S20.101, S20.103 and S20.104. For post-accident shielding for
vital area access, the source terms in NUREG-0737 were used.

During power operation, the greatest potential for personnel dose during opera-
tion is inside the containment due to nitrogen-16, noble gases, and neutrons.
Outside the containment, and after shutdown inside the containment, the primary
sources of personnel exposure are fission products from fuel clad defects, and
activation products, including activated corrosion products. The coolant and
corrosion activation product source terms are based on operating experience
from reactors of similar design; allowances are included for the buildup of
activated corrosion products. Neutron and prompt gamma source terms are based
on reactor core physics calculations and operating experience from reactors of
similar design. Other parameters used, as well as a complete description of
the routine operation source term development, are contained in Chapter 11.'

The accident source terms are based on NRC Short-Term Lessons Learned recom-
mendation in NUREG-0737. The source terms presented are comparable to esti-
mates by other applicants with similar designs.

Almost all of the airborne radioactivity within the plant is due to equipment
leakage. The applicant has provided a tabulation of the maximum expected

(']y7 routine radioactive airborne concentrations in equipment cubicles, corridors,
and operating areas, due to equipment leakage. The bases for these leakage
calculations are in accordance with Regulatory Guide 1.112.
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The source terms used to develop these airborne concentration values are compar-
able to estimates by other applicants with similar designs, and are acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatorj guides.

VI. REFERENCES

1. 10 CFR Part 20, " Standards for Protection Against Radiation."

2. General Design Criterion 61, " Fuel Storage and Handling and Radioactivity
Control."

3. Regulatory Guide 1.3, " Assumptions used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Boiling Water
Reactors."

4. Regulatory Guide 1.4, " Assumptions used for Evaluating the Potential
Radiological Consequences of a loss-of-Coolant Accident for Pressurized
Water Reactors."

5. Regulatory Guide 1.7, " Control of Combustable Gas Concentrations in
Containment Following a loss-of-Ccolant Accident."

6. Regulatory Guide 1.112, " Calculations of Releases of Radioactive Materials
in Gaseous and Liquid Effluents from Light-Water-Coolant Power Reactors."

7. ANSI-N237, Final Draft by Working Groups 18.1, " Source Term Specification,"
American National Standards Institute.

8. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing License."

9. NUREG-0737, " Clarifications of THI Action Plan Requirements."

9
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12.3 - 12.4 RADIATION PROTECTION DESIGN FEATURES

REVIEW RESPONSIBILITIES

Primary - Radiological Assessment Branch (RAB)

Secondary - None

I. AREAS OF REVIEW

The following areas of the applicant's safety analysis report (SAR) are reviewed,
as they relate to radiation protection design features, taking into account
design dose rates, anticipated operational occurrences, and accident conditions:

1. FACILITY DESIGN FEATURES

a. In the preliminary safety analysis report (PSAR), the description of
equipment and facility design features used for assuring that occupa-

[_ tional radiation exposures (ORE) will be as low as is reasonably
Q)' achievable (ALARA).

b. The radiation zone designations, including zone boundaries for normal
operational, refueling, and accident conditions (based on Regulatory
Guides 1.3, 1.4, and 1.7) (PSAR and update in the final safety analysis
report, FSAR).

c. The illustrative examples of facility design features of the equ mment,
components, and systems listed in Sections 1.2.1.3 and 12.3.1 of
" Standard Format and Content..." (Ref. 7) including clearly readab'e |
scaled layout and arrangement drawings of the facility showing all
source locations and the other design details requested in
Section 12.3.1 of the " Standard Format..." (PSAR and update in FSAR).
Shield wall thicknesses for all shielded spaces should be specified on
the drawings or provided in separate tables.

g

d. Information describing implementation af Regulatory Guide 8.8 guide-
lines on facility and equipment design and layout. Information
describing any proposed alternatives (PSAR and update in FSAR).
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2. SHIELDING

The shielding to be provided for each of the radiation sourcesa.
identified in SAR Chapter 11 and Section 12.2, including the design
criteria and the shield material to be used for penetrations and for
attenuation of neutrons streaming from the annulus between the RPV
and biological shield (PSAR and update in FSAR). (Note item i.l.c
above)

b. The description of the methods by which the shield paramcters were
determined, including pertinent codes, assumptions, and techniques
used or to be used in the calculations (PSAR and update in FSAR).

The description of any special protective features that use shield-c.
ing, geometric arrangement, or remote handling to assure that ORE
will be ALARA (PSAR and update in FSAR).

d. Information describing implementation of Regulatory Guides 1.69 and
8.8 (regarding special protective features). Information describing
any proposed alternatives (PSAR and update in FSAR).

Descriptions of the results of radiation and shielding design reviews,e.
identifying the location of vital areas, in which personnel occun ncy
may be unduly limited during operations following an accident, and
of corrective actions needed, for example, installation of portable
shielding, to assure adequate access to vital areas and protection
of safety equipment (N'UREG-0737, Item II.B.2) (FSAR).

f. Verification that a shielding design review will be performed in
accordance with Item II.B.2 of NUREG-0718 and modifications will be
made as necessary, based on this review (PSAR).

3. VENTILATION

The description of the personnel protection features incorporated ina.
the ventilation system designs called for in Section 12.3.3 of
Reference 7 (PSAR and update in FSAR).

b. Illustrative examples of personnel radiation protection features of
the air cleaning system design (PSAR and update in FSAR).

Information describing application of Regulatory Guide 1.52 (particu-c.
larly Section C.4 & 5) and Regulatory Guide 8.8. Information describ-
ing any proposed alternatives, (PSAR and update in FSAR).

4. AREA RADIATION AND AIRBORNE RADI0 ACTIVITY MONITORING INSTRUMENTATION

The des:ription of the fixed area radiation and continuous airbornea.
radioactivity monitoring instrumentation, including in the PSAR the
criteria for placement, and in the FSAR additional details as called
for in Section 12.3.4 of Reference 7 for normal operation, antici-
pated operational occurrences, and accident conditions.
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(3
i i b. The criteria and method for obtaining representative in plant air-V borne radioactivity concentrations in work areas (PSAR and update in,

FSAR).

Description of procedures for locating suspected high activityc.
areas.

d. Information describing the implementation of radiation monitoring
equipment criteria listed in Regulatory Guides 8.2, 8.8, 1.97 and
ANSI N13.1-1969. Information describing any proposed alternatives
(PSAR and update in FSAR).

Description of the in-containment high-range radiation manitoringe.
capability after an accidcat, in accordance with Item II.F.1.3 of
NUREG-0737 and Regulatory Guide 1.97.

f. Description of locations for fixed radiation monitors in accordance
with ANSI /ANS-HPSSC-6.8.1.

5. DOSE ASSESSMENT

a. The description of the basis for the dose assessment process, provid-
ing detailed information as to expected occupancy of plant radiation
areas for each radiation zone, and the estimated annual person rem
doses associated with major functions, such as operation, radwaste

[G]
handling, normal maintenance, special maintenance (e.g., steam
generator tube plugging), refueling, and in-service inspection,

' in accordance with the provisions of Regulatory Guide 8.19 (PSAR and
updated in FSAR).

b. The description of any additional dose-reducing measures taken as a
result of the dose assessment process for specific functions or
activities. (PSAR and update in FSAR).

'

II. ACCEPTANCE CRITERIA

The information provided in the SAR is acceptable if it meets the requirements
of 10 CFR Par 50, Section 50.34, and if it contains sufficient information
identified in Seci. ion 12.3-12.4 of Regulatory Guide 1.70 so that the relevant
requirements of the following regulations are met:

1. 10 CFR Part 20, Section 20.1(c), " Purpose," as it relates to persons
involved in licensed activities making every reasonable effort to main-
taia radiation exposures as low as is reasonably achievable (ALARA).

2. 10 CFR Part 20, Section 20.101, " Exposure of individuals to radiation in
restricted areas," as it relates to design features, shielding, ventilation,
monitoring, and dose assessment, for the purpose of controlling occupational
radiation exposures to individuals in restricted areas.

3. 10 CFR Part 20, Section 20.103, " Exposure of individuals to concentrations of
( radiactive ',aterials in restricted areas," as it relates to design features,
V ventilation, monitoring, and dose assessment, for the purpose of controlling

intake of radioactive materials in restricted areas.

12.3-3 Rev. 2 - July 1981
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i

4. 10 CFR Part 20, Section 20.104, " Exposure of minors," as it relates to '

,

control of exposure by minors to radiation or radioactive materials in
restricted areas.

5. 10 CFR Part 20, Section 20.203, " Cautions, signs, labels, signals, and I
controls," as it relates to posting of radiation areas, high radiation
areas, airborne radioactivity areas, and further indications necessary to
identify and quantify the presence of radioactive materials in an area.

6. 10 CFR Part 20, Section 20.207, " Storage of licensed materiale" as it
relates to securing licensed materials against unauthorized removal from
the place of storage.

7. 10 CFR Part 50, Appendix A:

General Design Criterion 19 - Control Room as it relates to adequatea.
radiation protection to be provided to permit access to areas necessary
for occupancy after an accident, without personnel receiving radiation
exposures in excess of 5 rems to the . thole body 01 the equivalent to
any part of the whole body for the duration of the accident.

b. General Design Criterion 61 - Fue' dorage and Handling and Radio-
activity Control as it relates to m.cupational radiation protection
aspects of fuel storage, handling, radioactive waste, and other
systems designed to assure adequate safety during normal and postu-
lated accident conditions, with suitab!e shielding and appropriate
containment and filtering systems.

8. 10 CFR Part 70, Section 70.24, " Criticality Accident Requirements" as it
relates to procedures and criteria for u nitoring for criticality accidents
involving special nuclear material.

The following regulatory guides, NUREGs and industry standards provide informa-
tion, recommendations and guidance and in general describe a basis acceptable
to the staff for implementing the requirements of the regulations identified
above:

1. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Boiling
Waters Reactors," as it relates to assumptions used in evaluating gaseous
concentrations of radionuclides in containment and plant systems,
fc! lowing a loss-of-coolant accident for BWRs.

2. Rt. atory Guide 1.4, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Pressurized
Water Reactors," as it relates to assumptions usec in evaluating gaseous
concentrations of radionuclides in containment and plant systems, follow-
ing a loss-of-coolant accident for PWRs.

Regulatory Guide 1.7, " Control of Combustible Gas Concentrations in3.
Containment Following a Loss-of-Coolant Accident," as it relates to
methods for determining gaseous concentrations of radienuclides in c]n-
tainment following an accident.
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4. Regulatory Guide 1.52, Design, Testing, and Maintenance Criteria for
Post-Accident Engineered-Safety-Feature Atmosphere Cleanup System Air
Filtration and Absorption Units of Light-Water Cooled Nuclear Power
Plants," as it relates to radiation protection considerations for ESF
atmosphere cleanup systems operable under postulated DBA conditions, to
be designated as " primary systems."

5. Regulatory Guide 1.69, " Concrete Radiation Shields for Nuclear Power
Plants," as it relates to the requirements and recommended practices con-
tained in ANSI N101.6 - 1972, " Concrete Radiation Shields" as acceptable
for construction of facilities, applicable to occupational radiation
protection shielding structures for nuclear powe" plants.

6. Regulatory Guide 1.97, " Instrumentation for Light Vater-Cooled Nuclear
'ower Plants to Assess Plant and Environs Conditions During and Following
an Accident," as it relates to a tr.ethod acceptable to the staf f for comply-
ing with the Commission's regulations to provide instrumentation for
radiation monitoring following an accident in a light-water cooled nuclear
power plant.

7. Regulatory Guide 8.2, " Guide for Administrative Practices in Radiation
Monitoring," as it relates to general information on radiation monitoring
programs for administrative personnel.

8. Regulatory Guide 8.8, "Information Relevant to Insuring that Occupational
Q Radiation Exposures at Nuclear Power Stations will be as Low as is
Q Reasonabl5 Achievable," as it relates to a basis acceptable to the staff

for complying with the Commission's regulations with regard to 10 CFR
Part 20.1(c), concerning the radiation protection information to be
supplied in Section 12 of Safety Analysis Reports about actions taken
during design, construction, operation, and decommissioninc to maintain
occupational radiation exposures as low as is reasonably achievable.

9. Regulatory Guide 8.10, " Operating Philosophy for Maintaining Occupational
Radiation Exposures as Low as is Reasonably Achievable," as it relates to
a basis acceptable to the statf for complying with the Commission's
regulations with regard to 10 CFR Part 20.1(c), concerning the commitment
by management and vigilance by the Radiation Protection Manager and the
radiation protection staff to maintain occupational radiation exposures
as low as is reasonably achievable.

'

10. Regulatory Guide 8.12, " Criticality Accident Alarm Systems," as it relates
to a system acceptable to the staff for meeting the Commission's require-
mants for a criticality accident alarm system.

11. Regulatory Guide 8.19, " Occupational Dose Assessment in Light-Water-
Reactor Power Plants Design Stage Man-Rem Estimates," as it relates to a
method acceptable to the staff for performing an assessment of collective
occupational radiation dose as part of the ongoing design review process
so that such exposures will be ALARA.

m

[QT 12. NUREG-0103, "Sta.dard Tc hnical Specifications for Babcock and Wilcox
Pressurized Water Reat tors," as it relates to radiation protection con-
siderations in the appIIcability, format, and implementation of the
Babcock and Wilcox Technical Specification package.

12.3-5 Rev. 2 - July 1981
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13. NUREG 'd23, " Standard Technical Specifications for General Electirc
Boiling Water Reactors (BWR's)," as it relates to radiation protection
considerations in the applicability, format, and implementation of the
General Electric Technical Specification package.

14. NUREG-0212, " Standard Technical Specifications for Combustion Engineering
Pressurized Water Reactors," as it relates to radiation protection con-
siderations in the applicability, format, and implementation of the
Combustion Engineering Technical Specification package.

15. NUREG-0452, " Standard Technical Specifications for Westinghouse
Pressurized Water Reactors," as it relates to radiation protection con-
sideratior.s in the applicability, format, and implementation of the
Westinghouse Technical Specification package.

16. NUREG-0718 and NUREG-0737 as they relate to implementing task Action Plan
Items II.B.Z nd II.F.1(3) for construction permit and operating license
applications.

17. ANSI /ANS-HPSSC-6.8.1-1981, " Location and Design Criteria for Area Radiation
Monitoring Systems for Light Water Nuclear Reactors," as it relates to
criteria for establishment of locations for fixed continuous area gamma
radiation monitors, and for design features and ranges of measurement.

18. ANSI N13.1-1969, " Guide to Sampling Airborne Radioactive Materials
in Nuclear Facilities," as it relates to the principles which apply in
obtaining valid samples of airborne radioactive materials, and acceptable
methods and materials for gas and particle sampling.

19. ANSI N16.2-1969, " Criticality Accident Alarm Systems," as it relates to
guidance for the prevention of criticality accidents in the handling,
storing, processing, and transporting of fissionable materials.

10. ANSI N101.6-1972, " Concrete Radiation Shields," as it relates to require-
ments and recommended practices for construction of concrete radiation
shielding structures.

21. " Reactor Shielding for Nuclear Engineers," N. M. Schaeffer, Editor;
Published by USAEC-Ols, 1973," as it relates to the shield designing
process including physics, radiation transport, shielding calculations,
special problems, and materials.

22. " Radiation Shielding Design and Analysis Approach for Light Water
Reactor Powee Plants," Stone and Webster Topical Report, RP-8, 1974," as
it relates to the approach and objectives of the shield design and the
methods of analysis employed in determining specific shielding
requirements.

1. FACILITY DESIGN FLATURES

Acceptability of the facility design features will be based or evidence that
the applicant has fulfilled the dose limiting requirements of 10 CFR Part 20.101,
20.103, and 20.104, as well as the radiation protection aspects of General
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Design Criteria 19 and 61, and 10 CFR 50.34. This includes evidence that
major exposure accumulating functions (maintenance, refueling, radioactive |
material handling, processing, etc., in-service inspection, calibration, I
decommissioning, and recovery from accidents) have been considered in plant
design and that potential radiation exposure from these activities will be
kept ALARA in accordance with 10 CFR Part 20.1(c) and Regulatory Guides 8.8
and 8.10 by radiation protection features incorporated in the design. Such
features may include (1) ease of accessibility to wcrk and inspection and
sampling areas, (2) the ability to reduce source intensity, (3) design measures
to reduce the production, distribution, and retention of activated corrosion
products, (4) the ability to reduce time required in radiation fields, and (5)
provision for portable shielding and remote handling tools. Access control
will be judged for acceptability in accordance with the requirements of 10 CFR
20.203 or access control alternatives in Standard Technical Specifications
(NUREGs-0103, 0123, 0212, and 0452).

Access controls to the spent fuel transfer tube or canal should be more stringent |than 10 CFR 20.203. All accessible portions of the spent fuel transfer tube
or canal which are capable of having radiation levels greater than 100 rads
per hour shall be shielded during fuel transfer. Use of removable shielding
for this purpose is acceptable. This shielding shall be such that the result-
ant contact radiation levels shall be no greater than 100 rads per hour. All
accessible portions of the spent fuel transfer tube shall be clearly marked
with a sign stating that potentially lethal radiation fields are possible
during fuel transfer. If removable shielding is used for the fuel transfer

p tubes, it must also be explicitly marked as above. If other than permanent
f 1 shielding is used, local audible and visible alarming radiation monitors must

be installed to alert personnel if temporary fuel t snsfer tube shielding is
removed during fuel transfer operations. Similar precautions shall also apply
to any other plant radiation source having radiation levels greater than
100 rads per hour.

The areas inside the plant structures, as well as in the general plant yard,
should be subdivided into radiation zones, with identified maximum design dose
rate zones and the criteria used in selecting maximum dose rates. Maximum
zone dose rate should be defined for each zone, depending on anticipated
occupancy and access control. Acceptance criteria are as follows: The areas
that have to be occupied on a predictable basis ( based on the number of
people and stay or transit times) during normal operations and anticipated
operational occurrences (including refueling; purging; fuel handling and
storage; radioactive material handling; processing, use, storage and disposal;
normal maintenance; routine operational surveillance; inservice inspection;
and calibration) should be zoned such that this occupancy results in an annual
dose to each of the involved individuals that is as far below the limit of 10
CFR Part 20 as is reasonably achievable, and a total person-rem dose that is
as low as is reasonably achievable. Based on current operating experience and
on predictions being made for new plant designs, it is expected that the plant
shielding can be designed, the plant can be zoned, and sufficient radiation
protection design features can be incorporated, such that individuals in
shielded areas would receive a small fraction of the 10 CFR Part 20 limit.

'

D
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Using the methods listed in Section II.B.2 of NUREG-0718, applicants for cps
shall: (1) perform radiation and shielding design reviews of spaces around
systems that may contain highly radioactive fluids and (2) implement plant
designs or design modifications necessary to permit adequate access to vital
areas. Applicants shall, to the extent possible, provide preliminary design
information at a level consistent with that normally required at the construc-
tion permit stage of review.

Using the methods listed in Section 11.8.2 of NUREG-0737, applicants for OLs
shall: (1) perform a radiation and shielding design review that identifies
the location of vital areas in which personnel occupancy may be unduly limited
by radiation during operations following an accident resulting in a degraded
core, and (2) provide a description nf the types of corrective actions needed
to assure adequate access to vital areas.

2. SHIELDING

The shielding design is evaluated as to the assumptions used to calculate
shield thickness, the calculational methods used, and the parameters chosen.
There are a number of acceptable shielding calculational codes available for
use that are effective for determining the necessary shield thickness for
gamma ray sources and for combination neutron gamma sources. Most of the
codes used by shield designers have been entered into the code description
file of the Radiation Shielding Information Center at Cak Ridge National
Laboratory, which means that they have been tested and authenticated for
operation but not for reliability and accuracy. RAB has a few codes in-house |
for use in shielding calculations. These are SDC, a kernal integration shield
design code; G3, a general purpose gamma ray scattering program; various
versions of QAD and MORSE, a general purpose Monte Carlo multigroup neutron
and gamma ray transport code, etc. SDC can calculate gamma ray shielding
requirements, handling 12 source geometries (including point, line, disk,
plane, slab, and sphere) and with cross sections and material compositions for
17 materials. As many as 12 gamma energy groups, covering the range from 0.1
to 10 MeV, may be used to describe the gamma spectrum. The staff may use
these codes, as necessary, to calculate dose rates for given shield designs
and source strengths, as a confirmation of the applicant's method.

The applicant's shielding design is acceptable if the methods are comparable
to commonly acceptable shielding calculations and if assumptions regarding
source terms, cross sections, shield and source geometries, and transport
methods are realistic. Acceptable shielding codes include but are not limited
to ANISN, QAD, DOT, MORSE, SAM-CE, 05R, 06R, G3, SDC, and many others. This
listing does not imply that all these codes are equivalent, since some are
much more sophisticated than others. The staff believes it is advantageous to
use a good calculational procedure, since an effective shield design is essential
to meeting the criteria that occupational radiation exposures will be as low
as is reasonably achievable.

Two documents provide additional guidance for acceptability of the chielding
design. One is " Reactor Shielding for Nuclear Engineers," edited by
N. M. Schaeffer, published by AEC-0IS, 1973." The second is the Stone & Webster
Engineering Corporation topical report RP-8 entitled " Radiation Shielding
Design and Analysis Approach for Light Water Reactor Power Plants." These
documents provide useful guidance regarding radiation shielding design. Some
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Oprovidedoseratesattheoutsideentranceconsistentwitharearadiationlimitations are noted for RP-8, in that the labyrinth entrance ways may not

zoning.

j In addition, Regulatory Guide 1.69 and ANSI Standard N101.6 provide guidance |on the fabrication and installation of concrete shields for occupational '
!

| radiation protection at nuclear power plants. Acceptability of the shield
construction will be based on an indication that the guidance of this document -

;

i has been implemented in the facility construction, or that acceptable alterna-
| tives have been proposed. Regulatory Guide 8.8 provides additional acceptance

criteria regarding shielding and isolation in radiation protection design.

3. VENTILATION;

The ventilation system will be acceptable for radiation protection purposes if
,

the criteria and bases for ventilation rates within the areas covered in SAR
: Section 12.2.2 will assure that air will flow from areas of low potential
t airborne radioactivity to areas of higher airborne radioactivity and then to

filters or vents, and that the concentrations of radioactive material in areas
normally occupied can be maintained in accordance with the requirements of
10 CFR Part 20.103. The system shall have adequate capability to reduce

i concentrations of airborne radioactivity in arer.s not normally occupied where
| maintenance or in-service inspection has to be performed, to levels in

accordance with the requirements of 10 CFR 620.103. The system shall be
designed so that filters containing radioactivity can be easily maintained and

m ) will not create an additional radiation hazard to personnel maintaining them,1

or those in adjacent occupied areas. Acceptability of the ventilation system,'

( V relative to radioactive gases and particulates will also be based on evidence
that the applicant has applied the guidance of Regulatory Guide 8.8 or that i"

acceptable alternatives have been proposed. I

Regulatory Guide 1.52, particularly Sections C.4 and 5, provides guidance that
can be used in this review, although the guide is written with regard to
mitigating accidents involving airborne radioactivity. Good practice in that
regard is applicable to normal operation as well, since release'of radioactivity
in normal operational occurrences is usually different only in quantity from
some of the accident cases.

;

4. AREA RADIATION AND AIRBORNE RADIOACTIVITY MONITORING SYSTEMS ;
,

a. The area radiation monitoring systems will be acceptable if they
, meet the provisions of 10 CFR Part 20.103, Regulatory Guide 8.15,

Regulatory Guide 1.97 and NUREG-0737, Task Action Plan Item II.F.1,
'. and the following criteria:

1. Principal protection against intake of radioactive materials is
provided by engineering controls.'

! 2. The detectors are located in areas which may be normally
occupied without restricted access and which may have a
potential for radiation fields in excess of the radiation zone
designations discussed in Section 12.3.II.1 of Reference 7, in

,

accordance with ANSI /ANS-HPSSC-6.8.1.
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|

O|3. The detectors provide on-scale readings of dose rate that
include the design maximum dose rate of the radiation zone in ;

which they are located as well as the maximum dose rate for
anticipated operational occurrences and accidents. ! |

|

| ;
4. The detectors are calibrated during fuel outages, and af ter any I

maintenance work is performed on the detector.

5. Each monitor has a local audible alarm and variable alarm set
,

points. Monitors located in high noise areas should also have j
visual alarms. I

6. Readout and annunciation are provided in the control room.
1

7. The in-containment high-range radiation monitors meet the I
'

criteria of Section II.F.1 of NUREG-0118 and 0737.

8. Emergency power is initiated after loss of offsite power,

b. The airborne radioactivity monitoring system will be acceptable if
it meets the following criteria:

1. Air should be sampled at normally occupied locations where
airborne radioactivity may exist, such as solid waste handling
areas, spent fuel pools, reactor operating floors, and 8WR
turbine buildings. The monitoring system should be capable of i

detecting ten MPC-hours of particulate and iodine radioactivity I

from any compartment which has a possibility of containing
airborne radioactivity and which normally may be occupied by
personnel, taking into account dilution in the ventilation
system. Continuous monitoring of air being exhausted from |

locations within the facility during normal operation is an
acceptable method. Noble gas monitors should be calibrated
such that, when monitoring for ta3Xe, the instrument response
will determine concentrations accurately.

|

2. Representative air coricentrations are measured at the detectors,
i

which are located as close to the sampler intakes as possible. '

3. Ventilation monitors are upstream of HEPA filters.

4. The detectors are calibrated routinely and after any maintenance
work is performed on the detector.

1

5. Each location has a local audible alarm and variable alarm set !

points. Monitors located in high noise areas should also have
visual alarms.

|6. Readout and annunciation are provided in the cortrol room.

7. Emergency power is initiated after loss of offsite power.

9|'
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f c. The in plant accident radiation monitoring systems will be acceptable
if they meet the following criteria:

1. Personnel have the capability to assess the radiation hazard in
areas which may be accessed during the course of an accident,
in accordance with the criteria of Item II.F.1 of NUREG-0718
and 0737, and Regulatory Guide 1.97.

2. Portable instruments to be used in the event of an accident
should be placed so as to be readily available to personnel
responding to an emergency.

3. Emergency power should be provided for installed accident
monitoring systems.

4. The accident monitoring systems should have usable ranges which
include the maximum calculated accident levels; and should be
designed to operate properly in the environr.ent caused by the
accident.

'

|

5. Applicants for cps and OLs should provide two high-range radia-
tion monitor systems in containment which are documented to
meet the requirements of Table II.F.1 of NUREG-0718 and 0737.

d. Regulatory Guide 1.21, Appendix A, provides useful guidance about
effluent monitoring, that is applicable to the acceptability of
airborne radioactivity monitoring in plant. Regulatory Guide 8.2
includes guidance on surveys to evaluate radiation hazards.
American National Standard ANSI N13.1-1969 provides detailed guid-
ance on sampling airborne radioactive materials in nuclear facilities
and may be used for acceptance criteria on the actual campling
process and certain techniques involved. Regulatory Guide 8.8
provides further guidance on monitoring systems,

e. Instrumentation to monitor for accidental criticality will be accept-
able if it meets the criteria of 10 CFR Part 70.24 (a)(1), Regulatory
Guide 8.12, and ANSI Standard N16.2.

5. DOSE ASSESSMENT

The dose assessment will be acceptable if it documents in appropriate
detail the assumptions made, calcul-tions used, the results for each
radiation zone, including numbers and types of workers involved in each,
expected and design dose rates, and projected person-rem doses, in
accordance with Regulatory Criteria 8.19.

III. REVIEW PROCEDURES

The information on radiation protection design features furnished in the SAR,
including 'eferenced parts of Chapters 9 and 11, is reviewed for completeness
in accord ace with Regulatory Guide 1.70. The reviewer evaluates the SAR |

OO
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text and the scaled layout drawings of the facility, concentrating on the
sources, shielding, and layouts for the auxiliary building, including the
radwaste systems, decontamination facilities, of fice and access control areas,
laundry, lockers cnd shower rooms including personnel decontamination area, and |laboratory facilities; the fuel handling facilities, including the spent fuel
pool fuel transfer, and related equipment; and the BWR turbine building, |
including location of steam lines, reheaters, and moisture separators. For the
PSM, this review is particularly concerned with preliminary design features
which may not appear to be consistent with assuring that ORE will be ALARA. In
this review, radiation protection design features are evaluated using the guide-
lines of Regulatory Guide 8.8. The access control plans are reviewed both to
determine conformance with 10 CFR Part N.203 or Standard Technical Specifications,
and to determine whether they will control access properly in limited access areas
and in restricted access areas (high radiation areas). SAR Chapters 9 and 11 are |
reviewed as necessary to evaluate dose rates in the spent fuel pool areas, loca-
tion of airborne radioactivity monitoring instruments within ventilation systems,
and radwaste systems as they relate to radiation protection design. The reviewer
evaluates all relevant aspects of the initial design plans, particularly to
identify new arrangements, improved designs, unusual shield thicknesses, a new
or modified shield thickness calculational procedure, unusual assumptions in the
calculation, placement of radiation inonitors.

RAB evaluates the adequacy of the applicant's shielding design on the basis of
acceptable radiation shielding codes. RAB may make verifying check calculations
with SDC, G3, QAD, or MORSE, whichever is specifically applicable to the |
situation.

For the FSAR the reviewer considers any changes in the design that might
necessitate changes in operating procedures to accommodate a changed radiation
zone or a different location of equipment.

The reviewer determines whether the applicant has followed the guidance of the
referenced regulatory guides and industry standards, both by comparison of the
applicant's methods with the information in the guides and by the applicant's
reference to any such guides or to proposed alternatives. The reviewer |evaluates whether the alternatives are equivalent to or improvements on the
methods cited in the referenced regulatory guides. Otherwise, alternatives |
are likely to be disapproved. I

Based on the review, RAB may request additional information or request the
applicant to reevaluate the radiation protection design features to meet the
acceptance criteria of subsection II of this SRP section.

IV. EVALUATION FINDINGS

The staff's review should verify that adequate and suf ficient information, in
accordance with the provisions of Section 12.1 of Regulatory Guide 1.70 and the
radiation protection aspects of 10 CFR Part 50, Section 50.34, as well as General
radiation protection aspects of Design Criteria 19 and 61, is contained in the
SAR and amendments as a basis for conclusions of the following type, which are

O
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)tobeincludedinthestaff'sSafetyEvaluationReport. include a summary of the applicant's coverage, the staff's basis for reviewThe report will
.

v and acceptance criteria, and the findings of the review. The following is a
brief representation of typical evaluation findings:

The staff concludes that the radiation protection design features are acceptable
and meets the relevant requirements of 10 CFR Part 20,10 CFR Part 50, General
Design Criteria 19 and 61, and 10 CFR Part 70, Section 70.24. This conclusion
is based on the following:

The radiation protection design features at (plant name) are intended to
help maintain occupational radiation exposures within regulatory limits
and as low as is reasonably achiavable, consistent with 10 CFR Part 20.1(c)
and the dose-limiting provisions of 20.101, 20.103, 20.203, and 20.207,
as well as Regulatory Guides 8.8, and 8.10. Many of these design features
have been incorporated as a result of the applicant's radiation protect'.cn
design review and from radiation exposure experience gained during the
operation of other nuclear power plants. (Include examples of design
features incorporated to reduce radiation to workers during maintenance
operations, reduce radiation sources where operations must be performed,
allow quick entry and easy access, provide remote operation capability or
reduce the time required for work in radiation fields, and examples of
other features that reduce radiation exposure of personnel.) These
design features are consistent with those contained in Regulatory Guide
8.8 and are acceptable.

O Access control is in accordance with the requirements of 10 CFR 20.203
() (and access control alternatives in Standard Technical Specification

(NUREGs-0103, 0123, 0212, and 0452)) and is acceptable.

Areas within the restricted area will be divided ir.to (number of zones)
radiation zones. The dose rate criterion for each of these zones is
derived from expected occupancy and access restrictions. These criteria
are then used as the basis for the radiation shielding design. This
allows for arrangements of radioactive equipment that are in accordance
with the requirements of 10 CFR Part 20, and the guidelines of Regulatory
Guide 8.8. During plant operation and refueling conditions, the Health
physics staf f will evaluate area access classifications, and monitor entry
into areas to update posting and entry requirements in accordance with 10
CFR Part 20.203 (and Standard Technical Specifications).

All plant radiation sources capable of producing radiation levels in
excess of 100 rads per hour will be shielded and clearly marked, indicat-
ing that potentially lethal radiation fields are possible. If other than
permanent shielding is used, administrative controls will be initiated
and local audible and visible alarming monitors must be installed to
alert personnel if temporary shielding is removed.

The radiation shielding will be designed to provide protection against
radiation for operating personnel, both inside and outside the plant, and
for the general public. The following are several of the shielding
design features incorporated into (plant name). (List several examples
of shielding design features used at plant.) Some of.the criteria used
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by (utility) in locating penetrations in shield walls at (plant name)
are: (list several shield penetration location criteria used.) These
shielding techniques are designed to maintain personnel radiation
exposures as low as is reasonably achievable, in accordance with the
ALARA provisions of Regulatory Guides 8.8 and 8.10 and are acceptable.

The general shield design methodology and source term inventories used for
(plant name) are similar to those from operating reactors. The basic radiation
transport analysis used for the applicants' shield design is based on (list
appropriate shielding computer codes used). The applicant also used shielding
information from operating nuclear plants as input data for the shield design
calculations. All concrete shielding in the plant will be constructed in
general compliance with Regulatory Guide 1.69. We find the shielding design
and methodology presented in the (Preliminary or Final) Safety Analysis Report
acceptable based on the criteria of the Standard Review P!an.

The ventilation system at (plant name) will be designed to ensure that plant
personnel are not inadvertently exposed to airoorne contaminants exceeding
those given in 10 CFR Part 20. The applicant intends to maintain personnel
exposures as low as is reasonably achievable by: 1) maintaining air flow from
areas of potentially low airborne contamination to areas of higher potential
concentrations; 2) ensuring negative or positive pressures to prevent exfil-
tration or infiltration of potential contaminants; and 3) locating ventilation
system intakes so that intake of potentially contaminated air from other
building exhaust points is minimized. These design criteria are in accordance
with the guidelines of Regulatory Guides 1.52 and 8.8. (List examples of
exposure reduction features in the ventilation system.)

The applicant's area radiation monitoring system is designed to: (1) monitor
the radiation levels in areas where radiation levels could become significant,
and where personnel may be present; (2) alarm when the radiation levels exceed
preset levels to warn of increased radiation levels; and (3) provide a continuous
record of radiation levels at key locations throughout the plant. In order to
meet these objectives, the applicant plans to use (number) area monitors
located in areas where personnel may be present, and where radiation levels
could become significant. The area radiation monitoring system meets the
criteria of Section II.F.1(3) of NUREG-0737 and Regulatory Guide 1.97 and is
equipped with local and remote audio and visual alarms and a facility for
central recording. (List examples of other area monitoring system features.)
The design objectites of the applicants' airborne radioactivity monitoring
system are: (1) to assist in maintaining occupational exposure to airborne
contaminants as low as is reasonably achievable; (2) to check on the integrity
of systems containing radioactivity; and (3) to warn of unexpected release of
airborne radioactivity to prevent inadvertent overexposure of personnel. The
applicant will install airborne radioactivity monitors in work areas where
there is a potential for airborne radioactivity. These airborne radioactivity
monitors have the capability to detect (1) maximum permissible concentrations (s)
in air (MPCa) of the most restrictive particulate and iodine radionuclides in
the area or cubicle of lowest ventilation flow rate within (10) hours (s)
(usually denoted as 10 MPC-hrs). The applicant will provide pori.able continuous
air monitors when needed to monitor air in areas not provided with fixed air-
borne radioactivity monitors. All airborne and area radioactivity monitors will
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be calibrated periodically. (List examples cf other airborne radioactivity
monitoring features.) The objectives and location criteria of (plant name)
area and airborne radiation monitoring systems are in conformance with those
portions of 10 CFR Parts 20.201, 50.34, and 70.24, as well as Regulatory
Guides 1.97, 8.2, and 8.8, and ANSI Standard 13.1, related to airborne
radioactivity monitoring.

The objective of the applicant's accident radiation monitoring system is to
provide the capability to assess the radiation hazard in areas which may be
occupied during the course of an accident. The installed instruments have
emergency power supplies; and the portable instruments are placed to be
readily accessible to personnel responding to an emergency. The systems are
designed for use in the event of an accident in terms of (1) usable instrument
range, and (2) the environment the instrument can withstand, and meeting the
provisions of Section II.F.1 of NUREG-0718 and 0737 and Regulatory Guide 1.97.

Instrumentation to monitor for accidental criticality meets the criteria of
10 CFR Part 20.24(a)(1), Regulatory Guide 8.12, and ANSI Standard N16.2, and
is acceptable.

The applicant provided a dose assessment, as described in Regulatory Guide 8.19,
including a completed summary table of occupational radiation exposure estimates, ;

sufficient detail to explain how the essessment process was performed, a
systematic process for considering and evaluating dose-reducing changes in
design and operations as part of the comprehensive ongoing design review, and !
a record of the review procedures, documentation requirements, and identifica-

1 tion of principle ALARA related changes resulting from the dose assessment,) which is acceptable.

V. IMPLEMENTATION
f

The following is intended to provide guidance to applicants and licenwes |
regarding the NRC staff's plans for using this SRP section. j

Except in those cases in which the applicant proposes an acceptable alternative !
method for complying with specified portions of the Commission's regulations, I

the method described herein will be used by the staff in its evaluation of |

conformance with Commission regulations. l

Implementation schedules for conformance to parts of the method discussed I
herein are contained in the referenced regulatory guides and NUREGs. !

:

VI. REFERENCES
|

1. 10 CFR Part 20, " Standards for Protection Against Radiation."

2. 10 CFR Part 50, " Domestic Licensing of Production and Utilization Facilities,"
Appendix A.

3. 10 CFR Part 70, " Domestic Licensing of Special Nuclear Material."

O
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4. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a loss-of-Coolant Accident for Boiling Water
Reactors."

5. Regulator.y Guide 1.4, " Assumptions Used for Evaluation of the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Pressurized
Water Reactors."

6. Regulatory Guide 1.7, " Control of Combustible Gas Concentrations in
Containment following a Loss-of-Coolant Accident."

7. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for
Post-Accident Engineered-Safety-Feature Atmosphere Cleanup System Air
Filtration and Absorption Units of Light-Water-Cooled Nuclear Power
Plants."

8. Regulatory Guide 1.69, " Concrete Radiation Shields for Maclear Power
P!snts."

9. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysi',
Reports for Nuclear Power Plants."

10. Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear
Power Plants to Assess Plant Conditions During and Following an Accident."

11. Regulatory Guide 0.2, " Administrative Practices in Radiation Monitoring."

12. Regulatory Guide 8.8, "Information Relevant to Ensuring that Occupational
Radiation Exposures at Nuclear Power Stations will be as low as is Reason-
ably Achievable."

13. Regulatory Guide 8.10," Operational Philosophy for Maintaining Occupational
Radiation Exposures as low as is Reasonably Achievable."

14. Regulatory Guide 8.12, " Criticality Accident Alarm Systems."

15. Regulatory Guide 8.19, " Occupational Dose Assessment in Light-Water Reactor
Power Plants Design Stage Man-Rem Estimates."

16. NUREG-0103, "Standara Technical Specifications for Babcock and Wilcox
Pressurized Water Reactors."

17. NUREG-0123, " Standard Technical Specifications for General Electric
, Boiling Water Reactors (BWR/5)."

18. NUREG-0212, " Standard Technical Specifications for Combustion Engineering
Pressurized Water Reactors."

19. NUREG-0452, " Standard Technical Specifications for Westinghouse Pressurized
Waster Reactors."

20. NUREG-0737, " Clarification of TMI Action Plan Requirements."

12.3-16 Rev. 2 - July 1981



.

21. ANSI /ANS-HPSSC-6.8.1-1981, " Location and Design Criteria for Area
Radiation' Monitoring Systems for Light Water Nuclear Reactors."

22. ANSI N13.1 - 1969, " Guide to Sampling Airborne Radioactive Materials in
Nuclear Facilities."-

23. " Reactor Shielding for Nuclear Engineers," N. M. Schaeffer, Editor;
publisnad by USAEC-0IS, 1973.

24. " Radiation Shielding Design and Analysis Approach for Light-Water Reactor
Power Plants," Stone and Webster Topical Report, RP-8, 1974.
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e

12.5 OPERATIONAL RADIATION PROTECTION PROGRAM

REVIEW RESPONSIBILITIES

Primary - Radiological Assessment Branch (RAB)

Secondary - None
|

I. AREAS OF REVIEW

The following areas of the applicant's safety analysis report (SAR) are reviewed,
as they relate to the operational aspects of the radiation protection program: |

A. Organization

1. The administiative organization of the radiation protection program, |
including the authority and responsibility of each position ideri.ified
(preliminary safety analysis report, PSAR and update in the final
safety analysis report, FSAR).

(p) 2. The experience and qualifications of the personnel responsible for tF.e
" radiation protection program and for handling and monitoring radioac- |

tive material. Reference may be made to SAR Chapter 13 as appropriate
(FSAR).

3. Information describing the implementation of Regulatory Guides 1.8,
8.2, 8.8, and 8.10. Information describing any proposed alternatives
(PSAR and update in FSAR).

4. Review of qualifications, experience, and organization coordinated with
the Licensing Qualification Branch (LQB). |

B. Equipment, Instrumentation, and Facilities

1. The criteria for selecting portable and laboratory technical eqt.ipment
and instrumentation for performing radiation and contamination surveys,
for in plant airborne radioactivity monitoring and sampling, for area
radiation monitoring, and for personnel monitoring for normal cperation,

l
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USNRC STANDARD REVIEW PLAN
Star.dard review plans are prepared for the guidance of the OfHce of Nuclear Reactor Regulation staff responsible for the review of
apphcations to construct and operste nuclear power plants. These documents are made available to the public as part of the

f~''N Comrnission's policy to inform the nuclear ndustry and the general public of regulatory procedures and policies. Standard review
| j plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The

(d'
/ standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.

Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission.
Office of Nuclear Reactor Regulat;on. Washington. D.C. 20555.
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anticipated operational occurrences and accident conditions (PSAR
and update in FSAR). Include the quantity of each ty)e of instrument,
taking into consideration that some instruments will 3e available
during calibration, maintenance, and repair.

2. The description of instrument storage, calibration, and maintenance
facilities (PSAR and update in FSAR).

3. The description and location of the radiation protection facilities
(including locker and shower rooms, personnel decontamination area,
respiratory protective equipment, and other contamination control
equipment and areas) and information describing how such facilities
and services will allow male and female workers to receive the
necessary protection against radioactive contamination (PSAR and
update in FSAR).

4. The location of itn in 81, 2, and 3 above and the description of
types of detectors .. .1onitors, sensitivity, range, and frequency
and methods of calibrucion (FSAR).

5. Information describing the implementation of Regulatory Guides 8.4,
8.8, 8.9, and 8.26. Information describing any proposed alternatives.

C. Procedures

1. The description of physical and administrative measures for control-
ling access and stay time in radiation areas (FSAR).

2. The description of procedures and methods of operation for assuring
that occupational radiation exposure (ORE) will be as low as is
reasonably achievable (ALARA) (FSAR).

3. The description of methods, frequencies, and procedures for con 6sct-
ing radiation su veys (FSAR).

4. The description of the bases and methods for monitoring and control
of surface contamination for personnel and equipment, including
reporting practices for normal and accident conditions (FSAR).

5. The description of engineering controls to limit airborne radioac-
tivity, and of methods and procedures for evaluating and controlling
potential airborne radioactivity concentrations, special air sampling,
and issuance and use of respiratory equipment (FSAR). |

6. The description of radiation protection training and retraining
programs (FSAR).

7. Information describing the implementation of Regulatory Guides 1.8,
8.2, 8.7, 8.8, 8.9, 8.10, 8.26, 8.27, and 8.29. Information describing |
any proposed alternatives (PSAR and update in FSAR).

II. ACCEPTANCE CRITERIA

The information provided in the SAR is acceptable if it meets the requirements
of 10 CFR Part 50, 550.34, and if it contains sufficient information identified
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in Section 12.5 of Regulatory Guide 1.70, so that the relevant requirements of
the regulations listed below are met. The relevant requirements are:

O 1. 10 CFR Part 19, 619.12 " Instruction to Workers" as it relates to
workers entering restricted areas being kept infdr,med as to the storage,
transfer, or use of radioactive materials or radiation in such areast and
instructed as to the risk associated with occupational radiation exposure,
precautions, and procedures to reduce exposures and purpose and function
of protective devices employed.

2. 10 CFR Part 20, 620.1(c) " Purpose," as it relates to persons involved
in licensed activities making every reasonable effort to maintain radia-
tion exposures as low as is reasonably achievable (ALARA).

3. 10 CFR Part 20, 620.101 " Exposure of Individuals to Radiation in
Restricted Areas," as it relates to design features, shielding, ventila-
tion, monitoring, and dose assessment, fer the purpose of controlling
occupational radiation exposures to individuals in restricted areas.

4. 10 CFR Part 20, 620.103 " Exposure of Individuals to Concentrations
of Radioactive Materials in Restricted Areas," as it relates to design
features, ventilation, monitoring, and dose assessment, for the pur
of controlling intake of radioactive materials in restricted areas. pose

5. 10 CFR Part 20, 620.105 " Permissible Levels of Radiation in
Unrestricted Areas," as it relates to control of radiation doses to
individuals in unrestricted aicas.

O) 6.(# 10 CFR Part 20, 920.201 " Surveys," as it relates to performance of
surveys to comply with the regulations in Part 20.

7. 10 CFR Part 20, 620.202 " Personnel Monitoring," as it relates to require-
ments for providing appropriate personnel monitoring equipment to individuals
who enter restricted areas.

.

8. 10 CFR Part 20, 620.203 and 620.204 " Cautions, Signs, Labels,
Signals, and Controls," as it relates to posting of radiation areas, high
radiation areas, airborne radioactivity areas, and further indicators
necessary to identify and quantify the presence of radioactive materials
in an area.

9. 10 CFR Part 20, 620.205 " Procedures for Picking Up, Receiving,
and Opening Packages," as it relates to appropriate handling of packages
containing certain quantities of radioactive materials.

10. 10 CFR Part 20, 620.207 " Storage of Licensed Materials," as it relates
to securing licensed materials against unauthorized removal from the
place of storage.

11. 10 CFR Part 20, 620.401 " Records of Surveys, Radiation Monitoring,
and Disposal," as it relates to maintaining of records for individuals
who are provided with personnel monitoring equipment and who are exposed
to radiation in restricted areas.O

V
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12. 10 CFR Part 20, 620.402 " Reports of Thefts or Loss of Licensed Material,"
as it relates to reports to NRC required from licensees, immediately after
becoming aware of any loss or theft of licensed material that may result
in significant hazard to persons in unrestricted areas.

13. 10 CFR Part 20, 620.405 " Reports of Overexposures and Excessive Levels
and Concentrations," as it relates to requirements for written reports to
NRC concerning individual exposures in excess of regulatory limits,
incidents requiring notification, and levels of radiation or concentra-
tions of radioactive materials in excess of certain values.

14. 10 CFR Part 20, 920.408 " Reports cn Personnel Exposure on Termination of
Employment or Work," as it relates to requirements for exposure reports
to terminated individuals and to the NRC following each such termination.

15. 10 CFR Part 50, Criteria 64 " Monitoring Radioactivity Releases," as it
relates to provision of appropriate monitoring for the reactor containment
atmosphere and spaces containing components for recirculation of loss-of-
coolant-accident fluids.

The following Regulatory Guides, NUREGs, and industry standards provide infor-
mation, recommendations, and guidance, and in general describe a basis acceptable
to the staff to implement the requirements of Parts 19, 20, and 50:

1. Regulatory Guide 1.8, " Personnel Selection and Training," as it relates
to compliance with the Commission's regulations with regard to qualifica-
tion of nuclear power plant personnel.

2. Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operational),"
as it relates to compliance with the Ccmmission's quality assurance
regulatory requirements during nuclear power plant operations.

3. legulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear
Power Plants to Assess Plant and Environs Conditions During and Following
an Accident," as it relates to compliance witii the Commission's regulations
to provide instrumentation to monitor plant variables and systems during
and following an accident.

4. Regulatory Guide 8.2, " Guide for Administrative Practices in Radiation
.

Monitoring," as it relates to general information on radiation monitoring
I programs for administrative personnel.

5. Regulatory Guide 8.3 " Film Badge Performance Criteria," as it relates
to film badge performance criteria for several categories of radiations
following exposure under specified conditions.

| 6. Regulatory Guide 8.4, " Direct-Reading and Indirect-Reading Pocket Dosimeters,"
as it relates to standards for direct-reading and indirect reading pocket
dosimeters used for personnel dose or dose rate measurements.

7. Regulatory Guide 8.6, " Standard Test Procedure for Geiger-Muller Counters,"
as it relates to testing the operating characteristics of Geiger-Muller
counters prior to making calibrations and measurements.

O
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8. Regulatory Guide 8.7, " Occupational Radiation Exposure Records Systems,"
as it relates to specification of records necessary to describe the

fq occu?ational radiation exposure of individuals, and the conditions under
Q whic1 the exposure may occur.

9. Reculatory Guide 8.8, "Information Relevant to Ensuring that Occupational
Raciation Exposures at Nuclear Power Stations will be as Low as is
Reasonably Achievable," as it relates to meeting the requirements of
10 CFR Part 20.l(c) by providing radiation protection information pertain-
ing to actions taken during the design, construction, operation, and
decommissioning to assure that occupational radiation exposures are kept
ALARA.

10. Regulatory Guide 8.9, "Acce? table Concepts, Models, Equations, and
Assumptions for a Bioassay >rogram," as it relates to appropriate concepts,
models, equations, and assumptions to be used in determining the extent
of an individus1's exposure to concentrations of radioactive materials.

11. Regulatory Guide 8.10, " Operating Philosophy for Maintaining Occupational
Radiation Exposures as Low as is Reasonably Achievable," as it relates to
meeting the requirements of 10 CFR Part 20.l(c) concerning the commitment
by the applicant's management and vigilance by the Radiation Protection
Manager and the radiation protection staff to maintain occupational
radiation exposures ALARA.

12. Regulatory Guide 8.13, " Instruction Concerning Prenatal Radiation Exposure,"
as it relates to description of instruction to be provided concerning
biological risks to embryos or fetuses, resulting from prenatal occupational
radia ion exposure.

13. Regulatory Guide 8.14, " Personnel Neutron Dosimeters," as it relates to
the use of personnel neutron dosimeters where exposure to neutrons occurs.

14. Regulatory Guide 8.15, " Acceptable Programs for Respiratary Protection,"
as it relates to elements of acceptable respiratory protection programs.

15. Regulatory Guide 8.20, " Applications of Bioassay for I-125 and I-131," as
it relates to the development and implementation of a bicassay program
for any licensee handling or processing I-125 or I-131.

16. Regulatory Guide 8.26, " Applications of Bioassay for Fission and Activation
Products," as it relates to bases used by NRC staff in evaluating the
need for license provisions on bioassay programs where workers may'be
subject to internal radiation exposure from the inhalation or ingestion
of fission or neutron activation products.

17. Regulatory Guide 8.27 " Radiation Protection Training for Personnel at
Light-Water-Cooled Nuclear Power Plants," as it relates to a radiation
protection training and retraining program consistent with the ALARA
objective and acceptable to the NRC staff for meeting the training
requirement of 10 CFR Part 19.

18. Regulatory Guide 8.28 " Audible Alarm Dosimeters," as it relates to
a?propriate use of audible alarm dosimeters, and conditions under which

i tiey should not be relied upon to perform their intended function. '

,d
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19. Regulatory Guide 8.29 " Instruction Concerning Risks from Occupational
Radiation Exposure," as it relates to providing appropriate instruction
on the risks associated with occupational radiation exposure to individuals
rho are to be exposed, acceptable to the NRC staff for meeting the training
requirement of 10 CFR Part 19.

20. NUREG-0041, " Manual of Respiratory Protection Against Airborne Radioactive
Materials," as it relates to provision of technical information to licensees
on the appropriate application of respiratory protective devices for
protection against airborne radioactive materials, including selection
and maintenance of equip.aent, and training of personnel.

21, NUREG-0731, " Guidelines for Utility Management Structure. and Technical
Resources," as it relates to appropriate staffing levels and technical
expertise considered essential within a utility to support nuclear power
plant operation properly.

22. NUREG-0718 and 0737, " Task Action Plan Item III.D.3.3," as they relate to
identification of specific action items, and information about schedules,
applicability, method of implementation review, and clarifications of
technical positions.

23. ANSI /ANS 3.1 - 1978, " Selection and Training of Nuclear Power Plant
Personnel," as it relates to criteria for selection, qualifications,
responsibilities, and training of personnel in operating and support
organizations, appropriate for the safe and efficient operation of nuclear
power plants.

24. ANSI N 13.2 - 1969, " Guide for Administrative Practices in Radiation
Monitoring," as it relates to guidance for administrative practices
associated with monitoring of ionizing radiation in and around installa-
tions with a potential for radiation exposure.

25. ANSI N 13.5 - 1972, " Performance Specifications for Direct-Reading and
Indirect-Heading Pocket Dosimeters for X- and Gamma Radiation," as it
relates to definition of essential performance characteristics of direct-
and indirect-reading pocket-type radiation detectors.

26. ANSI N 13.6 - 1972, " Practice for Occupational Radiation Exposure Record
Systems," as it relates to guidance to the employer for the systematic
generation and retention of records relating to occupational radiation
exposure.

27. ANSI N 13.7 - 1972, " Criteria for Film Badge Performance," as it relates
to film b6dge performance criteria for several categories of radiation,
following exposure under specified conditions.

28. ANSI N 42.3 - 1969, " Test Procedure for Geiger-Muller Counters," as it
relates to guidance on specification of test conditions, such as associated
electronic circuitry, environment, counting rate, to assure that operating
characteristics can be appropriately evaluated.

Specific criteria necessary to meet the Commission's regulations, regulatory
guides, and industry standards identified above are as follows:

O
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A. Organization

Acceptance will be based on a determination that the organization described,(q) along with the duties, qualifications, and training of the individuals
v responsible for assuring that ORE will be ALARA are in accordance with

10 CFR Part 20, Section 20.1(c), Regulatory Guides 1.8, 8.2, 8.8, and
8.10, and 10 CFR Part 19, Section 19.12, and within the limits of 10 CFR
Part 20, Sections 20.101, 20.103, and 20.105, NUREG-0731 and NUREG-0761.
Alternatives will be evaluated on the basis of a comparison with the
referenced regulatory guides.

B. Equipment, Instrumentation, and Facilities

Acceptance will be based on a determination that:

1. she radiochemistry laboratory is equipped to perform routine analyses
required for pei sonnel protection, surveys, and related radiation
protection functions, in accordance with 10 CFR Part 20, Section 20.201.

2. The counting room (low background) has the necessary instrumentation
to perform routine counting on all plant radioactivity samples
(water, air, swipes, etc. ) in conformance with 10 CFR Part 20,
Section 20.201, and General Design Criterion 64. Counting room
equipment normally includes the following:

(a) Multi-channel gamma pulse height analyzer.

(b) Low background alpha-beta proportional counter and gamma and
O alpha-beta scintillation counters.

(c) End window G-M type counter.

3. Portable instruments for measuring radiation or radioactivity in
at cordance with 10 CFR Part 20, Section 20.201 normally include:

(a) Low and high range ion chamber rate meters (see Regulatory
Gu.de 1.97 for ranges).

(b) Portable G-M counters.

(c) Alpha scintillation or proportional counter rate meters.

(d) Neutron dose equivalent rate meters.

(e) Air samplers for use with particulate filters and iodine collec-
tion devices (such as charcoal cartridges or equivalent filters)
and airborne radioactivity monitors.

(f) High range instruments, in accordance with Regulatory Guide 1.97. |

4. Personnel monitoring instruments in accordance with 10 CFR Part 20,
Sections 20.201 and 20.202 to include:

(a) Friskers for detecting radioactive contamination.
O

(b) Self-reading low and intermediate pocket dosimeters, including
audible alarm dosimeters (for early evaluation of individual
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doses). Performance and other requirements shall conform to
Regulatory Guides 8.4, 8.14. and 8.28 or to appropriate proposed
alternatives.

(c) Count rate meters or personnel air samplers to be worn on
protective clothing.

(d) Film badges and/or thermoluminescent dosimeters (TLD) in
conformance with Regulatory Guide 8.3.

(e) Provisions for bioassay and whole body counting to meet the
requirements of 10 CFR Part 20, Section 20.103 and Regulatory
Guides 8.9 and 8.26 or to appropriate proposed alternatives.

5. Utility-issued personnel protection equipment to be included:

(a) Anti-contamination clothing.

(b) Plastic suits for liquid contamination control.

(c) Head covers, shoe covers, gloves, and safety-related items.

(d) Pressure demand full-face piece air line respirators.
I

(e) Pressure demand full-face piece self-contained breathing apparatus.

(f) Full-face mechanical filter respirators.

(g) Respiratory protection equipment should meet the requirements
of 10 CFR Part 20, Section 20.103.

6. As a minimum the following radiation protection support facilities
or areas to be provided: |

(a) Portable instrument calibration and storage area. The latter
should be easily accessible.

1 (b) Personnel decontamination area with necessary monitoring equipment.
' This facility should be located and designed to expedite rapid

cleanup of male and female personnel and should not be used as
a multiple purpose area.

| (c) Facility and equipment to clean, sanitize, repair, and decon-
taminate personnel protective equipment, monitoring instruments,
respirators, etc.

(d) A change room.

(e) Control po mi.e for entrance or exit into controlled access
areas of the plant, condition signs, labels, and signals, in
accordance with 10 CFR Part 20, Sections 20.203 and 20.204. |

(f) Storage and control capability for licensed materials in
unrestricted areas, in accordance with the 10 CFR Part 20,
Sections 20.205 and 20.207.

12.5-8 Rev. 2 - July 1981
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(g) One or more radiation protection stations, which may be used as
locations for portable radiation survey equipment, respiratory

(7 protective equipment, personnel monitoring equy..wnt, and
.'~ ') contamination control supplies. The equipment should be readily i

accessible and the stations should be equipped to facilitate I

communication throughout the plant.

Acceptance vill also be based on implementation of the guidance of
Regulatory Guide 8.8 or the provision of acceptable alternatives.

C. Procedures

Plans and procedures will be acceptable if they meet the criteria provided
in 10 CFR Part 20, Section 20.203 or STS for access control, and in
Regulatory Guides 1.33, 1.8, 8.8, and 8.10 or proposed appropriate alterna-
tives. There should be provision for a special control procedure for any
area zoned 4 or higher, including a special survey of the area before |
ent y, and the development of a radiation work permit program. The work |
permit program should include the following: data on radiation levels in
the area, allowable working time, protective clothing and respiratory
protective equipment, special tools, portable shielding, and special
personnel monitoring devices. 0)eration, maintenance repair, surveillance,
andrefuelingproceduresandmet1odsusedbytheapp1}cantshouldbe
reviewed to assure that occupational radiation exposures will be ALARA
and in accordance with Regulatory Guide 8.8. Formajordoseaccumulating
functions, a post-operation review should be conducted to evaluate the
effectiveness of the work permit program in assuring that occupational
radiation exposures (ORE) will be as low as is reasonably achievable

O'(,) (ALARA) in future similar activities. Quality assurance criteria and
inspections should be provided for the radiation procedures identified in
Regulatory Guide 1.33, in accordance with 10 CFR Part 50, Appendix 8.
There should be provisions for supervision and control of the handling or
movement of material within and from radiation or controlled access
areas, and procedures for controlling the speed of radioactive materials.
Acceptance criteria for contamination control limits are being developed.
There shall also be provisions for personnel monitoring procedures,,

bioassay, keeping records of and reporting of personnel doses. 10 CFR
Part 20, Sections 20.102, 20.201, 20.401,.20.402, 20.405, 20.407 and'

20.408providethecriteriaforradiationsurveys,personnelmonitoring,
bioassay, record keeping, and reporting. Guidance regarding these areas
is provided by Regulatory Guides 8.2 (surveys and personnel monitoring),
8.3 (personnel monitoring equipment), 8.9 and 8.26 (bioassay), and 8.2,

| 8.7 (record keeping and reporting), 8.8 (decontamination, inspection,
radiation protection program, and operations), 8.13 (training on radia-
tion risks to fetuses), 8.27 (radiation protection training), 8.29
(training on radiation risks), and by NUREG-0761.

The acceptability of the radiation protection program will also be based
on provisions for the indoctrination and personnel training anJ retraining
programs. Regulatory Guides 1.8, 8.8, 8.10, and 8.27. 10 CFR Firt 19,
Section 19.12 requires instruction of personnel on radiation pro *ectic,.
There should be a regular review of the radiation protection progioin,
which should include u) dating procedures, equipment, and facilities where
improvements are possi)1e. Tne program should include regular audits top) determine where occupational radiation exposures are occurring and to;

(> review possible methods for reducing these exposures.
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Using the methods listed in Section III.D.3.3 of NUREG-0718, applicants for
cps should provide preliminary design information concerning monitoring inplant
radiation and airborne radioactivity for a broad range of routine and emergency
conditions. The monitors should meet the criteria of Regulatory Guide 1.97.

Using the methods listed in Section III.D.3.3 of NUREG-0737, applicants for
OLs shall describe the equipment, training, and procedures to measure accurately
the radioiodine concentration in arear within the plant where plant personnel
may be present during an accident.

Utility management structure and technical lessons will be acceptable if they
meet the criteria provided in Regulatory Guide 8.8 and NUREG-0731.

III. REVIEW PROCEDURES

The information furnished in the SAR is reviewed for completeness in accordance
with Regulatory Guide 1.70. |

The reviewer evaluates the acceptability of areas discussed in subsection I
by making the comparisons with criteria in the referenced regulations, regulatory
guides, and industry standards. These can be summarized as follows:

1. The organizational position, functional responsibilities, experience, and
qualifications of persons responsible for the radiation protection program.
The plant organization, the functional responsibilitias, and the qualifi-
cations of personnel are the primary responsibility of the Licensee
Qualification Branch, and are reviewed as part of Chapter 13. RAB reviews
the radiation protection organization, function, and personnel qualifications,
in accordance with Regulatory Guides 1.8 and 8.8.

2. The equipment necessary to measure radioactivity, and radiation fields
and exposures, including the number, type, range, sensitivity, calibration
method and frequency, availability, 6nd planned used of portable, fixed,
laboratory, and personnel monitoring instrumentation, for all units on
the site. |

3. The health physics facilities and associated protective equipment for
controlling ORE and contamination.

4. Description of methods for assuring development of the training, retraining,
and indoctrination program and radiation protection instruction manuals.

5. The procedures to control storage nd movement of radioactive material,
to control exposures, and to control contamination. |

Based on the review, the reviewer may request additional information or request
the applicant to modify the submit.tal, in order to meet the acceptance criteria
described in Section II.

IV. EVALUATION FINDINGS

The staff's review should verify that sufficient information is contained in
the SAR and amendments to arrive at conclusions of the following type, which
are to be included in the staff's Safety Evaluation report. The report will
include a summary of the applicant's submittal, the staff's basis for review
and acceptance criteria, and the findings of the review. |
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The staff cor.cludes that the operational radiation protection program is
e cceptable and meets the requirements of 10 CFR Part 19, Section 19.12; 10 CFR

(udnclusionisbasedonthefollowingfindings:1rt 20; and 10 CFR Part 50, Appendix A, General Design Criterion 64.This

The radiation protection program objectives are to provide reasonable assurance
that the limits of 10 CFR Part 20, Sections 20.101, 20.103, and 20.104 will
not be exceeded, to reduce unavoidable exposures further, and to ensure that
individual occupational radiation exposures are maintained as far below regulatory
limits as is reasonably achievable, and that total person-rem doses are as low
as is reasonably achievable, in accordance with 10 CFR Part 20, Sections 20.1(c)
and Regulatory Guides 8.8 and 8.10.

The duties of the plant (Radiation Protection Manager) include (list duties).
The radiation protection organizations, qualifications, training of personnel,
objectives of the program, and ways in which it will be implemented are ir
accordance with the guidelines of Regulatory Guides 1.8, 8.2, 8.8, 8.10, and
8.13, and with 10 CFR Part 19, Section 19.12, and NUREG-0731 are acceptable.

The radiation protection features at (plant name) include a (radiochemistry
lab, personnel decontamination and emergency treatment areas, an access control
point, counting room, calibration room, respirator testing facility, office,
laundry,etc.). These facilities are sufficient to maintain occupational
radiation exposures as low as is reasonably achievable and are consistent with
the guidelines of task action plan Item III.D.3.3 of NUREGs-0718 and 0737 and
with the provisions of Regulatory Guide 8.8.

{');diation survey instruments, personnel monitoring equipment, fixed and portable
uipment to be used for radiation protection purposes includes portable

s

N rea and airborne radioactivity monitors, laboratory equipment, air samplers,
respiratory protective equipment, and protective clothing. The number and
types of equipment to be used are adequate, meet the criteria of Regulatory
Guide 1.97, and provide reasonable assurance that the applicant will be able
to maintain occupational exposures as low as is reasonably achievable.

1

All permanent and temporary plant personnel will be assigned (beta gamma
thermoluminescent dosimeter badges or film badges) to be worn in restricted
areas at all times. These badges will be processed (monthly), in accordance
with Regulatory Cuide 8.3, or more frequently if significant exposures are
suspected. All personnel assigned (TLD or film badges) are also required to
wear (direct or indirect) reading dosimeters when entering the controlled
area. The readings from these dosimeters will be used to keep a running total
of an individual's dose prior to TLD or film badge processing. Plant visitors
wear self-reading dosimeters or are escorted by an individual wearing such
personnel dosimetry devices. Appropriate caution signs, labels, and signals |

will be provided, in accordance with 10 CFR Part 20, Sections 20.203 and !

20.204. Neutron film badges, neutron dosimeters, and alarming dosimeters will !
also be provided for personnel when necessary, in accordance with Regulatory '

Guide 8.14. Whole body counts of all plant personnel will be conducted on a
!

scheduled basis and other bioassays will be provided when deemed necessary by
the (Radiation Protectior, Manager), in accordance with 10 CFR Part 20.103.

;

Records of surveys, personnel monitoring, and bioassay will be maintained in '

[ _accordance with 10 CFR Part 20, Sections 20.102, 20.201, 20.202, 20.401,
(,7402,20.405,20.407,and20.408,aswellasRegulatoryGuide8.7.2diation exposure information will be processed and recorded in accordanceAll

with 10 CFR Part 20.

12.5-11 Rev. 2 - July 1981

__ - . _ _ _ _ . __ _ _ __ _ - _ - __.



.

|

|
|

Maintenance, repair, surveillance, and refueling procedures and methods used |
by the applicant are reviewed to assure that all plant radiation protection ,

procedures, practices, and criteria have been considered, to assure that I
|occupational radiation exposures will be ALARA and in accordance with Regulatory

Guide 8.8. Procedures are also developed to assure that exposure limits are
not exceeded by plant or visitor personnel onsite; to administer and control
conditions of radiation work permits; to post radiation areas; to establish
radiation access control zones; to control all radioactive material entering
or leaving the plant site; and to train plant and visitor personnel in radiation
protection policies and procedures and meet the quality assurance requirements
of Regulatory Guide 1.33, with respect to 10 CFR Part 50, Appendix B.

Storage and control of licensed materials in unrestricted areas will be main-
tained in accordance with 10 CFR Part 20, Section 20.203 and 20.207.

The utility management structure and technical resoeres meet the criteria
provided in NUREG-0731, and are acceptable.

Based on the information presented in the (PSAR, FSAR) by the applicant, we
conclude that the applicant intends to implement a radiation protection program
that will maintain in plant radiation exposures as far below the applicable j

limits of 10 CFR Part 20 as is reasonably achieveable, and will maintain '

person rem exposures as low as is reasonably achisable.

V. IMPLEMENTATION

'

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the metnod discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 19, " Notices, Instructions, and Reports to Werkers; Inspections."

2. 10 CFR Part 20, " Standards for Protection Against Radiation."

3. 10 CFR Part 50, " Domestic Licensing of Production and Utilization Facilities."

4. Regulatory Guide 1.8, " Personnel Selection and Training."

5. Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operations)."

6. Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear
"ower Plants to Assess Plaat Conditions During and Following an Accident."

7. RegulatoryGuide5.9,"SpecificationsofGe(Li)SpectroscopySystemsfor
Radiation Protection Measurements -- Part 1: Data Acquisition

|

|

|
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8. Regulatory Guide 8.2, " Guide for Administrative Practices in Radiation

g Monitoring.

b 9. Regulatory Guide 8.3, " Film Badge Performance Criteria."

10. Regulatory Guide 8.4, " Direct-Reading and Indirect-Reading Pocket Dosimeters."

11. Regulatory Guide 8.6, " Standard Test Procedures for G-M Counters."

12. Regulatory Guide 8.7, " Occupational Radiation Exposure Records Systems."

13. Regulatory Guide 8.8, "Information Relevant to Ensuring that Occupational
Radiation Ex
Achievable."posures at Nuclear Power Stations will be as Low as is Reasonably

14. Regulatory Guide 8.9, " Acceptable Concepts, Models, Equations, and Assumptions
for a Bioassay Program."

15. Regulatory Guide 8.10, " Operational Philosophy for Maintaining Occupational
Radiation Exposures as Low as is Reasonably Achieveable."

16. Regulatory Guide 8.13, " Instruction Concerning Prenatal Radhtion Exposure."

17. Regulatory Guide 8.14, " Personnel Neutron Dosimeters."

18. Regulatory duide 8.15, " Acceptable Programs for Respiratory Protection."

19. Regulatory Guide 8.20, " Applications of Bioassay for I-125 and I-131."

i 20. RegulatoryGuide8.26,"ApplicationsofBioassayforFissionandActivation
Products

21. Regulatory Guide 8.27, " Radiation Protection Training for Personnel at
Light-Water-Cooled Nuclear Power Plants."

22. Regulatory Guide 8.23, " Audible Alarm Dosimeters."

23. Regulatory Guide 8.29, " Instruction Concerning Risks from Occupational
Radiation Exposure."

24. Regulatory Guide 8.xx, " Control of Radioactive Surface Contamination on
Material, Equipment, and Facilities to he Released for Uncontrolled Use.

25. NUREG-0041, " Manual of Respiratory Protection Against Airborne Radioactive
Materials."

26. NUREG-0731, " Guidelines for Utility Management and Technical Resources."

27. NUREG-0737, " Clarification of THI-Action Plan Reguirements."
,

28. ANSI /ANS 3.1-1978, " Selection and Training of Nuclear Power Plant
Personnel."

29. ANSI N13.2-1969, " Guide for Administrative Practices in Radiation |
1 Monitoring."v
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30. ANSI N13.5-1972, " Performance Specification for Direct-Reading"and
Indirect-Reading Pocket Dosimeters for X- and Gamma Radiation.

31. ANSI 113.6-1972, " Practice for Occupational Radiation Exposure Record
Systems."

32. ANSI N13.7-1972, " Criteria for Film Badge Performance."

i 33. ANSI N42.3-1969, " Test Procedure for Geiger-Muller Counters."

i

,

i

|
|
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W[pm R[c/%)STANDARD REVIEW PLAN
h U.S. NUCLEAR REGULATORY COMMISSIONo

NN / OFFICE OF NUCLEAR REACTOR REGULATION
e..ee

13.1.1 MANAGE'1ENT AND TECHNICAL SUPPORT ORGANIZATION

REVIEW RESPONSIBILITIES

Primary - Licensee Qualification Branch (LQB)
|

Secondary - None

I, AREAS OF REVIEW

The LQB will review the corporate level management and technical organizations of '

the applicant for a CP and OL and its major contractors, including the nuclear
steam supply system (NSSS) vendor, and architect / engineer (A/E) for the project;
including the technical resources to support the nuclear power plant design, con-
struction, testing, and operation. The review for a construction permit will
include an examination of the utility's responsibilities, technical staff and the
interface arrangements and management controls used to assure that the design and
construction of the facility will be performed in an acceptable manner. The review
for an operating license will examine the applicant's corporate organization and

) technical staff which will be in place to provide support for safe plant operation.g

K. d

The objective of this review is to assure that the corporate management is involved
with, informed about, and dedicated to the safe design, construction, test and
operation of the nuclear plant and that sufficient technical resources have or
are being and will be provided to adequately accomplish these objectives.

Part A below describes -in detail the areas of review for a CP and Part B below
describes in detail the areas of review for an OL.

A. Construction Permit

The applicant's past experience in the design and construction of nuclear
power plants, and past experience in activities of similar scope and complex-
ity sMuld be described. The applicant's (utility's) management, engineering,
and technical support organization, including organizational charts reflecting

, the applicant's current headquarters and engineering structure and planned modi-'

fications and additions to it to reflect the added functional responsibilities

!
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associated with the addition of the nuclear plant should also be described.
These added responsibilities should be identified and should include items
listed in 1 and 2 below.

1. Design and Construction Responsibilities

A description of the implementation or delegation of the following
areas of responsibility should be included. *

a. Principal site-related engineering work such as meteorology,
geology, seismology, hydrology, demography, and environmental
effects.

b. Design of plant and ancillary systems, including fire protection
systems.

c. Review and approval of plant design features.

d. Site layout with respect to environmental effects and security
provisions.

e. Development of safety analysis reports.

f. Material and components specification review and approval.

g. Procurement of materials and equipment.

h. Management of construction activities.

2. Preoperational Responsibilities

The proposed plans for the management organization in regard to the
following items of the initial test program should be described:

Development of plans for the preoperational and startup testinga.
of the facility.

b. Development and implementation of staff recruiting and training
programs.

c. Development of plant maintenance programs.

In regard to items 1 and 2 above, the description should include how the e
responsibilities are delegated aid implemented within and from the head-
quarters staff and should identify the working or performance level and
responsible organization unit, including an estimate of the number of
perst.)s expected to be assigned to each of the various units with responsi-
bility for the project. In addition describe the role the utility manage-

ment will have in interfacing with the nuclear steam system suppliers and
the architect / engineer, including the required review of contractor work
by the utility staff.

The PSAR should also identify general qualification requirements in terms
of numbers, educational backgrounds, and experience for identified positions
or classes of positions; and specific educational and experience background
for assigned management and supervisory positions relative to items 1 and 2
a' ave.
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For identified positions or classes of positions that have functional
n responsibilities for other than that of the CP application, the expected |

[v) proportion of time assigned to the other activities should ho described.
In addition, the early plans for providing technical support for the
operation of the facility should be described.

The CP-stage review (PSAR) of the NSSS and A/E organizations includes a
review of their technical staff to perform the activity related to the
application. The information submitted should include a description of
the specific activity (including scope) to be engaged in, organizational
description and charts reflecting organizational lines of authority and
responsibility for the project, the number of persons assigned to the
project, and qualification requirements for principal management positions
related to the project. For those NSSS and A/E organizations with exten-
sive experience, a detailed description of this experience may be provided
in lieu of the details of their organization as evidence of technical
capability. However, a specific description of how this experience will
be applied to the particular utility project should be provided.

B. Operating License

: The FSAR should provide the following information: -(1) organizational
charts of the applicant showing the corporate level management and technical
support structure, including the relationship of the nuclear oriented
portions of the structure to the rest of the corporate organization, and
a description of the specific provisions which have been made for technical
support for operations, (2) the organizational unit and any augmenting

p organizations, or other personnel that will manage or execute any phase
(' of the test program, including the responsibilities and authorities of

principal participants.

Technical services and backup support for the operating organization should
become available in advance of the conduct of the preoperational and startup
testing program and continue throughout the life of the plant.

1

The FSAR should (1) identify in terms of numbers, educational background
and experience requirements for each identified position or class of
positions providing technical support for plant operations, and (2) include
specific educational and experience background for individuals holding
the management and supervisory positions providing support in the areas

! identified below.
!

The special capabilities that should be included in the support for the
operation of the plant are:

1. Nuclear, mechanical, structural, electrical, thermal-hydraulic,
metallurgical and materials, and instrumentation and controls
engineering

2. Plant chemistry

3. Healtn physics

G
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4. Fueling and refueling operations support

5. Maintenance support

6. Operations support

7. Quality assurance

8. Training

9. Safety review

10. Fire protection

11. Outside contractual assistance

In addition, LQB will coordinate other branches evaluations that interface
with the overall review of the management and technical support organization
as follows: the Emergency Preparedness Licensing Branch (EPLB) reviews
the acceptability of the emergency organization as part of its primary
review responsibility for SRP Section 13.3; the Quality Assurance Branch
(QAB) reviews the acceptability of the detailed quality assurance organiza-
tion as part of its primary review responsibility for SRP Section 17.0;
the Radiological Assessment Bianch (RAB) reviews the acceptability of the
radiation protection organization as part of its primary review responsibi-
lity for SRP Section 12.5.

For those areas of review identified above as being reviewed as part of
the primary review responsibility of other branches, the acceptance criteria
necessary for the review and their mechods of applicatiore are contained
in the referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA
_

The applicant's description of its resources to deal with safety-related problems
connected with the. proposed addition of nuclear generating capacity should provide
contributory evidence as to the technical qualifications of the appl iant, as
required by 10 CFR Part 50, 650.40(b).

Specific criteria which contributed to meeting 650.40(b) with respect to the CP
review and OL review are described below in A and B, respectively.

A. Construction Permit

1. The applicant has identified and functionally described the specific
organizational groups responsible for implementing responsibilities
for the project (CP).

2. The applicant has described the method of implementing its responsibi-
lities for dealing with the safety-related aspects of the design and
construction of the project and the transition to operation of the
facility including control of major contractors.

3. Clear unambiguous management control and communications exist between
the organizational units involved in the design and construction of
the project.
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4. Substantive breadth and level of experience and availability of man-
power exist to implement the responsibility for the project.n)(V 5. The applicant has clearly described the role and function of the A/E
and NSSS vendor during both design and construction and has demonstrated
utility control over the decisions of the A/E and NSSS vendor.

6. The applicant has designated the responsible organizations that will
participate in the test prograni and early plans indicate reasonable
assurance that such designated organizations can collectively provide
the necessary level of staffing with suitable skills and experience,

to develop and conduct the test program.

7. The applicant plans to utilize the plant operating and technical staff
in the development and conduct of the test program and in the review
of test results.

8. The applicant has identified plans for the organization and staffing
to oversee design and construction of the nuclear facility in accordance
with the guidelines of [ tem II.J.3.1 of NUREG-0718.

B. Operating License

The review and evaluation of management and technical organizational structure
for Operating License Applicants is based on meeting the guidelines of
TMI Action Plan Item I.B.1.2 of NUREG-0694 as augmented. Specific criteria
are as follows:

b,
s 1. The applicant has identified and described the organizational groups
V responsible for implementing responsibilities for the initial test

program, and technical support for the operation of the facility.

2. The applicant has described the method of implementing its responsibi-
lities for dealing with the initial test program, technical support,
and operation of the facility.

3. The organizational structure provides for the inteorated management
of activities that support the opeiation and maintenance of the facility.

4. Clear management control and effective lines of authority and communica-
tions exist between the organizational units involved in the management,
operation, and technical support for the operation of the facility
(0L).

| 5. Substantive breadth and level of experience and availability of manpower
exist to implement the responsibility for the initial test program
and technical support for the operation of the facility. The need
to supplement the corporate structure with additienal experienced

i personnel for the initial years of operation will be determined on a
case-by-case basis.

6. Qualifications of the " Engineer in Charge" should meat or exceed those
given in Section 4.6.1 of ANSI N18.1, as endorsed by Regulatory

O Guide 1.8.
V'

.
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7. Responsibilities for fire protection should conform to BTP CMEB 9.5-1
attached to SRP Section 9.5.1.

8. The technical staff will be utilized in the initial test program to
the maximum extent practicable. Participants in the test program
should receive plant-specific training / indoctrination in the adminis-
trative controls for the test program prior to the start of testing.
The level of staffing should be adequate based on the reviewer's
judgment.

III. REVIEW PROCEDURES

Each element of the SAR information is to be reviewed against this SRP section.
The reviewer's judgment during the review is to be based on an inspection of
the material presented, whether items of special safety significance are involved,
and the magnitude and uniqueness of the project. Any exceptions or alternatives
are to be carefully reviewed to assure that they are clearly defined and that
an adequate basis exists for acceptance. The applicant should identify the
applicable version of references, Regulatory Guides, and Codes and Standards
used. The reviewer should ide .ify the applicable version cf references,
Regulatory Guides, and Codes and Standards used in the review.

In the review and evaluation of the subject matter of this section of the SAR,
the following points should be taken into consideration.

The corporate level management and technical support structure, as demonstrated
by crganizational charts and descriptions of functions and responsibilities,
should be free of ambiguous assignments of primary responsibility. A corporate
officer should clearly be responsible for nuclear activities, without having
ancillary responsibilities that might detract f rom his attention to nuclear
safety matters. Design and construction responsibilities should be reasonably
well defined in both numbers and experience of persons required to irinlement

,

their responsibilities. The reviewer must recognize that there are many accept-
able ways to define and delegate job responsibilities. At the CP stage, wich
respect to technical support for operations, the applicant's plans for head-
quarters staffing may not yet be firm. It is acceptable, therefore, if these
plans are not fully specific in terms of numbers of people, provided the
commitment made is sufficiently firm to assure the responsibility can be met.
Variations in staffing may also be expected between applicants who lack prior
experience with nuclear plant operation and those who have such experience.
It is important that the reviewer assure himself that applicants in the former
category do not underestimate the magnitude of the task. The reviewer should
be alert to the poss'bility that excessive workloads may be placed upon too
small a number of individuals. Interface arrangements and controls between
the applicant and major contractors (NSSS vendors, architect / engineers, con-
structors) should be examined to assure that the applicant will be in charge
of and responsible for design and construction activities.

If the application involves the addition of more than one unit, the reviewer
should assure that headquarters staffing plans take this fact into account.
This is particularly important if additional units are scheduled to come on
line at intervals of about one year or less, since the shakedown period for
the operation of a new plant can be expected to produce quite heavy workloads.
In some of these cases the applicant may plan to bolster the plant staff organi-
zation during such periods so that it is necessary to evaluate headquarters
staffing plans in conjunction with those for the plant staff organization.
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The reviewer should assess the degree of participation during the design and
construction phases by that headquarters group that typically has plant operating
(generating) responsibility. Interfaces between such a group and those with(n project engineering responsibilities should be examined.

The review procedure for this section consists, therefore, of:

1. An examination of the information submitted to determine that all subject
matter identified in subsection I above has been addressed.

2. A comparison of the information with the acceptance criteria of subsection
II above in the light of the additional points set forth earlier in this
SRP section.

3. Review of information provided by the Office of Inspection and Enforcement
position statement on the applicant's organizational and administrative -
commitments made in the SAR.

4. Corporate headquarters and site visits by one or more members of the LQB
to review, discuss, and verify iniplementation of the management structure
and technical resources. With respect to site visits, in addition to LQB
members, review teams may include personnel from the Office of Inspection
and Enforcement and the Division of Licensing.

In addition, if the applicant, as of the time the review takes place, has had
experience in the operation of a previously licensed nuclear power plant, the
reviewer may seek independent information relative to headquarters staffing
and qualifications through the Office of Inspection and Enforcement, e.g., by
discussion with inspection personnel or review of inspection reports.

d The reviewer then determines, based on the foregoing, the overall acceptability
of the applicant's management and tachnical support organization and staffing
plans.

IV. EVALUATION FINDING

The reviewer verifies that the information presented and the review of that
information support conclusions of the following type to be used in the staff's
safety evaluation report:

A. CP Safety Evaluation Report

The applicant has described clear responsibilities and associated resources
for the design and construction of the facility and has described its plans
for management of the project and for utilization of the NSSS nnd A/E.
These plans have been reviewed and give adequate assurance that an acceptable
organization and staff resources have been established to satisfy the appli-
cant's commitments for the design and construction of the facility. .These
findings contribute to the requirements of 10 CFR Part 50, 650.40(b); i.e.,

that the applicant is technically qualified to engage in design and con-
struction activities.

B. OL Safety Evaluation Report

(h The applicant has described its organization for the management of, and
/ its means for providing technical support for the plant staff during operation

: 13.1.1-7 Rev. 2 - July 1981
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of the facility. These measures hcve been reviewed and we conclude that
the applicant has an acceptable organization and adequate resources to
provide offsite technical support for the operation of the facility under
both normal and off-normal conditions.

These findings contribute to the staff's collective judgment that the applicant
complies with the requirements of 950.40(b) (that tha applicant is technically
qualified to operate a nuclear power plant), that the applicant will have the
necessary managerial and technical resources to provide assistance to the plant
staff in the event of an emergency; that the applicant has identif.ed the
organizational positions responsible for fire protection matters and the author-
ities that have been delegated to these positions to implement fire protection
responsibilities, in accordance with the guideline of BTP CMEB 9.5-1.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, 950.40(b), " Common Standards."

2. Regulatory Guide 1.8, " Personnel Selection and Training."
t
'

3. Regulatory Guide 1.68, " Initial Test Programs for Water-Cooled Nuclear
Power Plants."

| 4. Standard Review Plan Section 9.5.1, " Fire Protection Program."

5. NUREG-0694, "TMI-Related Requirements for New Operating Licenses."

6. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing License."

7. NUREG-0737, " Clarification of TMI Action Plan Requirements."

9
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i STANDARD REV EW PLAN8
N w. . e,o OFFICE OF NUCLEAR REACTOR REGULATION

13.1.2-13.1.3 OPERATING ORGANIZATION
|

REVIEW RESPONSIBILITIES

Primary - Licensee Qualification Branch (LQB)
|

Secondary - Nona

I. AREAS OF REVIEW

The applicant's operating organization, as described in its Safety Analysis Report
(SAR), is reviewed. This section of the SAR (PSAR and FSAR) should describe the
structure, functions, and responsibilities of the onsite organization established
to operate and maintain the plant. Specific information to be reviewed is as
follows:

A. An organization chart showing the title of each position, the minimum number
of persons to be assigned to common or duplicated positions, the number of
operating shift crews, and the positions for which reactor operator and senior,

reactor operator licenses are required. For multi-unit stations, the organi-
'''j zation chart (or additional charts) should clearly reflect changes and addi-s

tions as new units are added to the station.

B. The schedule, relative to fuel loading for each unit, for filling all positions
should be presented.

C. The functions, responsibilities, and authorities of plant positions correspond-
ing to the following should be described:

1. Overall plant management
2. Operations supervision
3. Operating shift crew supervision
4. Shift technical advisors |
S. Licensed operators
6. Non-licensed operators
7. Technical supervision
8. Radiation protection supervision
9. Instrumentation and controls maintenance supervision

Rev. 2 - July 1981
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10. Equipment maintenance supervision
11. Fire protection supervision
12. Quality assurance supervisor (when part of the plant staff) |

For each position, where applicable, required interfaces with offsite per-
sonnel or positions identified in SAR Section 13.1.1 should be described.
Such interfaces include defined lines of reporting responsibilities, e.g.,
from the plant manager to his immediate superior, as well as functional or
communication channels. In the Final Safety Analysis Report (FSAR), the
following should also be described: (1) the line of succession of autho-
rity and responsibility for overall station operation in the event of
unexpected contingencies of a temporary nature, and (2) the delegation of
authority that may be granted to operating supervisors and to shift super-
visors, including the authority to issue standing or special orders.

The FSAR should describe the extent and nature of the participation of the
plant operating and technical staff in the initial test program.

If the station contains or is planned to contain power generating facil-
ities other than those relating to the application in question and includ-
ing fossil-fueled units, this section should also describe interfaces with
the organizations operating such other facilities. The description shcuid
include any proposed sharing of persons between the units, a description
of their duties, and the proportion of their time they will routinely be
assigned to the other unit.

O, The position titles, applicable operator licensing requirements for each,
and the total number of people planned to man each shift should be des-
cribed for all combinations of units proposed to be at the station in
either operating or cold shutdown modes. Shift crew staffing plans unique
to refueling operations should be described. The proposed means of assign-
ing shift responsibility for implementing the radiation protection and fire
protection programs on a round-the-clock basis should also be described.

E. The education, training, and experience requirements (qualification require-
ments) established by the applicant for filling each management, operating,
technical, and maintenance position category in the operating organization
above should be described. This includes those persons who will conduct
preoperational aM startup tests. At the PSAR stage, it is recognized that
many details of the plant organization (see A, above) and staffing have
not been finalized. Consequently, t' nformation to be reviewed should
demonstrate an understanding of and commitment to the acceptance criteria
below. At the FSAR stage, this section should in addition provide evi-
dence, in the form of personnel resumes, that the initial selections made
for management and principal supervisory positions down through the shift
supervisory level conform to those requirements.

In addition to examining the above areas of review, LQB will coordinate
other branch evaluations that interface with the overall review of the
applicants operating organization as follows:

The Radiological Assessment Branch (RAB) reviews the detailed radio-
logical protection organization as part of its primary review respon-
sibility for SRP Section 12.5. The Emergency Preparedness Licensing

O
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Branch (EPLB) reviews the emergency organization as part of its
primary review responsibility for SRP Section 13.3. The Quality

p) Assurance Branch (QAB) reviews the detailed quality assurance organi-
zation as part of its primary review responsibility for SRP Section(

V 17.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in
the referenced SRP section of the corresponding primary branch. |

II. ACCEPTANCE CRITERIA

This section of the SAR should demonstrate the applicant's commitment to (PSAR)
and implementation of (FSAR) plans to staff the onsite operating organization
and to define and delegate responsibilities to provide assurance that the plant
can be operated safely.

The staff acc?ptance criteria are designed to produce reasonable assurance of
applicant compliance with the relevant requirements of the following regulations:

1. 10 CFR Part 50, 650.40b as it relates to demonstrating in conjunction
with other reviews that the applicant is technically qualified to engage in
nuclear activities licensed under these regulations.

2. 10 CFR Part 50, 650.54 j, k, 1, and m as it relates to operator require-
ments during the operation of the facility, the responsibility for direct-
ing activities of licensed operators, and the senior operator availability,

[ during reactor operations and other specific reactor conditions or mode of
,

U operation.

Specific criteria necessary to meet the relevant requirements of the regulations
are as follows:

A. The requirements of ANSI N18.7, Section 3.4, " Operating Organization," as
endorsed by Regulatory Guide 1.33, should be met. Additionally, the follow-
ing characteristics should be satisfied:

1. The reporting responsibility and authority of the functional areas
of radiation protection, quality assurance, and training should
assure independence from operating pressures. In utilities with
large commitments to nuclear power plants, overall management and
technical direction in these areas may be concentrated at the home
office.

2. -There are clear lines of authority to the Plant Manager.<

3. Responsibility for all activities important to the safe operation
of the facility are clearly defined.

4. Distinct functio.ial areas are separately supervised and/or managed.

5. Sufficient managerial depth is available to provide qualified backup
in the event of the absence of the incumbent.p

C l
V
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B. Responsibilities and authorities of operating organization personnel should
conform to the requirements of ANSI N18.7, Section 5.2, " Rules of Practice";
Section 4.4, "Onsite Review," as endorsed by Regulatory Guide 1.33; Branch
Technical Position CMEB 9.5-1; ANSI N18.1; Section 3.2, " Operating Organiza-
tion," as endorsed by Regulatory Guide 1.8. In addition, to meet TMI
Action Plan iten I.C.3 of NUREG-0694, the responsibilities of the shift
supervisor shall clearly establish the command duties of the shift super-
visor and emphasize the primary management responsibility for the safe
operation of the plant.

C. Assignments of onsite shift operating crews should be made in accordance
with the staff positions of TMI Action Plan item I.A.1.3 of NUREG-0737
and the following:

At any time a licensed nuclear unit is being operated in Modes 1-4
for a PWR (Power Operation, Startup, Hot Standby, or Hot Shutdown,
respectively) or in Modes 1-3 for a BWR (Power Operation, Startup,
or Hot Shutdown, respectively), the einimum shift crew shall include
two licensed senior reactor operators (SRO), one of whom shall be
designated as the shift supervisor, two licensed reactor operators
(RO) and two unlicensed auxiliary operators (AO). For a multi-unit
station, depending upon the station configuration, shift staffing
may be adjusted to allow credit for licensed senior reactor opera-
tors (SRO), auxiliary operators (AO) and licensed reactor operators
(RO) to serve as relief operators on more than one unit; however,
these individuals must be properly licensed on each such unit. At
all other times, for a unit loaded with fuel, the minimum shift crew
shall include one shift supervisor who shall be a licensed senior
reactor operator (SRO), one licensed reactor operator (RO) and one
unlicensed operator.

Adjunct requirements to the shift staffing criteria stated above are
as follows:

1. A shif t supervisor with a senior reactor operator's license,
who is also a member of the station supervisory staff, shall
be onsite at all times when at least one unit is loaded with
fuel.

2. A licensed senior reactor operator (SRO) shall, at all times,
be in the control room from which a reactor is being operated.
The shift supervisor may act as temporery relief for the licensed
senior reactor operator assigned to the control room.

3. For any station with more than one reactor containing fuel, the
number of licensed senior reactor operators onsite shall, at
all times, be at least one more than the number of control rooms
from which the reactors are being operated.

4. In addition to the licensed senior reactor operators specified
in items C.1., C.2., and C.3. above, for each reactor contain-
ing fuel, a licensed reactor operator (RO) shall be in the
control room at all times.

O
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5. In addition to the operators specified in items C.1., C.2., C.3.,
and C.4. above, for each control room from which a reactor is
being operated, an additional licensed reactor operator (RO)

g shall be onsite at all times and available to serve in addition
to other duties as relief operator for that control room. As
noted above, this individual may serve as relief operator for
each unit being operated from that control room, provided he
holds a current license for each unit.

6. In addition to the licensed personnel specified in items C.1.
through C.S. above, an auxiliary operator (non-licensed) shall
be assigned to each reactor and an additional auxiliary opera-
tor shall be assigned for each control room from which a reac-
tor is operating. These operators shall be properly qualified
to support the unit to which assigned. Note: The above require-
ments (C.1 through C.6) are shown in tabular form in Table 1.

7. In addition to the staffing requirements stated above, shift
crew assignments during periods of core alterations shall
include a licensed senior reactor operator (SRO) to directly
supervise the core alterations. This licensed senior reactor
operator may have fuel handling duties but shall not have
other concurrent operational duties.

8. To meet TMI Action Plan item I.A.1.1 of NUREG-0737, a shift tech-
nical advisor (STA) shall be onsite at all times a licensed
nuclear unit is being operated in Modes 1-4 for a PWR or in
Modes 1-3 for a BWR.

)
/ 9. A health physics technician shall be onsite at all times when

there is fuel in a reactor.

10. A rad / chem technician shall be onsite at all times when a
ifcensed nuclear unit is being operated in Modes 1-4 for a PWR -

or in Modes 1-3 for a BWR.

D. Total complements of licensed personnel, ittms C.2 through C.6 above,
should be provided such that the use of overtime is avoided (note
Section 13.5.1 on work hour limitations). To meet this policy, staff-
ing plans should provide for no less than the number required for five
shift rotations.

E. The plant operating and technical staff should be used to the maximum
extent possible in the facility initial test program.

F. Assignments of persons to implement the fire brigade requirements of the
fire protection program should meet the guideline of SRP Section 5.5.1
including the following:

1. The responsibilities of the fire brigade members under normal condi-
tions should not conflict with their responsibilities during a fire
emergency.

p 2. The minimum number of fire brigade members available onsite for each
t shift operation crew should be consistent with the activities

13.1.2-5 Rev. 2 - July 1981
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TABLE 1

SHIFT STAFFING **

One Unit Two Units Two Units
One Control One Control 'we. Control

Room Room Rooms

- One Unit Operating * 1 SS (SRO) 1 SS (SRO) 1 SS (SRO),

1 SR0 1 SR0 1 SR0
2 R0 3 R0 3 R0

'

.
2 A0 3 A0 3 A0

Two Units Operating * NA 1 SS (SRO) 1 Si (SRO)
1 SR0 2 SR3
3 R0 4 R0
3 A0 4 A0

All Units Shutdown 1 SS (SRO) 1 SS (SRO) 1 SS (SRO)
1 R0 2 R0 2 R0
1 A0 3 A0 3 A0

SS - Shift Supervisor RO - Licensed Reactor Operator
'

SRO - Licensed Senict Reactor Operator A0 - Auxiliary Operator

NOTE: 1. In order to operate or supervise the operation of more than one unit,
an operator (SRO cr RO) must hold an appropriate, current license for
each such unit.

2. In addition to the staffing requirements indicated in the table, a
licensed senior operatce will be required to directly supervise any
core alteration activity.

* Modes 1 ttrough 4 for PWRs.
Modes 1 through 3 for BWRs.

~** Shift staffing for special cases such as 3 units operating from 1 or 2 control
rooms will be determined co a case-by-case basis, based on the principles
defined in items II.C.1 through II.C.6 of this SRP section.

|

O
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required to combat the most significant fire. The minimum size of
the fire brigade shift should be five persons unless a specific site

b) evaluation has been completed and some other number justified.

G. Regulatory Guide 1.8, " Personnel Selection and Training," sets forth the
staff position on plant personnel qualifications and indicates that the
criteria for selection (qualifications) contained in ANSI N18.1 are
generally acc:ptable, except as noted in the regulatory position section
of Regulatory Guide 1.8. Plant staff personnel listed in items A. through
n. above should meet this staff position.

A shift technical advisor (STA) has been added to the onsite shift operat-
ing crew by item C.8 described above. This SfA shall have a bachelor's
degree or equivalent in a scientific or engineering discipline and shall
have received specific training as described in SriP Sectica 13.2.

In addition, although the qualification levels of the standard are endorsed
as acceptable minimums for each position, it is expected that the collec-
tive qualifications of the plant staff will be greater than the sum of the
minimum individual requirements described in the standard, particularly in
the area of nuclear power plant experience and in supervisory and manage-
ment pcsitions involved '.. the operational aspects of the facility. In
those cases where the collective qualifications do not exceed the sum of
the minimums for individual positions, additional technical support for
the plarit staff may be required. These will be determined on a case-by-
case basis.

N III. REVIEW PROCEDURES

Each element of the SAR information is to be reviewed against this SRP section.
The reviewer's judgment during the review is to be based on an inspection of
the material presented, whether items of special safety significance are
involved, and the uniqueness of the facility. Any exceptions or alternatives
are to be carefully reviewed to assure that they are clearly defined and that
an adequate basis exists for acceptance.

The applicant should identify the applicable version of references, Regulatory
Guides, and Codes and Standards used. The reviewer should identify the appli-
cable version of references, Regulatory Guides, and Ccdes and Standards used
in the review.

In the review and evaluation of the subject matter of this section of the SAR,
the following points should be taken into consideration.

Plant staff organizational structures are not cigidly fixed; however, experience
has shown that certain components are common to and necessary for all plants.
Among these are operational, onsite technical support, and maintenance groups,
under the direction and supervision of a plant manager. For multi-unit sites,
consideration must be given to the possibility that off-shiJt supervision may
be stretched too thin to provide effective supervision. For example, a single
operations manager may have difficulty covering more than two units. For on-
shift persons, the total manpower available should be reviewed to assure that
in excess of five full operating shift crews are planned so that excessive over- |time is not routinely scheduled for these rews. For multi-unit sites, overallj site responsibilities should be checked for clarity during those periods of
time when senior level supervision is not onsite.

13.1.2-7 Rev. 2 - July 1981
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Tne operating organization, as demonstrated by organization charts and descrip-
tions of functions and responsibilities, should be free of ambiguous assignments
of primary responsibility. Operating responsibilities should be reasonably
well defined in both numbers and experience of persons required to implement
their responsibilities. The reviewer must recgnize that there are many accept-
able ways to define and delegate job responsibilities. Variations in staffing
may also be expected between applicants who lack prior experience with nuclear
plant operation and those who have such experience. It is important that the
reviewer assure himself that applicants in the former category do not underesti-
mate the magnitude of the task. The reviewer should be alert to the possibility
that excessite workloads may be placed upon too small a number af individuals.

The structure of onsite technical support and maintenance groups may depend
somewhat on headquarters staffing and the division of effort between onsite and
offsite personnel.

At the construction permit (CP) stage, the applicant will generally not have
made selections for plant st ff positions. The review procedure, therefore, is
to examine this section of the SAR for a commitment on the part of the appli-
cant to conferm to the stated acceptance criteria.

Where a clear comparison cannot be made between the proposed plant staff posi-
tions and those defined in Section 4 of ANSI N18.1, the applicant should list
each position on its plant staff and designate the corresponding posi'~ n of
Section 4 of ANSI N18.1, or describe in detail the proposed qualificatioi
requirements for each position on its plant staff.

The review of the FSAR, at the operating license (0L) stage, consists first of
the same examination as made at the CP stage, and secondly, of an analysis of
each resume. The reviewer should make an explicit comparison of the educa-
tional and experience records obtained from each resume with the corresponding
requirements set forth for the applicable position in Section 4 of ANSI N18.1
or other approved qualifications. " Applicable experience" should be judged in
the light of the position responsibility. Credit for experience, which may not
be entirely applicable, should be weighed to a degree commensurate with its
applicability.

In addition, if the applicant, as of the time the review takes place, has had
experience in the operation of previously licensed nuclear power plants, the
raviewer may seek independent information relative to plant staffing and quali-
fications through the Office of Inspection and Enforcement, e.g., by discussion
with inspection personnel or review of inspection reports.

| The reviewer then determines, based upon the foregoing, the overall accepta-
bility of the applicant's operating organizations and plant staffing plans.

IV. EVALUATION FINDINGS

The reviewer verifies that the information presented and its review support
conclusions of the following type to be used in the staff's Safety Evaluation
Report:

The staff concludes that the applicants operating organization is acceptable
and meets the relevant requirements of 10 CFR Part 50, S50.40b and 650.54 #

| J through m. This conclusion is based on the following:
|
|

|
'
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The applicant has described the assignment of plant operating
responsibilities; the reporting chain up through the chief executives
office of the company (applicant); the proposed size of the regular plant
staff; the functions and responsibilities of each major plant staff group;
and the proposed shift crew complement for single unit or multiple unit
operation; the qualification requirements for members of its plant staff;
and (FSAR-submitted personnel resumes for management and principal super-
visory and technical positions). This information has been reviewed, and
it is the conclusion of the staff that the proposud organization is,
acceptable.4

Acceptability of the applicants operating organization is a significant input
to the requirement tnat the applicant is technically qualified as required by
10 CFR Part 50, S50.40(b); that adequate licensed operators are available to
meet the requirements of Section 50.54(j) through (m); the adequacy of the on-

ishift personnel to provide initial facility response in the event of an emer-
|gency; organizational requirements for the plant manager and radiation protec-
,

tion manager; qualification requirements and qualifications (FSAR) of plant
personnel as stated in Regulatory Guide 1.8, a7d organizational requirements
as stated in Rcgulatory Guide 1.33.

In addition, the applicant has complied with the requirements of TMI Action
; Plan items I.A.1.1 and I.A.1.3.

V. IMPLEMENTATION

: The following 4 intended to provide guidance to applicants and licensees
Q regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREGc.

VI. REFERENCES

j 1. 10 CFR Part 50, 650.40, " Common Standards."

2. 10 CFR Part 50, 950.54, " Conditions of Licenses."

3. Regulatory Guide 1.8, " Personnel Selection and Training."

4. Regulatory Guide 1.33, " Quality Assurance Program Requirements
(Operation)."

'

5. Branch Technical Position CMEB 9.5-1, " Fire Protection Program," attached
to Standard Review Plan Section 9.5.1.

,

l6. NUREb-0694, "TMI-Related Requirements for Operating Liconses."

O 7. NUREG-0737, " Clarification of TMI Action Plan Requirements."'

!
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Primary - Operator Licensing Branch (0LB)

(SRP Section 13.2 has be superceded by SRP Sections 13.2.1 and 13.2.2).
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USNRC STANDARD REVIEW PLAN
Star.dard revi6.v plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
apphcations to construct and operate nuclear power plants. These documents are made available to the public as part of the

(3h
Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standcrd review

\ plans are not substitutes for regula.ory guides or the Commission's regulations and compliance with them is not required. The
\j standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear ,8ower Plants.[

|
Not all sections of the Standard Format have a corresponding review plan.

1
' Pubbshed standard review plans will be revised periodically. as appropriate. to accommodate comments and to reflect new informa-

tion and experience
i Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission

Office of Nuclear Reactor Regulation. Washington. O C. 20555.
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) U.S. NUCLEAR REGULATORY COMMISSIONSTANDARD REVIEW PLAN
e

CQfeg- f OFFICE OF NUCLEAR REACTOR REGULATION
+...e

13.2.1 REACTOR OPERATOR TRAINING |
REVIEW RESPONSIBILITIES

Primary - Operator Licensing Branch (0LB)

Secondary - None

I. AREAS OF REVIEW
I

The applicant's reactor operator training program, as described in his safety
Analysis Report (SAR), is reviewed. This section of the SAR should contain the
description and scheduling of the training program for reactor operators and
senior reactor operators. The training program should also include upgrading in
reactor operator and senior reactor operator qualification per the items I.A.2.1,
I.A.2.3, I.A.3.1 and II.B.4 of the THI Action Plan (NUREG-0737).

A. For the Preliminary Safety Analysis Report (PSAR):

1. The proposed subject matter of each course, the duration of the course
(m) (approximate number of weeks in full time attendance), the organization
f

V' teaching the course or supervising instruction, and the position titles
for whom the course is given. The subjects covered should include as a
minimum, those contained in Se'ctions 21 and 22 of 10 CFR Part 55 for
reactor operators and senior reactor operators as appropriate. The
subjects covered should also include those required by item I.A.2.1
of the TMI Action Plan (NUREG-0737), enclosures 2 and 3 of the Letter
from H. R. Denton, NRC, to All Power Reactor Applicants and Licensees,
dated March 28, 1980 (see NUREG-0737).

2. Reactor operations experience training by nuclear power plant simulator
that complies with Regulatory Guide 1.149 or assignment to a similar
plant, including length of time (weeks), and identity of simulator and
plant. Applicants should describe their program for providing simulator
capability for their plants. In addition, they should describe how they
will assure that their proposed simulator will correctly model their
control room. Applicants should provide sufficient information to
verify that they will have the necessary simulator capability to carry
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out the actions described in item I.A.3.1 of the TMI Action Plan
(NUREG-0737) and I.A.4.2 of NUREG-0718. Applicants should submit,
prior to issuance of construction permits, a general discussion of
how the requirements will be met. Sufficient details shnuld be
presented to provide reasonable assurance that the requirements will
be implemented properly prior to the issuance of operating license.

3. A commitment to conduct an onsite formal training program and on-the-
job training before the initial fuel loading.

4. Any difference in the training programs for individuals who will be
seeking licenses prior to criticality pursuant to Section 55.25 of
10 CFR Part 55 based on the extent of previous nuclear power plant
experience. Experience groups should include the following:

a. Individuals with no previous experience.

b. Individuals who have had nuclear experience at facilities not
subject to licensing.

c. Individuals who hold, or have held, licenses for comparable
facilities.

I
5. The means for evaluating the training program effectiveness for all

reactor operators. This includes the means to be employed to certify
that each precritical applicant has * Id extensive actual operating
experience pursuant to Section 55.2. s) of 10 CFR Part 55.

.

6. This program description should also include a chart to show the
schedule of the training program for the personnel to be licensed I
prior to criticality. The time should be relative to expected fuel
loading and should also display the preoperational test period, and
the expected time for examinations for licensed operators prior to
plant criticality.

| 7. The training program should also include upgrading in reactor opera-
| tor and senior reactor operator qualification per the item I.A.2.1 of
: the TMI Action Plan.
1

| B. In the Final Safecy Analysis Report (FSAR):

1. The proposed subject matter of each course, including a syllabus or
equivalent course description, the duration of the course (approximate
number of weeks in full-time attendance), the organization teaching
the course or supervising instructica, and the position titles for
which the course is given. Tne subjects covered should include as a
minimum, those contained in Sections 21 and 22 of 10 CFR Part 55 for
reactor operators and nenior reactor operators as appropriate. The
subjects covered should also include those required by item I.A.2.1
of the TMI Action Plan and Enclosures 2 and 3 of the Letter from
H. R. Denton, NRC, to All Power Reactor Applicants and Licensees,
dated March 28, 1980 (see NUREG-0737, item I.A.2.1).

13.2.1-2 Rev. 0 - July 1981
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!

/'~' 2. Reactor operations experience training by nuclear power plant simu-
! ( lators that complie- with Regulatory Guide 1.149 or assignment to a
J similar plant, including length of time (weeks), and identity of

simulator and plant. The applicant should provide the details of
; the program for simulator training including length of time (weeks)
i and the identity of the simulator. If a nonplant specific simulator
! or no simulator training is to be provided adequate information
| should be given for this position.
<

3. The details of the onsite training program, including a syllabus or
equivalent course description, the duration of the course (approximate
number of weeks in full time attendance). The program should dis- g

tinguish between classroom training and on-the-job training, before I

i
and after the initial fuel loading.

4. The organization teaching the course or supervising instruction and
the qualification of the instructors in the training program should
be provided including the requalification program administred to the
instructor in order to have them remain certified as instructors as
specified in H. R. Denton's letter of March 28, 1980 (see Enclosure 1,
item 2d).

,'
Training for mitigating core damage as described in Item II.B.4 of5.
the TMI Action Plan (see NUREG-0737, item II.B.4).

6. Upgrading of reactor operator and senior reactor operator trainingy

qualification as described in item I.A.2.1 of the TMI Action Plan'

(see NUREG-0737, iten II. A.2.1).

7. Any difference in the training programs for individuals who will be
seeking licenses prior to criticality pursuant to Section 55.25 of
10 CFR Part 55 based on the extent of previous nuclear power plant
experience. Experience groups should include the following:'

a. Individuals with no previous experience.
,

b. Individuals who have had nuclear experience at facilities not
I subject to licensing.
!
'

c. Individuals who hold, or have held, licenses for comparable
facilities.

I

8. Means for evaluating the training program effectiveness for eachi

j operator in the program. For applicants for license examinations |
prior to criticality, the means to be employed to certify that each
applicant has had extensive actual operating experience pursuant to
Section 55.25(b) of 10 CFR Part 55.

!
The program description section should also include a chart to show the'

schedule of or each part of the reactor operator training program. The |
time scale should be relative to expected fuel loading and should also
display the preoperational test period, expected time for examinations

', for licensed operators prior to criticality, and expected time for
I examinations for licensed operators after criticality.
!
!
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The description should delineate clearly the extent to which the training
program has been accomplished at the approximate time of submittal of the
FSAR. Contingency plans for additional training for individuals to be
licensed prior to criticality should be described in the event fuel load-
ing is subsequently delayed from the date indicated in the FSAR.

The FSAR should describe J., applicant's plans for requalification training
for licensed operators and senior operators. Applicants should also des-
cribe the requalification program for plant instructors to assure they are
cognizant of current operating history, problems, and changes to procedures
and administrative limitations (See NUREG-0737, item I.A.2.3).

'

..
- 'l i . ACCEPIA1;M CP.1TERIA

The SAR should demonstrate that the training provided, or to be provided, for
reactor operators and senior reactor operators will be adequate to provide
assurance that all reactor operator qualification requirements including TMI
Action items will be met as of the time needed, i.e., prior to operator
license examinations, prior to fuel loading, or prior to appointment or
reappointment to the position.

Criteria for acceptability as they relate to training for reactor operators and
senior reactor operators are:

1. The training requirements and guidance set forth in the following regula-
tions and regulatory guides should be met or acceptable alternatives
should be presented.

a. 10 CFR Part 50, Section 50.54, items i through m

b. 10 CFR Part 55, Sections 55.21, 55.22, 55.23, and Appendix A

c. Regulatory Guide 1.8

d. NRC Operator Licensing Guide, NUREG-0094

! e. TMI Action Plan Requirements items I.A.2.1, I.A.2.3, I.A.3.1, II.B.4
(NUREG-0737), and I.A.4.2 of NUREG-0718. Letter from H. R. Denton,

1 NRC, to All Power Reactor Applicants and Licensees, dated March 28,
1980.

2. Simulators used for training plant personnel should meet the guidelines
of Regulatory Guide 1.149.

3. Formal segments of the initial training program should be substantially
completed when the preoperational test program begins, with the excep-
tion of a brief, formal refresher just prior to operator examinations.

4. The number of persons for whom training is planned in preparation for
senior operator and operator examinations prior to criticality should
be sufficient to assure that applicable technical specification condi-
tions with respect to the number of licensed operators on shift crews
can be met from the time of initial fuel loading of the first unit,

13.2.1-4 Rev. 0 - July 1981
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n with due allowance given for examination contingencies and the need to

(V) avoid planned overtime for supervisory personnel during the startup phase'

in order to meet technical specification conditions.
.

5. The licensed operator requalification training prog am should adequately
implement the requirements of 10 CFR Part 55, Appendix A and Letter from
H. R. Denton, NRC, to All Power Reactor Applicants and Licensees, dated
March 28, 1980.

III. REVIEW PROCEDURES

Preparation for the review of Section 13.2.1 of the SAP should include familiari-
zation with 10 CFR Part 50, Section 50.54 items i thro.jh m, 10 CFR Part 55
Sections 55.21, 55.22, 55.23 and Appendix A. Regulatory Guide 1.8 and 1.149,
NUREG-0094, "NRC Operator Licensing Guide," NUREG-0718. " Licensing Requirements
for Pending Applications for Construction Permits and Manufacturing License,"
and NUREG-0737, " Clarification of TMI Action Plan Requirements," including the
H. R. Denton March 28 letter. The reviewer may use training cours' descriptions
obtained independently from vendors.

.

The review procedure for this SRP section consists of:

1. A careful examination of the information submitted to determine that all
subject matter identified in subsection I above has been addressed, and

2. A detailed comparison of the information with the .ceptance criteria of
] subsection II above.

: The reviewer should ensure that whenever the applicant has committed to' follow
the position of a regulatory guide, industry standard, or other reference
document, the specific revision being referred to as identified. Similarly,
whenever the reviewer is using a position in a reference document as a basis
for acceptability, the revision being made should be identified.

The reviewer then determines, based upon the foregoing, the overall accept-
ability of the applicant's plant staff training plans.

IV. EVALUATION FINDINGS

The reviewer should verify that the information presented and his review support
an evaluation findings statement of the following type, to be used in the staff's
safety evaluation report.

The staff concludes that the training for reactor operators and senior reactor
operators is acceptable and meets the requirements of 10 CFR Part 50, K50.54

| (i through m) and 10 CFR Part 55, KK55.21 through 55.23, and Appendix A.
This conclusion is Imd,m the following:

For Construction Petmit

The overall conduct and administration of the plant training program is the
responsibility of the Plant Manager. The Training Coordinator, reporting toO the Plant Manager, is responsible for development, implementation, and documenta-

C/ tion of the training program.

13.2.1-5 Rev. 0 - July 1981
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The applicant states that a training program will be established to provide
plant personnel with sufficient knowledge and operating experience to start
up, orarate, and maintain the plant in a safe and efficient manner. The

training program is to be developed by the applicant with principal assistance
from the vendor training staff. Training for the personnel to be licensed
will meet the guidance of Regulatory Guide 1.8 and include: Basic Nuclear
Training; Research Reactor Training and Operation; Practical Reactor Operation
at an operating PWR or BWR; a Plant System lecture series; Simulator Training;
and practical on-the-job training and TMI Action Plan items I.A.4.2 and II.B.4
of NUREG-0718. Reactor operators will also receive training in security emer-
gency plans, administrative procedures, and radiation protection, as appropriate.
Simulators used for training the personnel tc be licensed should meet the
guidance of Regulatory Guide 1.149.

The information submitted relative to " lese subjects is satisfactory at the
construction permit stage of review, the preoperational test program, for
operator licensing, and for fuel loaa.ng.

For Operating License

The overall conduct and administration of the plant training program is the !
responsibility of the Plant Superintendent. He may designate the traininq !

supervisor to be responsible for administering the training program and moni-
toring the program effectiveness. The applicant states that the training pro-
gram will provide reasonable assurance that decisions and actions by reactor
operators and senior reactor operators during all plant conditions will be
made consistent with plant safety procedures rod operational limits estab-
lished to protect the public health and safeuy. The program for formal
education and training of the reactor operatar has been designated to meet the
individual needs of the participants, dependiig upon their backgrounds, pre-
vious training and expected job assignment. The program will ...eet the guide-
lines of Regulatory Guide 1.8 and meet the requirements set forth in ANSI
N18.1-1971, 10 CFR Part 55, and item I.A.2.1, I.A.3.3 and I.A.3.1 of the TMI
Action Plan of NUREG-0737. Simulators used in the training program should meet
the guidelines of Regulatory Guide 1.149. Over candidates will have completed
the entire training program prior to the fuel loading so that a sufficient number
of licensed operators should be available to meet the technical specification
requirements.

| The training program for personnel who will be licensed consists of the follow-
| ing discrete segments: Courses in Nuclear Power Plant Steam and Mechanical

Fundamentals, Power Plant Electrical Fundamentals and Mathematics and General
i

| Physics Review, PWR or BWR Technology, System Description, Heat Transfer, Fluid
Flow and Thermodynamics, Mitigating Core Damage, Reactor System Simulator Train-
ing, Researc; Reactor Training, and Refresher Training.

Plans for requalification and replacement training conform to the requ*rements
of 10 CFR Part 50, Appendix A of 10 CFR Part 55 and follow the guidance given
in ANSI N18.1 - 1971. In addition, applicants' requalification and replacement
training conform to the requirements outlined in a letter from H. R. Denton,
NRC, to A. Power Reactor Applicants and Licensees, dated March 1980.

O
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[' x V. IMPLEMENTATION
\ /
'''' The following is intended to provide guidance to applicants and licensees

regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complyiiig with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, "ticensing of Production and Utilization Facilities."

2. 10 CFR Part 55, " Operators' Licenses."
|

3. Regulatory Guide 1.8, " Personnel Selection and Training."

4. NUREG-0094, "NRC Operator Licensing Guide," July 1976.

5. " Utility Staffing and Training for Nuclear Power," WASH-1130, USAEC,
Revised June 1973.

6. NUREG-0737, " Clarification of Tc;: ..ction Plan Requirements."'

f-~s 7. Letter from H. R. Denton, NRC, to All Power Reactor Applicants and
( ) Licensees, dated March 28, 1980.
V

8. NUREG-0718, " Licensing Requirements for Pending Applications for Construc-
tion Permits and Manufacturing License." '

9. ANSI /ANS 3.1-1978, "American National Stand 9eds for Selection and Training of
Nuclear Power Plant Personnel."

10. Ragulat *y Guide 1~.149, " Nuclear Power Plant Simulator for use in Operator
Training."

(m/ \

v/t
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NU REG-0800
(Formsrly NUREG-75/087)

.

p >p #Ecgg
s(- g ,, A U.S. NUCLEAR REGULATORY COMMISSION

U]tyf5 ) STANDARD REV EW PLAN
N ...e,/ OFFICE OF NUCLEAR REACTOR REGULATION

e

13.2.2 TRAINING FOP. NON-LICENSED PLANT STAFF

REVIEW RESPONSIBILITIES
.

Primary - Iicensee Qualifications Branch (LQB)

Secondary - None

I. AREAS OF REVIEW

The applicant's training program for the non-licensed plant staff, as described
in the Safety Analysis Report (SAR), is reviewed. This section of the SAR should
contain the description and scheduling of the training and re-training programs
for the non-licensed plant staff. The program descriptions should include the
following:

For the Preliminary Safety Analysis Report (PSAR):

f3 1. The applicant's commitment to meet the guidelines of ANSI /ANS 3.1 for non-
/(J licensed personnel.

2. The proposed subject matter of each course, the duration of the course
(approximate number of weeks in full-time attendance), the organization
teaching the course or supervising instruction, and the position titles for
which the course is given.

3. Reactor operations experience training by nuclear power plant simulator that
complies with Regulatory Guide 1.149 or assignment to a similar plant,
including length of time (weeks), and identity of simulator and similar plant.

4. A commitment to conduct an onsite formal training program and on-the-job
training such that the entire plant staff will be qualified before the
initial fuel loading.

5. A commitment to meet the requirements of training for shift technical
advisors.

|

Rev_ n .Tuly 1011
USNRC STANDARD REVIEW PLAN

Star dard review plans are prrpared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plarits. These documents are made available to the public as part of the

/ \ Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
( plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The'

\ standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
j tion and emperience.

Comments and suggestions for improvement will b.: considered and should be se nt to the U.S. Nuclear hagulatory Commission,
Office of Nuclear Reactor Regulation Washington. D.C. 20555.
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6. A commitment to meet the requirements of training for mitigating core
danage.

7. A commitmc.nt to conduct an initial fire protection training program
including:

a. Periodic drills during construction.

b. Provisions for indoctrination of construction personnel, as necessary.

The initial training shall be completed prior to receipt of fuel at the
site.

I
8. A description of the training program for the individual (s; responsible

for the formulation and assurance of the implementation of the fire protec-

tion program. The training program should address those items listed in
Branch Technical Position CMEB 9.5-1 attached to SRP Sectior. 9.5.1.

9. The applicant shall describe his plans for conducting a position task
analysis for all operating personnel, in which the tasks performed by the
person in each position are defined, and the trainina, in conjunction with
education and experience, is identified to provide assurance that the tasks
can be effectively carried out.

10. The proposed means for evaluating the training program effectiveness for
all employees.

This program description should also include a chart to show the schedule of
each part of the training program for each position or organizational unit
identified in SAR Section 13.1.2. The time should be relative to expected fuel
loading and should also dist ay the preoperational test period.l

In the Final Safety Analysis Report (FSAR):

1. A detailed description of the training programs for non-licensed personnel
to meet the requirements of ANSI /ANS-3.1.

2. A detailed description of the training program for shift technical advisor.

3. A detailed description of the training program for mitigating core damage
(13.2.2.4).

4. OL applicants who have provided, during the CP stage, a description of
their plans for conducting a position task analysis for all operating
personnel, in which the tasks performed by the person in each position
are defined, and the training, in conjunction with eductation and experience,
identified to provide assurance that the tasks can be effectively carried
out, shall described the program as completed. All other OL applicants

shall describe their plans for conducting the program.

5. The subject matter of each course, including a syllabus or equivalant course
description, the duration of the course (approximate number of weeks in
full time attendance), the organization teaching the course or supervising
instruction, and the position titles for which the course is given. The

program should distinguish between classroom training and on-the-job
training, before and after the initial fuel loading.
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6. Reactor operations experience training by nuclear power plant simulator
that complies with Regulatory Guide 1.149 or assignment to a similar plant,

O including length of time (weeks), and identity of simulator and similar
plant.

7. Any difference in the training programs for individuals based on the extent|

i of previous nuclear power plant experience. Experience groups should
! include the following:

a. Individuals with no previous experience.

b. Individuals who have had nuclear experience at facilities not subject
to licensing.

c. Individuals who have had experience at comparable nuclear facilities.

8. A detailed N cription of the fire protection training and retraining for
the initial plant staff and replacement personnel. The program shall
describe

ihe training planned for each member of the fire brigade,a.

b. The type and frequency of periodic firefighting drills,

The training provided for all remaining staff members, includingc.
personnel responsible for maintenance and inspection of fire
protection equipment,

) d. The indoctrination and training provided for people temporarily
%/ assigned onsite duties during shutdown and maintenance outages,

particularly those allowed unescorted access,

The training provided for the fire protection staff members. Thee.
description shall include the course of instruction, the number of
hours of each course, and the organization conducting the training.

9. Means for evalut. ting the training program effectiveness for each employee.
I

The program description section should also include a chart to show the schedule
of each part of the training program for each position or organizational unit |
identified in FSAR Section 13.1.2. The time scale should be relative to expected
fuel loading and should also display the preoperational test period. |

The description should delineate clearly the extent to which the training program
has been accomplished at tne approximate time to submittal of the FSAR. Contin-
gency plans for additional training should be described in the event fuel loading
is significant:y delayed from the date indicated in the FSAR.

The FSAR should describe the applicant's plans for retraining of plant non-
licensed personnel. The FSAR should also identify the additional position |
categories on the plant staff for which retraining will be provided, and
should describe the nature, scope, and frequency of such retraining (13.2.2.2).

O that interface with the overall review of training requirements for non-licensed
In addition, the LQB will coordinate other branches evaluations and reviews

plant staff as follows: The Chemical Engineering Branch (CMEB) for fire protec-
tion training as part of its primary review responsibility for SRP Section 9.5.1.

13.2.2-3 Rev. 0 - July 1981
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Operator Licensing Branch (OLB) for training for mitigating core damage as part
of its primary review responsibility for SRP Section 13.2.1. Emergency Prepared-
ness Licensing Branch (EPLB) for trainin.1 during emergencies as part of its
primary review responsibility for SRP Section 13.3. Physical Security Licensing
Branch (PSLB) for training for personnel ccntrolling secured areas as part of
its primary review responsibility for SRP Section 13.6.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria neces-
sary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

II. ACCEPTANCE CRITFRIA

The SAR should demonstrate that the training provided, or to be provided, for
each position on the plant, staff will be adequate to provide assurance that
all plant staff personnel training requirements will be met at the time needed,
i.e. , prior to preoperational tests, prior to fuel loading, or prior to appoint-

ment or reappointment to the position.

Staff acceptance criteria in this subsection are designed to provide reasonable
assurance that an applicant in compliance with these criteria will meet the
relevant requirements of the following regulations:

A. 10 CFR Part 19, K19.12 as it relates to trainir.g personnel in the necessary
health protection measures associated with exposure to radioactive materials
or radiation when entering a restricted area.

B. 10 CFR Part 50, K50.34(a & b) as it relates to details of training given
to non-licensed plant personnel and a schedule for such training.

C. 10 CFR Part 50, K50.40(b) as it relates to training being an integral part
of personnel technical qualifications which contributes to the finding
that the applicant is technically qualified to engage in licensing activities.

Specific criteria necessa.y to meet the relevant requirements of K19.12, K50.34
(a & b), and K50.40(b) are as follows:

1. The non-licensed plant personnel shall be trained in accoradance with the
guidance of Task Action Plan Item I.A.2.2 of NUREG-0660 and the following-

a. ANSI /ANS-3.1, Section 5.1, " General Aspects"; Section 5.3, " Training
of Personnel Not Recuiring NRC Licenses"; Section 5.4, " General Employee
Training"; and Section 5.5, " Retraining. " as endorsed by Regulatory
Guide 1.8.

2. Simulators used for training non-1: censed plant personnel should meet the
guidelines of Regulatory Guide 1.149.

3. Formal segments of the initial training program should be substantially
completed when the preoperational test program begins.

4. The number of people for whom training is planned prior to criticality
should be sufficient to assure that applicable technical specification
conditions with respect to the number of plant personnel can be met from
the time of initial fuel loading of the first unit, with due allowance
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given for contingencies and the need to avoid planned overtime for super-
visory personnel during the startup phase.-s

5. Refresher training for non-licensed personnel should be periodic and not
less frequent than every 2 years and s.hould include, at a minimum, refresher |
instruction on administrative, radiation protection, emergency, and security

,

procedures.

6. Fire protection Training

A. Fire Brigade Tr3 n_igi

The fire brigade tra.ning program shall in general follow the guidelines
of BTP CMEB 9.5-1 to ensure that the capability to flight potential fires
is established and maintained. The program shall consist of an initial
classroom instruction program followed by periodic classroom instruction,
fire-fighting practice, and fire drills as follows:

i. Instruction

a. The initial classroom instruction shall include:

(1) Indoctrination of the plant fire-fighting plan with specific
identification of each individual's responsibilities.

(2) Identification of the type and location of fire hazards
and associated types of fires that could occur in the plant.

(h
('

(3) The toxic and corrosive characteristics of expected products
of combustion.

(4) Identification of the location of fire-fighting equipment
for each fire area and familiarization with the layout of

the plant, including access and egress routes to each area.

(5) The proper use of available fire-fighting equipment and
the correct method of fighting each type of fire. The types

,

of fires covered should include fires in energized electrical!

,

equipment, fires in cables and cable trays, hydrogen fires,
fires involving flammable and combustible 1. quids or hazardous'

process chemicals, fires resulting from construction or
modifications (welding), and record file fires.

(6) The proper use of communication, lighting, ventilaticn,
and emergency breathing equipment.

(7) The proper method for fighting fires inside buildings and
confined spaces.

(8) The direction and coordination of the fire fighting activities
(fire brigade leaders only).

(9) Detailed review of fire-fighting strategies and procedures.

,*j (10) Review of the latest plant modifications and corresponding
changes in fire-fighting plans.
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Note--Items (9) and (10) may be deleted from 'he training of no
more than two of the non-operations personr" who may be assigned'

to the fire brigade.

b. The instruction shall be provided by qualified individuals who
are knowledgeable, experienced, and suitably trained in fighting
the types of fires that could occur in the plant and in using
the types of equipment available in the nuclear power plant.

c. Instruction shall be provided to all fire brigade members and
fire brigade leaders.

d. Regular planned meetings shall '9 held at least every 3 months
for all brigade members to review -hanges in the fire protection
program and other subjects as necessary,

e. Periodic refresher training sessions shall be held to repeat
the classroom instruction program for all brigade members over
a two year period. These sessions may be concurrent with the
regular planned meetings.

ii. Practice

Practice sessions shall be held for each shift fire brigade on the

proper method of fighting the various types of fires that could occur
in a nuclear power plant. These sessions shall provide brigade members
with experience in actual fire extinguishment and the use of emergency
breathing apparatus under strenuous conditions encountered in fire-
fichting. These practice sessions shall be provided at least once
per year for each fire brigade member.

iii. Drills

a. Fire brigade drill 3 shall be performed in the plant so that the
fire brigade can practice as a team.

I
b. Drills shall be performed at regular intervals not to exceed

3 months for each shift fire brigade. Each f ire brigade merr.' . .
should participate in each drill, but must participate in at
least two drills per year.

A sufficient number of these drills, but not less than one for
each shift fire brigade per year, shall be unannounced to deter-
mirm the fire fighting readiness of the plant fire brigade,
brigade leader, and fire protection systems and equipmmit.
Persons planning and authorizing an unannounced drill shall
endure that the responding shift fire brigade members are not
aware that a drill is being planned until it is begun.
Unannounced drills shall not be scheduled closer than four
weeks.

At least one drill per year shall La performed on a "back
shift" for each shift fire brigade.

;O
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k

;

The drills shall be pre planned to establish the trainingc.
objectives of the drill and shall be critiqued to determine-

how well the training objectives have oeen met.

Unannounced drills shall be planned and critqued by members of1
'

the management staff responsible for plant safety and fire
protection. Performance deficiencies of a fire brigade or of
individual fire brigade members shall be remedied by scheduling
additional training for the brigade or members. Unsatisfactory
drill performance shall be followed by a repeat drill within
30 days.

d. At 3 year intervals, a randomly selected unannounced drill shall
be critiqued by qualified individuals independent of the licensee's
staff. A copy of the written report from such individuals shall

! be available for NRC review.
"

Drills shall, c e minimum, include the following:e.

(1) Assessment of fire alarm effectiveness, time required to
notify and assemble the fire brigade, and selection, place-
ment and use of equipment and fire fighting strategies.

(2) Assessment of each brigade member's knowledge of his or
her role in the fire fighting strategy for the area assumed
to contain the fire. Assessment of the brigade member's
conformance with established plant fire-fighting procedures

C)
and use of fire fighting equipment, including self-contained
emergency breathing apparatus, communication equipment,
and ventilation equipment, to the extent practicable.4

(3) The simulated use of fire-fighting equipment required to
cope with the situation and type of fire selected for the
drill. The area and type of fire chosen for the drill
should differ from those use in the previous drill so that
brigade members are trained in fighting fires in various

: plant areas. The situation selected should simulate the'

size and arrangement of a fire that could reasonably occur
in the area selected, allowing for fire development due to
the time required to respond, to obtain equipment, and
organize for the fire, assuming the loss of automatic
suppression capability.

(4) Assessment of the brigade leader's direction of the fire-
fighting effort as to thoroughness, accuracy, and
effectiveness.

iv. Rqcords

Individual recorcs of training provided to each fire brigade member,
including drill critiques, shall be maintained for at least 3 years
to ensure that each member receives training in all parts of the
training program. These records of training shall be available for

} NRC review. Retraining or broadened training for fire-fighting, '

within buildings shall be scheduled for all those brigade members
whose performance records show deficiencies. I
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B. Other Station Employees

i. Instruction

a. Instruction shall be provided for all employees once a year.
It shall be repeated on an annual basis. The instruction shall
be given, as appi'opriate, on (a) the fire protection plan (b) the
evacuation routes, and (c) the procedure for reporting a fire.

b. Instruction shall be provided for security personnel that addresses
(a) entry procedures for outside fire departments, (b) crowd
control for people exiting the 'ation, and (c) procedures for
reporting potential fire hazaru. observed when touring the facility.

c. Instruction should be provided to all shift personnel that
complements that provided members of the fire brigade.

d. Instruction shall be prosided to temporary r so that
they are familiar with (a) evacuation signal ~cuation
routes and (c) the procedure for reporting i

ii. DH11s

All employees should participate in an annual evacuation drill.

C. Fire Protection Staff

Training for the fire protection staff members shall include courses in:

i. Design and maintenance of fire detection, suppression and extinguishing
systems,

ii. Fire prevention techniques and procedures,

iii. Training and manual fire-fighting techniques and procedures for plant
personnel and the fire brigade.

6. Shif t Technical Advisor (STA) |

Each licensee provides an STA to the shift supervisor that should be trained
in accordance with TMI Action Plan Item I.A.1.1 of NUREG-0737 and the
following:

A. Gcaeral Technical Education

The technical education of the STA should include basic subjects in
ugineerirg and science. The purpose of this education is to permit
the. STA to advise the shift supervisor and licensed operators in
assessing unusual plant situatior.s noc explicitly covered in the
cu aent operator trainin' anc'or plant procedures. The following is

a centative list of aren of knowledge that are considered to be
desirable:

Mathematics, including elementary calculus
Reactor physics, chemistry, and materials
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Reactor thermodynamics, fluid mechanics, and heat transfer
Electrical engineering, including reactor control theory

4d These areas of knowledge should be taught at the college level and
would be equivalent to about 60 semester hours. Although a college
graduate engineer would have many of these subjects and more that
would not be essential, some engineers might be deficient in a few
of these specific areas, e.g., reactor physics.

B. Training

i. Reactor Operations Training

The STA should be trained in the details of the design, function,
arrangement, and operation of the plant systems. This training is
necessary to assure that the meaning and significance of instrument
readings and the effect of control actions are known. A graduate
engineer not previously licensed or trained as an operatur or senior
characteristic.

ii. Transient and Accident Response Training

In addition to the training in normal operations, anticipated
transients, and accidents presently required of operators and senior

,

operators, the shift technical advisor should be trained to recognize |

and react to a wide range of unusual situations including multiple
equipment failures and operator errors. This training should not be
limited to written procedures or specific accident scenarios, but
should include the recognition of symptoms of accident conditior;

s such as complex transient responses or inadequate core cooling id'

possible corrective actions. The purpose of this training is to
broaden the ability for prompt recognition of and response to
unusual events, not to modify the instinctive, rapid procedural
response to transients and accidents provided by reactor operators.
The training is required in recognition of the fact that real
accidents inherently are initiated and accompanied by unusual and
unexpected events. The training is also to emphasize the need to
focus on the essential parameters that indicate the status of the
core and the primary coolant boundary. This additional training

would take up to a year to accomplish for a person not already
experienced in nuclear plant transient and accioent analysis or
evaluation. Both inexperienced graduate enginec% and currently
licensed operators would require additional training to fulfill this
characteristic.

C. Absences from STA Duties

People not actively performing the STA functions for a period of 30
days or longer, shall, prior to assuming responsibilities of the
position, as a minimum, receive training sufficient to ensure he is
aware of facility and procedural changes that occurred during his
absence.

Q.
b/

,
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7. Training For Mitigating Core Damage

To meet TMI Action Plan Item II.B.4 of NUREG-0737 applicants are required
to develop a training program to teach the use of installed equipment and
systems to control or mitigate accidents in which the core is severly
damaged. They must then implement the training program.

Shift technical advisors and operating personnel from the plant manager
through the operations chain to the licensed operators shall receive all
the training indicated below.

Managers and technicians in the instrumentation and control (I&C), health
physics, and chemistry departments shall receive training commensurate
with their responsibilities.

A. Incore Instrumentation

i. Use of fixed or movable incore detectors to determine the extent of
core damage and geometry changes.

ii. Use of thermocouples in determining peak temperat.ures; metheds for
extended range readings; methods for direct readings at terminal
junctions.

iii. Methods for calling up (printing) incore data from the plant computer.

B. Excore Nuclear Instrumentation (NIS)

Use of NIS for determination of void formation; void location basis
for NIS response as a function of core temperatures and density changes.

C. Vital Instrumentation

i. Instrumentation response in an accident environment; failure sequence
(time to failure, method of failure); indication reliability (actual

vs indicated level).

ii. Alternative methods for measuring flows, pressures, levels, and
temperatures.

a. Determination of pressurizer level if all level transmitters
fail.

b. Determination o' letdown flow with a clogged filter (low flow).

c. Determir.ation of other reactor coolant system parameters if the
primary methods of measurement has failed.

D. Primary Chemistry

i. Expected chemistry results with severe core damage; consequences of
transferring small quantities of liquid outside containment; importance
of using leak-tight systems.

O
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11. Expected isotopic breakdown for core damage; for clad damage.
\ fii. Corrosion effects of estended immersion in primary water; time

to failure.

E. Radiation Monitoring

i. Response of process and area monitors to severe damages;
behavior of detectors when saturated; method for detecting
radiation readings by direct measurement at detector output
(overranged detector); expected accuracy of detectors at
different locations; use of detectors to determine extent of
core damage.

ii. Methods of determining dose rate inside containment from
measurements taken outside containment.

F. Gas Generation

1. Methods of hydrogen generation during an accident; other sources
of gas (xenon, krypton); techniques for venting or disposal of
non-condensibles.

ii. Hydrogen flammability and explosive limit, sources of oxygen in
containment or reactor coolant system.

1

III. REVIEW PROCEDURES

Preparation for the review of Section 13.2 of the SAR should include familiari-
zation with the documents listed in subsection II.1 of this SRP section. The
reviewer may use train ~ing course descriptions obtained independently from
vendors.

The review procedure for this SRP section consists of:

1. A careful examination of the information submitted to determine that all
subject matter identified in subsection I.1 abo've has been addressed, and |

,

! 2. A detailed comparison of the information with the acceptance criteria of
! subsection II above.

The reviewer should ensure thet, whenever the applicant has committed to follow
the position of a regulatory guide, industry standard or other reference document,
the specific revision being referred to is identified. Similarly, whenever
the reviewer is using a position in a reference document as a basis for accepta-
bility, the revision being used should be identified.

The reviewer should also ensure that the applicant has committed to a reasonable
schedule for the training programs that rel,ates to the fuel. loading date. The
rev.iewer may consult with CMEB in the area o,f fire protection training and with
OLB in the area of training for mitigating core damage.

: The reviewer then determines, based upon the foregoing, the overall acceptability
h of the applicant's plant staff training plans.
v
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IV. EVALUATION FINDINGS

The reviewer should verify that the information presented and his review support
an evaluation findings statement o/ the following type, to be used in the staff's
safety evaluation report:

1. For a construction permit:

The staff concludes that the training for non-licensed plant staff personnel
is acceptable and meets the requirements of 10 CFR Part 19, $19.12; Part 50,
650.34(a and b); and Part 50, S50.40(b). This conclusion is based on the
following:

The applicant has described in the PSAR, in accordance with the require-
ments of 10 CFR Part 50, g50.34(a)(6), a preliminary plan for training
of non-licensed plant personnel.

All non-licensed plant personnel will be trained in accordance with
the requirements and guidance of ANSI /ANS 3.1 as endorsed by Regulatory
Guide 1.8. In addition, specialized training will be gisen to fire
proctection personnel, to the shift technical advisors, ar.d to senior
plant operating personnel for mitigating core damage.

Simulators used in the training program should meet the guidlines of
Regulatory Guide 1.149.

This preliminary plan and commitment provides an acceptable basis
for .'inding that, insof ar as the plans for training of non-licensed
personnel is concerned, the applicant meets the technical qualifi-
cation requirements of 10 CFR Part 50, 650.40(b) of the Commission's
regulations.

2. For an operating license:

The staff concludes that the training for non-licensed plant staf f personnel
is acceptable and meets the requirements of 10 CFR Iart 19, S19.12; Part 50,
650.34(a & b); and Part 50, 650.40(b). This conclusion is based on the
following:

The applicant has described in the FSAR, in accordance with the require-
ments of 10 CFR Part 50, 650.34(b)(7), the details of the training
given to non-licensed plant personnel and a schedule for that training
as related to the applicant's presently-scheduled fuel load date.

Training and retraining of non-licensed personnel meets the
requirements of ANSI /ANS 3.1 a3 endorsed by Regulatory Guide 1.8.

Fire brigade personnel will undergo classroom instruction, fire-fighting
practice and periodic fire drills.
Shift technical advisers will receive training in the areas of mathe-
matics, reactor physics, thermodynamics, controls, reactor operations,
and transient and accident response.

I ISimulators used in the training program should meet the guidelines
of Regulatory Guide 1.149.
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Shift technical advisors and other operating personnel will receive
em training in the mitigation of core damage. This training will

(d concentrate on instrumentation, water chemistry, radiation monitoring,i

and gas generation during an accident.

All training of the non-licensed plant staff is scheduled to be
completed prior to fuel loading.

Meeting the staff's requirements given above provides an acceptable
basis for finding that, insofar as the training of non-licensed
personnel is concerned, the applicant meets the technical qualification
requirements of 10 CFR Part 50, 650.40(b) of the Commission's
regulations.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide and NUREGS.

O VI. REFERENCES

1. 10 CFR Part 19, 619.12, " Instruction to Workers."

2. 10 CFR Part 50, S50.34, " Content of Applications; Technical Information"
(Paragraph a.6).

3. 10 CFR Part 50, 650.40, " Common Standards" (Paragraph b).

4. Regulatory Guide 1.8, " Personnel Qualifications and Training."

5. Branch Technical Position CMEB 9.5-1, attached to SRP Section 9.5.1,
" Fire Protection."

6. ANSI /ANS-3.1, " Selection and Training of Nuclear Power Plant Personnel."

7. NURL2-3660, "NRC Action Plan Developed as a Result of the TMI-2 Accident."

8. NUREG-0737, " Clarification of TMI Action Plan Requirements."

9. Regulatory Guide 1.149, " Nuclear Power Plant Simulators for use in
Operator Training."

OO
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13.3 EMERGENCY PLANNING

REVIEW RESPONSIBILITIES

Primary - Emergency Preparedness Licensing Branch (EPLB), 0IE

Secondary - None

I. AREAS OF REVIEW

The applicant's emergency planning, as described in his Safety Analysis Report
(SAR), is reviewed by EPLB of the Division of Emergency Preparedness of the
Office of Inspection and Enforcement. This primary revies responsibility invo!ves
evaluation of evidence of preliminary planning (in the Preliminary Safety Analysis
Rep <ct, PSAR) or substantive evidence of planning (in the Final Safety Analysis
Report, FSAR) for emergency preparedness directed at situations involving real or
potential radiological hazards. The review is made against 10 CFR Part 50,
Appendix E, the planning standards described in 10 CFR Part 50, S50.47(b) and the
specific criteria given in the guidance document " Criteria for Preparation and

(7'j of Nuclear Power Plants" (NUREG-0654 Revision 1) and " Functional Criteria for
/ Evaluation of Radiological Emergency Response Flans and Preparedness in Support

Emergency Response Facilities" (NUREG-0696). In addition, the review at the OL
stage includes a review of the FEMA findings on the state of preparedness of
offsite authorities with responsibility for taking protective measures in the
plume exposure pathway EPZ and the ingestion exposure pathway EPZ.

Although EPLB has the overall review responsbility for emergency picparedness,
certain aspects of technical reviews will be performed by or through the Emergency
Preparedness Development Branch (EPDB). Examples of these areas are meteorological
information, emergency action levels, emergency response facilities, and evacuation
time estimates. EPLB will coordinate with EPDB on these reviews.

II. ACCEPTANCE CRITERIA
.

The acceptance criteria for the overall status of an applicant's emergency
preparedness are as follows.

Rev. 2 - July 1981
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1. The applicant's plans for coping with an emergency meet the requirement
standards of 10 CFR Part 50, 650.47(b) as elaborated in 10 CFR Part 50,
Appendix E (IV) and the criteria of NUREG-0654 Revision 1, and NUREG-0696.

(The criteria of NUREG-0654 have the same status as a regulatory 50,550.34(a)(guide.)For the CP review, the requirements of 10 CFR Part 10) as
provided in 10 CFR Part 50, Appendix E, Part II must be met.

2. The FEMA findings on the offsite plans have been reviewed and it is deter-
mined that these offsite plans are compatible with applicant's plans and
meet the applicable criteria of NUREG-0654, Revision 1. For the CP review,
a specific FEMA finding is not required and the reviewer must evaluate
the status of preparedness against the requirements of 10 CFR Part 50,
Appendix E, Part II, and NUREG-0718, Appendix B, Sections I.D.2 and III.A.I.2.
(Section I.D.2 is reviewed only to assure that a slave of the SPDS is
located in the TSC and EOF).

3. A full-scale joint exercise, meeting the requirements of 10 CFR Part 50,
Appendix E, Part IV.F, has successfully demonstrated that the applicant
and the State and local organizations are capable of taking adequate
protective actions should a radiological emergency occur.

III. REVIEW PROCEDURES

Following the acceptance of each SAR, the review is conducted on a schedule
which is established by NRR for each SAR. The review consists of an evaluation
of the emergency planning information submitted by the applicant using the fore-
going Acceptance Criteria. Although the bulk of this information should be
found in Section 13.3 of the SAR (or referenced therein) the reviewer should
gain familiarity with the site, including the emergency planning zones, demoaraphy,
land use, plant design and layout, and maior accidents postulated by the applicant.
The reviewer should examine relevant sectlons of the SAR, particularly sections
found in Chapters, 1, 2, 6, 7, 9, 11, and 15. The reviewer should also gain
familiarity with proposed radiation protection activities and other operational
matters that interface with emergency plans, particularly as described in the
SAR in sections of Chapters 12 and 13. Draft and final environmental ststements
for the proposed facility should also be consulted when available during the
review process. This information may be supplemented by a personal visit to
the site by the reviewer and meetings with the applicant. In cases where the
applicant is a licensee for a previously licensed plant, NRC Inspection Reports
and the Health Physics Appraisal should be reviewed. For each case, formal
consultation with the Federal Emergency Management Agency (FEMA) with respect
to the relevant state and local government emergency response capabilities is
necessary.

For each case assigned, the reviewer must determine whether or not the acceptance
criteria identified in II above have been d.isfactorily met. Any deficiencies
should be identified and should form the bo is for request for additional informa-
tion or transmittal of position statements t) the applicant, and should be reviewed
with the Section Lesder or Branch Chief. Such further review may result in a
determination that (a) the applicant has proposed acceptable alternatives, (b)
the facts of the case do not warrant the application of the criterion in question,
or (c) the facts do warrant the application of the criterion in cuestion and no
acceptable alternative has been proposed or identified. If any ceficier,cies
remain in the last category at the conclusion of the review, they must be identi-
fied in the Safety Evaluation Report and subsequently resolved with the partici-
pation of higher level NRC management.
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It should be recognized that the detailed application of the acceptance criteria
C 11 in many instances require the exercise of judgement on the part of thes
reviewer. The reasonableness and adequacy of the factors involved should be'

viewed in the light of general emergency planning and response experience, bear-
ing in mind that the broad objective of radiological emergency plans is to protect
the public by mitigating the potential health and safety consequences of radiation
exposure. Ideally, such plans would assure neither an over reaction nor an
under reaction to unexpected events. Reviewers should be particularly alert,
however, to provisions which may result in a possible under reaction to a serious
event.

At the PSAR stage, the reviewer should assess the applicant's plans as they
relate to Section II of 10 CFR Part 50, Appendix E and NUREG-0718, Appendix B,
Sections I.D.2 and III.A.1.2 (Section I.O.2 is reviewed only to assure that a
slave of the SPDS is located in the TSC and EOF). He should request a status
report from FEMA on the state and local plans and preparedness in support of
the licensee, but should emphasize that formal FEMA findings are not required
for this review and FEMA participation in CP hearings is not contemplated.

At the beginning of the FSAR stage review the reviewer should examine the
Construction Permit docket Mcord, including PSAR, st3ff Safety Evaluation
Report (s), recommendations of the Advisory Committee on Reactor Safeauards,
and the public hearing record, for information that may bear on the FSAR review
of plans for coping with emergencies. For multi-unit sites, the reviewer should
also carefully distinguish whether the plans are applicaH e only to the first
unit or to subsequent units as well.

The reviewer should also formally request FEMA to review offsite supporting '

plans and provide findings and determinations of this review to the NRC on a
schedule agreed upon between the two agencies. The FEMA review may be performed
pursuant to the FEMA proposed rule " Review cad Approval of State and Local
Radiological Emergency Plans and Preparedness" 44 CFR Part 350, (Federal Register,
Pages 42341-42347, June 24, 1980), or the NRC/ FEMA Memorandum of Understanding
(Federal Register, Pages 82713-82717, December 16,1980). At the conclusion
of the review, findings on acceptability of the applicant's proposed plans for
coping with emergencies.should be prepared for input to the staff's Safety
Evaluation Report.

Special assistance requests, particularly with regard to the evaluation of
meteorological information, emergency action levels emergency response facili-
ties,andevacuationtimeestimatesshouldbecoordInatedthroughtheEmergency
Prepareoness Development Branch, OIE, which will routinely provide for the
technical review of these areas.

IV. EVALUATION FINDINGS

The desired evaluation findings at the PSAR stage should be substantially
equivalent to the following statement:

Based on our review of the applicant's preliminary plans for coping with
emergencies, and our review of FEMA's status report on offsite plans and
capabilities, we find tnat preliminary plans are acceptable and either
meet or exceed the minimum recuirements of 10 CFR Part 50, Appendix E,

/G Part II and the criteria of NLREG-0718, Appendix B, Sections I.D.2 and
h III.A.1.2 (Section I.D.2 is reviewed only to assure that a slave of.the

SPDS is located in the TSC and EOF). They provide reasonable assurance
that there will be compatibility of the final emergency plans with facility
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design features, site layout, and site location to such considerations as
access routes, surrounding population, land use, and local jurisdictional
boundaries for the EPZs as well as the means by which the standards of
10 CFR Part 50, $50.47(b) will be met. ~

(Subsequent par: graphs should summarize the specific bases for the finding,
including how the plans meet each of the elements A through H of 10 CFR Part 50,
Appendix E, Part II, and the results of the status r' port submitted by FEMA.)

The desired Safety Evaluation Report at the FSAR stage should summarize specific
bases for the conclusions including how the plans meet each of the standards
of 10 CFR Part 50,950.47(b). The desired evaluation finding a'. the FSAR stage
shod be substantially equivalent to the following:

Based on our review against the criteria in " Criteria for Preparation and
Evaluation of Radiological Emergency Response Plans and Preparedness in
Support of Nuclear Power Plants," NUREG-0654, Revision 1, November 1980,
and NUREG-0696, " Functional Criteria for Emergency Response Facilities,"
we conclude that, providing the items identified as required conditions
of the full power license are accomplished, the Emergency Plan provides
for an acceptable state of emergency preparedness and meets the requirements
of 10 CFJ Part 50 and Appendix E thereto and the criteria of NUREG-0737,
Items I.D.2, Ill.A.1.2, and III.A.2. (Section I.D.2 is reviewed only to
assure that a clave of the SPDS is located in thc TSC and E0F).

The license has committed to correct the following areas where improvement
is needed by the dates indicated.

; List the conditions)

The Federal Emergency Management Agency (FEMA) has provided interim findings
~

on the state and local emergency response plans. FEMA concludes that State
and local preparedness is adequate to cope with an accident at

Based upon our review of the licenree's plans and procedures, the NRC and
FEMA evaluaticn of tne joint exercise, and our review of the FEMA findings,
we find that the state of onsite and offsite emergency preparedness provides
reasonable assurt.nce that adequate protective measures can and will be
taken in the event of a radiological emergency.

V. IMPLEMENTATION

The follcwing is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
meth3d for complying with specified portions of the Commission's regulations,
the Tethods descrit,ed herein will be used by the staff in its evaluation of
:.onformn;e with Cem.rission regulations.

Implementation schedules for conformance to parts of the methods discussed herein
are contained in the referenced regulations, regulatory guides, and NUREGs.

O
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VI. REFERENCES

1. NUREG-0654, Revision 1, " Criteria for Preparation and Evaluation of Radio-
s logical Emergency Response Plans and Preparedness in Support of Nuclear

Power Plants.

2. 10 CFR Part 50,950.34(a)(10).

3. 10 CFR Part 59,650.34(b)(6)(v). ]
4. 10 CFR Part 50,650.47(b).

5. 10 CFR Part 50, Appendix E, " Emergency Plans for Production and Utilization
Facilities."

6. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

7. Proposed 44 CFR Part 350, " Review and Approval of State and Local Radiological
Emergency Plans and Preparedness."

8. NRC/ FEMA Memorandum of Understanding, December 16, 1980.

9. NUREG-0696, Functional Criteria for Emergency Response Facilities.
|

10. NUREG-0718, " Licensing Requirements for Pending Applications for Construction
Permits and Manufacturing Licenses."

O

pC
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13.4 OPERATIONAL REVIEW

REVIEW RESPONSIBILITIES

Primary - Licensee Qualification Branch (LQB) |

Secondary - None

I. AREAS OF REVIEL

LQB reviews and evaluates the applicant's plan for conducting reviews of operat-
ing phase activities that are important to safety, as described in the applicant's
Final Safety Analysis Report (FSAR). The primary focus of attention should be on
the provisions that will be used to implement the licensee's responsibility relat- |
ing to proposed changes, tests, and experiments, and on the procedures for after-
the-fact review, evaluation of unplanned events, such as Licensee Event Reports,
and on the provisions for the evaluation of plant operations. No information is |required in the PSAR.

[qV) The FSAR should describe provisions for the plant operations review of operational |
activities, for the independent review of plant operations and for the independent
assessment of activities for safety enhancement. Specific information to be reviewed
is as follows:

1. How the onsite organization functions with respect to review of proposed
changes to systems or procedures, tests, and experiments, and of unplanned
events that have operational safety significance. This will include subject
matter to be reviewed, organizational provisions for conducting the reviews
including personnel, and the documentation and reporting of review activities.

;

2. The procedure and organization emploved to examine safety-related operating
activities independent of the operating organization. This will include how
and when such a program is to be implemented, relative to fuel loading of the |

first unit, and include subject c.atter to be reviewed, organizatior;al provi- I

sions for conducting the review including personnel, and the documentation
and reporting of review activities.

Rev. 2 - July 1981
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3. The provisions employed to perform independent reviews and assessments of
plant activities. This will include the functions of the review group,
organizational provisions for conducting the activities, including per-
sonnel, and the documentation and reporting of these activities.

II. ACCEPTANCE CRITERIA

LQB acceptance criteria is based on meeting the relevant requirements of 10 CFR
Part 50, 650.40(b) as it relates to the licensee being technically qualified
to engage in licensed activities. Specific criteria necessary to meet the
relevant requirements of a50.40(b) as they relate to items 1, 2, and of
subsection I listed above are as follows:

1. Plant Staff Review

a. Scope of this review should include that of Section 4.4 of ANSI N18.7
(ANS 3.2), as endorsed by Regulatory Guide 1.33.

|

b. Organizational arrangements should provide for interdisciplinary
reviews of subject matter.

c. Qualification levels for plant staff personnel performing review
should be at least equivalent to those described in Section 4.4 of
ANSI N18.1 as endorsed by Regulatory Guide 1.8.

d. Review activities should be documented and results forwarded to
appropriate members of managemer.t.

L. Independent Review

Provisions for independent review should meet that described in Section 4.3 of
ANSI N18.7 (ANS 3.2), and the qualification requirements for those performing
these reviews should meet or exceed those described in Section 4.7 of
ANSI /ANS-3.1-1978 and the regulatory position of Regulatory Guide 1.8.

3. Independent Safety Engineering Group (ISEG)

The ISEG performs independent reviews of plant operations in accordance with
the guidelines of item I.B.l.2 of NURt'G-0660 and NUREG-0737.

a. The functions of this group are indepenCent of those performed to meet 1
and 2 above.

b. The group shall be comprised of a minimum of five dedicated, full-time
engineers, located onsite, but reporting offsite to a corporate official
who holds a high-level, technically oriented position who is not in the
management chain for power production. For utilities with multiple sites,

it may be possible to perform portions cf the independent safety assessment
function in a centralized location for all the utility's plants. In such
cases, an onsite group still is required, but it may be slightly smaller
than would be the case if it sere performing the entire independent safety
assessment function. Such cases will be reviewed on a case-by-case basis.

c. The group should function to examine plant operating characteristics, NRC
issuances, Licensing Information Service advisories, and other appropriate

13.4-2 Rev. 2 - July 1981
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a

i

sources of plant design and operating experience information for areas
for improving plant safety; and to maintain surveillance of plant opera-(q) tions and maintenance activitiet to provide independent verification that'

U these activities are performed correctly and that human errors are re c.ad
'.

as far as practicable.

d. The group is to perform independent reviews and audits of plant activities
including mainter.ance, modifications, operational problems, and operational
analysis, and aid in the establishment of programmatic requirements for'

plant activities.,

Qualification levels of persons performing this function shall meet ore.
exceed that described in Section 4.4 of ANS 3.1, i.e., a bachelor's degree
in engineering, and two to four years experience in their field, including
one to two years nuclear experience.

f. The group shall provide to management no less frequently than monthly a
summary of their activities to advise utility management on the overall
quality and safety of operations.

,

III. REVIEW PROCEDURES

} Each element of the FSAR information is to be reviewed against this SRP section.
The reviewer's judgment during the review is to be based on an inspection of
the material presented, whether items of special safety significance are involved,
and the magnitude and uniqueness of the project. Any exceptions or alternatives
are to be carefully reviewed to assure they are clearly defined and that an
adequate basis exists for acceptance. The applicant should identify the revision
of references, regulatory guides and codes and standards used. The reviewer
should identify the revision of references, regulatory guides and codes and'

.

standards used in the review.4

The review of this section of the FSAR consists of an analysis of the information
submitted by detailed comparison with the acceptance criteria of subsection II,
above. When the reviewer has determined that the acceptance criteria stated
above or their equivalent have been satisfactorily addressed in the applicant's

,

4

I plans for conducting reviews, the review of this section of the SAR is complete.
1

IV. EVALUATION FINDINGS

The reviewer verifies that the information presented and his review support
conclusions of the following type, to be used in the staff's safety evaluation
report:

The staff concludes the program for the review of plant operations is
acceptable and contributes to meeting the requirements of 10 CFR Part 50,
650.40(b). This conclusion is based on the following:

The applicant's program for the review of plant operations is in con-
formance with staff guidance described in Regulatory Guide 1.33 and
applicable industry standards (ANSI N18.7), and is acceptable. The
applicant has described the program for the review of operational

.

activities. The program includes reigews by the plant staff organiza-
.

Os organization, and independent reviews and assessments of plant activities
tion, reviews of safety-related activities independent of the operating

2
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by an independent group located ontite. We have reviewed the provisions
for these reviews in respect to organizational provisions, qualification
requirements of those performin0 the review, and the subject matter to be
reviewed. We find that the applicant's program for the review of opera-
tional activities is in conformance with staff guidance described in
Regulatory Guide 1.33 and the applicable industry standard (ANSI N18.7);
the qualifications levels for plant staff personnel performing reviews
meets the guidelines of Regulatory Guide 1.8 and aoplicable industry
standard ANSI N18.1, Section 4.4; the provisions for an independent review
meets the guidelines of Regulatory Guide 1.33 and applicable industry
standard ANSI N18.7 (ANSI 3.2), Section 4.3 and ANSI /ANS 3.1, Section 4.7;
and the applicant's Independent Safety Engineering Group meets the guide-
lines of Section I.B.1.2 of NUREG-0737.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the acceptance criteria described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
Nrein are contained in the referenced regulatory guides and NUREG.

,I. REFERENCES

1. 10 CFR Part 50, 650.40(b), " Common Standards." |

2. Regulatory Guide 1.33, "Quaiity Assurance Program Requirements."

3. Regulatory Guide 1.8, " Personnel Selection and Training."

4. NUREG-0737, " Clarifications of TMI Action Plan Requirements." |

O
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13.5 PLANT PROCEDURES

REVIEW RESPONSIBILITIES

Primary - Operator Licensing Branch (0LB)

Secondary - None

(SRP Section 13.5 has been superceded by SRP Sections 13.5.1 and 13.5.2).

)
J

.
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13.5.1 ADMINISTRATION PROCEDURES

REVIEW RESPONSIBILITIES

Primary - Licensee Qualifications Branch (LQB)

Secondary - None

I. AREAS OF REVIEW

LQB reviews the plant administrative procedures, as described in the applicant's
safety analysis report (SAR). This section of the SAR should describe adminis-
trative procedures that provide administrative control over activities that are
important to safety for the initial test program and operation of the facility.
In general, it is not expected that detailed written procedures will be included
in the SAR. The final safety analysis report (SAR) should provide descriptions
as to the nature and content of procedures as detailed below. No information is
required ir. the preliminary safety analysis report. The Procedures and Text
Review Branch (PTRB) reviews testing and operational procedures as described ins

v) SRP Section 13.5.2.g

A. Administrative Procedures - General

This section reviews administrative procedures (13.5.1). These procedures
include (a) those which provide the administrative controls in respect to
procedures, and (b) those which define and provide controls for operational
activities of the plant staff. Parts (a) and (b) below describe the type of
procedures that'are included in the review.

Category (a) - Controls

1. Procedures review and approval

2. Equipment control procedures

3. Control of maintenance and modifications

4. Fire protection procedures

Rev. 0 - July 1981
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5. Crane operation proceduras

6. Temporary changes to procedures

7. Temporary procedures

8. Special orders of a transient or self-cancelling character

Category (b) - Specific Procedures

1. Standing orders to shift personnel including the authority and
responsibility of the shift supervisor, senior operator in the con-
trol room, control room operator, and shift technical advisor

2. Assignment of shift personnel to duty stations

3. Shift relief and turnover

4. Control room access

5. Limitations on working hours

6. Feedback of operating experience

7. Shift supervisor administrative duties

Verification of correct performance of operating activitieso.

LQB coordinates as necessary with the PTRB to assure any special criteria
for procedural controls governing testing and operational procedures are
met.

B. Administrative Procedures - Initial Test Program

LQB also reviews the administrative procedures that establish controls
associated with the initial plant test program. This includes the system
used to develop test procedures, the administrative controls that will
govern the conduct of the test program, and the controls that will govern
the review, evaluation, and approval of test results.

The following i ums are included.
I 1. Test Program Procedures

The system the applicant will use to develop, review, and approve
individual test procedures is reviewed. The responsibilities of the
organizational units that will perform these activities, the
designated functions of each organizational unit, and the general
steps to be followed in governing these activities are reviewed.
The type and source of design performance information that will be,
or is being, used in the development of detailed test procedures is
reviewed.

2. Conduct of Test Program

The administrative controls that will govern the conduct of each
| major phase of the test program are reviewed. The following'

specific items are reviewed:
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a. The means used to assure that prerequisites are satisifed for
individual tests.

(0,

) b. The procedures to be followed to assure that plant modifications,
or repairs that result from test program analysis, are performed.

c. The procedure used to ensure that necessary retesting is per-
formed following repairs or modifications.

d. The controls that will be in effect to require adherence to
approved test procedures.

3. Review, Evaluation, and Approval of Test Results

The procedures that will govern the review, evaluation, and approval
of test results for each phase of the test program are reviewed,
including the specific controls to be used to assure notification of
responsible organizations, such as design organizations, when test
acceptance criteria ere not met and the specific controls established
to resolve such problems. The applicant's controls relating to the
methods and schedules for approval of test data for each major phase
are reviewed as well as the methods used for initial review of parts
of multiple tests (e.g., hot functional testing) prior to proceeding
with the test phase.

II. ACCEPTANCE CRITERIA

LQB acceptance criteria are based on meeting the relevant requirements of 10 CFR
[ - ) Part 50, 950.40(b) as it relates to the administrative procedures program con-

,

U tributing to the determination that the licensee is technically qualified to
engage in licensing activities, and 650.54(1) as it relates to the licensee
designating individuals to be responsible for directing the licensed activities
of licensed operators.

A. Administrative Procedures - General

The available staff positions applicable to this SRP section are as follows.
(Note - where regulatory guides are referenced, the current issue of the
guide at the time of the review shall be used.) ,

1. The guidance described in Section 5.2 of ANSI /ANS 3.2, as endorsed *

by Regulatory Guide 1.33.

2. The requirement of 10 CFR Part 50, 650.54(1).

3. The plant procedures for shift relief and turnover should conform to
the guidance of Task Action Plan Item I.C.2 of NUREG-0694.

5. Limits on working hours should conform to the guidance described in
Task Action Plan Item I.A.1.3 of NUREG-0737.

6. Control room access should conform to the guidance described in
Item I.C.4 of NUREG-0694.

w)

13.5.1-3 Rev. 0 - July 1981

-- - - - - = - . -. . - _ . - - - . - - - - - .



7. The procedure for the feedback of operating information should conform
to the guidance described in Task Action Plan Item I.C.5 of NUREG-0737.

8. The procedure for verifying the correct performance of operating
activities shculd conform to the guidance described in Task Action
Plan Item I.C.6 of NUREG-0737.

9. Administrative controls governing crans operations are to include a
requirement that the crane operators who operate crar,es over fuel
pools be qualified and conduct themselves in accordance with the
guidelines of ANSI 830.2-1976 (Chapter 2-3), " Overhead and Gentry
Cranes."

B. Administrative Procedures - Initial Test Program

1. Test Procedures

The applicant's administrative and organizational system that will
be used to develop, review, and approve individual test procedures
should provide for appropriate levels of review prior to final
approval. The individuals performing these functions should meet
the qualification requirements described in Section 4.4.6 of ANS 3.1
draft revision dated 12/6/79. The applicant should utilize system
designers to provide the test objectives and acceptance criteria
used in developing detailed test procedures. The participating
system designers should include those of the nuclear steam sup9ly
system vendor, architect engineer, and other major contractors,
subcontractors, and vendors, as appropriate.

2. Conduct of Test Program

The test program should be conducted by appropriately qualifieda.
personnel using detailed procedures approved by designated
;nanagement positions within the applicaat's organization.

b. The controls used by the applicant to assure that test pre-
requisites are met should include requirements for inspections,
checks, etc., require identification of test personnel comple-
ing data forms or checksheets and require identification of
dates of completion.

I c. The controls provided for plant modification and repairs, identi-
fied as a result of plant testing, are found to be acceptable
if: (1) the controls are sufficient to assure the required
repairs modifications will be made, (2) the controls will
assure retesting is conducted following such modifications or
repairs, and (3) the controls will assure a review of any
proposed facility modifications by the original design organi-

~

zatien or other designated design organizations. The applicant's
requirements for documentation associated with such controls
should permit audits to be made to assure proper implementation
of controls.

d. The controls pertaining to adherence to test procedures and to
methods for changing test procedures are found to be acceptable
based on the reviewer's judgment. Modifications to startup test
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procedures should be made in accordance with technical specifi-
r] cations for post-fuel loading tests.

U) 3. Review, Evaluation, and Approval of Test Results

a. The controls that will govern the review, evaluation, and approval
~

;

of test results should provide for a technical evaluation of test
results of qualified personnel and approval of test result in or
personnel in designated management positions in the applicant's
organization.

b. Design organizations should be notified and should participate
in the resolution of problems involving design that result in or
contribute to a failure to meet test acceptance criteria.

c. The applicant should establish the requirement that test data
for each major test phase will be reviewed and approved prior to
beginning the next phase of testing.

d. The applicant should establish the requirement that test data at
each major power test plateau or power / flow test condition will
be reviewed and approved before proceeding to the next test

,

level during the power ascension test phase.

III. REVIEW PROCEDURES

The review under this SRP section consists of a detailed comparison of the
information submitted with the acceptance criteria of subsection II above, as
applicable to the FSAR. When the reviewer has determined that each of theses

f

criteria has been satisfied, based upon the statements made by the applicant in
the SAR, the review under this SRP section is complete.

This detailed comparison form of review is applicable to those items for which
acceptance criteria are defined in subsection II. For those remaining items
(primarily those providing operational controls), the reviewer must use his.

judgment in determining.that adequate controls have been provided by the
applicant.

IV. EVALUATION FINDINGS

The reviewer verifies that the information presented and his review support
the following type of conclusion to be used in the staff's safety evaluation
report.

The staff concludes that the Administrative Procedures are acceptable
! and contribute to meeting the requirements of 10'CFR Part 50,$50.40(b)

and 950.54(1). This conclusion is based on the following:
'The applicant has described the program and procedures that provide

administrative controls over activities important to safety. These
include the activities of the preparation, review, and approval of
plant operating and maintenance procedures, the responsibility and
duties of shift personnel, shift relief and turnover procedures,
access to the control room, limitations on working hours, the feed-'

Q back of operating information to plant personnel, the procedure for
verifying the correct performance of operating activities, and the
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administrative provisions for the control of the initial plant test
program. We have reviewed these provisions and find they meet the
staff guidance described in Section 5.2 of ANSI /ANS 3.2 and in
Regulatory Guide 1.33 and the applicable parts of the Task Action
P1an Items I.A.1.2, I.A.I.3, I.C.2, I.C.3, I.C.4, I.C.5, and I.C.6.
The applicant has also met the guidelines of ANSI B30.2 and
Section 4.4.6 of ANS 3.1.

In addition, the implementation of an administrative procedures pro-
gram contributes to the finding required by 10 CFR Part 50, @50.40(b),
i.e., that the applicant is technically qualified (to operate a nuclear
power plant).

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guide and NURECs.

VI. REFERENCES

1. 10 CFR Part 50 g50.40, " Common Standard."

2. 10 CFR Part 50, g50.54, " Conditions of Licenses."

3. Regulatory Guide 1.33, " Quality Assurance Program Requirements (Operation)."

4. NUREG-0578, "TMI-2 Lessons Learned Task Force Status Report and Short-Term
Recommendations."

5. NUREG-0694, "TMI-Related Requirements for New Operating Licenses."

6. NUREG-0737, " Clarification of TMI Action Plan Requirements."

O
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13.5.2 OPERATING AND MAINTENANCE PROCEDURES

REVIEW RESPONSIBILITIES

Primary - Procedures and Test Review Branch (PTRB)

Secondary - None

I. AREAS OF REVIEW

PTRB reviews the applicant's plan for development and implementation of
operating and maintenance procedures as described in the applicant's safety
analysis report (SAR). This section of the SAR should describe the operating
procedures that will be used by the operating organization (plant staff) to
assure that routine operating, off-normal, and emergency activities are conducted
in a safe manner. In general, it is not expected that detailed written proce-
dures will be included in the SAR. The preliminary safety analysis report (PSAR)
should describe preliminary schedules for their preparation and the final safety

n analysis report (FSAR) should provide descriptions au to the nature and content
[ of procedures as detailed below.

A. The first part should deal with procedures that are performed by licensed
operators in the control room. Each such operating procedure should be
identified by title and included in a described classification system. The
general format and content for each class should be described. The fol-
lowing categories should be included, but need not necessarily form the
basis for classifying these procedures:

1. System procedures.
2. General plant procedures.
3. Off normal operating procedures.
4. Emergency procedures.
5. Alarm response procedures.
6. Temporary procedures.

F

In category 5, individual alarm response procedures should not be listed.
However, the ;ystem employed to class fy or subclassify alarm responses, andi

the methods to be employed by operators to retrieve or refer to alarm
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response procedures should be described. Immediate action procedures
required to be memorized should be identified.

Review the description of the program for development and implementation
of emergency procedures, and include a discussion of the technical basis
from which the emergency procedures were prepared. This includes both
the system operations criteria and the human factors criteria considered
in emergency procedure development.

B. The second part of this section should describe how other operating and
maintenance procedures are classified, what group or groups within the
operating organization have the responsibility for following each class
of procedures, and the general objectives and character of each class and
subclass. If their general objectives and characters are described else-
where in the FSAR or application, these may be described by specific
reference thereto. The following categories should be included.

1. Instrument calibration test procedures.
2. Maintenance and modification procedures.

PTRB coordinates evaluations by other branch evaluations that interface with
the review of operating and maintenance procedures.

RSB reviews the technical guidelines for emergency operating procedures and
approves the technical content. If an applicant references or provides an
unreviewed technical guideline as the basis for the plant-specific emergency
operating procedures, the PTRB reviewer will conduct an initial review of the
guideline. If the unapproved guideline incorporates technically significant
changes from an approved guideline or is a departure from any previously
approved guideline, then the PTRB reviewer will request technical review by
RSB. The RSB reviewer will provide requests for additional information, if
necessary, and SER input to the PIRB.

II. ACCEPTANCE CRITERIA

This section of the SAR constitutes additional evidence of the applicant's
technical qualifications, and forms a basis for a key part of the regulatory
inspection program. Acceptance is based on meeting the relevant requirements
of 10 CFR Part 39 as indicated below. ,

A. Completion of operating and maintenance procedures. A generally. acceptable
target date for completion of operating and maintenance procedures is
about six months before fuel loading. Familiarization with these procedures
is an essential part of the staff training program as is the preparation
for operator license examinations prior to criticality.

B. Operating Procedures to be used by licensed operators in the control
room. The regulations and staff positions applicable to this section are
as follows:

1. 10 CFR Part 50, K50.34(a)(6) and (10) and K50.34(b)(6)(iv) and (v).

2. The guidance of Regulatory Guide 1.33 and ANSI /ANS 3.2 - 1981,
Section 5.3.
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3. NUREG-0660, TMI Action Plan, Item I.C.8, Review of Selected
Emergency Procedures for NT0L's arid I.C.9, Long Term Program for
Upgrading of Plant Procedures.s

1

d 4. NUREG-0737, Clarification of TMI Action Plan, Item I.C.1, Guidance
for the Evaluation and Development of Procedures for Transients and
Accidents.

5. NUREG-0799, Criteria for Preparation of Emergency Operating
Procedures.

C. Other Operating and Maintenance Procedures. The regulations and staff
positions applicable to this section are as follows:

1. 10 CFR Part 50, K50.34(a)(6) and K50.34(b)(6)(iv).

2. The guidance of Regulatory Guide 1.33 and ANSI /ANS 3.2 - 1981,
Sections 5.2 and 5.3.

D. Emergency Operating Procedures are those plant procedures that direct
actions necessary for the operators to mitigate the consequences of
transients and accidents that cause plant parameters to exceed reactor
protection system or engineered safety features actuation setpoints.
1. For PWRs the Emergency Operating Procedures should meet the criteria

of Task Action Plan Item I.C.8 for the selected procedures (i.e. ,
Loss of Coolant Accident, Steam Generator Tube Rupture, Loss of Main
Feedwater, and Inadequate Core Cooling) or meet the criteria of
NUREG-0737, Item I.C.1, if the applicant selects to implement the
long term program.

2. For BWRs the E:.iergency Operating Procedures should be equivalent to
those developed'from the BWR Owners' Group Guidelines dated
January 30, 1981, or otherwise meet the criteria of NURFG-0737,
Item I.C.1.

3. For BWRs and PWRs, applicable human factors criteria have been
incorporated into the Emergency Operating Procedures. Commitment to

,

implement a program as described in NUREG-0799, Criteria for
Preparation of Emergenty Operating Procedures, and a Description of
the program will fulfill these acceptance criteria.

i

III. REVIEW PROCEDURES

A. The review of thi section consists of a detailed comparison of the
information submitced with the acceptance criteria of subsection II above,
as applicable to the PSAR or FSAR.

B. If the applicant elects to implement Emergency Operating Proce'dures in
i accordance with Task Action Plan Item I.C.8, the review should include:.

j 1. Comparison o' the procedures with approved generic technical
guidelines,

O)
>

\: v4
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2. Review of the procedures to ensure that applicable human factors
guidelines have been incorporated,

3. Exercise of the procedures on a dynamic simulator,

4. Walk-thru of the procedures in the plant control room.

C. If the applicant elects to implement Emergency Operating Procedures in
accordance with NUREG-0737, Item I.C.1, the review should include:

1. Comparison of the procedures with approved technical guidelines
prepared in accordance with the clarification in NUREG-0737,
ITEM I.C.1,

2. Review of the program for preparation and implementation of the
procedures,

3. Review of the program for ensuring that all applicable human factors
criteria are incorporated in accordance with the Criteria for
Development of Emergency Operating Procedures, NUREG-0799.

When the reviewer has determined that each of these criteria has been
satisfied based upon the statements made by the applicant in the SAR, thc-

review of this section is complete.

IV. EVALUATION FINDINGS

The reviewer verifies that the information presented and his review support
Ithe following type of conclusion, to be used in the staff's safety evaluation

report:

The Staff concludes that operating and maintenance procedures are
Thisacceptable and meet the relevant requirements of 10 CFR Part 34.

conclusion is based on the following: The applicant's operating
procedures meet the guideline of Regulatory Guide 1.33 and ANSI /ANS 3.2
and are acceptable.

The evaluation findings for this section should also include the following:

A statement that plant operations are to be performed in accordance with1.
written and approved procedures.

2. A brief description of the categories of procedures to be included.

A brief description of the review conducted to ensure that the Emergency3.
Operating Prcr.edures meet the Acceptance Criteria of NUREG-0799.

A brief description of the review conducted to ensure that Task Action4.
Items I.C.8 and I.C.9 of NUREG-0660 and item I.C.1 of NUREG-0737 have
been implemented.

V. IMPLEMENTATION

The following i5 intended to provide guidance to applicants and licensees I I
regarding the Nfi staff's plans for using this SRP Section.
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Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specif'ed portions of the Commission'se

/ regulations, the method described herein will be used by the staff in its
ivaluation of conformance with Commission regulations.

:
'

Implementation schedules for conformance to parts of the method discussed
herein are containea in the referenced regulatory guides and NUREGs.

,

VI. REFERENCES'

1. ANS 3.2 (DRAFT 7), " Standard for Administrative Controls for Nuclear
Power Plants," American National Standards Institute.

2. Regulatory Guide 1.33, " Quality Assurance Program Requirements
(Operation)."

3. 10 CFR Part 50, 950.34, " Contents of Applications; Technical Information."

4. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants," Revision 2.

5. NUREG-0660, TMI Action Plan.

6. NUREG-0737, Clarification of TMI Action Plan Requirements.

7. NUREG-0799, Criteria for Preparation of Emergency Operating Procedures.

O%s
,

4

.
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13.6 PHfDICAL SECURITY

REVItW RESPONSIBILITIES

Primary - Physical Security Licensing Branch, Division of Safeguards, NMSS

Secondary - Standardization & Special Projects Branch, Division of Licensing, NRR

I. AREAS OF REVIEW

At the preliminary safety analysis report (PSAR) stage, the review of this section
covers plans for implementing security measures relating to (1) preemployment of
personnel employed to work at the proposed plant and (2) the layout of the plant
and other design features and equipment arrangements intended to provide protection
of vital equipment against acts of radiological sabotage in accordance with 10 CFR
Part 73, S73.55.

At the final safety analysis report (FSAR) stage, the review involves the evaluation
of the phycical security plan, the Guard Training Qualification Plan, and the Con-(q tingency Plan which collectively describes a comprehensive physical security program;

v for the plant site. The review encompasses the physical security organization,
access controls to the plant protected and vital areas including physical barriers,
searches of personnel and packages and means of detecting unauthorized intrusions,
provisions for monitoring the access to vital equipment, selection of personnel for
security purposes, communications systems for security, intrusion alarm systems,
arrangements with law enforcement authorities for assistance in responding to secu-
rity threats, training of security personnel and response to contingencies. The
implementation schedule for the physical security program is reviewed, including
phases for a multiunit plant where applicable.

Specific information to be reviewed, referenced to applicable sections of 10 CFR
Part 73, $73.55, including 10 CFR Part 73, Appendices B and C, include the follom ng:

1. Clear diagrams, to approximate, scale, displaying the following:

a. Designated protected and vital areas of the plant site, including physical
barriers.
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b. The locations cf alarm stations.
c. The locations of access control points to protected and to vital areas.
d. The locations of parking lots relative to the clear areas adj& cent

to the physical barriers surrounding protected areas.
e. Special features of the terrain which may present special vulnerability

problems.
f. The location of relevant law enforcement agencies and their geographi-

cal jurisdictions.
g. The interaction of plant operations with the security program.

The response capabilities of local law enforcement agencies, including esti-
mates of the number of officers that can arrive at the plant site in the event
of a security threat after receipt of a call for assistance. (This response
capability bears upon the adequacy of the size of the onsite guard force.)

Secondary responsibilities will be ccoducted by SSPB to assure balance between
safety and safeguards.

II. ACCEPTANCE CRITERIA

At the PSAR stage, preliminary planning for physical security is considered
acceptable if it provides reasonable assurance that conformance to the applicable
provisions of 10 CFR Part 73, 673.55 are expected to be achieved, including:

1. 10 CFR Part 73, 673.55 in its entirety and Part 73 Appendicas B and C
2. 10 CFR Part 25 and 10 CFR Part 95 (if applicable)
3. Regulatory Guide 5.44
4. NUREG-0674
5. ANSI N18.17, Paragraph 4.3 Employee Screening
6. 10 CFR Part 50,650.70(b)(3)
7. Regulatory Guide 5.12
8. Regulatory Guide 5.20

To be considered acceptable, this planning should include commitment to design
phase review for physical security and should show how, to the satisfaction of

|
the staff, this responsibility is to be implemented by the applicant.

| At the FSAR stage, the applicant's security plan is considered acceptable if
it conforms to the requirements of 10 CFR Part 50, 650.34(c), 10 CFR Part 73,
673.55 and 10 CFR Part 73, Appendix B and Appendix C. If applicable, 10 CFR
Parts 25, 75, and 95 must be addressed. In addition, the requirements and
recommendations of ANSI N18.17 establish the basis for an adequate security
plan for the protection of nuclear power plants against radiological sabotage.

Specific acceptance criteria, including staff positions, regarding some of the
more general requirements of 10 CFR Part 73, S73.55 and Part 73, Appendices B
and C are as follows:

a. Section b of S73.55 - Physical security organization. The licensee shall
establish a security orga..ization, including guards, to protect his facility
against radiological sabotage.

b. Section c of 973.55 - Physical Barriers. The licensee shall locate vital
equipment only within a vital area, which, in turn, shall be located within
a protected area such that access to vital equipment requires passage through
at least two physical barriers.

13.6-2 Rev. 2 - July 1981



Section d of 973.55 - Access Requirements. The licensee shall controlc.
all points of personnel ind vehicle access into a protected area. Identifi-CN cation and search of ali individuals shall be F.cde and authorization shalll be checked at such points.

d. Section e of g72.55 - Detection Aids. All alarms required pursuant to
this part shall annunciate in a continuously manned central alarm station
located within the protected area and in at least one other continuously
manned station, not necessarily onsite, such that a single act cannot
remove tha capabilities of calling for assistance or otherwise responding
to an alarm.

e. Section f of 973.55 - Communication Requirements. Each quard, watchman
or ar.med response individual, or any other individuai performing an active
security function on duty shall be capable of maintaining continuous com-
munications with an individual in each continuously manned alarm stations.

f. Section g of 673.55 - Testing and Maintenance. E6ch licensee shall test
and maintain intrusion alarms, emergency alarms, communications equipment,
access control equipment, physical barriers, and other security-related
devices or equipment.

g. Section h of 673.55 - Response Requirements. The licensee shall maintain
liaison with local law enforcement authorities. Each licensee shall main-
tain an adequate number of guards for response and assessment of possible
security threats. Each licensee shall require that those guards take steps
to neutralize the threat when detected with sufficient force to protect
the health and safety of the public.(p)

'v h. Part 73, Appendix B - General Criteria for Security Personnel. These
general criteria establish requirements for the selection, training,
equipping, testing, and qualification of individuals who will be responsible
for the protecting of special nuclear materials, nuclear facilities, and
nuclear shipments.

i. Part 73, Appendix C - Licensee Safeguards Contingency Plans. A licensee
safeguards contingency plan'is a documented plan to give guidance to
licensee personnel in order to accomplish specific defined objectives in
the event of threats, thefts, or radiological sabotage relating to special
nuclear material or nuclear facilities licensed under the Atomic Energy
Act of 1954, as amended.

Implementation of the physical security program should be accomplished 1 to
2 months before fuel loading. Security features required for new fuel in
t.;.orage prior to loading of the first unit should be implemented as of the
time fuel is onsite.

III. REVIEW PROCEDURES

At the PSAR stage, the review consists of a careful examination of the informa-
tion submitted and comparison with the acceptance criteria set forth in sub-
section II above. The general plant description in Chapter 1 and site-related
information in Chapter 2 of the PSAR should be examined to determine if there

p are unique features that should be considered in establishing the physical
(") protection program. It will be desirable at this stage to discsss the formula-

tion of this program with the applicant.
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At the FSAR stage, the physical security plan is reviewed to determine its
conformance with the regulations, the information requirements of subsection I
above, and the acceptance criteria of subsection II above. Applicable regula-
tions and the requirements and recommendations of industry standards (such as
ANSI 18.17) are used as checklists for this review. The reviewers may also
use appropriate Division 5 Regulatory Guides and Review Guidelines 1 through
24 to the extent they are applicable to physical protection programs at nuclear
power plants. Those having potential applicability are listed in the references.
It is particularly important that the reviewer assure himself that all items
of vital equipment are contained within vital areas. Site visits by the
reviewers are necessary, during the const Nction phase, before the evaluation
of the plan can be completed. Upon completion of the installation of the
security equipment, a confirmatory site visit is made approximately 3 months
before the anticipated fuel loading. Only after that final confirmatory site
visit is the security program approved.

IV. EVALUATION FINDINGS

The evaluation finding at the PSAR stage should be substantially equivalent to
the following statement:

The applicant has provided a general description of plans for pro-
tecting the plant against potential acts of radiological sabotage.
Provisions for the screening of employees at the plant, and for
design phase review of plant layout and protection of vital equip-
ment have been described and conform to 10 CFR Part 73, e73.55. We
find there is reasonable assurance that the final physical security
plan will meet the requirements of 10 CFR Part 25, 10 CFR Part 73,

,

and 10 CFR Part 95 by conforming to regulatory positions in regulatory
guides or equivalent guidance. We conclude that the applicant's
arrangements for protection of the plant against acts of radiological
sabotage are satisfactory for this stage of the licensing process.

The evaluation finding at the FSAR stage should be substantially equivalent to
the following statement:

The applicant has submitted a comprehensive physical security plan
for the protection of the plant against potential acts of radiolog-
ical sabotage. This plan has been withheld from public disclosure
pursuant to 10 CFR Part 2, S2.790(d).

This plan has been reviewed, found to contain all features considered
essential for such a program by the staff, and is acceptable. In
particular, it has been found to comply with the Commission's regula-
tions including 10 CFR Part 50, $50.34(c), 10 CFR Part 25, 10 CFR
Part 75, 10 CFR Part 95, sections of 10 CFR Part 73, S73.55 and
Part 73, Appendix B and Appendix C, and conforms to the regulatory
positions set forth in regulatory guides.

| V. IMFLEMENTATION
1

! The following references are intended to provide guidance to applicants and
licensees regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,

13.6-4 Rev. 2 - July 1981
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the method described herein will be used by the staff in its evaluation of
/ ) conformance with Commission regulations.,

blVI. REFERENCES

1. 10 CFR Part 73, " Physical Protection of Plants and Materials."

2. 10 CFR Part 73, Appendixes B and C.

3. 10 CFR Part 50, S50.34(c), "Php ical Security Plan."

4. 10 CFR Part 50, S50.34(d), " Safeguards Contingency Plan."

5. 10 CFR Part 50, 650.54(p), " Safeguards Contingency Plan Procedures."

6. 10 CFR Part 50, 650.70(b)(3), "Immediate Unfettered Access."

7. 10 CFR Part 2, S2.790(d)(1), " Security Measures Exempt from Disclosure."

8. 10 CFR Part 75, " Safeguards on Nuclear Material - Implement,ation of US/IAEA
Agreement."

9. 10 CFR Part 25, " Access Authorization for Licensee Personnel."

10. 10 CFR Part 95, " Security Facility Approval and Safeguarding of National
Security Information and Restricted Data."

G 11. Regulatory Guide 5.12, " General Use of Locks in the Protection and Control

(V) of Facilities and Special Nuclear Material."

12. Regulatory Guide 5.20, " Training, Equipping and Qualifying of Guards and
Watchmen."

13. Regulatory Guide 5.44, " Perimeter Intrusion Alarm Systems."

14. Regulatory Guide 5.54, " Standard Format and Content of Safeguards Contin-
gency Plans for Nuclear Power Plants."

15. NUREG-0207, " Interim Format and Content for a Physical Security Plan for
Nuclear Power Plants."

16. NUREG-0219, " Nuclear Security Personnel for Power Plants."

17. NUREG-0220, " Interim Acceptance Criteria for a Physical Security Plan for
Nuclear Power Plants."

18. NUREG-0416, " Security Plan Evaluation Report."

19. NUREG-0674, " Security Personnel Training and Qualification Criteria."

20. Review Guidelines 1 through 24.

21. ANSI N18.17, " Industrial Security for Nuclear Power Plants."
p)-
tv
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SECTION 14.1 INITIAL TEST PROGRAM - PRELIMINARY SAFETY ANALYSIS REPORT

REVIEW RESPONSIBILITIES

Primary - Quality Assurance Branch (QAB)

(This SRP section has been deleted.)

v

Rev. 2 - July 1981 |

USNRC STANDARD REVIEW PLAN
Star.dard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate r:uclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory procer'ura,s and policies. Standard review
plans are not substitutes for regulatory guides or the Commission's regulations and comg .iance with them is not required. The

,v standard review plan sections are keyed to the Standard Format and Content of Safety Anr ysis Reports for Nuclear Power Plants.
Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments rrd to reflect new inforras-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission.
Office of Nuclear Reactor Regulation, Washington, D.C. 20555.
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SECTION 14.2 INITIAL PLANT TEST PROGRAM - FINAL SAFETY ANALYSIS REPORT

REVIEW RESPONSIBILITIES

Primary - Procedures and Test Review Branch (PTRB)

Secondary - None

I. AREAS OF REVIEW

The PTR8 reviews items 1 through 8 below, relating to initial plant test programs, I
described in Chapter 14 of the final safety analysis report (FSAR) submitted by the
applicant as part of its operating license (OL) application.

I1. Summary of Test Program and Objectives

The summary descriptions for each major phase of the test program and the
specific objectives for each major phase are reviewed.

( ) 2. Test Procedures |
-

\ /
%.J

The system the applicant will use to develop, review, and approve individual
test procedures is reviewed. The responsibilities of the organizational units
that will perform these activities, the designated functions of each organiza-
tional unit, and the general steps to be followed in conducting these activ-
ities are reviewed. The type and source of ciesign performance inforiration that
will be, or is being, used in the development of detailed test procedures is
reviewed. The format for the test procedures is also reviewed.

3. Test Programs' Conformance with Regulatory Guides '

The applicant's plans pertaining to conformance with regulatory guides appli-
cable to initial test programs (see subsection V) are reviewed to establish
the extent of conformance. Exceptions to regulatory positions in applicable
regulatory guides are reviewed, along with the justification provided, for
each guide.

Rav. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Standard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the

[] plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. TheCommission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
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tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
Ofnce of Nuclear Reactor Regulation Washington, D.C. 20555
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4. Utilization of Reactor Operating and Te= ting Experiences in the Development
of the Test Program

A summary of the principal conclusions or findings from the applicant's
review of operating and testing experiences at other reactor facilities
and their effect on the test program are reviewed.

5. Trial Use of Plant Operating and Emergency Procedures

The information pertaining to how, and to what extent, the plant operating,
emergency, and surveillance procedures will be use-tested during the test
program is reviewed. This will include operator training described in
TMI Action Plan Item I.G.1, described in NUREG-0660 and NUREG-0737.

6. Initial Fuel Loading and Initial Criticality

The procedures that will guide initial fuel loading and initial criticality,
including the prerequisites and precautionary measures to be used to
assure safety, are reviewed.

7. Test Program Schedule and Sequence

The schedule for conducting each phase of the testing program relative to
the fuel loading date, is reviewed. Information pertaining to anticipated
schedule overlap of the test program with test program schedules for any
other reactor facilities at the site is reviewed. The sequence for con- |
ducting the tests planned for the startup test phase is reviewed. The
time available between approval of testing procedures and their intended
use is reviewed.

8. Individual Test Descriptions

The individual test abstracts for each test phase are reviewed to establish
the degree of conformance with applicable tests ide;tified in Regulatory
Guide 1.68, other applicable regulator) guides, and other special testing
requirements for the facility, including those identified for special or
unique plant features. The objectives for each test, summary of prereq-
uisites and test method, and specific acceptance criteria for each test
are reviewed to establish that the functional adequacy of those structures,
systems, or components involved will be verified.

The PTRB reviews the information provided to assure that the test
objectives, test methods, and the acceptanc- riteria are acceptable and
consistent with the design requirements for the facility. Certain tests,

such as those for the reactor containment system, the electrical power
systems, and the emergency core cooling systems are reviewed by those
branches responsible for reviewing the design of that system. In some
cases, special tests may be required to verify the adequacy of the design.
The PTRB will maintain a list of all special test requirements and all
tests that are reviewed wholly or in part by other branches. The PTRB is
responsible for ensuring that all initial plant tests are reviewed in
accordance with this SRP section and will provide the coordination and
supplementary review necessary to accomplish a complete review of all
initial plant tests including those that may be referenced in a standard
plant design.
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II. ACCEPTANCE CRITERIA

PTRB acceptance criteria are based on meeting the relevant requirements of the
/ following regulations:

1. 10 CFR Part 30, S30.53 as it relates to testing radiation detection
equipment and monitoring instruments.

2. 10 CFR Part 50, 650.34(b)(6)(iii) as it relates to the licensee providing
information associated with preoperational testing and initial startup
operations.

3. 10 CFR Part 50, Appendix B, Section XI as it relates to test programs to
demonstrate that structures, systems, and components will perform satisfac-
torily.

4. 10 CFR Part 50, Appendix J, Section III.A.4 as it relates to the pre-
operational leakage rate testing of the reactor primary containment
building.

Regulatory Guide 1.68 provides information, recommendations and guidance, and
in general describes a basis acceptable to the staff that may be used to imple-
ment the requirements of the regulations identified above. In addition, the
following list o' Regulatory Guides provides more detailed information pertain-
ing to the test called for in Regulatory Guide 1.68 and this supplementary
information is used to help determine whether the objectives of certain plant
tests are likely to be accomplished by performing the test in the proposed
manner.

V- a. Regulatory Guide 1.18, " Structural Acceptance Test for Concrete
Primary Reactor Containments."

b. Regulatory Guide 1.20, " Comprehensive Vibration Assessment Program
for Reactor Internals During Preoperational and Initial Startup
Testing."

c. Regulatory Guide 1.30, " Quality Assurance Requirements for the
Installation, Inspection, and Testing of Instrumentation and Electric
Equipment (Safety Guide 30)."

d. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning
of Fluid Systems and Associated Components of Water-Cooled Nuclear
Power Plants."

e. Regulatory Guide 1.41, "Preoperational Testing of Redundant Onsite
Electric Power Systems to Verify Proper Load Group Assignments."

f. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria
for Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration
and Adsorption Units of Light-Water-Cooled Nuclear Power Plants."

g. Regulatory Guide 1.56, " Maintenance of Water Purity in Boiling Water
Reactors."

nv
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h. Regulatory Guide 1.72, "Sprcy Pond Piping Made from Fiberglass-
Reinforced Thermosetting Resin."

i. Regulatory Guide 1.79, "Preoperational Testing of Emergency Core
Cooling Systems for Pressurized Water Reactors."

j. Regulatory Guide 1.80, "Preoperational Testino of Instrument Air
Systems."

k. Regulatory Guide 1.95, " Protection of Nuclear Power Plant Control
Room Operators Against an Accidental Chlorine Release."

1. Regulatory Guide 1.108, " Periodic Testing 01 Diesel Generators Used
as Onsite Electric Power Systems at Nuclear Power Plants."

Regulatory Guide 1.116, " Quality Assurance Requirements for Installa-m.

tion, Inspection, and Testing of Mechanical Equipment and Systems.

Regulatory Guide 1.128, " Installation Desigr. and Installation ofn.
Large Lead Storage Batteries for Nuclear Power Plants."

Regulatcry Guide 1.139, " Guidance for Residual Heat Removal (Foro.
Comment)."

p. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria
for Normal Ventilation Exhaust System Air Filtration and Adsorption
Units of Light-Water-Cooled Nuclear Power Plants."

Specific criteria necessary to meet the relevent requirements of $30.53,
650.34, and Appendices B and J to 10 CFR Part 50 are as follows:

1. Summary of Test Program and Objectives

The app'icant's description should establish that the major phases of the
program and the objectives for each phase are consistent with the general
guidelines and applicable regulatory positions contained in Regulatory
Guide 1.68 or the justification provided for any exceptions should be
found to be acceptat'le by the reviewer.

I
2. Test Procedures

'The format for the test procedures should be similar to the format con-
tained in Regulat,ry Guide 1.68 or the justification for exceptions
should be found ta be acceptable by the reviewer.

I
3. Test Program's Conformance with Regulations and Regulatory Guides

The applicant should establish and describe an initial test program that
is consistent with regulatory posit Mns in Regulatory Guide 1.68. If I

exceptions to regulatory positions are taken, the applicant should speci-
fically identify all exceptions, and provide suitable justification.
Exceptions to regulatory positiens will be reviewed for acceptability on
a case-by-case basis. The applicant should address all applicable regula-
tory guides and identify them by guide number and revision number.
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4. Utilization of Reactor Operating and Testing Experiences in the Development
of the Test Program -

CI The applicant's review of operating and testing experiences at other
facilities should have recognized categories of reportable occurrences
that M u repeatedly being experienced and other operating experiences of
safety concern. The applicant should describe how this was utilized in
its initial test progrra.

5. Trial Use of Plant Operating and Emergency Procedures

The applicant should incorporate the plant operating, emergency, and
serveillance. procedures into the test program or otherwise verify these
procedures through use to ,the extent practicable during the test program.
In addition to verifying t':e adeqhscy of plant operating and emergency
procedures to the extent practicable during the startup program, the
licensee shall also, provide additional operator training during the
performance of certain initialmtests. This will include training for
plant cooldown by means of natural circulation. An acceptable program
will satisfy the requirements. described in TMI Action Plan Item I.G.1 of
NUREG-0660, PUREG-0694, and NUREG-6737.

6. Initial Fuel Loading and Initial Criticality

The procedures that-will guide initial fuel loading and initial criticality
should include precautions, prerequisites, and measures consistent with
the guidelini-s and regulatory positions contained in Regulatory Guide 1.68
or excepti ms should be found to be acceptable by the reviewer.

Os 7. Test Program Schedule and Sequence

a. At'l' east nine months should be allowed for conducting preoperational
testing.

b. At least three months ha allowed for conducting startup
testing including fut w ng, low power tests, and power ascension
tests.

'
>

c. Overlapping test program schedules (for multi-unit sites) should not
result in significant divisions of responsibilities or dilutions of
the staff provided to implement the test program.

I

d. The sequential schedule for individual startup tests should establish,
insofar as practicable, that test requirements will be completed
prior to exceeding 25% power for all plant structures, systems, and
components that are relied upon to prevent, to limit, or to mitigate
the consequencec of postulated accidents.

The schedule should also establish that, insofar as practicable,
testing will be accomplished as early in the test program as feasible
and that the safety of the plant will not be totally dependent on
the performance of untested systems, components, or features.

' s
4n x s

"
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e. Approved test prr.cedures should be in a form suitable for review by |regulatory inspectors at least 60 days prior to their intended use,
and for fuel loading and starup test procedures, at lea:+ 60 days
prior to fuel loading.

8. Individual Test Descriptions / Abstracts

The applicant should provide abstracts of planned tests for structures,
systems, components, and design features that will provide assurance of
testing of those items that meet any of the criteria listed below.
Abstracts should be provided for those structures, systems, components or
design features that:

a. Will be used for safe shutdown and cooldown of the reactor under
normal plant conditions and for maintaining the reactor in a safe
condition for an extended shutdown period; or

b. Will be used for safe shutdown and cooldown of the reactor under
transient (infrequent or moderately frequent events) conditions and
postulated accident conditions and for mair.taining the reactor in a
safe condition for an extended shutdown period following such
conditions; or

c. i!ill be used for establishing conformance with safety limits or
limiting conditions for operation that will be included in the
facility technical specifications; or

d. Are classified as engineered safety features or will be used to
support or ensure the operations of engineered safety features
within design limits; or

e. Are assumed to function or for which credit is taken in the accident
analysis for the facility, as described in the FSAR; or

f. Will be used to process, store, control, measure, or limit the
release of radioactive materials.

The abstracts should include objectives, prerequisites, test methods,
significant parameters and plant perfoatance characteristics to be
monitored, and acceptance criteria in sufficient detail to establish that
the functional adequacy of structures, systems, components, and design
features will be demonstrated by tests.

If the method for testing of a structure, system, or component will not
subject the item or system under test to representative design operating
conditions, the test abstract should contain sufficient information to
justify the test method to be used.

III. REVIEW PROCEDURES I

Preparation for the review of Chapter 14 of the FSAR shauld include the
following:

O
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1. Review of the Commission's Safoty Evaluation Report that was issued upon
x review of the Construction Permit splication. This review is conducted

for the purpose of familiarizatiore.with the principal design criteria for4

the facility and to identify any specific staff or ACRS concerns or
unique design features that may warrant special test consideration.

2. Review of Chapters 1 through 12 of the FSAR for the purpose of familiari-
zation with the facility design and the nomenclature that is applied to
structures, systems, and components within the facility.

3. Review of Chapter 13 of the FSAR for the purpose of familiarization with '
the applicant's organizational structure, qualifications, and administrative
controls as these apply to or impact on the initial test program. ;

4. Review of Chapter 15 of the FSAR to identify assumptions pertaining to
performance characteristics that can and should be verified by testing
and to identify all structures, systems, components, and design features
that are assumed to function (either explicitly or implicitly) in the
accident analysis that can and should be tested.

i 5. Review the results of studies by AE00 and OEEB of Licensee Event Reports |'

for operating reactors of similar design to identify potentially serious
events and chronic or generic problems that warrant special test consider-
ation. Computerized information on Licensee Event Reports can be obtained
through the Office of Management and Program Analysis.;

6. Review of the Standard Technical Specifications for the type facility to
i p identify all structures, systems, and components that will be relied upon
g for establishing conformance with safety limits or limiting conditions

for operation.

! 7. The reviewer should be familiar with the results of startup tests for
. reactors of similar design (reported to the Commission in Startup Test
'j Reports) to assure that problem areas will be appropriately factored into

the review of the initial test program.

8. The reviewer should be familiar with regulatory guides that are applicable
to initial test programs.

,

1

The review consists of comparison of the information in Chapter 14 or, if
applicable, other chapters in the FSAR with the acceptance criteria provided
in subsection II above. Each element of the SAR information is to be reviewed
against this SRP section. Although plant test programs are not rigidly fixed,
experience has shown that certain elements are common to and necessary for all
plants. The reviewer's judgment during the review is to be based on an inspection
of the material presented, whether items of special safety significance are
involved, and the magnitude and uniqueness of the project. The reviewer
should recognize that certain structures, systems, and components are more
important to safety than others. The review of individual tests should be
conducted in a graded menner to assure that the most emphasis is placed on
structures, systems, and components that are considered to be engineered
safety features. Any exceptions or alternatives are to be carefully reviewed
to assure that they are clearly defined and that an adequate basis exists for

( acceptance. Coordination of the review with the assigned reviewer for Chapter 13
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may be necessary for item 3 with the proje.t manager and other branches as
deemed necessary by the reviewer. In general, the appropriate branch will be
requested by the PTRB to review proposed testing for special, unique, or i

first of-a-kind design features to establish the adequacy of proposed testing
including the validity of test methods. The PTRB reviewer is responsible for i

review and evaluation of all subsequent amendments to the FSAR up to the time
the Operating License is issued to assure that any changes in design or commit-
ments that impact on the initial test program continue to setisfy the acceptance
criteria described in subsection II above.

IV. EVALUATION FINDINGS

When the review of the information in the FSAR is complete and the reviewer
has determined that it is satisfactory and in accordance with the acceptance
criteria in subsection II above, a statement of the following type should be
provided for the staf f's Safety Evaluation Report:

The staff concluded that the initial plant test program is acceptable and
meets the following requirements. 10 CFR Part 30, 930.53 with regard to
initial testing of radiation detection and monitoring instruments; 10 CFR
Part 50, 950.34(b)(6)(iii) that requires inclusion of plans for pre-
operational testing and initial operations in the FSAR; 10 CFR Part 50,
Appendix B, Secticn XI that requires a test program to assure that all
testing required to demonstrate that structures, syste.as, and components
will perform satisfactorily in service is identified and performed in
accordance with written test procedures which incorporate the requirements
and acceptance limits contained in applicable design documents; and
10 CFR Part 50, Appendix J, Section III.A.4 that requires a preoperational
measurement of tae overall integrated leak-tightness of the primary
reactor containment building under specified pressure conditione.

The staff has reviewed the information provided in the Final Safety
Analysis Report on the applicant's test program in accordance with SRP
Section 14.2. This review included an evaluation of: (1) The applicant's I

requ"ements pertaining to the trial-use of plant operating and emergency
procedures during the test program; (2) the schedule for conducting the
test program; (3) t'ie sequence of startup testing to be followed; (4) the
methods for conducting individual tests and the acceptance criteria to be

'

used in evaluatinc the test results for plant structures, systems, and
components; and (5) the test programs' conformance with applicable
regulations, regulatory guides, and TMI requirements. The review also |
included an evaluation of the results of the applicant's review of reactor
p' ant operating experiences, conducted to determine where improvement or
emphasis was warranted in the initial test program. The staff has concluded
that the information provided in the application meets the acceptcnce
criteria in Section 14.2 of the SRP and describes an acceptable initial
test program, the successful completion of which will demonstrate the |

functional adequacy of plant structures, systems, and components.

V. IMPLEMENTATION

ihe following is irtended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which tae applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
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|

| I

ti.c .aethod described herein will be used by the staff in its evaluation of -

comformance with Commission regulations.
|

Imnlementation schedules for conformance to parts of the method discussed i
herein are contained in the referenced regulatory guides and NUREGs. ;

VI. REFERENCES

| 1. Regulatory Guide 1.68, " Initial Test Programs for Water-Cooled Reactor
Power Plants."

] 2. Regulatory Guide 1.68.1, "Preoperational and Initial Startup Te., ting of
Feedwater and Condensate Systems for Boiling Water Reactor Power Plants."

3. Regulatory Gtdde 1.68.2, " Initial Startup Test Program to Demonstrate
| Remote Shutdown Capability for Water-Cooled Nuclear Power Plants." '

4. Regulatory Guide 1.18, " Structural Acceptance Test for Concrete Primary
! Reactor Containments."

5. Regulatory Guide 1.20, " Comprehensive Vibration Assessment Program for;

.j Reactor Interr.als During Preoperational and Initial Startup Testing."

6. Regulatory Guide 1.30, " Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and Electric Equipment (Safety,

Guide 30)."
,

4

|

,
.

7. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Components of Water-Cooled Nuclear Power
Plants."'

8. Regulatory Guide 1.41, "Preoperational Testing of Redundant Onsite Electric
Power Systems to Verify Proper Load Group Assignments."

t

9. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for
Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and

i Adsorption Units of Light-Water-Cooled Nuclear Power Plants."

10. Regulatory Guide 1.56, " Maintenance of Water Purity in Boiling Water '

Reactors." *

11. Regulatory Guide 1.72, " Spray Pond Piping Made from Fiberglass-Reinforced
Thermosetting Resin."

12. Regulatory Guide 1.79, "Preoperational Testing of Emergency Core Cooling
Systems for Pressurized Water Reactors."

i

13.
; Regulatory Guide 1.80, "Preoperational Testing of Instrument Air Systems."
i

j 14. Regulatory Guide 1.95, " Protection of Nuclear Power Plant Control Room
j Operators Against an Accidental Chlorine Release."

1 15. Regulatory Guide 1.108, ' Periodic Testing of Diesel Generators Used as
Onsite Electric Power Systems at Nuclear Power Plants."

1

l

i
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16. Regulatory Guide 1.116, " Quality Assurance Requirements for Installation,
Inspection, and Testing of Mechanical Equipment and Systems."

17. Regulatory Guide 1,128, " Installation Design and Installation of Large
Lead Storage Batteries for Nuclear Power Plants."

18. Regulatory Guide 1.139, " Guidance for Residual Heat Removal."

19. Regulatory Guide 1.140, " Design, Testing, and Maintenance Criteria for
Normal Ventilation Exhaust System A r Filtration and Adsorption Units of
Light-Water-Cooled Nuclear Power Plants."

20. 10 CFR hrt 30, S30.53, " Tests."

21. 10 CFR Part 50, S50.34, " Contents of Applications; Technical Information."

22. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants."

23. 10 CFR Part 50, Appendix J, " Primary Reactor Containment Leakage Testing
for Water Cooled Power Reactors."

24. NUREG-0660, "NRC Action Plan Developed as a Result of the TMI-2 Accident."

25. NUREG-0694, "TMI-Related Requirements for New Operating Licensees."

26. NUREG-0737, " Clarification of TMI Action Plan Requirements."

O'

O
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15.0 INTRODUCTION

The review branches in the Division of Systems Integrai. ion and the Division of
Engineering that have some responsibility for review of anticipated operational
occurrencec crid postulated accidents listed in this chapter are as follows:

Reactor Sys6 ems Branch (RSB) - reviews enalyses of anticipated operational occur-
rences and postulated accidents from the viewpoint of systems operation, transient
dynamics, analytical methodology and meeting defined acceptance criteria.

Core Perforr,ance Branch (CPB) - reviews analyses of core physics, fuel behavior
core thermal-hydraulic performance, and performs generic reviews of thermal-
hydraulic computer codes and topical reports.

Effluent Treatment Systems Branch (ETSB) - reviews analyses of postulated spills
of radioactive material outside containment.

Accident Evaluation Branch (AEB) - evaluates possible radiological consequences
of the transients and accidents.

O)( Instrumentation and Controls Systems Branch (ICSB) reviews and evaluates the
" reactor protection and safety instrumentation and control instrumentation.

Power Systems Branch (PSB) reviews and evaluates emergency onsite power.

Auxiliary Systems Branch (ASB) evalua M the operation and performance of the
auxiliary systems following anticipated operational occurrences and postolated
accidents (i.e., auxiliary feedwater systems).

Mechanical Engineering Branch (MEB) - evaluates the mechanical design of the
reactor primary system and components, pipe restraints and other safety-related
mechanical components and classification of structures, components and systems.

The Equipment Qualification Branch (EQB) - reviews the operability of reactor
primary system components.

Containment Systems Branch (CSB) - evaluates the response of the containment to
postulated accidents.

Rev. 2 - July 1981
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Events such as fires, floods, storms, or earthquakes are not explicitly considered
in the review of anticipated operational occurrences and postulated accidents i

in Chapter 15. Rather, the requirements to design for these events are reviewed
under other SRP sections, as listed la Table 15-1 (attached).

The reviewers are responsible for the selection and emphasis of aspects of the
reviews of anticipated operational occurrences and postulated accidents in
this chapter. Judgment on the areas to be given attention during each review
is based on an inspection of the information provided, the similarity of this
material to that recently reviewed on other plants, and whether items of
special or unique safety significance arc involved.

The Reactor Systems Branch reviews the majority of anticipated operational
occurrences and postulated accidents :s indicated in the SRP sections for
Chapter 15. Various anticipated process disturbances, equipment malfunctions,
potential operator actions or errors, and component failures are examined to
evaluate the plant capability to control or accommodate such failures and
malfunctions. The RSB review includes an analysis of the pressure to which
the reactor and steam systems are subjected and the need for epgineered safety
features to mitigata the consequences. The impact of various single failures
on the course of anticipated operational occurrences and postulated accidents
is also considered.

The transient and accident sequences are reviewed to identify necessary operator
actions and to confirm that actions prescribed by procedures developed under
Action Plan Item I.C.1 have been appropriately accounted for.

The Procedures and Test Review Branch, upon request, will assist the RSB
reviewer in identifying all prescribed operator actions.

As required by Item II.K.3.44 of NUREG-0737, BWR applicants must demonstrate
that for anticipated transients combined with the worst single failure and
assuming proper operator actions, the core remains covered or provide analysis
to show that no significant fuel damage results from core uncovery. Transients
which result in a stuck-open relief valve should be included in this category.
This may be demonstrated by plant-specific analyses or reference to app!icable
generic analyses. Generic analyses are considered applicable if geometry and
input conditions used for the analyses are representative or bounding.

The Core Performance Branch is responsible for the review of all reactor

physics data presented in this chapter. This includes power levels, power
distributions, doppler coefficients, moderator temperature coefficients, void
coef ficients, reactor kinetics parameters, and control rod worths. The CPB
review includes the evaluation of possible damage to the fuel as well as the
operating and uncertainty bands associated with these variables and assists
RSB as requested.

The review of anticipated operational occurrences and postulated accidents by
RSB and CPB requires an evaluasion of results, presented in the application,
of analytical methods which frequently are not documented in the application.

iIn such cases, the applicant may refer to a vendor topice report. The methods
include DNB (departure from nucleate boiling) correlation development, subchannel
analysis, system transient analysis, analysis of RIA (reactivity-initiated
accidents), and LOCA (loss-of-coolant accident) analysis. For those cases
where applicants use techniques previously considered and approved by the
staff, additional review of methods may not be required. However, if new

15.0-2 Rev. 2 - July 1981
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methods are involved, RSB and CPB perfcrm a review of topical reports and
other information which describe the method of analysis. Such a review generally

n \ includes vendor model description, data correlations and empirical relationships,/
h solution techniques, summary of computer codes if involved, sample problems,

experimental verification, and comparative calculations.

In its review of anticipated operational occurrences and postulated accidents,
RSB and CPB may perform an independent check of the results submitted by the
applicant. In such e ser, RSB or CPB obtains input data for use in the audit
analysis which is obtained from the applicant.

Upon request of RSB, the Instrumentation and Control Systems Branch provides
assistance in evaluating the sequence of postulated events, protective and
safeguards systems actuation and potential bypass modes, and manual control.
ICSB determiner whether reactor protection and safeguards control and instru-
mentation will function as assumed in the transient analysis with regard to
manual or automatic actuation; remote sensing, Indication, and control; and
interlocks with auxiliary or shared systems. PSB determines the adequacy of
onsite emergency power systems.

The AEB review is concentrated on tiiose more severe accidents that could
result in the release of radioactive materials and could have significant
radio hgical consequences involving the general public. AEB determines the
potential doses resulting from the 3ccidents and compares these doses to
established dose criteria and guidelines. Based on the results of these
analyses, AEB determines the adequacy of equipment designed to mitigate radio-
logical consequences. In addition, radiological analyses are made to determine
certain technical specification limits for safety-related equipment and structures.

The ASB provides an evaluation of the auxiliary systems to confirm that these
systems can supply all the functions required to support ECCS during and
following a Design Basic Accident (DBA), LOCA or any other primary system pipe
break.

CSB evaluates the functional cap:.bility of the containment and subcompartments
for the spectrum of loss-of-coolant events under SRP Section 6.2.1. CSB, on
request from the RSB, also provides an evaluation of containment pressure
calculations utilized in the reflood portion of the ECCS performance analyses.

MEB is responsible for the review of the effects of blowdown loads on core
support structures and on control rod guide structures. MEB verifies that the
core remains in place in case of a LOCA and that the control rods can be
inserted. MEB is also responsible for evaluating the effects of blowdown
loads including jet forces on the piping of the reactor coolant system and on
the support structures of the componerts of the reactor coolant system. MEB
verifias that acceptable criteria have been employed in the design of the
reactor coolant system and its supports to prevent failures in the reactor
coolant pressure boundary or in engineered safety feature equipment in the
event of a LOCA.

(J
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TABLE 15-1

Branches Having
Primary Review

Postulated Event SRP Section Responsibility

Accidents at Nearby 2.2.3 Evaluation of Potential Siting Analysis |

Locations Accidents Branch

5torms 2.3 Meteorology Accident Evaluation
Branch

3.3 Wind and Tornado Loadings Structural Engineering
Branch

Floods 2.4 Hydrologic Engineering Hydrologic and
Geotechnical Engineering |

Branch
3.4 Water Level (Flood) Auxiliary Systems

Design Branch and Structural
Engineering Branch j

Earthquakes 2.5 Geology and Seismology Geosciences Branch and i

Hydrologic and Geo- |

technical Branch
3.2 Classification of Struc- Mechanical Enginnering

tures, Components and Branch
Systems

3.7 Seismic Design of Structural Engineering
Structures Branch -

|3.8 Design of Category I Structural Engineering
Structures Branch |

3.9.2 Dynamic Testing and Mechanical Engineering
Ar.alysis of Mechanical Branch
Systems and Components |

3.9.3 ASME Code Class 1, 2, Mechanical Engineering
and 3 components Branch
supports and core
support structures

3.10 Seismic and Dynamic Equipment Qualification |
'

Qualifications of Branch
Mechanical and
Electrical Equipment

! important to safety

Missiles 3.5 Missile Protection Auxiliary Systems
Branch

Structural Engineering
Branch

Materials Engineering
Branch j

|

Fires 9.5.1 Fire Protection System Chemical Engineering |
!Branch
|
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15.1.1 DECREASE IN FEEDWATER TEMPERATURE, INCREASE IN FEEDWATER FLOW, INCREASE
15.1.2 IN STEAM FLOW, AND INADVERTENT OPENING OF A STEAM GENERATOR RELIEF
15.1.3 OR SAFETY VALVE
15.1.4

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

A number of transients which are expected to occur with moderate frequency, and
which involve an unplanned increase in heat removal by the secondary system, are
covered by this SRP section. Excessive heat removal, i.e., a heat removal rate
in excess of the heat generation rate in the core, causes a decrease in moderator
temperature which increases core reactivity and can lead to a power level increase

o and a decrease in shutdown margin. The power level increase will lead to a

( Y excessive reactor system pressure.Any unplanned power level increase may result in fuel damage or
i reactor trip.

Each of the transients covered by this SRP section should be discussed in
individual sections of the safety analysis report (SAR), as required by the
Standard Format (Ref. 1). The transients to be evaluated include:

1. Pressurized Water Reactors (PWRs) and Boiling Water Reactors (BWRs)

Feedwater system malfunctions that result in a decrease in feedwP ora.
temperature.

b. Feedwater system malfunctions that result in an increase in feedwater
flow.

Steam pressure regulator malfunctions or failures that result inc.
increased steam flow.

|

|
,
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2. PWRs Only

' Inadvertent openi.1g of a steam generator relief or safety valve.a.

The topics covered in the primary review include: postulated initial core and
reactor conoitions which are pertinent to feedwater system malfunctions,
pressure regulator or pressure relief valve malfunctions, methods of thermal
and hydraulic analysis, postulated sequence of events including time delays
prior to and after protective system actuation, assumed reactions of reactor
system components, functional and operational characteristics of the reactor
protection system in terms of how it affects the sequence of events, and all
operator actions required to secure and maintain the reactor in a safe
condition.

The results of the transi W walysis are reviewed to ensure that the values
of pertinent system parar eters are within the ranges expected for the type and
class of reacter under review. The parameters include: core flow and flow
distribution, channel heat flux (average and hot), minimum critical power
ratio (MCPR), departure from nucleate boiling ratic (DNBR), vessel water level,
thermal power, vessel pressure, steam line pressure (for BWRs), steam line
flow (for BWRs), feedwater flow (for BWRs), and reactivity.

The sequence of events described in the SAR for these transients is reviewed
by RSB. The RSB reviewer concentrates on the need for the reactor protection
system, the engineered safety systems, and operator action to secure and main-
tain the reactor in a safe condition. The analytical methods are reviewed by
RSB to ascertain whether mathematical modeling and computer codes have been
previously reviewed and accepted by the staff. If a referenced analytical
method has not been previously reviewed, the RSB reviewer initiates a generic
evaluation of the new analytical model. In addition, the values of all the
parameters used in the new analytical model, including the initial conditions
of the core and system, are reviewed.

Tne RSB will coordinate other branc5 evaluations that interface with the
overall review of the trarsient analyses as follows: The Instrumentation and
Control Systems Branch (ICSB) reviews the instrumentation and controls aspects
of the sequence described in the SAR to evaluate whether the reactor and plant
protection and safeguards controls and instrumentation systems w11 function as
assumed in the safety analysis with regard to automatic actuation, remote
sensing, indication, control, and interlocks with auxiliary or shared systems
as part of its primary review responsibility for SRP Sections 7.2. througn
7. 5. The Core Performance Branch (CPB) upon request from RSB, reviews the
values of the parameters used in the analytical models which relate to the
reactor core for conformance to plant design and specified operating condi-
tions; determines the acceptance criteria for fuel cladding damage limits; and
reviews the core physics, fuel design, and core thermal-hydraulics data used
in the SAR analysis as part of its primary review responsibility for SRP
Sections 4.2 through 4.4. The Accident Evaluation Branch (AEB) using fuel damage
results provided by RSB evaluates the radiological consequences associated with
the fuel failure. The review of the Technical Specifications is coordinated
and performed by the Licensing Guidance Branch (LGB) as part of its primary
review responsibility for SRP Section 16.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptancc criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding review branch.

15.1.1-2 Rev. 1 - July 1981
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II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirements ofi

the following regulations:

A. General Design Criterion 10, as it relates to the reactor coolant system-

being designed with appropriate margin to assure that specified acceptable
fuel design limits are not exceeded during normal operations including

? anticipated operational occurrences.

B. General Design Criterion 15, as it relates to the reactor coolant system
and its associated auxiliaries being designed with appropriate margin to
assure that the pressure boundary will not be breeched during normal
operations including anticipated operational occurrences.

,

C. General Design Criterion 26 as it relates *to the reliable control of
,

; reactivity changes to assure that specified acceptable fuel design limits
are not exceeded, including anticipated operational occurrences. This is
accomplished by assuring that appropriate margin for malfunctions, such
as stuck rods are accounted for.

D. TMI Action Plan items II.E.5.1 and II.E.5.2 of NUREG-0718 as they relate
to assuring that any design modifications that result from the resolution
of these Action Plan items are properly accounted for in the analyses.

Thebasicobjectivesofthereviewofthetransientswhichresultfroman
increase in heat removal are:

.

1. To identify which of the moderate-frequency * transients that result inr

J increased heat removal are the most limiting.
i

2. To verify that, for the most limiting transients, the plant responds to
the transients in such a way that the criteria regarding fuel damage and
system pressure are met.

] The specific criteria necessary to meet the requirements of GDC 10,15, and 26
! for incidents of moderate frequency are:

1. Pressure in the reactor coolant and main steam systems should be
maintained below 110% of the design values (Ref. 2).

2. Fuel cladding integrity shall be maintained by ensuring that the minimum
DNBR remains above the 95/95 DNBR limit for PWRs and the CPR remains

~

above the the MCPR safety limit for BWRs based on acceptable correlations
,

(see SRP Section 4.4).

! 3. An incident of moderate frequency should not generate a more serious
! plant condition without other faults occurring independently.

4. An incident of moderate frequency in combination with any single active
,

; component failure, or single operator error, shall be considered and is
!

The term " moderate-frequency" is used in this SRP section in the same sense
./ as in the descriptions of design and plant process conditions ini

References 9 and 10.

15.1.1-3 Rev. 1 - July 1981
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an event for which an estimate of the number of potential fuel failures
shall be provided for radiological dose calculations. For such acci-
dents, fuel failure must be assumed for all rods for which the DNBR
or CPR falls below those values cited above for cladding integrity
unless it can be shown, based on an ecceptable f0el damage model (see
SRP Section 4.2) that fewer failures occur. There shall be no loss
of function of any fission product barrier other than the fuel cladding.

5. To meet the requirements of General Design Criteria 10,15 and 26 the
positions of Regulatory Guide 1.105, " Instrument Spans and Setpoints," are
used with regard to their impact on the plant response to the type of
transient addressed in this SRP section.

6. The most limiting plant systems single failure, as defined in the
" Definitions and Explanations" of Appendix A to 10 CFR Part 50, shall be
identified and assumed in the analysis and shall satisfy the positions of
Regulatory Guide 1.53 (Ref. 12).

The applicant's analysis of transients caused by excessive heat removal should
be performed using an acceptable analytical model. The equations, sensitivity
studies, and models described in References 5 through 8 are acceptable. If

other analytical methods are proposed by the applicant, these methods are
evaluated by the staff for acceptability. For new generic methods, the
reviewer initiates an evaluation.

The values of the parameters used in the analytical model should be suitably
conservative. The following values are considered acceptable for use in the
model:

The initial power level is taken as the licensed core thermal power fora.
the number of loops initially assumed to be operating plus an allowance
of 2% to account for power neasurement uncertainties, unless a lower power
level can be justified by the applicant. The number of locps operating
at the initiation of the event should correspond to the operating
condition which maximizes the consequences of the event.

b. Conservative scram characteristics are assumed, i.e. , for a PWR - maximum
time delay with the most reactive rod held out of the core, and for a
BWR - a design conservatism factor of 0.8 times the calculated negative
reactivity insertion rate.

The core burnup is selected to yield the most limiting combination ofc.
moderator temperature coefficient, void coefficient, doppler coefficient,
axial power profile, and radial power distribution.

d. Mitigating systems should be assumed to be actuated in the analyses at
setpoints with allowance for instrument inaccuracy in accordance with

,

Regulatory Guide 1.105. Compliance with Regulatory Guide 1.105 is
determined by ICSB.

III. REVIEW PROCEDURES

The procedures below are used for both the construction permit (CP) and,

operating license (0L) reviews. During the CP review the values of system
parameters and setpoints used in the analysis will be preliminary in nature
and subject to change. At the OL review stage, final values are used in the
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analysis and the reviewer should compare these to the limiting safety system
settings included in the proposed technical specifications.

(n)
d RSB reviews the applicant's description of the transients caused by excessive

heat removal with specific attention to the occurrences that lead to the
initiating event. The sequence of events from initiation until a stabilized
condition is reached is reviewed to ascertain:

1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

2. The extent to which plant and reactor protection systemr are required to
function.

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineered safety systems that is required.

5. The extent to which operator actions are required.

6. That appropriate margin for malfunctions, such as stuck rods (per II.3.b)
are accounted for.

If the SAR states that a particular transient involving an increase in heat
removal is not as limiting as some other similar transient, the reviewer
evaluates the justification presented by the applicant. The applicant is to
present a quantitative analysis in the SAR of the increase-in-heat-removal
transient that is determined to be most limiting. For this transient, the R5B

/ reviewer, with the aid of the ICSB reviewer, reviews the timing of the initia-x# tion of those protection, engineered safety, and other systems needed to limit
the consequences of the transient to an acceptable level. The RSB reviewer
compares the predicted variation of system parameters with various trip and
system initiation setpoints. The ICSB review of Chapter 7 of the SAR confirms
that the instrumentation and control systems design is consistent with the
requirements for safety systems actions for these events.

To the extent deemed necessary, the RSB reviewer evaluates the effect of single
active failures of systems and components which may affect the course of the
transient. This phase of the review uses the system review procedures
described in the SRP sections for Chapters 4, 5, 6, 7, 8 and 9 of the SAR.

The mathematical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam lines
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, a generic review of the models is
initiated.

The values of system parameters and initial ccre and system conditions used as
input to the model are reviewed by RSB. Of particular importance are the
values of reactivity coefficients and control rod worths used by the applicant
in his analysis, and the variations of moderator temperature, void, and Doppler
coefficients of reactivity with core life. The reviewer evaluates the justifi-
cation provided by the applicant to show that the core burnup selected yields
the minimum margins. CPB is consulted regarding the values of the reactivity

n/ parameters used in the applicant's analysis.

15.1.1-5 Rev. 1 - July 1981
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The results of the analysis are reviewed and compared to the acceptance criteria
presented in subsection II of this SRP section regarding the maximum pressure

,

in the reactor coolant and main steam systems. The variations with time during I
the transient of the neutron power, heat fluxes (average and maximum), reactor
coolant syst;.m pressure, minimum DNBR (PWR) or CPR (BWR); core and recirculation
loop coolant flow rates (BWR), coolant conditions (inlet temperature, core
average temperature (PWR), core average steam volume fraction (BWR), average
exit and hot channel exit temperatures, and steam fractions), steamline pressure,
containment pressure, pressure relief valve flow rate, and flow rate from the
reactor coolant system to the containment system (if applicable) are reviewed.
The values of the more important of these parameters, as listed in subsection I
of this SRP section, are compared to those predicted for other similar plants |
to see that they are within the range expected.

The NRC has undertaken a program to reduce the sensitivity of B&W plants to
feedwater transients (Items II.E.5.1 and II.E.5.2, NUREG-0660 and 0718). When
this program is complete, the RSB reviewer, with the aid of other branches as
appropriate, should incorporate the program results into the review of this
SRP section.

IV. EVALUATION FINDINGS ,

The reviewer verifies that the SAR contains sufficient information and his
review supports the following kinds of statements and conclusions, which should
be included in the staff's safety evaluation report:

A number of plant transient; can result in an unplanned increase in heat
removal by the secondary system. Those that might be expected to occur |

'with moderate frequency can be caused by feedwater system or pressure
regulator malfunctions or the inadvertent opening of a steam generator
safety or relief valve (PWR only). All of these postulated transients

.

'

have been reviewed. It was found that the most limiting in regard to core
,

thermal margins and pressure within the reactor coolant and main steam |

systems was the transient. |
|

The staff concludes that the analysis of transients resulting in an |
unplanned increase in heat removal by the secondary system that are |

Iexpected to occur with moderate frequency is acceptable and meets the
reguirements of General Design Criteria 10, 15, and 26 and TMI Action Plan
items II.E.5.1 and II.E.5.2.

1. In meeting GDC 10, 15, and 26 as indicated below we have determined
that the applicant's analysis was performed using a mathematical model
that had been previously reviewed and found acceptable oy the staff.
The parameters used as input to this model were reviewed and found
to be suitably conservative. In addition, we have further determined

i
that the positions of Regulatory Guide 1.53 as related to the single i
failure criterion and Regulatory Guide 1.105 for instruments have :
also been satisfied.

2. The applicant has met the requirements of GDC 10 and 26 with respect
to demonstrating that resultant fuel damage is maintained since the
specified acceptable fuel design limits were not exceeded for this
event.

|
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3. The applicant has met the requirements of GDC 15 with respect to
,m demonstrating that the reactor coolant pressure boundary limits have

(V within acceptable limits. This requirement has been met since the
) not been exceeded by this event and that resultant leakage will be

maximum pressure within the reactor coolant and main steam systems
did not exceed 110% of the design pressures.

4. The applicant has met the requirements of GDC 26 with respect to the
capability of the reactivity control system to provide adequate con-
trol of reactivity during this event while including appropriate
margins for stuck rods since the specified acceptable fuel design
limits were not exceeded.

5. The applicant has met the requirements of II.E.5.1 and II.E.5.2 by
properly accounting for all design modifications in the analysis that
has been made as a result of resolution of this item.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

(N Implementation schedules for conformance to parts of the method discussed
)

(%.J
herein are contained in the referenced regulatory guides and NUREGS.

VI. REFERENCES
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3. Standard Review Plan Section 4.2, " Fuel System Design."

4. 10 CFR Part 50, " Domestic Licensing of Production and Utilization
Facilities."

5. " Standard Safety Analysis Report - BWR/6," General Electric Company,
April 1973.
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Nuclear Energy Systems, October 1976.

(~) 7. " System 80 Standard Safety Analysic Report (CESSAR)," Combustion
Engineering, Inc., August 1973.
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8. " Standard Nuclear Steam System B-SAR-205," Babcock & Wilcox Company,
February 1974.

9. General Design Criterion 10 " Reactor Design."

10. General Design Cr';terion 15, " Reactor Coolant System Design."

11. General Design Criterion 26, " Reactivity Control System Redundancy and
Capability."

12. Regulatory Guide 1.53, " Application of the Single Failure Criterion to
Nuclear Power Plant Systems Protection."

13. Regulatory Guide 1.105, " Instrument Spans and Setpoints."

14. NUREG-0660, "NRC Action Plan Developed as a Result of the THI-2 Accident."

15. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses.

|
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15.1.5 STEAM SYSTEM PIPING FAILURES INSIDE AND OUTSIDE OF CONTAINMENT (PWR)

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (R58)

Secondary - Accident Evaluation Branch

I. AREAS OF REVIEW

The steam release resulting from a rupture of a main steam pipe will cause an
increase in steam flow which decreases with time as the steam pressure decreases.
The increased steam flow causes increased energy removal from the reactor coolant
:,ystem and results in a reduction of coolant temperature and pressure. Due to
the negative moderator temperature coefficient this cooldown causes an increase
in core reactivity. The core reactivity increase may cause a power level
increase and a decrease in shutdown margin. If the plant is at power, the
reactor is automatically tripped and the main steam and feedwater line isolation
valves are automatically closed. Decay heat is removed as necessary through the

(]'j/ unaffected steam generators by venting steam from the secondary system safety and
reliaf valves. The auxiliary feedwater system supplies makeup water to the
unaffected steam generator (s).

Analysis of the transient following a steam line break is sensitive to the fluio
discharge rate at the break so that a range of break sizes must be evaluated both
inside and outside containment to determine the acceptability of the system
response. Past experience generally shows that the worst break is that which
results in the maximum cooldown rate. The course the transient takes and its
ultimate effects also depend on the assumed initial power level and mode of
operation (i.e., hot shutdown, full power, one , two , or three-loop operation).
Analyses with various assumed initial conditions are required to verify that the
condition leading to the severest consequences has been identified.

The topics reviewed include: postulated initial core and reactor conditions
pertinent to the steam line break accident, methods of thermal and hydraulic
analyses including the effects of hydraulic instabilities, postulated sequence of
events inch! ding analyses to determine the time of reactor trip and time delays
prior to and subsequent to initiation of the reactor protection system, assumed

Rev. 2 - July 1981
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responses of the reactor coolant and auxiliary systems, functional and
operational characteristics of the reactor protection system in terms of its
ef fects on the sequence of events, operator actions required to secure and
maintain the reactor in a safe shutdown condition, core power excursion due to
power demand created by excessive ster.m flow out the break, and variables
influencing neutronics.

The results of the analyses are reviewed to ensure that pertinent system
parameters are within expected ranges. The parameters of importance for those
transients include reactor coolant system (RCS) pressure, steam generator
pressure, fluid temperatures, clad temperatures, discharge flow rates, steam
line and feedwater flow rates, safety and relief valve flow rates, pressurizer
and steam generator water levels, reactor power, total core reactivity, hot
and average channel heat flux, and minimum departure from nucleate boiling
ratio (DNBR).

The sequence of events described in the applicant's safety analysis report
(SAR) is reviewed by both RSB an? ICSB. The RSB reviewer concentrates on the
capability of the reactor protection system, the engineered safety systems, |and operator action to secure and maintain the reactor in a safe condition.

I

In addition, the RSB will coordinate other branches' evaluations that interface
with the overall review of the steam system piping failures as follows: the
Auxiliary Systems Branch (ASB) reviews the auxiliary feedwater system to verify
its aSility to function following a steam line break given a single active
component failure with either onsite or offsite power as part of its primary
review responsibility for SRP Section 10.4.9. RSB reviews the auxiliary feed-
water system to verify that the flow provided is acceptable for controlling
the transient following a steam line break. The Mechanical Engineering Branch
(MEB) reviews the effects of blowdown loads, including jet propulsion piping
and component supports as part of its primary revier: responsibility for SRP
Sections 3.6.2 and 3.9. In addition, MEB reviews the design bases for safety
and relief valves in SRP Section 3.9.3. The Containment Systems Branch (CSB)
evaluates the response of the containment to ruptures of steam lines with
regard to the effects of pressure and temperature on the containment functional
capabilities as part of its primary review responsibility for SRP Section 6.2.1.
CSB also reviews the analytical methods for deriving NSSS mass energy releases
exiting a postulated break. The Core Performance Branch (CPB) reviews all the
nuclear design aspects, this includes power levels, power dis'ributions,
Doppler coefficients, moderator temperature coefficients, reactor kinetics
parameters, DNB correlations and control rod worths as part of its primary
review responsibility for SRP Sections 4.2, 4.3 and 4.4. The ICSB reviawer
concentrates on the instrumentation and controls aspects of the sequence

I described in the SAR to evaluate whether the reactor and plant protection and
safeguards controls and instrumentation systems will function as assumed in
the safety analysis with regard to automatic actuation, remote sensing, indi-
cation, control, and interlocks with auxiliary or shared systems. ICSB also
evaluates potential bypass modes and the possibility of manual control by the
operator, as part of its primary review cesponsibility for SRP Sections 7.1
through 7.7.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

15.1.5-2 Rev. 2 - July 1981

_ _ - _ _ _ _



The analytical methods are reviewed by RSB to ascertain whether the mathematical
modeling and computer codes have been previously reviewed and accepted by the
staff. If a referenced analytical method has not been previously reviewed,
RSB initiates a generic evaluation of the new analytical model.s .

A secondary review is performed by the Accident Evaluation Branch and the
results are used by RSB to complete the overall evaluation of the break
analysis. The Accident Evaluation Branch (AEB) evaluates the fission product .

release and verifies that the ridiological consequences resulting from a steam
line break are within acceptable limits. This evaluation is performed for the
design basis case as described in the appendix to this SRP section. The results !

of AEB's analysis is transmitted to RSB for use in the SER writeup.

II. ACCEPTANCE CRITERIA

The general objective of the review of steam line rupture events is to verify
that short-term and long-term coolability has been achieved by confirming that
the primary reactor coolant system is maintained in a safe status for a break
equivalent in area to the double-ended rupture of the largest steam line. RSB
acceptance criteria are based on meeting the relevant requirements of the
following regulations:

A. General Design Criteria 27 and 28, as they relate to the reactor coolant
( system being designed with appropriate margin to assure that acceptable
'| fuel design limits are not exceeded, and that the capability to cool the

core is maintained.
I

B. General Design Criterion 31, as it relates to the reactor coolant system
, ( being designed with sufficient margin to assure that the boundary behaves
| in a nonbrittle manner and that the probability of propagating fracture
! is minimized.
!

1 C. General Design Critierion 35, as it relates to the reactor cooling system
and associated auxiliaries being designed to provide abundant emergency
core cooling.

4

In addition, task action plan items necessary to meet the requirements to
i maintain adequate decay heat removal and reactor coolant pump integrity and

operation are Items II.E.1.2, II.K.2.1, II.K.2.8, II.K.3.5, II.K.2.16,'

; II.K.3.25, and II.K.3.40 of NUREGs 0694, 0718, and 0737. Specific criteria
| necessary to meet the relevant requirements of the above regalations are as
4 follows:
!

| 1. Pressure in the reactor coolant and main steam systems should be main-
j tained balow acceptable design limits, considering potential brittle as
i well as ductile failures.

2. The potential for core damage is evaluated on the basis that it is
acceptatle if the minimum DNBR remains above the 95/95 DNBR limit for
PWRs based on acceptable correlstions (see SRP Section 4.4). If the DNBR
falls below these values, fuel failure (rod perforation) must be assumedr

for all rods that do not meet these criteria unless it can be shown, based
| on an acceptable fuel damage model (see SRP Section 4.2), which includes
| ) the potential adverse effects of hydraulic instabilities, that fewer

failures occur. Any fuel damage calculated to occur must be of sufficiently

I

| 15.1.5-3 Rev. 2 - July 1981
;

, _ _._._ _ _ __. _ _.-. _ , _ _ ,_, _ ___ _ ___ , _ . , _ _ . - , _ _ . . . . _ , _ . . - , _ _ _ _ . . . . . . .



limited extent that the core will remain in place and intact with no
loss of core cooling capability.

3. The radiological criteria used in the evaluation of steam system pipe
break accidents (PWRs only) appear in the appendix to this SRP section.

4. The integrity of the reactor coolant pumps should be maintained, such that
loss of a-c power and containment isolation will not result in pump seal
damage.

5. The auxiliary feedwater system must be safety grade and, when required,
automatically initiated.

6. Tripping of the reactor coolant pumps should be consistent with the
resolution to Task Action Plan item II.K.3.5.

There are certain assumptions regarding important parameters used to describe
the initial plant conditions and postulated system failures which should be
used. These are listed below:

a. The reactor power level and number of operating loops assumed at the
initiation of the transient should correspond to the operating condition
which maximizes the consequences of the accident. These assumed initial
conditions will vary with the particular nuclear steam supply system
(NSSS) design, and sensitivity studies will be required to determine the
most conservative combination of power level and plant operating mode.
These sensitivity studies may be presented in a generic report and
referenced in the SAR.

b. Assumptions as to the loss of offsite power and the time of loss should
be made to study their effects on the consequences of the accident. A

loss of offsite power may occur simultaneously with the pipe break, or
during the accident, or offsite power may not be lost. Analyses should
be made to determine the most conservative assumption appropriate to the
particular plant design. The analyses should take account of the effect
that loss of offsite power has on reactor coolant pump and main feedwater
pump trips and on the initiation of auxiliary feedwater flow, and the
effects on the sequence of events for these accidents.

c. The effects (pipe whip, jet impingement, reaction forces, temperature,
humidity, etc.) of postulated steam line breaks on other systems should
be considered in a manner consistent with the intent of Branch Technical
Positions ASB 3-1 and MEB 3-1 (Ref. 1).

d. The worst single active component failure should be assumed to occur.
The assumed single failure may cause more than one steam generator to blow
down, or may be in any of the systems required to control the transient.

The maximum-worth rod should be assumed to be held in the fully withdrawne.
position. An appropriate rod reactivity worth versus rod position curve
should be used.

f. The core burnup (time in core life) should be selected to yield the most
limiting combination of moderator temperature ccefficient, void coeffi-
cient, Doppler coefficient, axial power profile, and radial power
distribution.
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The initial core flow assumed for the analysis of the steam line ruptureg.
accident should be chosen conservatively. If the minimum core flow

C) allowed by the technical specifications is assumed, the minimum DNBR
margin results, but for the analysis of steam line break accidents this
may n'at be the most conservative assumption. For example, maximum initial
core flow results in increased reactor coolant system cooldown and depres-
surization, decreased shutdown margin, and an increased possibility that
the core will become critical and return to power. Since it is not clear
what initial core flow is most conservative, the assumed value should be
justified.

h. For postulated pipe failure in nonseismically qualified portions of the
main steam line (outside containment and downstream of the MSIVs) due to
a seismically initiated event, only safety grade equipment should be
assumed operative to mitigate the consequences of the break.

i. For postulated instantaneous pipe failures in seismically qualified
portions of the main steam line (inside containment and upstream of the
MSIVs), only safety grade equipment should be assumed operative. If, in

addition, a single malfunction or failure of an active component is
postulated, credit may be taken for the use of a backup nonsafety grade
component to mitigate the consequences of the break.

During the initial 10 minutes of the transient, should credit for operatorj.
action be required (i.e., RCP trip), an assessment for the limiting conse'
quence must be performed in order to account for operator delay and/or
error.

III. REVIEW PROCEDURES

The procedures below are used during both the construction permit (CP) and
operating license (0L) reviews. During the CP review, tne values of system
parameters and setpoints used in the analysis will be preliminary in nature
and subject to change. At the OL review stage, final values should be used in
the analysis, anJ the reviewer should compare these to the limiting safety
system settings included in the proposed technical specifications.

1. The reviewer determines the acceptability of the analytical models and
assumptions as follows:

The values of system parameters and initial core and system conditionsa.
used as input to any analytical model are reviewed by RSB. Of particular
importance are the reactivity coefficients and control rod worths used in
the analysis, and the variation of moderator temperature, void, and
Doppler coefficients of reactivity with core life. The justification
provided by the applicant to show that he has selected the core burnup
that yields the minimum margins is evaluated. CPB is consulted regarding
core-related parameters such as DNB correlations and the values of the |

reactivity parameters used in the analysis. The reviewer confirms that
the amount of secondary coolant expelled from the system (for breaks out-
side containment) has been calculated conservatively by evaluating the
applicant's methods and assumptior.s, by comparing with an acceptable
analysis performed on another plant of similar design, or by comparing

O with staff calculations for typical plants done by RSB.
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b. The acceptability of the methods equations, sensitivity studies, and |models proposed by the applicant are evaluated. I

Analytical models should be sufficiently detailed to simulate the reactorc.
coolant (primary), steam generator (secondary), and auxiliary systems.
The reviewer evaluates the following functional requirements:

(1) Reactor trip signal: credit taken for any reactor trip signal is
reviewed by ICSB to confirm that, under accident conditions, the
instrumentation and control systems are capable of the assumed
response.

(2) Emergency core cooling system (ECCS): credit taken for actuation of
the ECCS is reviewed by ICSB to verify the ability of the
instrumentation and control systems to respond as assumed.

(3) Auxiliary feedwater system: the availability of the auxiliary
feedwater system to supply adequate auxiliary feedwater flow to the
intact steam generators during the accident and the subsequent shut-
down condition is evaluated. This is done by ASB as to availability
of the system and by RSB as to capability to effect an orderly
shutdown. Since auxiliary feedwater system designs are diverse and
may require both automatic and manual actuation, preoperationr1 tests
should be specified to identify any necessary operator actions and
to establish times required for their completion.

d. The variations with time during the transient of the neutron power,
heat fluxes (average and maximum), total core reactivity, reactor
coolant system pressure, minimum DNBR; coolant conditions (inlet
temperature, core average temperature and average exit and hot
channel exit temperatures, fuel rod conditions (maximum fuel center-
line temperature, maximum clad temperature, or maximum fuel enthalpy),
steam generator pressure, containment pressure, relief and/or safety
valve flow rates, discharge flow rate, steam line and feedwater flow
rates and pressurizer and steam generator water levels are reviewed.
The values of the more important of these parameters for the steam
line break accident (as listed in subsection I) are compared with
those predicted for other similar plants to see that they are within
the range expected.

2. To the extent deemed necessary, the reviewer evaluates the effect of
single active failures of systems and components that may affect the
course of the accident. This phase of the rcview is done using the system
review procedures described in the SRP sections for Chapters 5, 6, 7, 8,
and 10 of the SAR. The reviewer also considers single failures that may
cause more than one steam generator to blow dowi,, thus increasing the
reactivity addition to the core.

3. The reviewer confirms that a commitment has been made in the SAR to
conduct preoperational tests for verifying that valve discharge rates and
response times (including, for example, openir.g and closing times for main
feedwater, auxiliary feedwater, turbine and main steam isolation valves,
and steam generator and pressurizer relief ant' safety valves) have been
conservatively modeled in the accident analyses. In addition, preopara-
tional testing should include verification of reactor trip delay times,

'

startup delay times for auxiliary feedwi ter system actuation, safety
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injection signal delay time, and delay times for delivery of any high
concentration boron solution required to bring the plant to a safe
shutdown condition.

4. Based on the above information, AEB evaluates the radiological
consequences of tae design basis steam line break accident as described
in the appendix to this SRP section.

5. Upon request from the primary reviewer, other secondary review branches
will provide input for the areas of review stated in subsection I of this
SRP section. The primary reviewer obtains and uses such input as required
to assure that this review procedure is complete.

6. The reliability and operability of the auxiliary feedwater systems (AFWS)
are reviewed to assure confonnance to the following THI Action Plan items
(Ref. 6 through 8) as they relate to auxiliary feedwater system performance
requirements for steam system piping failures:

.

(a) Items II.E.1. and II.K.2.1,
(b) Items II.E.1.2 and II.K.2.8.

7. The influence of reactor coolant pump trip during ECCS initiation is
reviewed to assure conformance to the TMI Action Plan item II.K.3.5
(Ref. 6 through 8). Should tripping of the reactor coolant pumps require
manual action, delays in operation actions must be assessed.

8. The reliability and integrity of the reactor coolant pump seals during' loss of alternating-current power and loss of coolant to the seals (i.e.,
resulting from containment isolation) are reviewed to assure conformance
to the TMI Action Plan items II.K.2.16, II.K.3.25, and II.K.3.40.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his
review supports the following kinds of statements and conclusions, which
should be included in the staff's safety evaluation report:

The staff concludes that the consequences of postulated steam line breaks
meet the relevant requirements set forth in the General Design Criteria 27,
28, 31, and 35 regarding control rod insertability and core coolability
and TMI Action Plan Items. This conclusion is based upon the following:

(a) The applicant has met the requirements of GDC 27 and 28 by
demonstrating that the resultant fuel damage was limited such that
control rod insertability would be maintained, and that no loss of
core cooling capability resulted. The minimum departure from nucleate
boiling ratio (DNBR) experienced by any fuel rod was ,

resulting in _% of the rods experient. ug cladding performation.

(b) The applicant has met the requirements of GDC 31 with respect to
demonstrating the integrity of the primary system boundary to
withstand the postulated accident.

( (c) The applicant has met the requirements of GDC 35 with respect to
L demonstrating the adequacy of the emergency cooling systems to
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______ ___

provide abundant core cooling and reactivity control (via boron
injection).

(d) The analyses and effects of steam line break accidents inside and
outside containment, during various modes of operation with and
without offsite power, have been reviewed and were evaluated using a
mathematical model that has been previously reviewed and found
acceptable by the staff.

(e) The parameters used as input to this model were reviewed and found
to be suitably conservative.

(f) The radioactivity release has been evaluated using the computer code
SARA and a conservative description of the plant response to the
accident. A decontamination factor of between the water and
steam phases and i X/Q value of _secim" has been used in our
evaluation of ra'sological consequences. The calculated doses are
presented in TabJe Technical specification limits on F '7 ry.

and secondary coolant activities will limit potential doses to a
small fraction of the 10 CFR Part 100 exposure guidelines. The
potential doses are within 10 CFR Part 100 exposure guidelines even
if the accident should occur coincident with an iodine spike.

(g) The applicant has met the requirements of Task Action Plan items II.E.1,
II.K.2.1, II.E.1.2, and II.K.2.8 with respect to demonstrating the
adequacy of the auxiliary feedwater design to remove decay heat
following steam system piping failures.

(h) The applicant has met the requirements of Task Action Plan
items II.K.2.16, II.K.3.25 and II.K.3.40 with respect to demonstrating
the integrity and operation of the reactor coolant pumps to withstand
the postulated accident.

(i) The applicant has met the requirements of Task Action Plan Item II.K.3.5
with respect te the operation and tripping of the reactor coolant pumps.
The assumptions used are conservative and consistent with the generic
resolution to item II.K.3.5.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Im,lementation schedules for conformance to parts of the method discussed
herein are contained in the referenced NUREGs.

VI. REFERENCES

1. Branch Technical Positions ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Oftside Containment," attached to SRP
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i

j Section 3.6.1, and MEB 3-1, " Postulated Break and Leakage Locations in
Fluid System Piping Outside Containment," attached to SRP Section 3.6.2.,

2. 10 CFR Part 50, General Design Criterion 27, " Combined Reactivity Cont *ol
_ i

Systems capability." [
>

t

: 3. 10 'R Part 50, General Design Criterion 28, " Reactivity Limits." !
,

4. 10 CFR Part 50, General Design Criterion 31, " Fracture Prevention ofj
Reactor Coolant Pressure Boundary." *

;

i
j 5. 10 CFR Part 50, General Design Criterion 35, " Emergency Core Cooling." ,

; 6. N'JREG-0694, "TMI-Related Requirements for New Operating Licenses." ;

! 7 NUREG-0718, " Licensing Requirements for Pending Applications for .:

j Construction Permits and Manufacturing Licenses.
.(-

,
i 8. NUREG-0737, " Classification of TMI Action Plan Requirements." !
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15.1.5 RADIOLOGICAL CONSEQUENCES OF MAlil STEAM LINE FAli.URES
APPENDIX A OUTSIDE CONTAINMENT OF A PWR

REVIEW RESPONSIBILITIES

; Prii y - Accident Evaluation Branch (AEB)

Secondary - Reactor Systems Branch (RSB)

I.' P CAS OF REVIEW

The' SW S'ection 15.1.5 covers the review by the Reactor Systems Branch (RSB) of~-

the main sterni line break (MSLB) accident outside the cont 6inment of a PWR plant,
including the' response of the reactor and plant systems, the potential for fuel
failure and the effect on the core thermal margins. This Appendix A of SRP

,

' Sectiet) 15.1.5 : overs the rnview by the AEB of the radiological consequences of
' 'LSt 15tB accident. The review includes the following:

.._ \
~

1.. Review of the sequence of events, as described by the applicant, with and
withoutoffsitepoweravaijrble,toassurethatthemostseverecaseofa..

'r:dioactive releases has been considered,o
, .,

,' 2. Review of the models and asseptions used by the a,)plicant for the calculation
of jhe thyroid and whole-body doses for the postulatad accident,

, ,

'

3. . Independent calculation by the staff of the thyroid and whnle-body doses for
' the MSLB accident,

,

4. Comparisonofthedosesct.lc$1atedbytheapplicantandbythestaffwith
appropriate exppsure guidelices, as stated in 4yb.;ection II below,

5. Evaluation of thn taNiical specifications on the primary and secondary
coolant iodine activities, end -

-
. ,

6. Twocasasfor'thereaci.of'coolantiodinecont.entrationcorrespondingto
(a) a preaccident iodine spike and (b; a concurient iodine spike.

.

'

i
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A secondary review is performed by the RSB and the results are used by AEB in
the overall evaluation of the MSLB radiological consequence analysis. The

[,j'T potential for fuel failures resulting from the post 4ated MSLB accident is
g routinely evaluated by the RSB under SRP Section 15.1.5 and the results will

be provided to the AEB as an additional source of iodine activity in the
reactor coolant for consideration in the evaluation of the MSLB radiological
consequences.

The review of the technical specifications is coordinated with and performed
by the Licensing Guidance Branch as part'of its primary review responsibility
for SRP Section 16.0. The acceptance criteria necessary far the review and
their methods of application are contained in the referenced SRP section.

II. ACCEPTANCF CRITERIA

The acceptance criteria are ba' sed on the relevant requirements of 10 CFR
Part 100 as related to the radiological consequences of a postulated accident.
The plant site and the dose mitigatina engineered safety features are acceptable
with respect ta the radiological ransequences of a postulated MSLB outside
containment of a PWR facility if the calculated whole-body and thyroid doses
at the exclusion area and the low population zone outer boundaries do not
exceed the following exposure guidelines:

1. for an MSLB with an assumed preaccident iodine spike and for an MSLB with
the highest worth control rod stuck out of the core, the calculated doses
should not exceed the guideline values of 10 CFR Part 100, Section 11
(Ref. 1), and

p) 2. for an MSLB with the equilibrium iodine concentration for continued fulls
V power operation in combination with an assumed accident initiated iodine

spike, the calculated doses should not exceed a small fraction of the
above guideline values, i.e., 10 percent or 2.5 rem and 30 rem respectively,
for the whole-body and thyroid doses.

The methodology and assumptions for calculating the radiological consequences4

should reflect the regulatory positions of Regulatery Guide 1.4 (Ref. 8) except
for the atmospheric dispersion factors which are reviewed under SRP Section 2.3.4.

Plant techrical specifications are required for the lodine activity in the
primary and secondary coolant system and for the leak rate from the primary
to the secondary coolant system in the steam generator (s). These specifications
are acceptable if the calculated potential radiological comequences from the
MSLB accident are within the exposure guidelines for the above two cases.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this SRP section as
are appropriate for the particular plant. The review areas to be given atten-
tion and emphasis are determined by the similarity of the information presented
in the SAR to that recently reviewed on other plants and whether items of special
safety significance are involved.

At the construction permit stage, there is generally insufficier.t informationp available to make meaningful radiological consequence calculations for this
V
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accident. At this stage, the review is limited to a brief review of the
applicant's discussion of the main steam line failure accidents to determine
that there are no unusual design features that would preclude the limitation
of radiological consequences by appropriate limits on coolant concentrations
and primary-to-secondary system leak rate. The detailed review of radiological
consequences of the main steau line failure accident is done at the operating
license stage when system parameters are fully developed.

The standard technical specifications for the NSSS of each of the three PWR
vendors include limits on the primary and secondary coolant activities and
primary-to-secondary leak rate. These limits are used by the staff in its
independent dose calculations when plant specific technical specifications are
not available. If the applicant proposes to use these standard limits and the
plant is one of the standard NSSS/ BOP plants for which the steam line failure
accident has been evaluated generically with the standard coolant activity ard
leakage limits, then the reviewer need not reevaluate the offsite doses from
this accident provided that the atmospheric dispersion factors (X/Q values)
for the site under review are lower than the limiting X/Q used in the generic
review of the standard plant steam line failure.

The review of main steam line failure accidents at the operating license stage
consists of the following steps:

1. Review of the applicant's descriptions of the steam line failure accident,
with and without offsite power. This includes a review of the time sequence
of occurrence of events.

2. Review of the applicant's description of events by the RSB, including
operator actions. Review of the sequence of events to assure that the
most severe case from the standpoint of release of radioactive materials
and calculated doses has been identified.

3. Determination of primary and secondary coolant activity equilibrium
concentrations. The reviewer assumes the primary and secondary coolant
activity concentrations allowed by the technical specifications (SAR
Chapter 16 or the Standard Technical Specifications given in References 2,
3, or 4) as equilibrium concentrations prior to the accident.

4. Determination of iodine spiking effects. For the dose calculations the
following two cases of iodine spiking are analyzed:

(a) A reactor transient has occurred prior to the postulated MSLB and
has raised the primary coolant iodine concentration to the maximum
value permitted by the standard technical specifications (i.e., a
preaccident iodine spike case). The primary coolant iodine concentra-
tion for this case is obtained from Figure 3.4-1 of the NSSS vendor
standard technical specification (Ref. 2, 3, or 4) or from the plant
specific technical specifications proposed in Chapter 16 of the appli-
cant's SAR, as appropriate.

(b) The reactor trip and/or primary system depressurization associated
with the MSLB creates an iodine spike in the pr' mary system (Refs. 5
and 6). Tha increase in primary coolant iodine concentration is
estimated using a spiking model which assumes c. hat the iodine release
rate from the fuel rods to the primary coolant (expressed in curies
per unit time) increases to a value 500 times greater than the release
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rate corresponding to the iodine concentration at the equilibrium
value stated in the NSSS vendor standard technical specif fcations or

/] from the plant specific technical specifications, as appropriate
Q (i.e., concurrent iodine raike case).

5. Evaluation of the effects of fuel failure. As a result of the MSLB accident,
fuel failures can occur, releasing fission products into the reactor coolant
and thus making additional activity available for release to the atniosphere.
The RSB reviews, under SRP Section 13.1.5, the effects of the MSLB on the
core thermal margins and the associated amount of fuel failures, assuming
that the highest worth control rod is stuck at its fully withdrawn position.
The RSB, as a secondary review branch, will inform the AEB of the fuel
failure estimate. If the MSL3 accident is predicted to cause such fuel
failure, a dose analysis will be performed with the corresponding iodine
activity but without a concurrent iodine spike.

6. Determination of the primary-to-secondary leakage. Normal operating
primary-to secondary leakage is assumed to exist in the steam generators.
The leakage rate should be the maximum allowed by the technical specifica-
tions. This value is 1 gpm in the STS but may be lower if required tecause
of the radiological consequences of a rod ejection accident. The leakage |should be apportioned between affected and unaffected steam generator (s)
in such a manner that the calculated dose is maximized.

7. Determination of iodine transport to the atmosphere. During periods of
steam generator dry-out, all iodine transported to the secondary side by
primary coolant leakage is assumed to be released to the atmosphere.

p) During periods of total submergence of the tubes, the fraction of iodine
released is equal to the flash fraction of the primary coolant leakage.C' Appropriate credit for scrubbing by the secondary coolant may also be
claimed using models presented in Reference 7. Any iodine transferred to
the secondary coolant system will become airborne at a rate which is a
function of the steaming rate and iodine partition coefficient. An iodine
partition coefficient of 100 between steam generator water and steam phases
may be conservatively assumed, unless the applicant presents reasonable
evidence that the use of some other value is justified.

8. Determination of atmospheric dispersion characteristics (X/Q values). The
appropriate X/Q values are determined by the assigned meteorologist in
accordance with SRP Section 2.3.4.

9. Calculation of the exclusion area boundary (EAB) and low population zone
(LPZ) boundary doses. The reviewer performs an independent calculation
of the doses for the steam line break accident, using the two iodine
concentrations in item 4 above. The breathing rates and dose conversion
factors are in accordance with Regulatory Guide 1.4 (Ref. 8).

10. Review of dose calculations. The whole-body and thyroid doses calculated
by the staff and by the applicant are compared with the acceptance criteria
stated in subsection II of this appendix. If the doses calculated by the
staff are not within the exposure guidelines then the staff will reduce
as necessary any of the following plant-specific technical specifications:
the primary and/or secondary equilit'rit m iodine concentrations, maximum

A primary coolant iodine activity (proccident spike), or primary-to-secondary
y) system leak rate.
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IV. EVALUATION FINDINGS

The reviewer verifies that sufficient informatica has been provided by the
applicant and that the appilcant's analysis and the staff's independent calcula-
tions support conclusions of the following type, to be included in the staff's
safety evaluation report at the operating license stage:

The staff concludes that the distances to the exclusion area and to the
low population zone oater boundaries for the (insert PLANT NAME) site, in
conjunction with the operation of the dose mitigating ESF systems, are
sufficient to provide reasonable assurance that the calculated radiological
consequences of a postulated main steam line failure outside the containment
do not exceed: (a) the exposure guidelines as set forth in 10 CFR Part 100
S100.11 for an MSLB with an assumed preaccident iodine spike or for an
MSLB with the highest worth control rod stuck out of the core and (b) 10
percent of these exposure guidelines, for an MSLB with an equilibrium iodine
concentration in combination with an assumed accident generated iodine
spike. The results of the staff's calculations are listed in Table 15. .

The staff's conclusion is based on (1) the staff review of the applicant's
analysis of the radiological consequences, Q) the independent dose calcu-
lation by the staff esing conservative assumptions, including atmospheric
dispersion factors as discussed in Chapter 2 of this report, and (3) the
(INSERT NSSS VENDOR) Standard Technical Specifications for the iodine con-
centration in the primary and secondary coolant system, and for the primary-
to-secondary leakage in the steam generators. The staff will review the
(PLANT NAME) specific technical specifications to assure that the dose
guidelines stated above are not exceeded.

i

At the construction permit stage, the following paragraph is included in the
staff's safety evaluation report:

On the basis of our experience with the evaluation of steam line and
steam generator tube failure accidents for PWR clants of similar
design, we have concluded that the consequences of these accidents
can be controlled by limiting the permissible primary and secondary
coolant system radioactivity concentrations and/or primary-to-second-
ary leak rates so that potential offsite doses are small. At the
operating license stage, we will include appropriate limits on these
parameters to be included in the plant technical specifications.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the staff's
plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method described herein
are contained in the referenced regulatory guide.
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15.2.1-15.2.5 LOSS OF EXTERNAL LOAD; TURBINE TRIP; LOSS OF CONDENSER VACUUM;
CLOSURE OF MAIN STEAM ISOLATION VALVE (BWR); AND STEAM PRESSURE
REGULATOR FAILURE (CLOSED)

REVIEW RESPONSIBILITIE_S.

Primary - Reactor Systems Branch (RSB)

Secondary - None |

I. AREAS OF REVIEW

A number of transients which are expected to occur with moderate frequency result
in unplanned decreases in heat removal by the secondary system. Each transient

|covered in this SRP section should be discussed in individual sections of the
safety analysis report (SAR), as required by the Standard Format (Ref. 1). The
transients to be evaluated are:

1. Loss of External Load
/ ;

( "/ In a loss of external load event an electrical disturbance causes loss of a signif-
'

icant portion of the generator load. This loss of load situation is different
from the loss of ac power condition considered in Standard Review Plan (SRP)
Section 15.2.6 in that offsite ac power remains available to operate the station
auxiliaries (such as reactor coolant pumps). The onsite emergency diesels are
therefore not required for the loss of external load transient. Immediate fast
closure of the turbine control valves (TCV) and intercept valves is initiated
whenever a loss of generator load takes place. For a boiling water reactor (BWR),
a fast TCV closure (0.150-0.2 sec) causes a sudden reduction in steam flow and
results in a reactor pressure surge. For a BWR without select rod insert (SRI),
reactor scram occurs. For a pressurized water reactor (PWR) there is also a sudden
reduction in steam flow, and tnis causes the pressure and temperature in the shell
side of the steam generator to increase. The latter effect, in turn, results in
an increase in reactor coolant temperature, a decrease in coolant density, an
increase in water volume in the pressurizer, and an increase in reactor coolant
pressure. For a PWR with an integrated control system, reactor power can be run
back to a lower level on TCV closure.
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In all light water-cooled reactors, sensible and decay heat can be removed
through actuation of one or several of the following systems: steam relief
system, steam bypass to the condenser, reactor core isolation cooling system
(BWR), emergency core cooling systems, and auxiliary feedwater system (PWR).

2. Turbine Trip

In a turbine trip event a malfunction of a turbine or reactor system causes
the turbine to be tripped off the line by abruptly stopping steam flow to the
turbine. This is different from the loss of electrical load condition described
above in that fast closure of the turbine stop valves (TSV) is initiated. The
TSV have faster (0.1 sec) closure times that the turbine control valves, result-
ing in more severe transients. For typical BWR and PWR plants, position switches
on the TSV sense the trip and initiate reactor scram. The remainder of this
transient is similar to the previously discussed loss of electrical load.

3. Loss of Condenser Vacuum

A loss of condenser vacuum event is one of the malfunctions that can cause a
turbine trip. The remarks in item 2, above, thus apply to this transient.

4. Main Steam Isolation Valve Closure

The main steam isolation valve (MSIV) transient for BWRs can be initiated by
various steam line or reactor system malfunctions and by various operator
actions. As the MSIVs close, position switches initiate a reactor scram when
the valves in three or more of the steam lines are less than 90% open, the
reactor pressure is above 600 psi, and the reactor mode switch is in the RUN
position. The effect of MSIV closure is to limit steam flow to the turbine.
ihe results are similar to those discussed in item 1, above, but tend to be
less severe since the MSIV closure time is much longer than that of the TCV.

5. Steam Pressure Regulator Failure

Steam pressure regulator failure in a closed position yields a transient similar
to the transients discussed above. Generally, because the rate of change of
system parameters is slower for a steam pressure regulator failure, a less severe
transient results.

The review of the transients described above includes the sequence of events,
the analytical models, the values of parameters used in the analytical models,
and the predicted consequences of the transients.

The sequence of events described in the SAR ar.alysis is reviewed by RSB in
consultation with the Instrumentation and Control Systems Branch (ICSB). The
RSB reviewer concentrates on the assumptions used for the reactor protection
system, the engineered safety systems, and operator action to secure and main-
tain the reactor in a safe condition.

The analytical methods are reviewed by RSB to ascertain that al' mathemetical
models and computer codes have been previously reviewed and accepted by the
staff. If a referenced analytical method or code has not been previcasiy rev tewed,
the R$B reviewer requests initiation of a generic evaluation of the new anulytical
model or code by RSB or the Core Performance Branch (CPB), as apprcpriate.

The predicted results of the transient analyses are then reviewed to assure
that the consequences meet the acceptance criteria given in st.bsection II,
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below. Further, the results of the analyses are reviewed to ascertain that
the predicted values of pertinent system parameters are within expected ranges/^ for the type and class of reactor under review.

\,

'
The RSB will coordinate other branches' evaluations that interface with theoverall review of the transient analysis as follows: The ICSB review of SRP;

Sections 7.2 and 7.3 is consulted on the instrumentation and controls aspects
of the sequences described in the SAR to evaluate whether the reactor and plant
protection and safeguards controls and instrumentation systems will function
as assumed in the safety analysis with regard to automatic actuation, remote,

: sensing, indication, control, and interlocks with auxiliary or shared systems.
i -ICSB also reviews potential bypass modes, and the possibility of manual control

by the operator as part of its primary review responsibility for SRP Sections 7.2
through 7.5. The Core Performance Branch (CPB) reviews the values of all the'

parameters used in the analytical models, including the initial conditions of
the core and system. CPB also reviews the core physics, fuel design, and,

core thermal-hydraulics data used in the SAR analysis as part of its primary;

review responsibility for SRP Sections 4.2 through 4.4. The review of the
Technical Specifications is coordinated and performed by the Licensing Guidance
Branch as part of its primary review responsibility for SRP Section 16.0,c

For those areas of review identified above as part of the primary review
responsibility of other branches, the acceptance criteria necessary for the
review and their methods of application are contained in the referenced SRP
section of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

RSB acceptance criteria are based on meeting the requirements of the following,

( regulations:

A. General Design Criterion 10 as it relates -to the reactor coolant system,

being designed with appropriate margin to assure that specified acceptable
fuel design limits are not exceedea during normal operations including
anticipated operational occurrences.

B. General Design Criterion 15 as it relates to the reactor coolant system
and its associated auxiliaries being designed with appropriate margin to
assure that the pressure boundary will not be breeched during normal opera-
tions including anticipated operational occurrences.

C. General Design Criterion 26 as it relates to the reliable control of reac-
tivity changes to assure that specified acceptable fuel desi
not exceeded, including anticipated operational occurrences.gn limits areThis is
accomplished by assuring that appropriate margin for malfunctions, such

j .as stuck rods, is accounted for. ,

Specific criteria necessary to meet the relevant requirements of GDC 10,15,
and 26 are as follows:

1. The basic objectives of the review of the transients listed in subsection I
are:

J p) To identify which of the moderate-frequency transients that resultsa.
g in an unplanned decrease in secondary system heat removal is the mostj

limiting. (The term " moderate frequency" is used in this SRP sectionx'
4
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in the same sense as in the definitions of design and plant process
conditions in References 8 and 9.)

b. To verify that, for the most limiting transient, the predicted plant
'response is such that the specific criteria given below regarding

fuel damage and system pressure are satisfied.

c. To verify that the plant protection systems setpoints assumed in the
transients analyses are selected with adequate allowance for measurement
inaccuracies as delineated in Regulatory Guide 1.105 (Reference 3).

2. The criteria for incidents of moderate frequency are:

a. Pressure in the reactor coolant and main steam systems should be main-
tained below 110% of the design values (Ref. 2).

b. Fuel cladding integrity shall be maintained by ensuring (nat the
minimum DNBR remains above the 95/95 DNBR limit for PWRs and the
CPR remains above the MCPR safety limit for BWRs based on acceptable
correlations (see SRP Section 4.4).

An incident of moderate frequency should not generate a more seriousc.
plant condition without other faults occurring independently.

d. An incident of moderate frequency in combination with any single
active component failure, or single operator error, shall be con-
sidered an event for which an estimate of the number of potential
fuel failures shall be provided for radiological dose calculations.
For such accidents, fuel failure must be assumed for all rods for
which the DNBR or CPR falls below those values cited above for
cladding integrity unless it can be shova, based on an acceptale
fuel damage model (see SRP Section 4.2) taat fewer failures occur.
There shall be no loss of function of any fission product barrier
other than the fuel cladding.

3. The applicant should analyze these transients using an acceptable analytical
model. The equations, sensitivity studies, and models described in Refer-
ences 4 through 7 are acceptable. If other analytical methods are proposed
by the applicant, these methods are evaluated by the staff for acceptability.
For new generic methods, the reviewer requests an evaluation by RSB.

The values of the parameters used in the analytical model should be suitably
conservative. The following values are considered acceptable for use in
the model:

at 102% of the rated (licensed) core thermal
The reactor is initially % power measurement uncertainty), and primarya.
power (to account for a 2
loop of flow is at the nominal design flow less the flow measurement
uncertainty.

b. Conservative scram characteristics are assumed, i.e., maximum time
delay with the most reactive rod held out of the core for PWRs and a
0.8 multiplier on the predicted reactivity insertion rate for BWRs.

The core burnup is selected to yield the most limiting ccabinationc.
of moderator temperature coefficient, void coefficient, Doppler
coefficient, axial power profile, and radial power distribution.
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III. REVIEW PROCEDURES

The procedures below are used during both the construction permit (CP) and opera-p)i ting license (OL) reviews. During the CP review the value's of system parameterss

and setpoints used in the analysis will be preliminary in nature and subjectv
to change. At the OL review stage, final values should be used in the analysis,
and the reviewer should compare these to the limiting safety system sett'ngs
included in the proposed technical specifications.

The description of these transients presented by the applicant in the SAR is
reviewed by RSB regarding the occurrences leading to the initiating event.
The sequence of events from initiation until a stabilized condition is reached
is reviewed to ascertain:

1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

2. The extent to which plant and reactor protection systems are required to
function.

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineered safety systems that is required.

5. The extent to which operator actions are required.

6. That appropriate margin for malfunctions, such as stuck rods (see II.3.b)
is accounted for.

(O~,/ If the SAR states that any one of these transients is not as limiting as some
other similar transient, the reviewer evaluates the justification presented by
the applicant. The applicant is to present a quantit?'.ive analysis in the SAR
of the reduction-of-heat-removal transient that is determined to be most limiting.
For this transient, the RSB reviewer, in consultation with the ICSB reviewer, |reviews the timing of the initiation of those protection, engineered safety,
and other systems needed to adequately limit the consequences of the transient
to an acceptable level. The RSB reviewer compares the predicted variation of
system parameters with various trip and system initiation setpoints. The ICSB
reviewer provides consultation on automatic initiation, actuation delays,'pos- |sible bypass modes, interlocks, and the feasibility of manual operation if the
SAR states that operator action is needed or expected.

To the extent deemed necessary, the RSB reviewer evaluates the effect of single
active failures of systems and components which may affect the course of the
transient. This phase of the review uses the system review procedures described
in the standard review plans for Chapters 5, 6, 7, and 8 of the SAR.

The mathematical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam line
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, RSB initiates a generic review of

~

the model proposed by the applicant. CPB is consulted regarding the specified
acceptable fuel design limits (SAFDLs).

,-

[ j The values of system parameters and initial core and system conditions used as
V input to the model are reviewed by RSB. Of particular importance are the values
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of rea:.uvity coefficients and control rod worths used by the applicant in his
analysis, and the variations of moderator temperature, void, and Doppler coeffi-
cients of reactivity with core life. The reviewer evaluates the justification
provided by the applicant to show that the core burnup selected yields the mini-
mum margins. CPB is consulted regarding the values of the reactivity parameters
used in the applicant's analysis.

The results of the analysis are reviewed and compared to the acceptance criteria
presented in subsection II of this SRP section regarding fuel integrity and
the maximum pressure in the reactor coolant and main steam systems. The varia-
tions with time during the transient of the neutron power, heat fluxes (average
and maximum), reactor coolant system pressure, minimum DNBR (PWR) or CPR (BWR);
core and recirculation loop coolant flow rates (BWR), coolant conditions (inlet
temperature, cr+e average temperature (PWR), core average steam volume fraction
(BWR), average exit and hot channel exit temperatures, and steam fractions),
steam line pressure, containment pressure, pressure relief valve flow rate,
and flow rate from the reactor coolant system to the containment system (if
applicable) are reviewed. The more important of these parameters for the
limiting transient are compared to those predicted for other similar plants
to verify that they are within expected range.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his review
supportsthefollowingkindsofstatementsandconclusions,whichshouldbe
included in the staff s safety evaluation report (SER):

The staff concludes that the plant design is acceptable with regard
to transients resulting in unplanned decreases in heat removal by
the secondary system that are expected to occur with moderate frequency
and that the predicted response meets the requirements of General
Design Criteria 10, 15, and 26. This conclusion is based on the
following:

The applicant has met the requirements of GDC 10 and 26 with respect
to demonstrating that specified acceptable fuel design limits are
not exceeded for this event and has met the requirements of GDC 15
with respect to demonst.ating that the reactor coolant pressure limits
have not been exceeded by this event, and that resultant leakage will
be within acceptable limits by assuring that plant transients do not
result in an unplanned decrease in heat removal by the secondary system.
Those that might be expected to occo- with moderate frequency are
turbine trip, loss of external load, steam pressure regulator malfunc-
tions, main steam isolation valve closure (in BWRs), loss of condenser
vacuun., loss of nonemergency ac power to the station auxiliaries,
and loss of normal feedwater flow.* All these postulated transients
have been reviewed. It was found that the most limiting in regard
to core thermal margins and pressure wit' in the reactor coolant and
main steam systems was the transient. This transient was

9he SER should present one statement for moderate frequency trrn.ienta im ulv-
ing an unplanned decrease in heat removal by the secondary syctcm. Thus, tW

results of the reviews under SRP Sections 15.2.6 and 15.2.7 are included in
this statement.
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evaluated by the applicant using a mathematical model that had been,

q previously reviewed and found acceptable by the staff. The parameters

(U) used as input to this model were reviewed and found to be suitably
conservative and in accordance with the recommendation of Regulatory
Guide 1.105. The results of the analysis of the tran- <

sient showed that cladding integrity was maintained by ensuring that
the maximum departure from nucleate boiling ratio (or minimum critical
heat ratio for a BWR) did not decrease below , and that the
maximum pressure within the reactor coolant and main steam systems
did not exceed 110% of their design pressures.

V. IMPLEMENTATION
,

The following is intended to provide guidance to applicants and licensees regard-
ing the NRC staff's plans for using this SRP section.

| Except in those cases in which the applicant proposes an acceptable alternat %e
i method for complying with specified portions of the Commission's regulations,

the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES
|

' 1. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

\ 2. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NB-7000, " Protection Against Overpressure," American
Society of Mechanical Engineers.

3. Regulatory Guide 1.105, " Instrument Spans and Setpoints."

4. " Qualification of the One-Dimensional Core Transient Model for Boiling
Water Reactors," General Electric Reports NED0-24154 and NEDE-24154P
Volumes I, II, and III, October 1978.

i

5. "Loftran Code Description," Westinghouse Electric Corporation Report
WCAP-7907, October 1972 (in review).

6. "CESEC-Digital Simulation of a Combustion Engineering Nuclear Steam Supply
System," CENPD-107, April 1974 (in review).

7. " TRAP 2-Fortran Program for Digital Simulation of the Transient Behavior
of the Once-Through Steam Generator and Associated Reactor Coolant Systems,"
Babcock & Wilcox, BAW-10128, August 1976 (in review).

8. ANSI N18.2, " Nuclear Safety Criteria for the Design of Stationary Pres-
surized Water Reactor Plants," American National Standards Institute (1974).

9. ANS Trial Use Standard N212, " Nuclear Safety Criteria for the Design of
,

Stationary Boiling Water Reactor Plants," American Nuclear Society (1974).
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10. 10 CFR Part 50, General Design Criterion 10, " Reactor Design."

11. 10 CFR Part 50, General Design Criterion 15, " Reactor Coolant System
Design."

12. 10 CFR Part 50, General Design Criterion 26, " Reactivity Control System
Redundancy and Capability."
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15.2.6 LOSS OF NONEMERGENCY AC POWER TO THE STATION AUXILIARIES

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

The loss of nonemergency ac power is assumed to result in the loss of all power
to the station auxiliaries. This situation could result either from a complete
loss of the external grid (offsite) or a loss of the onsite ac distribution
system. It is different from the loss of load condition considered in Standard
Review Plan (SRP) Section 15.2.2 because, in the latter case, ac power c<tmains
available to operate the station auxiliaries. The major difference is that in
the loss of ac power transient all the reactor coolant circulation pumps are
simultaneously tripped by the initiating event. This causes a flow coastdown as
well as a decrease in heat removal by the secondary system.

)' Within a few seconds the turbine trips and the reactor coolant system is isolated,s
'"

causing the pressure and temperature of the coolant to increase. A reactor trip
is initiated. The diesel generators are automatically started and provide elec-
tric power to the vital loads. The sensible and decay heat loads are handled by
actuation of the steam relief system, steam bypass to the condenser, reactor core
isolation cooling system in a boiling water reactor (BWR), emergency core cooling
system, (BWR) and auxiliary feedwater system in a pressurized water reactor
(PWR).

The review of the loss of ac power transient includes the sequence of events,
the analytical model, the values of parameters used in the analg i M model, and
the predicted consequences of the transient.

The sequence of events described in the applicant's safety analysis report (SAR)
is reviewed by both RSB and the Instrumentation and Control Systems Branch (ICSB).
The RSB reviewer concentrates on the need for the reactor protection system, the
engineered safety systems, and operator action to secure and maintain the reactor
in a safe condition.

Rev. 1 - July 1981
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The analytical methods are reviewed by RSB to ascertain whether the mathematical
modeling and computer codes have been previously reviewed and accepted by the
staff. If a referenced analytical method has not been previously reviewed,
the reviewer requests initiation of a generic evaluation of the new analytical
model by RSB or the Core Performance Branch (CPB) as appropriate.

The predicted results of the transient analysis are reviewed to assure that
the consequences meet the acceptance criteria given in subsection II, below.
The results of the analysis are reviewed to ascertain that the values of
pertinent system parameters are within expected ranges for the type and class
of reactor under review.

The RSR will coordinate other branch evaluations that interface with the
overall review of the transient analysis as follows: The ICSB reviews the
instrumentation and controls aspects of the sequence described in the SAR to
evaluate whether the reactor and plant protection and safeguards controls and
instrumentation systems will function as assumed in the safety analysis with
regard to automatic actuation, remote sensing, indication, control, and inter-
locks with auxiliary or shared systems. The ICSB evaluates the design of the
auxiliary feedwater system to determine that the requirements and guidance of
II.E.1.2 of NUREG-0737 are met. The RSB reviewer consults with the ICSB
reviewer to assure that the appropriate delay time for auxiliary feedwater
initiation is assumed in the analysis.

The reliability of the auxiliary feedwater system is reviewed by the ASB in
accordance with SRP Section 10.4 and in accordance with the requirements and
guidance of II.E.1.1 of NUREG-0737 and II.K.2.(1) (item 1 of Table C.2) of
NUREG-0660. The RSB reviewer consults with the ASB reviewer to assure that
the operational assumptions for the auxiliary feedwater system in the analysis
is appropriate. As part of its primary review responsibility for SRP
Sections 7.2 through 7.5, the Core Performance Branch (CPB), upon request from
RSB, reviews the values of the parameters used in the analytical models which
relate to the reactor core for conformance to plant design and specified
operating conditions; determines the acceptance criteria for fuel cladding
damage limits; and reviews the core physics, fuel design, and care thermal-
hydraulics data used in the SAR analysis as part of its primary review re:90n-
sibility for SRP Sections 4.2 through 4.4. The Accident Evaluation Branch
(AEB), using fuel damage results provided by RSB, evaluates the radiological

I consequences associated with fuel failv c The review of the technical speci-
fications is coordinated and performed oy the Licensing Guidance Branch (LGB)
as part of its primary review responsibility for SRP Section 16.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their metNds V application are contained in the
referenced SRP section of the correspondir.g v w w branch.

II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirments of
the following regulations:

A. General Design Criterion 10 as it relates to the reactor coolant system
being designed with appropriate margin to assure that specified acceptable
fuel design limits are not exceeded during normal operations incleding
anticipated operational occurrences.

15.2.6-2 .ev. 1 - July 1981"



B. General Design Criterion 15 as it relates to the reactor coolant system
and its associated auxiliaries being designed with appropriate margin to/7 assure that the pressure boundary will not be breeched during normal

(v) operations including anticipated operational occurrences,

C. General Design Criterion 26 as it relates to the reliable control of
reactivity changes to assure that specified acceptable fuel design limits
are not exceeded, including anticipated operational occurrences. This is
accomplished by assuring that appropriate margin for malfunctions, such
as stuck rods, are accounted for.

D. TMI Action Plan items II.E.1.1, II.E.1.2, and II.K.2(1) of NUREGs-0718 and
-0737 as they relate to the performance requirements of the auxiliary
feedwater system for.the loss of nonemergency ac power ever.t.

Specific criteria necessary to meet the relevant requirements of GDC 10, 15,
and 16 for events of moderate frequency * are as follows:

1. Pressure in the reactor coolant and main steam systems should be
maintained below 110% of the design values (Ref. 1).

2. Fuel cladding integrity shall be maintained by ensuring that the minimum
DNBR remains above the 95/95 DNBR limit for PWRs and the CPR remains
above the MCPR safety limit for BWRs based on acceptable correlations
(see SRP Section 4.4).

3. An incident of moderate frequency should not generate a more serious
plant condition without other faults occurring independently.,m

/ \
C/ 4. An incident of moderate frequency in combination with any single active

component failure, or single operator error, shall be considered and is
an event for which an estimate of the number of potential fuel failures
shall be provided for radiological dose calculations. For such accidents,
fuel failures must be assumed for all rods for which the DNBR or CPR falls
below those values cited above for cladding integrity unle:s it can be
shown, based on an acceptable fuel damage model (see SRP Section 4.2),
that fewer failures occur. There shall be no loss of function of any
fission product barrier other than the fuel cladding.

5. To meet the requirements of General Design Criteria 10 and 15, the
positions of Regulatory Guide 1.105, " Instrument Spans and Setpoints," are
used with regard to their impact on tne plant response to the type of
transient addressed in this SRP section.

6. The most limiting plant systems single failure, as defined in the
" Definitions and Explanations" of Appendix A to 10 CFR Part 50, shall be
identified and assumed in the analysis and shall satisfy the positions of
Regulatory Guide 1.53 (Ref. 14).

The applicant's analysis of the loss of ac power transient should be based on an
acceptable model. Models which have been approved by the NRC are identified in
References 2 through 8. If the applicant proposes analytical methods which have

C) *The term " moderate frequency" is used in this SRP section in the same sense as in(
U the definitions of design and plant process conditions in References 9 and 10.
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not been approved, these a.e evaluated by the staff for acceptability. For new
generic methods, the reviewer requests an evaluation by the approp ' le branch.

The value of parameters used in the analytical model should ' w La- , conserv-

ative. The following values are considered acceptable for ut tv niodel.-

a. The initial power level is taken as the licensed core thermal power for
the number of loops initially assumed to be operating plus an allowance
of 2% to account for power measurement uncertainties, unless a lower
power level can be justified by the applicant. The number of loops
operating at the initiation of the event should correspond to the
operating condition which muimizes the consequences of the event.

b. Conservative scram characteristics are assumed, i.e., for a PWR - maximum
time delay with the most reactive rod held oct of the core, and for a
BWR - a design conservatism factor of 0.8 times the calculated negative
reactivity insertion rate.

c. The core burnup is selected to yield the most limiting combination of
moderator temperature coefficient, void coefficient, Doppler coefficient,
power profile and radial power distribution.

d. Mitigating systems should be assumed to be actuated in the analyses at
setpoints with allowance for instrument inaccuracy in accordance wih
Regulatory Guide 1.105. Compliance with Regulatory Guide 1.105 is
determined by ICSB.

III. REVIEW PROCEDURES

The procedures below are used during the review of both construction permit
(CP) and operating license (OL) applications. During the CP review the values
of system parameters and setpoints used in the analysis will be preliminary in
nature and subject to change. At the OL review stage, final values should be
used in the analysis and the reviewer should compare these to the limiting
safety system settings included in the proposed technical specifications.

The description of the loss of ac power transient presented by the applicant
in le SAR is reviewed by RSB regarding the occurrences leading to the initi-
at e r.g event. The sequence of events from initiation until a stab'lized
condition is reached is reviewed to ascertain:

I 1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

2. The extent to which plant and reactor protection systems are required to
function.

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineered safety systems that is required.

5. The extent to which operator actions are required.

6. The operation of standby diesel generators that is required.
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7. That appropriate margin for malfunctions, such as stuck rods (per II.3.b
above) are accounted for.

(') If the SAR states that the loss of ac power transient is not as liraiting as
some other similar transient, the reviewer evaluates the justification
presented by the applicant. If a quantitative analysis of the loss of ac
power transient is presented in the SAR, the RSB reviewer, with the aid of the
ICSB reviewer, reviews the timirg of the initiation of those protection,
engineered safety, standby diesel generator, and other systems needed to limit
the consequences of the transient to an acceptable Ir/el. The RSB reviewer
compares the predicted variation of system parameters with various trip and
system initiation setpoints. The ICSB review of Chapter 7 of the SAR confirms
that the instrumentation and control systems desigr. is consistent with the
requirements for safety systems actions for these events.

To the extent deemed necessary, the RSS reviewer evaluates the effects of
single active failures of systems and components which may affect the course
of the transient. This aspect of the review uses the procedures described in
SRP sections for Chapters 4, 5, 6, 7, 8, and 9 of the SAR.

The mathematical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam lines
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, a generic review of the model
proposed t'y the applicant is initiated. |

The values of system parameters and initial core and system conditions used as

e\ input to the model are reviewed by RSB. Of particular importance are the

(d reactivity coefficients and control rod worths used in the applicant's
analysis, and the variation of moderator temperature, void, and Doppler coeffi-
cients of reactivity with core life. The justification provided by the
applicant to show that he has selected the core burnup that yields the minimum
margins is evaluated. CPB is consulted regarding the values of the reactivity
parameters used in the applicant's analysis.

The results of the analysis are reviewed and compared to the acceptance
criteria presented in subseccion II of this SRP section regarding the maximum
pressure in the reactor coolant and main steam systems. The variations with
time during the transient of neutrcn power, heat fluxes (averaga and maxi.num),
reactor coolant system pressure, minimum DNBR (PWR) or CPR (BWR); core and
recirculation loop coolant flow rates (BWR), coolant conditions (inlet. tempera-
ture, core average temperature (PWR), core average steam volume fraction
(BWR), average exit and hot channel exit temperatures, and steam fractions),
steam line pressure, containment pressure, pressure relief valve flow rate,'

and flow rate from the reactor coolant system to the containnient system (if
applicable) are reviewed. The more important of these parameters for the
loss of ac power transient are compared to those predicted for other similar
plants to verify that they are within the expected range.

IV. EVALUATION FINDINGS

The evaluation findings under this SRP section are incorporated in a statement
covering all transients of moderate frequency involving a decrease in heat

p, removal by the secondary system. See the findings statement in SRP
J Section 15.2.1-5 for a typical statement.v

15.2.6-5 Rev. 1 - July 1981
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'/ . IMPLEMENTATION

The following is intended to provide geidance to applicents and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NB-7000, " Protection Against Cverpressure," American
Society of Mechanical Engineers.

2. NUREG-0151, Safety Evaluation Report, "GESSAR-251, Nuclear Steam Supply
System Standard Design," General Electric Company, March 1977.

3. NUREG-0152, Safety' Evaluation Report, "GESSAR-238, Nuclear Steam Supply
System Standard Design," General Electric Company, March 1977.

4. NUREC-75/103, Safety Evaluation Report, "RESAR-41 Standard Reference System,"
Westinghouse Electric Corporation, December 1975.

5. NUREG-0104, Safety Evaluation Report, "RESAR-35, Standard Reference System,"
Westinghouse Electric Corporation, December 1976.

6. NUREG-0491, Safety Evaluation Report, "RESAR-414 Standard Reference System,"
Westinghouse Electric Corporation, November 1978.

7. NUREG-75/112, Safety Evaluation Report, "CESSAR System 80, Standard
Reference System," Combustion Engineering Incorporated, December 1975.

8. NUREG-0433, Safety Evaluation Report, "B-SAR-205. Nuclear Stoam Supply
System," Babcock & Wilcox Company, May 1978.

9. ANSI N18.2, " Nuclear Safety Criteria for the Design of Stationary Pres-
surized Water Reactor Plants," American National Standards Institute (1974).

10. ANS Trial Use Standard N212, " Nuclear Safety Criteria for the Design of
Stationary Boiling Water Reactor Flants," American Nuclear Society (1974).

11. General Design Criterion 10, " Reactor Design."

12. General Design Criterion 15, " Reactor Coolant System Design."

13. General Design Criterion 21, " Protection System Reliability and Testability."

14. Regulatory Guide 1.53, " Application of the Single Failure Criterion to
Nuclear Power Plant Protection Systems."
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15.2.7 LOSS OF NORMAL FEE 0 WATER FLOW

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None
|

I. AREAS OF REVIEW

A loss of normal feedwater flow could occur from pump failures, valve
malfunctions, or a loss of offsite power. The sequence of events for the loss of
feedwater transient differs between a boiling water reactor (BWR) and a pressur-
ized water reactor (PWR). A PWR has a backup (auxiliary or emergency) feedwater
system while a BWR relies on the emergency core cooling system (ECCS) and reactor
core isolation cooling (RCIC) system for backup core cooling. In either case,
loss of feedwater flow results in an increase in reactor coolant temperature and
pressure which eventually requires a reactor trip to prevent fuel damage.

O/
) For both PWRs and BWRs, fission product decay heat. must be transferred from the(V reactor coolant system following a loss of normal feedwater flow. This can be

accomplished by actuation of one or several of the following systems: steam
relief system, steam bypass to the condenser, reactor core isolation cooling
system (BWR), emergency core cooling system (BWR) and auxiliary or emergency
feedwater system (PWR).

The review of the loss of feedwater transient includes the sequence of events,
the analytical model, the values of parameters used in the analytical model, and
the predicted consequences of the transient.

I

The sequence of events described in the applicant's safety analysis report (SAR)
is reviewed by both RSB and the Instrumentation and Control Systems Bra..ch (ICSB). |
The RSB reviewer concentrates on the need for the reactor protection ,ystem, the
engineered safety systems, and operator action to secure and maintain the reactor
in a safe condition.

The analytical methods are reviewed by RSB to ascertain whether the mathematicai,

| modeling and computer codes have been previously reviewed and accepted by the
t

1
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staff. If a referenced analytical method has not been previously reviewed,
the reviewer requests initiation of a generic evaluation of the new analytical
model by RSB or the CPB as appropriate.

The predicted results of the transient are reviewea to assure that the
consequences meet the acceptance criteria given in subsection II, below. The
predicted results of the transient are reviewed to ascertain that the values
of pertinent system parameters are within expected ranges for the type and
class of reactor under review.

The RSB will coordinate other branch evaluations that interface with the
overall review of the transient analysis as follows: The ICSS reviews the
instrumentation and controls aspects of the sequence described in the SAR to
evaluate whether the reactor and plant protection and safeguards contr *, and
instrumentation systems will function as assumed in the safety analysis with
regard to automatic actuation, remote sensing, indication, control, and inter- '

locks with auxiliary or shared systems. The ICSB evaluates the design of the
auxiliary feedwater system to determine that the requirements and guidance of
II.E.1.2 of NUREG-0737 are met. The RSB reviewer consults with the ICSB
reviewer to assure that the appropriate delay time for auxiliary feedwater
initiation is assumed in the analysis. The reliability of the auxiliary feed-
wat u system is reviewed by the Auxiliary Systems Branch (ASB) in accordance
with SRP Section 10.4 and in accordance with the requirements and guidance of
II.E.1.1 of NUREG-0737 and II.K.2(1) (item 1 of Table C.2) in NUREG-0660.
The RSB reviewer consults with the ASB reviewer to assure that the operational
assumptions for the auxiliary feedwater system in the analysis is appropriate
as part of its primary review responsibility for SRP Sections 7.2 through 7.5.
The Core Performance Branch (CPB), upon request from RSB, reviews the values of
the parameters used in the analytical models which relate to tae reactor core
for conformance to plant design and specified operating conditions; determines
the acceptance criteria for fuel cladding damage limits; and reviews the core
physics, fuel desigr, and core thermal-hydraulics data used in the SAR analysis
as part of its primary review responsibility for SRP 5ections 4.2 through 4.4.
The Accident Evaluation Branch (AEB), using fuel Jamage results provided by
RSB, evaluates the radiological consequences associated with fuel failure.
The review of the technical specifications is coordinated and performed by the
Licensing Guidance Branch (LGB) as part of its primary review responsibility
for SRP Section 16.0.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the

| referenced SRP section of the corresponding review branch.

II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirements of
the following regulations:

A. General Design Criterion 10, as it relates to the reactor coolant system
being designed with appropriate margin to assure that specified acceptable
fuel design limits are not exceeded during normal operations including
anticipated operational eccurrences.

B. General Design Criterion 15, as it relates to the reactor coolant system
and its associated auxiliaries being designed with appropriate margin to
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assure that the pressure boundary will not be creeched during normal
p operations including anticipated operational occurrences.

D> C.

>

General Design Criterion 26, as it relates to the reliable control of
reactivity changes to assure that specified acceptable fuel design limits
are not exceeded, including anticipated operational occurrences. This is
accomplished by assuring that appropriate margin for malfunctions, such
as stuck rods, are accounted for.

D. TMI Action Plan items II.E.1.1, II.E.1.2, and II.K.2(1) of NUREG-0718 and
-0737 as they relate to the performance requirements of the auxiliary
feedwater system for the loss cf normal feedwater flow event.

1. The basic objective in the review of the loss of normal feedwater
transient is to confirm that one of the following criteria are met:

The consequences of the transient are less severe than the consequencesa.
of another transient that results in a decrease of heat removal by the
secondary system, and has the same anticipated frequency classification.

b. The plant responds to the loss of feedwater transient in such a way
that the criteria regarding fuel damage and system pressure are met.

2. Specific criteria necessary to meet the relevant requirements of GDC 10,
15, and 26 for events of moderate frequency * are as follows:

a. Pressure in the reactor coolant and main steam systems should be
maintained below 110% of the design values (Ref. 1).

V b. Fuel cladding integrity shall be maintained by ensuring that the
minimum DNBR remains above the 95/95 DNBR limit for PWRs and the
CPR remains above the MCPR safety limit for BWRs based on acceptable
correlations (see SRP Section 4.4).

An incident of moderate frequency should not generate a more seriousc.
plant condition without other faults occurring independently.

d. An incident of moderate frequency in combination with any single
active component failure, or single operator error, shall be consid-
ered and is an event for which an estimate of the number of potential
fuel failures shall be provided for radiological dose calculations.
For such accidents, fuel failure must be assumed for all rods for

which the ONBR or CPR falls below those values cited above for
cladding integrity unless it can be shown, based on an acceptable
fuel damage model (see SRP Section 4.2), that fewer failures occur.
There shall be no loss of function of any fission product barrier
other than the fuel cladding.

e. To meet the requirements of General Design " 'iteria 10 and 15, the
positions of Regulatory Guide 1.105, " Instrument Spans and Setpoints,"
are used with regard to their impact on the plant response to the
type of transient addressed in this SRP section.

N
| M he term " moderate frequency" is used in this SRP section in the same sense

V as in the definitions of design and plant process conditions in References 9
and 10.
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f. The most limiting plant systems single failure, as defined in the |
" Definitions and Explanations" of Appendix A to 10 CFR Part 50, I

shall be identified and assumed in the analysis and shall satisfy |

the positions of Regulatory Guide 1.53.

3. The applicant's analysis of the loss of normal feedwater transient should
be performed using an acceptable analytical model. Models which have
been approved by the NRC are identified in References 2 through 8. If

the applicant proposes to use analytical methods which have not been
approved, these methods are evaluated by the staff for acceptability. |

For new generic methods the reviewer requests an evaluation by the ;

appropriate branch. |

The value of parameters used in the analytical model should be suitably
conservative. The following values are considered acceptable for use in
the model.

a. The initial power level is taken as the licensed core thermal power
for the nember of loops initially assumed to be operating plus an
allowance of 2% to account for power measurement uncertainties,
unless a lower power level can be justified by the applicant. The i

Inumber of loops operating at the initiation of the event should
correspond to the operating condition which maximizes the
consequences of the event.

b. Conservative scram characteristics are assumed, i.e. , for a PWR - |
maximum time delay with the most reactive rod held out of the core

'

and for a BWR - a design conservatism factor of 0.8 times the |

calculated negative reactivity insertion rate.
I

c. The core burnup is selected to yield the most limiting combination
of moderator temperature coefficient, void coefficient, Doppler
coefficient, power profile and radial power distribution.

d. Mitigating systems should be assumed to be actuated in the analyses
at setpoints with allowance for instrument inaccuracy in accordance
with Regulatory Guide 1.105. Compliance with Regulatory Guide 1.105 i

is determined by ICSB. |

III. REVIEW PROCEDURES |

The procedures below are used during the reviews of both construction permit |

(CP) and operating license (0L) applications. During the CP review the values
,

of system parameters and setpoints used in the analysis will be preliminary in j
nature and subject to change. At the OL review stage, final values should be |

used in the analysis and the reviewer should compare these to the limiting
safety system settings included in the proposed technical specifications.

1

The description of the loss of normal feedwater flow transient presented by )
the applicant in the SAR is reviewed by RSB regarding the occurrences leading '

to the initiating event. The sequence of events from initiation until a
stabilized condition is reached is reviewed to ascertain:

1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

|
|

;
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2. The extent to which plant and reactor protection systems are required to
function.

w/ 3. The cre* t taken for the functioning of normally operating plant systems. '

4. The , cation of engineered safety systems that is required.

5. ne extent to which operator actions are required.

That appropriate margin for malfunctions, such as stuck rods (per II.3.b,.

above) are accounted for.

7. The operation of aexiliary systems that is required.

If the SAR states that the loss of feedwater transient is not as limiting as
some other similar transient, the reviewer evaluates the justification pre-
sented by the applicant. If a quantitative analysis of the loss of feedsater
transient is presented in the SAR, the RSB reviewer, with the aid of ICSB
reviewer, reviews the timing of the initiation of thase protection, engineered
safety, and other systems needed to limit the consequences of the loss of
feedwater transient to an acceptable level. The RSB reviewer compares the
predicted variation of system parameters with various trip and system initia-
tion setpoints. The ICSB review of Chapter 7 of the SAR confirms that the
instrumentation and control systems design is consistent with the requirements
for safety systems actions for these events.

10 the extent deemed necessary, the RSB reviewer evaluates the effect of

O) single active failures of systems and components which may alter the course of
the transient. This part of the review uses the procedures described in the+

SRP sections for Chapters A, 5, 6, 7, 8 and 9 of the SAR.

The mathematical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam line
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, a generic review of the model
proposed by the applicant is initiated. |

The values of system parameters and initial core and system conditions used as
input to the model are reviewed by RSB. Of particular importance are the
reactivity coefficients and control rod worths used in the applicant's analysis,
and the variation of moderator temperature, void, and Doppler coefficients of
reactivity with core life. The justification provided by the applicant to
show that he has selected the core burnup that yields the minimum margins is
evaluated. CPB is consulted regarding the values of the reactivity parameters '

used in the applicant's analysis.

The results of the analysis are reviewed and compared,to the, acceptance criteria
presented in subsection II of this SRP section regarding maximum pressure in
the reactor coolant and main steam systems. The variations with time during
the transient of the neutron power, heat fluxes (average and maximum), reactor
coolant system pressure, minimum DNBR (PWR) or CPR (BWR); core and recircula-
tion loop coolant flow rates (BWR), coolant conditions (inlet temperature,
core average temperature (PWR), core average steam volume fraction (BWR),(,_) average exit and hot channel exit temperatures, and steam fractions),

UI*
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steamline pressure, containment pressure, pressure relief valve flow rate,
and flow rate from the reactor coolant system to the containment system (if
applicable) are reviewed. The more important of these parameters for the
loss of normal feedwater transient are compared to those predicted for other
similar plants to see that they are within the range expected.

IV. EVALUATION FINDINGS

The evaluation findings under this SRP section are incorporated in a statement
covering all transients of moderate frequency involving an unplanned decrease
in heat removal by the secondary system. SRP Section 15.2.1-15.2.5 contains a
general statement covering the findings of this SRP section.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of tne Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NB-7000, " Protection Against Overpressure," American
Society of Mechanical Engineers.

( 2. NUREG-C151, Safety Evaluation Report, "GESSAR-251, Nuclear Steam Supply
,

| System Standard Design," General Electric Company, March 1977. :

| 3. NUREG-0152, Safety Evaluation Report, "GESSAR-238, Nuclear Steam Supply
| System Standard Design," General Electric Company, March 1977.

4. NUREG-75/103, Safety Evaluation Report, "RESAR-41 Standard Reference
System," Westir M use Electric Corporation, December 1976.

5. NUREG-0104, Safety Evaluation Report, "RESAR-35, Standard Reference
System," Westinghouse Electric Corporation, December 1976.

6. NUREG-0491, Safety Evaluation Report, RESAR-414, Standard Reference
System," Westinghouse Electric Corporation, November 1978.

7. NUREG-75/112, Safety Evaluation Report, "CESSAR System 80, Standard
Reference System," Combustion Engineering Incorporated, December 1975.

8. NUREG-0433, Safety Evaluation Report, "B-SAR-205, Nuclear System Supply
System," Babcock & Wilcox Company, May 1978.

9. ANSI N18.2, " Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants," American National Standards Institute
(1974).
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10. ANS Trial Use Standard N212 " Nuclear Safety Criteria for the Design of
Stationary Boiling Water React >r Plants," American Nuclear Society (1974).

(O, ,/ 11. General Design Criterion 10, " Reactor Design."

12. General Design Criterion 15, " Reactor Coolant System Design."

13. General Design Criterion 21, " Protection System Reliability and
Testability."

14. General Design Criterion 26, " Reactivity Control System Redundancy and
Capability."

15. Regulatory Guide 1.53, " Application of the Single-Failure Criterion to
Nuclear Power Plant Protection Systems."

16. Regulatory Guide 1.105, " Instrument Spans and Setpoints."

17. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses."

18. NUREG-0737, " Clarification of TMI Action Plan Requirements."

4
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15.2.8 FEEDWATER SYSTEM PIPE BREAKS INSIDE AND OUTSIDE CONTAINMENT (PWR)

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

St:condary - Accident Evaluation Branch (AEB) g

I. AREAS OF REVIEW

The transient that results from a postulated feedwater line break is sensitive to
the break discharge rate; consequently, a range of break sizes should be evalu-
ated both inside and outside containment to determine the acceptability of the
response. Depending upon the size and location of the break and the plant
operating conditions at the time of the break, the break could cause either a
reactor coolant system cooldown (by excessive energy discharge through the break)
or a reactor coolant system heatup (by reducing feedwater flow to the affected
steam generator). Therefore, analyses of various postulated break sizes and
locations are needed to identify the porticular situation that is most limiting

p ) with respect to system effects.
(
L/

If a feedwater line rupture causes the water in the steam generator to be
discharged through the break, the water will not be available for decay heat
removal after reactor scram. The break location and size may be such to prevent
addition of any feedwater to the affected steam generator. An auxiliary feed-
water system is therefore provided to assure that feedwater is available to
provide decay heat removal.

The review includes evaluation of the applicant's postulated initial core and
reactor conditions pertinent to the feedwater line break, the methods of thermal
and hydraulic analysis, the postulated sequence of events including analyses to
determine the time of reactor trip and time delays prior and subsequent to initi-
ation of reactor protection system actions, the assumed response of the reacta
coolant and auxiliary systems, the functional and operational characteristics tf
the reactor protection system in terms of its effects on the sequence of events,
and all operator actions required to secure and maintain the reactor in a safe
shutdown condition. The results of the analyses are reviewed to ensure that the
values of pertinent system parameters, discussed in subsection II below, are
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within expected ranges. The parameters of importance for these transients
include reactor coolant system pressure, steam generator pressure, fluid
temperatures, fuel and clad temepratures, break discharge flow rate, steamline
and feedwater flow rates, safety and relief valve flow rates, pressurizer and
steam generator water levels, mass and energy transfer within the containment
(for breaks inside containment), reactor power, total core reactivity, hot and
average channel heat fit.x, and minimum departure f rom nucleate boiling ratio
(DNBR).

The sequence of events described in the applicant's safety analysis report
(SAR) is reviewed by both RSB and ICSB. The RSB reviewer concentrates on the
need for the reactor protection system, the engineered safety systems, and
operator action to secure and m.intain the reactor in a safe conditions.

The analytical methods are reviewed by RSB to ascertain whether the mathematical
modeling and computer codes have been previously reviewed and accepted by the
staff. If a referenced analytical method has not been previously reviewed,
the reviewer requests initiation of a generic evaluation of the r.ew analytical
model. RSB also reviews the values of all the parameters used in the analytical
model. CPB reviews the initial conditions of the core and all nuclear design
parameters. This includes power level, oower distribution, Doppler coefficients,
moderator temperature coefficients, void coefficients, reactor kinetics, DNB
correlations, and control rod worth.

A secondary review is performed by the Accident Evaluation Branch (AEB) and the
results are used by ASB to complete the overall evaluation of the break analysis.
The AEB evaluates the fission product release assumptions used in determining
any offsite releases and verifies that the radiological consequences resulting
f rom a feedwater pipe break are within acceptable lindts as part of its primary
review responsibility for SRP Section 15.6.5. The result of AEB's analysis is
transmitted to RSB for use in the SER writeup.

In addition, the RSB will coordinate other branches' evaluations that interface
with the overall review of feedwater system pipe breaks as follows: The
Auxiliary Systems Branch (ASB) reviews the auxiliary feedwater system to
verify that it can function following a feedwater line break, given a single
active component failure and with either onsite or offsite power as part of
its primary review responsibility for SRP Section 10.4.9. RSB reviews the
auxiliary feedwater system to confirm that the flow provided is acceptable for ~

I controlling the transient following a feedwater line break. The Mechanical
Engineering Branch (MEB) evaluates potential water-hammer effects on safety|

valve integrity as part of its primary review responsibility for SRP Section 3.9
series. The Containment Systems Branch (CSB) reviews the methodology which
evaluates the response of the containment to breaks of feedwater lines with
regard to the effects of pressure and temperature on the containment functional
capabilities as part of its primary review responsibility for SRP Section 6.2.1.
The ICSB reviewer concentrates on the instrumentation and control aspects of
the sequence described in the SAR to evaluate whether the reactor and plant
protection and safeguards controls and instrumentation systems will function
as assumed in the safety analysis with regard to automatic actuation, remote
sensing, indication, control, and interlocks with auxiliary or shared systems.
ICSB also evaluates potential bypass modes and the possibility of manual
control by the operator as part of its primary reactor responsibility for SRP
Sections 7.1 through 7.7.
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For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP sections of the corresponding primary branch.

II. ACCEPTANCE CRITERIA

The basic objective of the review of feedwater system pipe break events i; to
confirm that the reactor primary system is maintained in a safe status for a
range of feedwater line breaks up to and including a break equivalent in area
to the double-ended rupture of the largest feedwater line.

RSB accept.ance criteria are based on meeting the relevant requirements of the
following regulations:

A. General Design Criteria 27 and 28, as they relate to the reactor coolant
system being designed with appropriate margin to assure that acceptable
fuel design limits are not exceeded, and that the capability to cool the
core is maintained.

B. General Design Criterion 31, as it relates to the reactor coolant system
being designed with sufficient margin to assure that the boundary behaves
in a nonbrittle manner and that the probability of propagating fracture
is minimized.

C. General Design Criterion 35, as it relates to the reactor cooling system
and associated auxiliaries being designed to provide abundant emergency
core cooling.

V D. 10 CFR Part 100, as it relates to the calculated doses at the site boundary.

In addition, task action plan items that are necessary to meet the requirements
to maintain adequate decay heat removal and reactor coolant pump integrity
and operation are items II.E.1, II.K.2.1, II.E.1.2, II.K.2.8, II.K.3.5,
II.K.2.16, II.K.3.25, and II.K.3.40 of NUREG-0718 and NUREG-0737 (Refs. 6 and 7).
Specific criteria necessary to meet the relevant requirements of these regula-
tions are as follows:

i

1. Pressure in the reactor coolant and main steam systems should be main-'

( tained below 110% of the design pressures (Ref. 3) for low probability
| events and below 120% of the design pressures for very low probability
I events such as double-ended guillotine breaks.

| 2. The potential for core damage is evaluated on the basis that it is
L acceptable if the minimum DNBR remains above the 95/95 DNBR limit for
| PWRs based on acceptable correlations (see SRP Section 4.4). If the DNBR

falls below these values, fuel failure (rod perforation) must be assumed
for all rods that do not meet these criteria unless it can be shown,
based on an acceptable fuel damage model (see SRP Section 4.2), which

! includes the potential adverse effects of hydraulic instabilities, that
| fewer failures occur. Any fuel damage calculated to occur must be of
{ sufficiently limited extent that the core will remain in place and intact

with no loss of core cooling capability.
'

3. Any activity release must be such that the calculated doses at the site
! boundary are a small fraction of the 10 CFR Part 100 guidelines.
4
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4. The integrity of the reactor coolant pumps should be maintained, such
that loss of ac power and containment isolation will not result in seal
damage.

5. The auxiliary feedwater system must be safety grade and automatically
initiated when required.

6. Tripping of the reactor coolant pumps should be consistent with the
resolution to TMI Action Plan Item II.K.3.5.

There are certain assumptions which should be used in the analysis regarding
important parameters that describe initial plant conditions and postulated
system failures. These are listed below.

The power level assumed and number of loops operating at the initiationa.
of the transient should correspond to the operating condition which
maximizes the consequences of the accident. These assumed initial condi-
tions will vary with the particular nuclear steam supply system and
sensitivity studies will be required to determine the most conservative
combination of power level and plant operating mode. These sensitivity
studies may be presented in a generic report and referenced if considered
applicable.

b. The assumptions ..; to whether offsite power is lost and the time of loss
should be made conservatively. Offsite power may be lost simultaneously
with the occurrence of the pipe break, the loss may occur during the
accident, or offsite power may not be lost. A study should be made to
determine the most conservative assumption appropriate to the plant
design being reviewed. The study should take account of the effects that
loss of offsite power has on reactor coolant and main feedwater pump
trips and on the initiation of auxiliary feedwater, and the resulting
modification of the sequence of events.

The effects of the postulated feedwater line breaks on other systemsc.
(pipe whip, jet impingement, reaction forces, temperature, humidity,
etc.) should be considered in a manner consistent with the intent of
Branch Technical Positions ASB 3-1 and MEB 3-1 (Ref. 5).

d. The worst single active component failure should be assumed to have
occurred in the systems required to control the transient.

The maximum rod worth should be assumed to be held in the fully vithdrawne.
position, per GDC 25. An appropriate rod reactivity worth versus rod
position curve should be assumed.

f. The core burnup (time in core life) should be selected to yield the most
, limiting combination of moderator temperature coefficient, void

coefficient, Doppler coefficient, axial power profile, and radial power
distribution.

g. The initial core flow assumed for the analysis of the feedwater line
rupture accident should be chosen conservatively. If the minimum core
flow allowed by the technical specifications is assumed, the minimum DNBR
margin results for the case of a feedwater line rupture inside containment.
However, this may not be the most conservative assumption. For example,
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maximum initial core flow results in increased reactor coolar;t system
cooldown and depressurizatien, decreased shutdown margin, and an increased

O\ possibility that the core will become critical and return to power.
Since it is not clear what initial core flow is most conservative, the
applicant's assumption should be justified by appropriate sensitivity
studies.

h. During the initial 10 minutes of the transient, should credit for operator
action be required (i.e., RCP trip), an assessment for the limiting
consequence must be performed in order to account for operator delay
and/or error.

III. REVIEW PROCEDURES

The procedures below are used during reviews of both construction permit (CP)
and operating license (01.) applications. During the CP review the values of
system parameters and setpoints used in the analysis will be preliminary in
nature and subject to change. At the OL review stage, final values should be
used in the analysis, and the reviewer should compare these to the limiting
safety system settings included in the proposed technical specifications.

The values of system parameters and initial core and system conditions used as
input to the moiel are reviewed by RSB and are compared to the initial condi-
tions listed in .:ubsection II of this SRP section. Of particular importance
are the reactivity coefficients and control rod worths used in the applicant's
analysis and the variation of moderator temperature, void, and Doppler coeffi-
cients of reactivity with core life. The justification provided by the appli-

p cant to show that he has selected the core burnup that yields the minimum
margins is evaluated. CPB is consulted regarding the values of reactivity

-

parameters used in the applicant's analysis.

Analytical models should be of sufficient detail to simulate the reactor
coolant (primary), steam generator (secondary), and auxiliary systems. The
equations, sensitivity studies, and models proposed by the applicant are
reviewed by RSB. |

Credit taken for a reactor trip signal or for actuation of engineered safety
features should be reviewed by ICSB to determine the ability of the instrumen-
tation and control systems to respond as assumed under accident conditions.

The ability of the auxiliary feedwater system to supply adequate feedwater
flow to the onaffected steam generators during the accident anu subsequent
shutdown is evaluated by ASB as to availabilty and by RSB as to capability to
effect an orderly shttdown. Since auxiliary feedwater system designs are
diverse and may require both automatic and manual actuation, preoperational
tests should be specified to identify any necessary operator actions and to
determine the maximum times permitted for their completion.

To the extent considered necessary, the RSB reviewer evalur'es the effect of'
single active failures of systems and components that may alter the course of
the accident. This phase of the review uses the system review procedures
described in the standard review plan sections for Chapters 5, 6, 7, 8, and 10
of the SAR. The variations with time during the transient of parameters

O are reviewed.
listed in Sections 15.X.X.3(C) and 15.X.X.4(C) of the Standard Format (Ref. 2)

The more important of these parameters for the feedwater line
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break accident (as listed in subsection I of this SRP section) are compared to
those predicted for other similar plants to see ' hat they are within the
expected range.

The reviewer confirms that the amount of secondary coola'nt expelled from the
system has been calculated conservatively by evaluating the applicant's methods
and assumptions, by comparison with an acceptable analysis performed on another
plant of similar design, or by comparison with staff calculations for typical
plants which will be available from RSB on request.

The reviewer confirms that a commitment has been made in the SAR to conduct
preoperational tests to verify that valse discharge rates and response times
including, for example, opening and closing times (delay times) for main
feedwater, auxiliary feedwater, turbine and main steam isolation valves, and
steam generator and pressurizer relief and safety valves, has been conserva-
tisely modeled in the accident analyses. In addition, preoperational testing
should include verification of reactor trip delay times, startup delay times
for actuation of the auxiliary feedwater system, safety injection signal delay
time, and delay times for delivery of any high concentration boron injection
required to bring the plant to a safe shutdown condition.

Using the information developed in the review, the AEB reviewer evaluates the
radiological consequences of the design basis feedwater line break. This
evaluation based on a qualitative comparison with the results of the design
basis steam line break, or on a detailed analysis using the approach described
in the appendix to SRP Section 15.1.5.

The reliability and operability of the auxiliary feedwater systems (AFWS) are
reviewed to assure conformance to the following TMI Action Plan Items
(References 6 and 7) as they relate to auxiliary feedwater system performance
requirements following feedwater piping failures.

(a) Items II.E.1 and II.K.2.1
(b) Items II'.E.1.2 and II.K.2.8

The influence of reactor coolant pump trip during ECCS initiation is reviewed
to assure conformance to the TMI Action Item II.K.3.5 (References 6 and 7).
Should tripping of the reactor coolant pumps require manual action, delays in
operator action must be assessed.

The reliability and integrity of the reactor coolant pump seals during loss of
! alternating-current power and loss of coo int to the seals (i.e., resulting
| from containment isolation)*are reviewed o assure conformance to the TMI

Action Items II.K.2.16, II.K.3.25, and II 4.3.40 (References 6 and 7).

IV. EVALUATION FINDINGS

i The reviewer verifies that the SAR contains sufficient information and his
| review supoorts the following kinds of statements and conclusions, which

should be included in the staff's safety evaluation report:

The staff concludes that the consequences of postulated feedwater line
breaks meet the requirements set forth in the General Design Criteria 27,

| 28, 31, and 35 regarding c^ntrol rod insertability and core coolability,
10 CFR Part 190 guidelines regarding radiological dose at the site boundary,

; and appliccble TMI Action Plan Items. This conclusion is based upon the
| following:
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(a) The applicant has met the requirements of GDC 27 and 28 by
demonstrating that the resultant fuel damage was minimal, controlO rod insertability would be maintained and that no loss of core

\") cooli'ig capability resulted. The minimum departure from nucleate
boiling ratio (MDNBR) experienced by any fuel rod was

,result:ng in % of the rods experiencing clad performation.

(b) The applicant has met the requirements of CDC 31 with respect to
demonstrating the integrity of the primary system boundary to with-
stand the postulated accident.

(c) The applicant has met the requirements of GDC 35 with respect to
demonstrating the adequacy of the emergency cooling systems to
provide abundant core cooling and reactivity control (via boron
injection).

(d) The analyses and effects of feedwater line break accidents inside
and outside containment, during various modes of operation and with '.

and withcat offsite power, have been reviewed and evaluated using a
mathematical model that has been previously reviewed and found
acceptable by the staff.

(e) The parameters used as input to this model were reviewed and found
to be suitably conservative.

(f) The radioactivity release has been evaluated using the computer code
SARA and a conservative description of the plant response to the
accident. A decontamination factor of between the water and(oV) st. phases and a X/Q value of sec/m has been used in our3

evaluation of radiologicJ consequences. The calculated doses are
presented in Table . Technical specification limits on primary
and secondary coolant activities will limit potential doses to small
fraction of the 10 CFR Part 100 exposure guidelines. The potential
doses are within 10 CFR Part 100 exposure guidelines even if the
accident should occur coincident with an iodine spike.

(g) The applicant met the requirements of TMI Action Plan Items II.E.1,
II.K.2.1, II.E.1.2, and II.K.2.8 with respect to demonstrating the
adequacy of the auxiliary feedwater design to remove decay heat
following feedwater piping failures.

(h) The applicant met the requirements of TMI Action Plan Items II.K.2.16,
II.K.3.25 and II.K.3.40 with respect to demonstrating the integrity
and operation of the reactor coolant pumps to withstand the postulated
accident.

(i) The applicant met the requirements of TMI Action Plan Item II.K.3.5
with respect to the operation and tripping of the reactor coolant
pumps. The assumptions used are conservative and consistent with
the generic resolution to Item II.K.3.5.

V. IMPLEMENTATION

(3 The following is intended to provide guidance to applicants and licensees
( ) regarding the NRC staff's plans for using this SRP section.
v
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Except in those cases in which the applicant proposes an acceptable alternative
method for c m plying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implemeiltation schedules for conformance to parts of the iethod discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 100, " Reactor Site Criteria."

2. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

3. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NB-7000, "Prctection Against Overpressure," American
Society of Mech 8nical Engineers.

4. 10 CFR Part 50. ~.ppendix A, " General Design Criteria for Nuclear Power
Plants."

a. General Design Criterion 27, " Combined Reactivity Control System
Capability."

b. General Design Criterion 28, " Reactivity Limits."

c. General Design Criterion 31, " Fracture Prevention of Reactor Coolant
Pressure Boundary."

d. General Design Criterion 35, " Emergency Core Cool:ng."

5. Branch Technical Positions ASB 3-1, " Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," attached to SRP
Section 3.6.1; and MEB 3-1, " Postulated Break and Leakage Locations in
Fluid System Piping Outside Containme:.t," attached to SRP Section 3.6.2.

6. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses.

7. NUREG-0736, " Clarification of TMI Action Plan Requirements."

i

O
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15.3.1-15.3.2 LOSS OF FORCED REACTOR COOLANT FLOW INCLUDING TRIP 0F PUMP MOTOR
AND FLOW CONTROLLER MALFUNCTIONS

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

A decrease in reactor coolant flow occurring while the plant is at power could
result in a degradation of core heat transfer. A resulting increase in ftvl tem-
perature and accompanying fuel damage could then result if specified acceptable
fuel damage limits are exceeded during the transients. A number of transients
that are expected to occur with moderate frequency and that result in a decrease
in forced reactor coolant flow rate are covered by this SRP sectdan. Each of
these transients should be discussed in individual sections of the applicant's
safety analysis report (SAR) as suggested by the Standard Format (Ref. 4).,7

/ )(/ Core thermal and hydraulic transients associated with partial and complete loss
of reactor coolant flow are evaluated. These include:

1. For boiling water reactors (BWRs), partial and complete recirculation pump
trips and malfunctions of the recirculation flow controller to cause decreas-
ing flow.

2. For pressurized water reactors (PWR's), partial and complete reactor coolant
pump trips.

A partial loss of coolant flow may be caused by a mechanical or electrical failure
in a pumr; motor, a fault in the power supply to the pump motor, a pump motor trip
caused by such anomalies as over-current or phase imbalance, or a failure within
the recirculation flow control network (BWR) resulting in decreasing flow. A
complete loss of forced coolant flow may result from the simultaneous loss of
electrical power to all pump motors.
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The review includes the postulated initial core and reactor conditions which
are pertinent to the loss of flow transient, the methods of thermal and hydraulic
analysis, the postulated sequence of events including time delays prior to and
after protective system actuation, assumed reactions of reactor systems com-
ponents, the functional and operational characteristics cf the reactor protection
system in terms of how it affects the sequence of events, and all operator
actions required to secure and maintain the reactor in a safe condition.

The results of the applicant's analyses are reviewed to ensure that values of
pertinent system parameters are within expected ranges for the type and class
of reactor under review. The system parameters that are evaluated include: |
core flow and flow distribution, channel heat flux (average and hot), minimum
critical heat flux ratio (or minimum critical power ratio), departure from
nucleate boiling ratio, versel water level, thermal power, v(ssel pre;sure,
steam line pressure (BWR), main steam flow (BWR), and feedwater flow (BWR).
The results of the applicant's fuel damage analysis are reviewed by the methods
described in SRP Section 4.2 (Ref. 12).

The sequence of events described in the SAR is reviewed by RSB. This review
|is coordinated with Instrumentation and Control Systems Branch (ICSB). The

RSB review concentrates on the need for the reactor protection system, the
engineered safety system, and operator action to secure and maintain the reactor
in a safe condition.

|

The analytical methods are reviewed by RSB to ascertain whether the mathematical
modeling and computer codes have been previously reviewed and accepted by the
staff. If a referenced analytical method has not been previously reviewed,
the RSB reviewer requests initiation of a generic evaluation of tu new analytical
model by the Core Performance Branch (CPB).

|

The values of all parameters used in a new analytical model, including the
initial conditions of the Core and system, are reviewed. It is the responsi-
bility of the RSB reviewer to contact his counterpart in CPB to ensure that
the appropriate physics and fuel data have been used in any staff calcuhtions.

In addition, the RSB will coordinate other branches' evaluations that interface

with the overall review of the system as follows: The ICSB reviews the instru-
mentation and control aspects of the sequence described in the SAR to confirm
that reactor and plant protection and safeguards controls and instrumentation
systems will function as assumed in the system analysis as part of its primary
review responsibility for SRP Sections 7.2 through 7.5 (Ref.14 through 17).
The CPB, as part of its primary review responsibility for SRP Section 4.4 (Ref.13),
performs generic reviews of the thermal-hydraulic computer models used for this
transient and also performs, upon request, additional analyses related to these
accidents for selected reactor types. The Procedures Test Review Branch (PTRB)
review confirms that a commitment has been made in the SAR to conduct preopera-
tional tests to verify flow coastdown calculations.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria neces-
sary for the review and their methods of application are contained in the
referenced SRP section of the corresponding review branches.

O
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II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirements ofO the following regulations:
i

A. General Design Criterion 10 (Ref. 1), as it relates to the reactor coolant
system being designed with appropriate margin to assure that specified,

; acceptable fuel design limits are not exceeded during normal operations
including anticipated operational occurrences.

B. General Decign Criterion 15 (Ref. 2), as it relates to the reactor coolant
system and its associated auxiliaries being designed with appropriate margin
to assure that the pressure boundary will not be breeched during normal'
operations including anticipated operational occurrences.

C. wral Design Criterion 26 (Ref. 3) as it relates to the reliable control,

or reactivity changes to assure that specified acceptable fuel design limits
are not exceeded, including anticipated ooerational occurrences. This is
accomplished by assuring that appropriate margin for malfunctions, such;

as stuck rods, are accounted for.
J

l The basic objectives of the review of loss of forced reactor coolant flow
j transients are:

; 1. To identify which of the transients are the most limiting.
2. To verify that, for the most limiting transients, the plant responds to

the loss of flow transients in such a way that the criteria regarding fuel
damage and system pressure are met.

t

The specific criteria necessary to meet the relevant requirements of GDC 10,
15 and 26 for incidents of moderate frequency * are:

| a. Pressure in the reactor coolant and main steam systems should be
maintained below 110% of the design valves. (Ref. 5)

i

i

| b. Fuel cladding integrity shall be maintained by ensuring that the
'

minimum DNBR remains above the 95/95 DNBR limit for PWRs and the CPR
remains above the MCPR safety limit for BWRs based on acceptable
coorelations (see SRP Section 4.4).

,

!

!
An incident of moderate frequency should not generate a more serious

' c.
i

plant condition without other faults occurring independently.

d. An incident of moderate frequency in combination with any single active
component failure, or single operator error, shall be considered and
is an event for which an estimate of the number of potential fuel
failures shall be provided for radiological dose calculations. For
such accidents, the number of fuel failures must be assumed for all
rods for which the DNBR or CPR falls below those values cited above

~i for cladding integrity unless it can be shown, based on an acceptable
fuel damage model (see SRP Section 4.2), that fewer failures occur.

; There shall be no loss of function of any fission product barrier
other than the fuel cladding.

' The term " moderate frequency" is used in this SRP section in the same sense as in,

the descriptions of design and plant process conditions in References 10 and 11.
.
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The applicant's analysis of the loss of reactor coolant flow transients should
use an acceptable analytical model. The equations, sensitivity studies, and
models described in References 6 through 9 are acceptable. If other ana-
lytical methods are proposed by the applicant, these raethods are evaluated by
the staff for acceptability. For new generic methods, the reviewer requests
an evaluation by CPB.

The values of parameters used in the analytical model would be suitably
conservative. The following valces are considered acceptable for use in the

|model:

a. The reactor is initially at rated output (licensed core thermal pewer)
for the number of loops assumed operating, plus 2% to account for power
measurement uncertainty, unless a lower power level can be justified by
the applicant. The number of loops operating at the initiation of the
event should correspond to the operating condition which maximizes the
consequences of the event.

b. Conservative scram characterist,cs are as m ed, i.e., for a PWR maximum
time delay with the most reactive rod held out of the care and for a BWR
a design conservatism factor of 0.8 times the calculated negative
reactivity insertion rate.

c. The core burnup is selected to yield the most limiting combination of
moderator temperature coef ficient, void coef ficient, Doppler coef ficient,
axial power profile, and radial power distribution.

III. REVIEW PROCEDURES

The procedures below are used during both the construction permit (CP) and
operating license (0L) reviews. During the CP review the values of system
parameters and setpoints used in the analysis will be preliminary in nature
and subject to change. At the OL review state, final values should be used in
the analysis, and the reviewer should compare these to the limiting safety
system settings included in the proposed technical specifications.

The description of each of the loss of reactor coolant flow transients presented
by the applicant in the SAR is reviewed by RSB regarding the occurrences
leading to the initiating event. The sequence of events from initiation until
a stabilized condition is reached is reviewed to ascertain:

1. The extent to which normally opera'ing plant instrumentation ed controls
are assumed to function.

2. The extent to which plant and reactor protection systems are required to
function.

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineereJ safety systems that are required.

5. The extent to which operator actions are required.

6. That appropriate margin for malfunctions, such as stuck rods, are accounted

15.3.1-4 Rev.1 - July 19C



If the SAR states that a particular loss of flow transient is not as limiting
as some other similar transients, the reviewer evaluates the justification
presented by the applicant. The reviewer confirms that all types of flow loss
transients are considered, e.g., pump trips during two , three , and four-loops
operation. The applicant is to pre < ot a quantitative analysis in the SAR of
the loss of flow transient that is determined to be most limiting. For this
transient, the RSB reviewer, in coordinating with the ICSB reviewer, reviews
the timing of the initiation of those protection, engineered safety, and other
systems needed to adequately limit the consequences of the loss of flow. The
RSB reviewer compares the predicted variation of system parameters with various
trip and system initiation setpoints and evaluates the effects of single active
failures of systems and components which may a?ter the course of the transient.
The ICSB review of Chapter 7 of the SAR confirms that the instramentation and
control design is consistent with the requirements for safety systems actions
for these events.

The mathematical models used by the applicant to evaluate core performance and
to predict systan pressure in the reactor coolant system and main steam lines
are reviewed by the RSB to determine if these models have been previously
reviewed and found acceptable by the staff. If not, CPB is requested to
initiate a generic review of the applicant's proposed model.

The values of system parameters and initial core and system conditions used as
input to the model are reviewed by the RSB. Of particular importance are the
reactivity coefficients and control rod worths used by the applicant in his
analysis, and the variation of moderator temperature, void, and Doppler coef-
ficients of reactivity with core life. The justification provided by the
applicant to show that he has selected the core burnup that yields the minimum
margins is evaluated. CPB is consulted regarding the values of the reactivity
parameters used in the applicant's analysis.

The results of the analysis are reviewed and compared to the acceptance criteria
presented in subsection II of this SRP section regarding the maximum pressure
in the reactor coolant and main steam systems. The temporal changes of the
neutron power, heat fluxes (average and maximum), reactor coolant system
pressure, minimum DNBR (PWR) or CPR (BWR); core and recirculation loop coolant
flow rates (BWR), coolant conditions (inlet temperature, core average temper-
ature (PWR), core average steam volume fraction (BWR), average exit and hot
channel exit temperatures, and steam fractions), steamline pressure, contain-
ment pressure, pressure relief valve flowrate, and flow rate from the reactor
coolant system to the containment systems (if applicable) during the transient
are reviewed. The important parameters for the loss of reactor coolant flow'

transients are compared to those predicted for other similar plants to verify
that they are within the expected range.

!

CPB is consulted regarding the specified acceptable fuel design limits (SAFDLs)..

AEB is notified regarding the extent of fuel failures predicted by the analysis'

.

if SAFDLs are exceeded.
1
'

The PTRB review confirms that a commitment has been made in the SAR to conduct
preoperational tests to verify flow coastdown calculations.

IV. EVALUATION FINDINGS

( The reviewer verifies that the SAR contains sufficient information and his
review supports the following kinds of statements and conclusions which should
be included in the staff's safety eva,luation report (SER):

4
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Several types of plant occurrences can result in an unplanned decrease
in reactor coolant flow rate. The ones expected during the life of
the plant are those caused by reactor coolant (or recirculation)
pump trips or a flow controller malfunction.* All these postulated
transients have been reviewed. It was found that the most limiting
in regard to core thermal margins and pressure within the reactor
coolant and main steam systems was the transient. This

transient was evaluated by the applicant using a mathematical model
that has been reviewed and found acceptable by the staff. The

values of the parameters used as input to this model were reviewed
and found to be suitably conservative. |

The staff concludes that the plant design with regard to transients that are
expected to occur during plant life and result in a loss or decrease in forced
reactor coolant flow is acceptable and meets the relevant requirements of
General Design Criteria 10, 15 and 26. This conclusion is based on the
following:

1. The applicant has met the requirements of GDC 10 and 26 with respect to
demonstrating that the specified acceptable fuel design limits are not
exceeded for this event. This requirement has been met since the results
of the analysis showed that the thermal margin limits (MDNBR for PWRs
and MCPR for BWRs) are satisfied as indicated by SRP Section 4.4.

2. The applicant has met the requirements of GDC 15 with respect to
demonstrating that the reactor coolant pressure boundary limits have not
been exceeded for this event. This requirement has been met since the
analysis showed that the maximum pressure of the reactor coolant and
main steam systems did not exceed 110% of the design pressure.

3. Tte applicant has met the requirements of GDC 26 with respect to the
capability of the reactivity control system to provide adequate control
of reactivity during this event while including appropriate margin for
stuck rods since the specific acceptable fuel design limits were not
exceeded.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposed an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance witn Commission regu'ations.

The SER should present one statement for all similar transients.
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15.3.3 - 15.3.4 REACTOR COOLANT PUMP ROTOR SEIZURE AND REACTOR COOLANT PUMP
SHAFT BREAK

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None g

I. AREAS OF REVIEW

The events postulated are an instantaneous seizure of the rotor or break of the
shaft of a reactor coolant pufLip in a pressurized water reactor (PWR) or recircu-
lation pump in a boiling water reactor (BWR). Flow through the affected loop is
rapidly reduced, leading to a reactor and turbine trip. The sudden decrease in
core coolant flow while the reactor is at power results in a degradation of core
heat transfer which could result in fuel damage. The initial rate of reduction
of coolant flow is greater for the rotor seizure event. However, the shaft break
event permits a greater reverse flow through the affected loop later during the

O ) transient and, therefore, results in a lower core flow rate at that time.
This

( SRP section is intended to cover both of these accidents. |
v

!The review is conducted with radioactivity releases and with the postulated
initial and long-term core and reactor conditions that are pertinent to the rotor
seizure or broken shaft events, the methods of thermal and hydraulic analysis,
the oostulated sequence of events including time delays prior to and after pro-
tective system actuation, the assumed reactions of reactor system components, the
functional and operational characteristics of the reactor protection system in
terms of how it affects the sequence of events, and all operator actions required
to secure and maintain the reactor in a safe condition.

The results of the applicant's analyses are reviewed to assess fuel damage and to
ensure that values of pertinent system parameters are within expected ranges for
the type and class of reactor under review. Fuel damage is assessed by the
methods described in SRP Section 4.2 (Ref. 13). The system parameters that are
evaluated include: core flow and flow distribution (including hydraulic instabil-
ities), channel heat flux (average and hot), minimum critical heat flux ratio
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(or minimum critical power ratio), departure from nucleate boiling ratio,
vessel water level, then.pl power, vessel pressure, steam line pressure (BWR),
main steam flow (BWR), and feedwater flow (BWR).

The sequence of events described in the SAR is reviewed by RSB. This review
is coordinated with Instrumentation and Control Systems Branch (ICSB). The
RSB review concentrates en the need for the reactor protection system, the
engineered safety systems, and operator action to secure and maintain the
reactor in a safe condition.

The analytical methods are reviewed by RSB to ascertain whether the mathematical
modeling and computer codes have been previously reviewed and accepted by the
staff. If a referenced analytical method has not been previously reviewed,
the RSB reviewer requests initiation of a generic evaluation of the new analytical
model by CPB.

The values of all parameters used in a new analytical model, including the
initial conditions of the core and system, are reviewed. It is the responsi-
bility of the RSB reviewer to contact his counterpart in the Core Performance
Branch (CPB) to ensure that the appropriate physics and fuel data have been
used in any staff calculations.

In addition, the RSB will coordinate othe.' branches' evaluations that interface
with the overall review of the system as * llows: The ICSB reviews the instru-
mentation and controls aspects of the sequence described in the SAR to confirm
that reactor and plant protection and safeguards controls and instrumentation
systems will function as assumed in the safety analysis as part of its primary
review responsibility for SRP Sections 7.2 through 7.5 (Refs. 14 through 17).
The CPB performs generic reviews of the thermal-hydraulic computer models used |
for this transient and also performs, upon request, additional analyses related
to these accidents for selected reactor types as part of its primary review
responsibility for SRP Section 4.4 (Ref. 12). The Accident Evaluation Branch

,

(AEB) is notified regarding the extent of the fuel failures that are predicted '

by the analysis. AEB then evaluates the radiological consequences of the
event.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria
necessary for the review and their methods of application are contained in the
referenced SRP section cf the corresponding review branch.

II. ACCEPTANCE CRITERIA
1

The RSB acceptance criteria for maintaining control rod insertability and core
coolability during a RCP rotor seisure or broken shaft event are based on

meeting the relevant requirements of the following regu',ations:

A. General Design Criteria 27 and 28, as they relate to the reactor coolant
system being designed with appropriate margin to assure that the capability
to cool the core is maintained.

B. General Design Criterion 31, as it relates to the reactor coolant system
being designed with sufficient margin to assure that the boundary behaves
in a nonbrittle manner and that the probability of propagating fracture
is minimized. I

C. 10 CFR Part 100, as it relates to the calculated doses at the site boundary.

15.3.3-2 Rev. 2 - July 1981
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The basic objectives of the review of the accident resulting from a rotor
seizure or shaft break in a reactor coolant pump are:

1. To identify which of these accidents is the more limiting.

2. To verify that, for the accident, the plant responds in such a way that
the criteria regarding fuel damage, radiological consequences, and system
pressure are met.

The spec *fic criteria necessary to meet the relevant requirements of GDC 27,
28, and 31 and 10 CFR Part 100 for the rotor seizure and shaft break event
are:

1. Pressure in the reactor coolant and main steam systems should be maintained
below acceptable design limits, considering potential brittle as well as
ductile failures.

2. The potential for core damage is evaluated on the basis that it is accept-
able if the minimum DNBR remains above the 95/95 DNBR limit for PWRs and
the CPR remains above the MCPR safety limit for BWRs based on acceptable
correlations (see SRP Section 4.4). If the DNBR or CPR falls below these
values, fuel failure (rod perforation) must be assumed for all rods that
do not meet these criteria unless it can be shown, based on an acceptable
fuel damage model (see SRP Section 4.2), which includes the potential
adverse effccts of hydraulic instabilities, that fewer failures occur.
Any fuel damage calculated to occur must be of sufficiently limited
extent that the core will remain in place and intact with no loss of core
cooling capability.

3. Any activity release must be such that the calculated doses at the site

boundary are a small fraction of the 10 CFR Part 100 guidelines.

4. The integrity of the reactor coolant pumps should be maintained, such
that loss of a-c power and containment isolation will not result in pump
seal damage.

5. The auxiliary feedwater system must be safety grade and, when required,
automatically initiated.

6. Tripping of the reactor coolant pumps should be consistent with the
resolution to Action Item II.K.3.5 of NUREG-0718 and NUREG-0737.

7. A rotor seizure or shaft break in a reactor coolant pump should not, by
itself, generate a more serious condition or result in a loss of function
of the reactor coolant system or containment barriers.

8. Only safety grade equipment should be used to mitigate the consequences
of the event. Safety functions should be accomplished assuming the worst
single failure of a safety system active component (see Refs. 5 and 6).

9. The ability to achieve long-term coolability of the core should be verified.

10. This event should be analyzed assuming turoine trip and coincident loss
p of offsite power and coastdown of undamaged pumps.

15.3.3-3 Rev. 2 - Juiy 1981
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The applicand s analysis should be performed using an accu,-table analytical
model. The equations, sensitivity studies, and models d' scribed in Refer-
ences 7 through 11 are acceptable. If other analytic 61 nethods are pro"ased
by the applicant, these methods are evaluated by the staff for acceptability.
For new generic methods, the reviewer requests an evaluation. There are
certain assumptions regarding important parameters used to describe the initial
plant conditions and postulated system failures which should be used. These
are listed below:

1. The initial power level is taken as the licensed core thermal power for
the number of loops initially assumed to be operating plus an allowance
of 2% to account for power measurement uncertainties, unless a lower
power level can be justified by the applicant. The number of loops
aperating at the initiation of the event should correspond to the operat-
ing condition which maximizes the consequences of the event.

ii. Conservative scram characteristics are assumed, i . e. , for a PWR maximum
time delay with the most reactive rod held out of the core, and for a BWR
a design conservatism factor of 0.8 times the calculated negative reactivity
insertion rate.

iii. The core burnup is selected to yield the most limiting combination of
moderator temperature ct af ficient, void coef ficient, Doppler coef ficient,
axial power profile, and radial power distribution.

III. REVIEW PROCEDURE 4

The procedures below are used during both the construction permit (CP) and
operating license (OL) reviews. During the CP review, the values of system
parameters and setpoints used in the analysis will be preliminary in nature
and subject to change. At the OL review stage, final values should be used in
the analysis, and the reviewer should compare these to the limiting safety
system settings included in tha proposed technical specifications.

The applicants' analyses of the rotor seizure and shaft break events are reviewed
by RSB regarding the occurrences leading to the initiating event. The sequence
of events, from initiation until a stabilized condition is reached, is reviewed
to ascertain:

1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

2. The extent to which plant and reactor protection systems are required to
function.

,

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineered safety systems that is required.

5. The extent and time at which operator actions are required.

6. That appropriate margin for malfunctions, such as stuck rods (see II.3.b),
are accounted for.

If the SAR states that one of the accidents is not as limiting as the other,
the reviewer evaluates the justification presented by the applicant. The
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applicant is to present a quantitative analysis in the SAR of the accident
that is determined to be more limiting. For the accident that is found more
limiting, the reviewer confirms that the effects of the accident are deter-( mined for each mode of operation (e.g., ene , two , three , or four-loop)
allowed by the technical specifications. Either a separate analysis should be
presented or each mode of operation or the effects of each mode should be
referenced to the limiting case.

For the more limiting accident, the RSB reviewer, with the aid of the ICSB
reviewer, reviews the timing of the initiation of those protection, engineered
safety, and other systems needed to limit the consequences of the accident to

|acceptable levels. The RSB reviewer compares the predicted variation of
system parameters with various trip and system initiation setpoints. The ICSB
review of Chapter 7 of the SAR confirms that the instrumentation and control
systems design is consistent with the requirements for safety systems actions
for these events.

To the extent deemed necessary, 1 Ne RSB reviewer evaluates the effect of
single active failures of safety systems and components which may alter the
course of the accident. This phase of the review uses the system review |procedures described in the SRP sections for Chapter. , 6, 7 and 8 of the
SAR.

The mathematical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam lines
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, CPB is requested to initiate a
generic review of the model proposed by the applicant.s

( )\ The values of system parameters and initial core and system conditions used as
input to the model are reviewed by the RSB. Of particular importance are the
reactivity coefficieni.s and control rod worths used in the applicant's analysis,
and the variation of aoderator temperature, void, and Doppler coefficients of
reactivity with core life. The justification provided by the applicant to
show that he has selected the core burnup that yields the minimum margins is
evaluated. CPB is consulted regarding the values of the reactivity parameters
used in the applicat's analysis.

The results of the applicant's analysis are reviewed and compared to the
acceptance criteria presented in subsection II regarding the maximum pressure
in the reactor coolant and main steam systems. The temporal changes of the |
neutron power, heat fluxes (ave age and maximum), reactor coolant system
pressure, minimum DNBR (PWR) or CPR (BWR); core and recirculation loop coolant
flow rates (BWR), ccalant conditions (inlet temperature, core average temper-
ature (PWR), core average steam volume fraction (BWR), average exit and hot
channel exit temperatures, and steam fractions), steamline pressure, contain- gment pressure, pressure relief valve flow rate, and flow rate from the reactor I

coolant system to the containment systems (if applicable) during the transient
are reviewed. The more important of these parameters (as listed in subsec-
tion I of this SRP section) are compared to those predicted for other similar
plants to confim that they are within the expected range. The percentage of
fuel rods that experience failure is reviewed and AEB is notified regarding
the extent of fuel failures predicted by the analysis.

r

(/) CPB is consulted regarding the acceptance criteria for fuel rod failure and
x- core coolability.
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IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his
revie's supports the following kinds of statements and conclusions which should
be included in the staff's safety evaluation report (SER).

The staff concludes that the consequences of postulated rotor seizure or
broken shaft events meet the requirements set forth in the General Design
Criteria 27, 28, and 31 regarding control rod insertability and core coolat'ility,
10 CFR Part 100 guidelines regarding radiological dose at the site boundary,
and applicable TMI Action Plan items. This conclusion is based upon the
following:

(a) The applicant has demonstrated that the resultant fuel damage was limited
such that control rod insertability would be maintained, and that no loss
of core cooling capability resulted. The minimum departure from nucleate
boiling ratio (DNBR) or critical power ratio (CPR) experienced by any
fuel rod was , resulting in % of the rods experiencing cladding
perforation.

(b) The applicant met the rq uirements of GDC 31 with respect to demonstratirg
the integrity of the erimary system boundary to withstand the postulated
accident.

(c) The analyses and (*fects of pump rotor seizure and shaft breaks, during
various modes of en ration and with and without offsite power, have been
reviewed.

(d) The accidents analyzed were evaluated using a methematical mooel that has
been previously reviewed and found acceptable by the staff.

(e) The parameters used as input to this model were reviewed and found to be
stitably conservative.

(f) The radioactivity release has been evaluated using the computer code SARA
and a conservative description of the plant response to the accident. A
decontamination factor of between the water and steam phases and a
X/Q value of sec/m3 has been used in our evaluation of radiological
consequences. 7 e calculated doses are presented in Table Technical
specification limits on primary and secondary coolant activities will
limit potential doses to a small fraction of the 10 CFR Part 100 exposure
guidelines. The poter ;ial doses are within 10 CFR Part 100 exposure
guidelines even if the accident should occur coincident with an iodine
spike.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposed an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced NUREGs.

15.3.3-6 Rev. 2 - July 1981
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15.4.1 UNCONTROLLED CONTROL R0D ASSEMBLY WITHDRAWAL FROM A SUBCRITICAL OR LOW POWER
STARTUP CONDITION

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

Secondary - None

I. AREAS OF REVIEW

The CPB evaluates the effects and consequences of an uncontrolled control rod
assembly withdrawal (a bank for a pressurized water reactor; and a single rod,,

with current control modes, for a boiling water reactor *) from a subcritical or
low power (e.g., startup-range) condition to assure conformance with the require-
ments of General Design Criteria 10, 20, and 25 under this SRP section. The review |under this SRP section covers the description of the causes of the transient and
the transient itself, the initial conditions, the reactor parameters used in the
analysis, the analytical methods and computer codes used, and the consequences of

[o) the transient as compared with the acceptance criteria. The reactivity coeffi-
'V cients and control rod worths utilized in this review are also evaluated by the CPB

under SRP Section 4.3.

II. ACCEPTANCE CRITERIA

1. The following General Design Criteria (Ref. 1) apply:

a. Criterion 10, which requires that specified acceptable fuel design limits
are not to be exceede during normal operation, including the effects of
anticipated operational occurrences.

b. Criterion 20, which requires that the protection system initiate auto-
matically appropriate appropriate systeins to assure that specified accep-
table fuel design limits are not exceeded as a result of anticipated
operational occurrences.

*If a single-failure proof system prevents the uncontrolled withdrawal of a control
rod, this transient need not be considered for BWRs.

Rev. 2 July 1981
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c. Criterion 25, which requires that the reactor p)otection system be
designed to assure that specified acceptable fuel design limits are
not exceeded in the event of a single malfunction of the reactivity
control system.

2. The requirements of GDC 10, 20, and 25 concerning the specified acceptable
fuel design limits are assumed to be met for this event when:

a. The thermal margin limits (DNBR for PWRs and MCPR for BWRs) as specified
in SRP Section 4.4, subsection II.1 are met.

b. Fuel centerline temperatures (for PWRs) as specified in SRP Section 4.2,
subsection II.A.2(a) and (b) do not exceed the melting point.

c. Uniform cladding strain (for BWRs) as specified in SRP Section 4.2,
subsection II.A.2(b) do not exceed 1%.

III. REVIEW PROCEDURES

The reviewer, in determining whether the acceptance criteria are met, considers
the following:

1. Peak conditions for the transient are maximized by low initial power; thus,
the p. 3r level of the reactor should be at the lowest possible value com-
patible with the control rod configuration used for the accident. The
postulated initial reactor coolant flow, pressure and inlet temperature
(i.e., the extremes of postulated conditions) should be consistent with
the rod and power configuration to give minimum DNBR, or CPR conditions.

2. Peak corditions for the transient are maximized by large reactivity additioni

rates iear prompt critical; thus, the control rod configurations for the
assumed withdrawal must be examined to confirm that such a maximized state
hac been included in the calculations. For a DWR, control bank withdrawal
should be used. For a BWR, with the present control rod withdrawal proce-
dures, a single rod of maximum worth available in a normal configuration
should be used. In many cases this will be a rod near the 50% rod density
configuration. (More recent modes of BWR control such as group withdrawal
may require that other configurations be examined.) |

3. The exact analysis of the transient would ideally involve a three-
dimensional, coupled neutron kinetics-thermal hydraulics calculation.
However, acceptable results may be obtained with a neutron point-kinetics
analysis and a coupled or separate hot fuel rod thermal analysis, if con-
servative input data are used. The reviewer determines whether the appli-
cant's analytical methods are acceptable by using one or more of the
following procedures:

a. Determine whether the meth6d has been reviewed and approved previously,
by considering past safety evaluation reports and reports prepared
in response to technical assistance requests.

b. Perform a de novo review of the method (usually described in a separate
licensing topical report, and frequently handled outside the scope
of the review for a particular facility).

15.4.1-2 Rev. 2 - July 1981
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Perform auditing-type calculations with methods available to the staff.c.

d. Require additional, bounding calculations by the applicant to cover
i \ portions of the-applicant's analytical methods that have not been

fully reviewed or approved.

4. The input to the neutron kinetics analysis model should be examined to
assure that the input is appropriately conservative both for the state of-
the reactor and for the particular way it is used in the analysis. The
power distribution or peaking factors used in the neutron kinetics and
hot pin thermal calculations must provide a conservative representation
of the control rod configuration under consideration. The Doppler feedback
coefficient should be related conservatively to the values accepted in
the review under SRP Section 4.3, corsidering the time in cycle and temper-
ature conditions of the fuel. Non-weighting of the coefficients is con-
servative, but weighting factors for the particular flux distribution shapes |,
involved in the transients may be used if fully explored and justified.

l The moderator coefficients used should also be conservatively related to
the values accepted in the review under SRP Section 4.3. The most positive
or least negative values should be used and for a PWR this occurs at BOL.
If the coefficient is negative, it may be conservatively taken as zero.

5.
The analysis should consider the relationships between the particular spatial
flux shapes for the transient and the nuclear instrument response to assure
that scrams occur at the times used in the analysis, that valid scram power
levels are assumed, and that conservative scram delays and reactivity func-tions are used.

6. The significant results of the analysis should be presented and should
include maximum power levels reached for the reactor and the peak fuels

rod, reactor temperatures and pressures, maximum heat flux levels, and
the related fuel duty (operating conditions and performance). The latter
are compared with the acceptance criteria in subsection II of this SRP.

IV. EVALUATION FINDINGS

If the staff, on completion of the review finds the applicant's analysis accept-
able, conclusions of the following type should be included in the staff's safetyevaluation report:

The possibilities for single failures of the reactor control system
which could result in uncontrolled withdrawal of control rods underlow power startup conditions have been reviewed. The scope of the
review has included investigations of initial conditions and control
rod reactivity worths, the course of the resulting transients or
steady state conditions, and the instrument response to the transientor power ma1 distribution. The methods used to determine the peak
fuel rod response, and the input into that analysis, such as power
distributions and reactivity feedback effects due to moderator and
fuel temperature changes, have been examined. (If audit calculationshave been done, they should be summarized.)

The staf f concludes that the requirements of General Design Criteria 10,20, and 25 have been met.

O- This conclusion is based on the following:

15.4.1-3 Rev. 2 - July 1981
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The applicant has met the requirement of GDC 10 that the |

specified acceptable fuel design limits are not exceeded,
GDC 20 that the reactivity control systams are automatically
initiated so that specifieu acceptable .uel design limits
are not exceeded, arid GDC 25 that single malfunctions in
the reactivity control system will not cause the specified
acceptable fuel design limits to be exceeded. These require-
ments have been met by comparing the resulting extreme
operating conditions and response for the fuel (i.e., fuel
duty) with the acceptance criteria for fuel damage (e.g.,
critical heat flux, fuel temperatures, and clad strain
limitt should not be exceeded), to assure that fuel rod
failure will be precluded for this event. The basis for
acceptance in the staf f review is that the applicant's
analyses of the maximum transients for single error control
rod withdrawal from a subcritical or low power condition
have been confirmed, that the analytical methods'and input,

data are reasonably conservative and that.specified
acceptable fuel design limits will not be exceeded.

For BWR/6 Designs

The possibilities for single failures of the reactor control system which
could result in uncontrolled withdrawal of control rods under low power
startup conditions have been reviewed.

The staff concludes that the requirements of G' eral Design Criteria 10,
20, and 25 have been met. This conclusion is based on the following:

The applicant has met the requirements of GDC 10 that the
specified acceptable fuel design limits are not exceeded,
GDC 20 that the reactivity control systems are automatically
initiated so that specified acceptable fuel design limits
are not exceeded, and GDC 25 that single malfunctions in
the reactivity control system will not cause the specified
acceptable fuel design limits to be exceeded. These require-
ments have been met since the system design contains a Rod
Pattern Control System. This system has been reviewed and
found acceptable bect.use single failures in the reactor
control system which could result in uncontrolled withdrawal
of control rods under low power conditions have been precluded.
The scope of the review has included the design features,
which act to pr? vent such withdrawals. This review has
shown that no single failure will permit an uncontrolled
rod withdrawal that could lead to reactivity insertions
greater than those routinely encountered during operation.

-

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described hereir, will be used by the staff in its i

evaluation of conformance with Commission regulations.
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VI. REFERENCES

S 1. 10 CFR Part 50, Appendix A, General Design Criterion 10, "Reacter Design," |General Design Criterion 20, " Protection System Functions," and General
Design Criterion 25, " Protection System Requirements for Reactivity
Control Malfunctions."
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15.4.2 UNCONTROLLED CONTROL R0D ASSEMBLY WITHDRAWAL AT POWER

REVIEW RESPONSIBILITIES

Primary - Cort Performance Branch (CPB)

Secondary - None

I. AREAS OF REVIEW

The CPB evaluates the effects and consequences of an uncontrolled control rod assem-
bly withdrawal (a bank for a pressurized water reactor; and a single rod, with cur-
rent control modes, for a boiling water reactor) at power to assure conformance
with the requirements of General Design Critetia 10, 20, and 25 under this SRP |
section. The review under this SRP section covers the description of the causes of
the transient and of the transient itself, the initial conditions, the reactor
parameters used in the analysis, the analytical methods and computer codes used,
and the consequences of the transients as con. pared with the acceptance criteria,

f3 The reactivity coefficients and control rod assembly worths involved are reviewed
(J)by the CP8 under SRP Section 4.3.

II. ACCEPTANCE CRITERIA

1. The following General Design Criteria (Ref. 1) apply:

Criterion 10, which requires that specified acceptable fuel design limitsa.
are not to be exceeded during n rmal operation, including the effects of
anticipated operational occurrences.

b. Criterion 20, which requires that the protection system initiate auto-
matically appropriate systems to assure that specified er.ceptable fuel
design limits are not exceeded as a result of anticipated operational
occurrences.

c. Criterion 25, which requires that the reactor protection system be
designed to assure that specified acceptable fuel design limits are not
exceeded in the event of a single malfunction of the reactivity control
system.

Rev. 2 - July 1981
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2. The requirements of GDC 10, 20, and 25 concerning the specified acceptable
fuel design limits are assumed to be met for this event when:

a. The thermal margin limits (DNBR for PWRs and MCPR for BWRs) as speci-
fied in SRP Section 4.4, subsection 11.1 are met.

b. Fuel centerline temperatures (for PWRs) as specified in SRP Section 4.2,
subsection II.A.2(a) and (b) do not exceed the melting point.

c. Uniform cladding strain (for BWRs) as specified in SRP Section 4.2,
subsection II.A.2(b) do not exceed 1%.

III. REVIEW PROCEDURES

1. The review process and the areas examined differ somewhat depending on
whether a BWR or PWR is being reviewed. For both systems, the review
covers the entire power range from low to full power and the allowed
extreme range of reactor conditions during the operating (fuel) cycle
including rod configurations, power distribution, and associated reactivity
feedback components. The continuous withdrawal of normal configurations
of rods should be assumed for the initial conditions in the transient
calculation. For a PWR, this is one or two control banks; for a BWR,
with current modes of control, it is a single control rod (future modifica-
tions under consideration may change this to group movement). The rc iew
covers a full range of rod or bank withdrawals up to maximum rod or bank
worths and rates of reactivity addition.

The exact analysis of the transient would ideally involve a three-
dimensional, coupled neutron kinetics, thermal-hydraulics calculation.
However, acceptable results may be obtained with suitable approximate
calculations. The problem examined and the approximations used differ
for a PWR and a BWR.

2. For a BWR, past analyses and reviews have shown that at maximum rod worths
and rates of reactivity addition, the reactor power increases slowly and
the total increase is relatively small, so that the transient may be
apprtximated by steady-state analyses. Because of changes in local power
distribution attributable to rod motion and strong void feedback effects
on the power distribution, three-dimensional, steady-state, coupled neutron
distribution, thermal-hydraulics calculations that take account of these
effects are required. The transient is halted by action of a rod block
system, which should block rod withdrawal before fuel safety limits are
reached.

The review process for a BWR, while recognizing the inherent transient
nature of the problem, is concentrated on the steady-state aspects of the

.

transient to assure that initial and subsequent power distributions are
maximized, that the reactor conditions produce minimum critical power
ratio, CPR, and that the responsa of the rod block system is conservatively
calculated considering minimum operation of the associated local power
range monitoring system.

3. A PWR analysis, on the other hand, generally involves larger power changes
and requires transient calculations. Because power distributions in the
course of the transient can frequently be predicted conservatively using
design-limit peaking factors, point kinetics may be used for the nuclear

15.4.2-2 Rev. 2 - July 1981



transient. The nuclear transient is coupled, however, to core and system
thermal-hydraulic response to the power changes (fuel and moderator thermal
feedback and system instrumentation response).

For a PWR, the reviewer ascertains that a full range of transient conditions-

are explored, that the transient calculation models are adequate, and that
scram response of the flux, temperature, or pressure instrumentation is
correctly calculated. The range of parameters to be considered includes:

a. Initial power levels from low to full power.

b. Reactivity insertion rates from very low to maximum possible for the
control system, including allowance for uncertainties.

c. Fuel and moderator feedback reactivity coefficients covering the range
expected throughout the cycle, including allowance for uncertainties.

d. Power peaking factors at design limits for the initial power level
conditions.

4. For both types of reactors the reviewer determines whether the applicant's
analytical methods and models are acceptable, including steady-state,
transient, system response, and fuel response models. This may be done
by using one or more of the following procedures:

a. Determine whether the method has been reviewed and approved previously,
by considering past safety evaluation reports (SERs) and reports pre-
pared in response to technical assistance requests.

O b. Perform a de novo review of the method (usually described in a separate
licensing topical report and frequently handled outside the scope of
the review for a particular facility).

c. Perform auditing-type calculations with methods available to the staff.

d. Require additional, bounding calculations by the applicant to cover
portions of the applicant's analytical methods that are not fully
reviewed or approved.

5. The significant results of the analysis should be presented and should
include maximum power levels reached for the reactor and the peak fuel
rod; scram or rod block actions that occur; reactor temperatures and pras-
sures; maximum heat flux levels; and the related fuel duty (operating
conditions and performance). The latter are compared with the acceptance
criteria in subsection II of this SRP.

IV. EVALUATION FINDINGS

If the staff, on completion of the review finds the applicant's analysis accept-
able, conclusions of the following type should be included in the staff's safety
evaluation report:

The possibilities for single failures of the reactor control system
which could result in uncontrolled withdrawal of control rods beyond(q normal limits under power operation conditions have been reviewed.
The scope of the review has included investigations of possible initial

15.4.2-3 Rev. 2 - July 1981
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conditions and the range of reactivity insertions, the course of the
resulting transient and the instrumentation response to the transient.
The methods used to determine the peak fuel rod response, and the
input into that analysis, such as power distributions, rod reactivities,
and reactivity feedback effects of mod -ator and fuel temperature
changes, have been examined. (If audit calculations have been done, |they should be summarized.)

The staff concludes that the requirements of General Design Criteria 10,
20, and 25 have been met. This conclusion is based on the following:

The applicant has met the requirements of GDC 10 that the
specified acceptable fuel design limits are not exceeded,
GDC 20 that the reactivity control systems are automatically
initiated so that specified acceptable fuel design limits
are not exceeded, and GDC 25 that single malfunctions in
the reactivity control system will not cause the specified
acceptable fuel design limits to be exceeded. These require-
ments have been met by comparing the resulting extreme operat-
ing conditions and response for the fuel (i.e., fuel duty)
with the acceptance criteria for fuel damage (e.g., critical
heat flux, fuel temperatures and clad strain limits should
not be exceeded), to assure that fuel rod failure will be
precluded for this event. The basis for acceptance in the
staff review is that the applicant's analysis of maximum
transients for single error control rod malfunctions have
been confirmed, that the analytical methods and input data
are reasonably conservative and that specified acceptable
fuel design limits will not be exceeded.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the r.ethod described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 10, " Reactor Design," |
General Design Criterion 20, " Protection System Functions," and General
Design Criterion 25, " Protection System Requirements for Reactivity Control
Malfunctions."
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15.4.3 CONTROL R0D MISOPERATION (SYSTEM MALFUNCTION OR OPERATOR ERROR)

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

Secondary - None

I. AREAS OF REVIEW

CPB reviews the Tollowing:

1. The types of control rod misoperations that are assumed to occur. For a pres-

surized water reactor (PWR), this may include one or more rods moving or dis-
placed from normal or allowed control bank positions (such as dropped rods and
rods left behind when inserting or withdrawing banks, or single rod withdrawal)
and may include the automatic contro'i system attempting to maintain full power.
For a builing water reactor (BWR) with current modes of control rod cperation,
limiting anomalies are reviewed under SRP Sections 15.4.1 and 15.4.2, and no
additional areas are considered here.

2. Descriptions of rod position, flux, pressure, and temperature indication sys-
tems, and those actions initiated by these systems (e.g., turbine runback, rod
withdrawal prohibit, rod block) which can mitigate the effects or prevent the
occurrence of various misoperations.

Those safety systems required to prevent misoperations, as required by General
Design Criterion 25, as well as the control rod systes,are reviewed in SRP
Sections 7.2 and 7.7. The purpose of the review is to determine what events
are to be included as single error malfunctions (e.g., examine single rod
withdrawal).

3 Descriptions of the sequence of events occurring during each transient, e.g.,
tod drop followed by automatic return to full power with possible power over-
shoot, including the effect of important feedback mechanisms and trips.

4. Descriptions of the calculational models used and justification of their
validity and adequacy.

Rev. 2 - July 1981
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5. The input to the calculations, including rod worths, power distributions,
and feedback coefficients, and evidence of the conservatism of the input.

6. Results of the analyses including, for each of the transients considered,
plots of the time history of reactor power, reactor vessel pressure, critical
heat flux for the limiting fuel rod, and maximum fuel centerline temperature
or linear heat generation rate.

II. ACCEPTANCE CRITERIA

1. The following General Design Criteria (Ref. 1) apply:

a. Criterion 10, which requires that specified acceptable fuel design
limits are not to be exceeded during normal operation, including the
effects of anticipated operational occurrences.

b. Criterion 20, which requires that the protection system initiate auto-
matically appropriate systems to assure that specified acceptable fuel
design linits are not exceeded as a result of anticipated operational
occurrences.

c. Criterion 25, which requires that the reactor protection system be
designed to assure that specified acceptable fuel design limits are
not exceeded in the event of a single malfunction of the reactivity
control system.

2. The requirements of GDC 10, 20, and 25 concerning the specified acceptable
fuel design limits are assumed to be met for this event when:

a. The thermal margin limits (DNBR for PWRs) as specified in SRP
Section 4.4, subsection II.1 are met.

b. Fuel centerline temperatures as specified in SRP Section 4.2, sub-
section II.A.2(a) and (b) do not exceed the melting point.

c. Uniform cladding strain as specified in SRP Section 4.2, subsection
II.A.2(b) do not exceed 1%.

III. REVIEW PROCEDURES

The reviewer, in determining whether the criteria are met, must determine the
transients that should be considered for this event. Generally, the list of
errors should include: inadvertently withdrawing one or several rods: leaving
one or several rods behind during bank withdrawal; and inserting one or several
rods with power compensation in other portions of the core. In addition to
these events, the reviewer must also decide, by postulating single failures in
equipment or errors in operation, whether additional single rod malfunctions
can be created. Once the list of transients has been established, the reviewer
must determine acceptability in accordance with the criteria of subsection II
of this SRP.

1. For each failure event analyzed, the cases which result in a limiting
fuel rod condition should be presented. Initial conditions and parameter
values selected for these cases should be justified with a sensitivity
analysis or discussion. Conditions of first-order importance for any

time in cycle are initial power level and distribution, initial rod
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j configuration, reactivity addition rate, moderator temperature, fuel
temperature, and void reactivity coefficients.,

(D'

'
2. For each event, the analytical methods used by the applicant are reviewed.

Those steady-state and transient methods that are primarily based on reactor
' physics considerations are the responsibility of CPB. Where thermal-hydraulic

methods are involved, review assistance may be requested as described in
SRP Section 4.4. In either case, the reviewer must determine whether the
applicant's evaluation methods are acceptable. This may be done by using
one or more of the following procedures:4

Determine whether the method has been reviewed and approved previously,a.+

; by considering past safety evaluation reports (SERs) and reports pre-
pared in response to specific technical assistance requests.

b. Perform a de novo review of the method (usually described in a separate
licensing topical report, and often handled outside the scope of the
review for a particular facility).

c. Perform auditing-type calculations with methods avaiiable to the staff,

d. Require additional bounding calculations by the applicant to confirm
the validity of those portions of the appiicant's analytical method
that have not already been fully reviewed and approved.

;

3. For each event, the results are evaluated. In addition to verifying
conformance to the acceptance criteria of subsection II above, the
revicwer determines that:4

a. Input conditions (e.g., pressure, temperature, flow rate) are at the,

adverse end of the range of value3 specified as the operating range.

b. Initial power is 102% of licensed core thermal power, unless a lower
power level is justified by the applicant.

c. Output signels (power, temperature, flux perturbation) provided
adequate alarm or scram signals.<

i

d. Nuckar conditions that interact with this event (e.g. , Doppler
coefficient, void coefficient) have been calculated as described in

i SRP Section 4.3.

IV. EVALUAT 0N FINDINGSf

If the reviewer's evaluation shows that the applicant's analyses are acceptable,
the following kinds of statements should be included in the staff's safety

j evaluation report:
i

| The possibilities for single failures of the reactor control system
| which could result in a movement or malposition of control rods beyond
[ normal limits have been reviewed. The scope of the review has included

investigations of possible rod malposition configurations, the coursei

of the resulting transients or steady-state conditions, and the instru-i

^
mentation response to the transient or power maldistribution. The
methods used to determine the peak fuel rod response, and the input
to that analysis, such as power distribution changes, rod reactivities,
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and reactivity feedback effects due to moderator and fuel temperature
changes, have been examined. (If audit calculations have been done, |
they should be summarized.)

The staff concludes that the requirements of General Design Criteria 10,
20, and 25 have been met. This conclusion is based on the following:

The applicant has met the requirements of GDC 10 that the
specified acceptable fuel design limits are not exceeded,
GDC 20 that the reactivity control systems are automatically
initiated so that specified acceptable fuel design limits
are not exceeded, and GDC 25 that singla malfunctions in
the reactivity control system will not cause the specified
acceptable fuel design limits to be exceeded. These require-
mentc have bemi met by comparing the resulting extreme opera-
ting conditions and response for the fuel (i.e., fuel duty)
with the acceptance criteria for fuel damage (e.g., critical
heat flux, fuel temperatures and clad strain limits should
not be exceeded), to assure that fuel rod failure will be
precluded for this event. The basis for acceptance in the
staff review is that maximum configurations and transients
for single error control rod malfunctions have been analyzed,
that the analysis methods and input data are reasonably
conservative and that specified acceptable fuel design limits
will not be exceeded.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC stafi's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 10, " Reactor Design," |

| General Design Criterion 20, " Protection System Functions," and General
Design Criterion 25, " Protection System Requirements for Reactivity Control
Malfunctions."

9
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15.4.4-15.4.5 STARTUP "7 AN INACTIVE LOOP OR RECIRCULATION LOOP AT AN INCORRECT
TEMPERATURE, AND FLOW CONTROLLER MALFUNCTION CAUSING AN INCREASE

BWR CORE FLOW RATE

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch

Secondary - None

I. AREAS OF REVIEW

A number of transients that may occur with moderate frequency cause either
increased core flow or introduction of cooler or de-borated water into the core.
These transients result in an increase in core reactivity due to decreased mod-
erator temperature, moderator boron concentration, or core void fraction. This
SRP section is intended to be applicable to all such transients.* Each of these

|
transients should be discussed in individual sections of the applicant's safety
analysis report (SAR), as required by the Standard Format (Reference 1).

p
i i The specific transients (Table 15-1 of Reference 1) evaluated are:V

1. Boiling water reactor (BWR): startup of an idle recirculation pump.

2. BWR: flow controller malfunction causing increased recirculation flow.

3. Pressurized water reactor (PWR) with loop isolation valves; startup of a pump
in an initially isolated inactive reactor coolant loop where the rate of flow
increase is limited by the rate at which the isolation valves open.

4. PWR without loop isolation valves: startup of a pump in an inactive loop.

The review of the core flow increase transients considers the sequence of events,
the analytical model, the values of parameters used in the analytical model, and
the predicted consequences of the transients. The RSB reviewer concentrates on |

* Continuous boron dilution is considered in another secticn of the SRP. |
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the need for the reactor pratection system and operator action to secure and
maintain the reactor in a safe condition.

The analytical methods are reviewed by RS8 to ascertain whether the mathematical
modeling and computer codes have been previously reviewed and accepted by the
staff. If a referenced analytical method has not been previously reviewed,
the reviewer initiates a generic evaluation of the new analytical model. In
addition, the values of all the parameters used in the new analytical model,
including the initial conditions of the core and system, are reviewed.

predicted results of the transients are reviewed to assure that the conse-I

qe nces meet acceptance criteria given in subsection II, below. Further,
the rr 't 'e transients are reviewed to ascertain that the values of
pertiu ;m parameters are within ranges expected for the type and class
oi %c ,Jer review.

In addition, the RSB will coordinate other branches' evaluations that interface
with the overall review of the system as follows: The Instrument and Control
Branch (ICSB) reviews the instrumentation and controls aspects of the sequence
described in the SAR to confirm that reactor and plant protection and safeguards
controls and instrumentation systems will function as assumed in the safety
analysis as part of its primary review responsibility for SRP Sections 7.2
through 7.5. The Core Performance Branch (CPB) performs generic reviews of
the thermal-hydraulic computer models used for this transient and also performs,
upon request, additional analyses related to these accidents for selected reactor
types as part of its primary review responsibility for SRP Sections 4.2 through
4.4. The Accident Evaluation Branch (AEB) is notified regarding the extent of
the fuel failures that art predicted by the analysis. AEB then evaluates the
radiological consequences of the event.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria neces-
sary for the eview and their methods of application are contained in the
referenced SRF section of the corresponding branch.

II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirements of
the following regulations:

A. General Design Critcria (GDC) 10 and 20 as it relates to the reactor coolant
system being desir,ned with appropriate margin to assure that specified
acceptable fuel design limits are not exceeded during normal operations
including anticipated operational occurrences.

B. General Design Criteria 15 and 28 as it relates to the reactor coolant
system and its associated auxiliaries being designed with appropriate
margin to assure that the pressure boundary will not be breached during
normal operations including anticipated operational occurrences.

C. General Design Criterion 26 as it relates to the reliable control of reac-
tivity changes to assure that specified acceptable fuel design limits are
not exceeded, including anticipated operational occurrences. This is
accomplished by assuring that appropriate margin for malfunctions, such
as stuck rods, is accounted for.
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The basic objectives of the review of the transients described above are:

[ Q 1.
\

To identify which of the transients are the most limiting.

2. To verify that, for the most limiting transient, the plant responds in
such a way that the criteria regarding fuel damage and system pressure
are met.

The specific criteria necessary to meet the relevant requirements of the regula-
tions identified above for incidents of moderate frequency are as follows:

(a) Pressure in the reactor coolant and main steam systems should be
maintained below 110% of the design values (Ref. 2).

(b) Fuel cladding integrity shall be mintained by ensuring that the
minimum DNBR remaining above the 95/95 DNBR limit for PWRs and the
CPR remains above the MCPR safety limit for BWRs based on acceptable
correlations (see SRP Section 4.4).

(c) An incident of moderate frequency should not generate a more serious
plant condition without other faults occurring independently.

(d) An incident of moderate frequency in combination with any single active
component failure, or single operator error, shall be considered and is
an event for which an estimate of the number of potential fuel failures
shall be provided for radiological dose calculations. For such acci-
dents, fuel failure must be assumed for all rods for which the DNBR

O' or CPR falls below those values cited above for cladding integrity
unless it can be shown, based on an acceptable fuel damage mode
(see SRP Section 4.2) that fewer failures occur. There shall be
no loss of function of any fission product barrier other than the
fuel cladding.

(e) The requirements stated in Regulatory Guide 1.105, " Instrument Spans
and Setpoints," are used with regard to their impact on the plant
response to the type of transients addressed in this SRP section.

,

(f) The most limiting plant systems single failure, as defined in the
" Definitions and Explanations" of Appendix A to 10 CFR Part 50, shall
M identified and assumed in the analysis and should satisfy the
guidance stated in Regulatory Guide 1.53.

The applicant's analysis of the most limiting transients should be performed
using an acceotable model. If analytical methods which have not been approved ,

are proposed by the applicant, they are evaluated b) the staff for acceptability.

The values of parameters used in the analytical model are to be suitably
conservative. The following values are considered acceptable:

a. Initial power level is rated output (licensed core thermal power) for the
number of loops initially assumed to be operating plus an allowance of 2%
to account for power measurement uncertainty. An analysis to determine

% the effects of a flow increase must be made for each allowed mode of opera-1

'

tion (i.e., one, two, or three loops initially operating) or the effects
referenced to a limiting case.
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b. Conservative scram characteristics are assumed, e.g., maximum time delay
with the most reactive rod held out of the core for a PWR and a design
conservatism factor of 0.8 times the calculated negative reactivity inser-
tion rate for a BWR.

c. The core burnup is selected to yield the most limiting corbination of
moderator temperature coefficient, void coefficient, Doppler coefficient,
axial power profile, and radial power distribution.

d. Mitigating systems should be assumed to be actuated in the analyses at
setpoints with allowance for instrument inaccuracy in accordance with
Regulatory Guide 1.105 as determined by ICSB.

The reviewer shall verify that the protectio- system (1) initiates automatically
the operation of appropriate systems, including the reactivity control systems,
to assure that specified acceptable fuel design limits are not exceeded for
this event, and (2) senses the plant conditions ard initiates the operation of
systems and components important to safety.

For BWR plants where flow control is part of the reactivity control system,
GDC 25, 26, and 28 must be satisfied for this event; otherwise, G0C 25, 26,
and 28 are not applicable. Where applicable, GDC 25, 26, and 28 are satisfied
if compliance with GDC 10 and 15 is demonstrated.

III. REVIEW PROCEDURES

The procedures below are used during both the construction permit (CP) and
operating license (OL) reviews. During the CP review the values of system
parameters and setpoints used in the analysis will be preliminary in nature
and subject 1o change. At the OL review stage, final values should be used in '

the analysis, and the reviewer should compare these to the limiting safety system
settings inClJded in the proposed technical specifications.

The description of the core flow increase transients presented in the SAR is
reviewed by RSB regarding the occurrences leading to the initiating event.
The sequence of events from initiation until a stabilized condition is reached
is reviewed to ascertain:

1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

2. The extent to which plant and reactor protection systems are required to
function.

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineered safety systems that is required.

5. The extent to which operator actions are required.

6. That appropriate margin for malfunctions, such as stuck rods (see III.3.b),
is accounted for.

If the SAR states that a particular core flow transient is not as limiting as
so'e other similar transient, the reviewer evaluates the justification presented
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by the applicant. The applicant should present a quantitative analysis in the
SAR of the increase in flow transient that is determined to be most limiting.

( For this transient, the RSB reviewer, with the aid of the ICSB reviewer, reviews
the timing of the initiation of protection, engineered safety feature, and other
systems needed to limit the consequences of the core flow increase transient
to acceptable levels. The RSB reviewer compares the predicted variation of
system parameters with various trip setpoints. The ICSB review of Chapter 7
of the SAR confirms that the instrumentation and control system design is

. consistent with the requirements for safety systems actions for these events.

To the extent deemed necessary, the RSB reviewer evaluates the effect of single
active failures of safety systems and components which may alter the course of
the transient. This phase of the review uses the system review procedures
described in the SRP sections for Chapters 5, 6, 7, and 8 of the SAR. The
reviewer considers and evaluates the possibility of a single failure that would
permit the loop isolation valves to open prior to startup of a pump in an idle
loop (for those plants with loop isolation valves). If this could occur, the
core flow rate increase would not be limited by the rate at which the valve
opens, and the resulting rate of reactivity insertion could be greater than
for other transients of this group.

The mathematical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam lines
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, a generic review of the model

,proposed by the applicant is initiated.

O The values of system parameters and initial core and system conditions used asinput to the model are reviewed by RSB. Of particular importance are the reac-
tivity coefficients and control rod worths used in the applicant's analysis,
and the variation of moderator temperature, void, and Doppler coefficients of
reactivity with core life. The justification provided bv the applicant to show
that the selected core burnup yields the minimum margins is evaluated. CPB is
consulted regarding the values of the reactivity parameters and fuel data used
in the applicant's analysis.

The results of the analysis are reviewed and compared to the acceptance criteria
presented in subsection II of this SRP section regarding the maximum pressure
in the reactor coolant and main steam systems. The variations with time during
the transient of the neutron power, hea+ fluxes (average and maximum), reactor
coolant system pressure, minimum DNBR (PWR) or CPR (BWR); core and recirculation
loop coolant flow rates (BWR), coolant conditions (inlet temperature, core
average temperature (PWR), core average steam volume fraction (BWR), average
exit and hot channel exit temperatures, and steam fractions), steam 1.ine pressure,
containment pressure, pressure relief valve flow rate, and flow rate from the
reactor coolant system to the containrrent system (if applicable) are reviewed.
The values of the more important of these parameters for the core flow increase
transients are compared to those predicted for other similar plants to see that
they are withir he range expected.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contain sufficient information and his reviewC supports the following kinds of statements and conclusions which should be
( included in the staff s safety evaluation report (SER):
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A number of plant transients can result in a core flow increase.
Those that migat be expected to occur with moderate frequency are
the startup of an idle recirculation pump (BWR); flow controller
malfunction causing increasing core flow (BWR); startup of a pump in
an inactive reactor coolant loop (PWR); and startup of a pump in an
initially isolated 'nactive reactor coolant pump.* All these postu-
lated transients have been reviewed. It was found that the most
limiting with regard to core thermal margins and pressure within the
reactor coolant and main steam systems was the transient.
This transient was evaluated by the applicant using a mathematical
model that has been previously reviewed and found acceptable by the
staff. The parameters used as input to this model were reviewed and
found to be suitably conservative.

The staff concludes t % t the plant design with regard to transients
that result in an increase in coolant flow through the reactor core
is acceptable and meets the relevant requirements of General Design
Criteria 10, 15, 20, 26, and 28. This conclusion is based on the
following:

1. The applicant has met the requirements of General Design
Criteria 10, 20, and 26 with respect to demonstrating that the
specified acceptable fuel design limits are not exceeded for
this event.

2. The applicant has met the requirements of General Design
Criteria 15 and 28 with respect to assuring that the design con-
ditions of the reactor coolant pressure boundary are not exceeded
because the protection system operates to maintain the maximum
pressure within the reactor coolant and main steam syste pressures
below 110% of the design values.

3. The applicant has met the positions of Regulatory Guide 1.53 as
related to the single-failure criterion and Regulatory Guide 1.105
as related to instrument actuations of systems and components,

important to safety.
,

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.!

Except in those cases in which the applicant proposes an acceptable alternative
! method for complying with specified portions c' the Commission's regulations,

the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

"The SER should present one statement for all similar transients.

O
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VI. REFERENCES

[m') 1. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
U/ Reports for Nuclear Power Plants."

2. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NB-7000, " Protection Against Overpressure," American
Society of Mechanical Engineers.

3. General Design Criterion 10, " Reactor Design."

4. General Design Criterion 15, " Reactor Coolant System Design."

5. General Design Criterion 20, " Protection System Functions."

6. General Design Criterion 26, " Reactivity Control System Redundancy and
Capability."

7. General Design Criterion 28, " Reactivity Limits."

8. Regulatory Guide 1.53, " Application of the Single-Failure Criterion to
Nuclear Power Plant Protection Systems."

9. Regulatory Guide 1.105, " Instrument Spans and Setpoints."

(m')J

)

rN

15.4.4-7 Rev. 1 - July 1981

. . - ,. . ._ -- - - .-_. _ . . _ . -. , , _ _ - _ , _ - _-,---, -



NU REG-0800
(Form: fly NUREG 75/087)

ga aro \
v

'4(3%) STANDARD REV EW PLAN
U.S. NUCLEAR REGULATORY COMMISSIONf

OFFICE OF NUCLEAR REACTOR REGULATION%...e.f

SECTION 15.4.6 CHEMICAL AND VOLUME CONTROL SYSTEM MALFUNCTION THAT RESULTS IN A
DECREASE IN BORON CONCENTRATION IN THE REACTOR COOLANT (PWR)

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

Unborated water can be added to the reactor coolant system, via the chemical
volume and control system (CVCS), to increase core reactivity. This may happen
inadvertently, because of operator error or CVCS malfunction, and cause an
unwanted increase in reactivity and a decrease in shutdown margin. The operator
must stop this unplanned dilution before the shutdown margin is eliminated. Since
the sequences of events that may occur depend on plant conditions at the time of
the unplanned moderator dilution, the review includes conditions at the time of
the unplanned dilution, such as refueling, startup, power operation (automaticp) control and manual modes), hot standby, and cold shutdown.g

O
The review of postulated moderator dilution events considers causes, initiating
events, the sequence of events, the analytical model, the values of parameters
used in the analytical model, and predicted consequences of the event.

The sequence of events described in the applicant's safety analysis report (SAR)
is reviewed by both the RSB. The RSB reviewer concentrates on the need for the 'l
reactor protection system and the operator action required to secure and maintain
the reactor in a safe condition. The RSB review of SRP Section 6.3 covers the 'g
s'ystems for emergency injection of borated cooling water. l

'
The analytical methods are reviewed by RSB to ascerdrin whether the mathematical
modeling and computer codes have been previously accepted by the staff. If a il

referenced analytical method has not been previously reviewed, the reviewer
initiates a generic evaluation of the new analytical enodel.

.

;.
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The predicted results of moderator dilution events are reviewed by RSB to assure
that the consequences meet the acceptance criteria given in subsection II of this
SRP section. Further, the results of the transients are reviewed to ascertain
that the values of pertinent system parameters are within ranges expected for
the type and class of reactor under review.

In addition, the RSB will coordinate the other branches' evaluations that inter-
face with the overall review of the system as follows: The Instrumentation and
Control Systems Branch (ICSB) reviews the instrumentation and control aspects of
the sequence described in the SAR to confirm that reactor and plant protection and
safeguards controls and instrumentation systems will function as assumed in the
safety analysis as part of its primary review responsibility for SRP Sections 7.2
through 7.5. The Chemical Engineering Branch (CMEB) reviews the functional and
operational characteristics and potential failure modes of the CVCS as part of
its primary review responsibility for SRP Section 9.3.4. The RSB reviewer makes
use of this review to evaluate initiating causes and the expected sequence of
events. The Core Performance Branch (CPB) reviews the values of the reactivity
parameters used in the analyses as part of its primary review responsibility for
SRP Section 4.3 and also performs, upon request, additional analyses related to
these accidents for selected reactor types as part of its primary review
responsibility for SRP Sections 4.2 and 4.4.

For those areas of review identified above as being reviewed as part of the
primary review responsibility of other branches, the acceptance criteria necessary
for the review and their methods of application are contained in the referenced
SRP section of the corresponding branch.

II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

A. General Design Criterion 10 (Ref. 2), as it relates to the reactor coolant
system being designed with appropriate margin to assure that specified
acceptable fuel design limits are not excceded during normal operations
including anticipated operational occurrences.

B. General Design Criterion 15 (Ref. 3), as it relates to the reactor coolant
system and its associated auxiliaries being designed with appropriate margin
to assure that the pressure boundary will not be breeched during normal
operations including anticipated operational occurrences.

C. General Design Criterion 26 (Ref. 4), as it relates to the reliable control
of reactivity changes to assure that specified acceptable fuel design limits
are not exceeded, including anticipated operational occurrences. This is
accomplished by assuring that appropriate margin for malfunctions, such as
stuck rods, are accounted for.

The general objective of the review of moderator dilution events is to confirm
that either of the following conditions are met:

1. The consequences of these ' vents are less severe than the consequences of
another transient that rest s in an uncontrolled increase in reactivity and
has the same anticipated frequency classification.
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2. The plant responds to the events in such a way that the criteria regarding
fuel damage and system pressure are met and the dilution transient iss'

teeqinated before the shutdown margin is eliminated.

Specific criteria necessary to meet the relevant requirements of GDC 10,15,
and 26 are as follows:

1. Pressure in the reactor coolant and main steam systems should be maintained
below 110% of the design valves. (Ref. 1)

2. Fuel cladding integrity shall be maintained by ensuring that the minimum
DNBR remains above the 95/95 DNBR limit for PWRs and the CPR remains above
the MCPR safety limit for BWRs based on acceptable correlations (see SRP
Section 4.4).

3. An incident of moderate frequency should not generate a more serious plant
condition without other faults occurring independently.

4. An incident of moderate frequency in combination with any single active
comonent failure, or single operator error, shall be considered and is an
event for which an estimate of the number of potential fuel failures shall
be provided for radiological dose calculations. For such accidents, the
number of fuel failures must be assumed for all rods for which the DNBR
or CPR falls below those values cited above for cladding integrity unless
it can be shown, based on an acceptable fuel daraage model (see SRP
Section 4.2), that fewer failures occur. There shall be no loss of function
of any fission product barrier other than the fuel cladding.

Os 5. If operator action is required to terminate the transient, the following
minimum time intervals must be available between the time wnen an alarm
announces an unplanned moderator dilution and the time of loss of shutdown
margin:

a. During refueling: 30 minutes.

b. During startup, cold shutdown, hot standby, and power operation: 15
minutes.

The applicant's analysis of moderator dilution events should be performed using
an acceptable analytical model. Should unreviewed analytical methods be proposed,
these methods must be evaluated by the staff. For new generic methods, the
reviewer initiates an evaluation.

All of the following plant initial conditions should be considered in the analysis:
refueling, startup, power operation (automatic control and manual modes), hot
standby, and cold shutdown.

The parameters and assumptions used in the analytical model should be suitably
conservative. The following values and assumptions are considered acceptable:

(i) For analyses during power operation, tha initial power level is rated
output (licensed core thermal power) plus an allowance of 2% to account
for power measurement uncertainty.

J (ii) The bcron dilution is assumed to occur at the maximum possible rate.
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(iii) The core burnup and corresponding boron concentration are selected
to yield the most limiting combination of moderator temperature
coefficient, void coefficient, Doppler coefficient, axial power profile,
and radial power distribution. This will usually be the beginning-of-
life (BOL) condition.

(iv) All fuel assemblies are installed in the ccre.

(v) A conservatively low value is assumed for the reactor coolant volume.

(vi) For analyses during refueling, all control rods are withdrawn from
the core. |

(vii) For analyses during power operation, the minimJm shutdown margin allowed
by the technical specifications (usually 1%) is assumed to exist prior
to the initiation of boron dilution.

(viii) For each event analyzed, a conservatively high reactivity addition
rate

is assumed taking into account the effect of increasing boron worth
with dilution.

(ix) Conservative scram characteristics are assumed, i.e., maximum time
delay with the most reactive rod held out of the core.

III. REVIEW PROCEDURES

The procedures below are used during both the construction permit (CP) and operat-
ing license (OL) reviews. During the CP review, the values of system parameters
and setpoints used in the analysis will be preliminiary in viature and subject
to change. At the OL review, final values should be used in the analysis, and
the reviewer should compare these to the limiting safety system settings included
in the proposed technical specifications.

| The descriptions of moderatar dilution transients presented in the SAR are
reviewed by RSB regardir,q the occurrences leading to the initiating events.

,

The sequence of events, from initiation until a stabilized condition is reached,
is reviewed to ascertain:

3. The extent to which normally operating plant instrumentation and controls
are assumed to function. Particularly important are the alarms which alert
the operator to the unplanned boron dilution.

2. The extent to which the plant and reactor protection systems are required
to function.

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineered safety systems that is required.

5. The extent to which operator actions are required.

6. The appropriate margin for malfunctions, such as stuck rods are E counted
for.
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The RSB reviewer confirms that analyses are included for a boron dilution
incident occurring during each of the following plant initial conditions:
refueling, startup, power operation (automatic control and manual modes), hot
standby, and cold shutdown. The refueling condition should consider cases when
the reactor vessel head is removed and the coolant is drained to the elevation
of the hot leg piping. For each such incident reviewed, all possible causes
must have been considered by the applicant and justification presented that
the cause selected for analysis is the one that allows the operator the least
time to take corrective action.

With the aid of the EICSB reviewer, the timing of the initiation of those protec-
tion, engineered safety, and other systems needed _to limit the consequences of
each boron dilution incident to acceptable levels'is reviewed. The RSB reviewer
compares the predicted variations of system parameters with various trip and
system initiation setpoints. The ICSB reviewer evaluates automatic initiation,
actuation delays, possible bypass modes, interlocks, and the feasibility of
manual operation where the SAR states that operator action is needed or expected.

To the extent deemed necessary, the RSB reviewer evaluates the effects of single
active failures of systems and components that may affect the course of the
transient. This phase of the review uses the system review procedures described
in the standard review plans for Chapters 5, G, 7, 8, and 9 of the SAR. In-
particular, the redundancy of alarms that alert the operator to the unplanned
dilution is confirmed.

The mathematical models used by the applicant to evaluate core performance and
reactivity status are reviewed by RSB to determine if these models have been
previously found acceptable by the staff. If not, a generic review of the model
proposed by the applicant is initiated.

The values of system parameters and initial core and system conditions used as
input to the model are reviewed by RSB. Of particular importance are the
reactivity coefficients and control rod worths used by the applicant. The justi-
fication provided by the applicant to show that the selected core burnup condition,
boron concentration, and rod worths yield the minimum margins is evaluated.
CPS is consulted regarding the values of the reactivity parameters used in the
applicant's analysis. These values are reviewed by CPB under SRP Section 4.2.
The value of core reactivity as a function of time following each incident
analyzed is confirmed by comparision with an acceptable analysis performed for
another plant, by comparison with staff calculations for typical plants done
by CPB on request, or by independent calculations by the RSB reviewer.

The assumed dilution flow rates are reviewed, taking into consideration the
system parameters which act to limit the flow. The reviewer examines the flow-
limiting equipment characteristics provided by the applicant to justify his
flow rate assumptions; e.g., if the flow is limited by the charging pump capacity,
the assumed flow is compared with the flow for all charging pumps acting at
full capacity. If some lesser value of flow is assumed, such as not all pumps
operating, or flow limited by a valve, justification must be provided. EICSB

is consulted concerning any interlocks for which credit is taken. |

The results of the analyses are reviewed and compared to the acceptance criteria
presented in subsection II of this SRP regarding the time available for the
operator to take corrective action. The variations with time during the tran-
sient of important parameters are compared to those predicted for other similar
plants to see that they are within the range expected. Parameters of particular
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importance are cm reactivity, boron concentrathn, rrte of addition of unbor-
ated water, power level, core pressure, and minimum departure from nucleate
boiling ratio (DNBR).

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his
review supports the following kinds of statements and conclusions which should
be included in the staff's safety evaluation report:

Various chemical and volume control system (CVCS) malfunctions which could
lead to an unplanned boron dilution incident have been reviewed. The mal-
functions that allow the operator the shortest time for corrective action
have been analyzed starting from plant conditions of startup, power operation
(automatic and manual), hot standby, cold shutdown, and refueling. These
events were evaluated by the applicant using a mathematical model that
has been previously reviewed and found to be suitably conservative. The
results of the analyses of these events showed that the operator has
minutes to take corrective action if a boron dilution incident occurs during
refueling and minutes if at power. In the latter case the most severe
transient results in a minimum departure from nucleate boiling rauo (DNBR)
of and reactor coolant and main steam system pressures of less than
110%-~of design.

The staff concludes that the analysis for the decrease in reactor coolant boron
concentration event is acceptable and meets the requirements of General Design
Criteria 10, 15 and 26. This conclusion is based on the following:

1. The applicant has met the requirements of GDC 10 with respect to demonstrating
that the speedfied acceptable fuel design limits are not exceeded for this
event. This requirement has been met since the results of the analysis
showed that the thermal margin limits (MONBR for PWRs) are satisfied as
indicated by SER Section 4.4.

2. The applicant has met the requirements of GDC 15 with respect to demonstrat-
Jg that the reactor coolant pressure boundary limits h a e not been exceeded

for this event. This requirement has been met since the analysis showed
that the maximum pressure in the reactor coolant and main steam systems
did not exceed 110% of the design pressure.

3. The applicant has met the requirements of GDC 26 with respect to demonstrating
that the control rod system has the capability of overcoming the effects
of boron dilution events during reactor operation. The applicant has demon-
strated the fulfillment of these requirements by showing that under the
postulated accident conditions, and with appropriate margira for stuck
rods, the specified acceptable fuel design limits are not exceeded.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding
the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for comlying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission Regulations.
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VI. REFERENCES
;

5 1. ASME Boila" and Pressure Vessel Code, Section III, " Nuclear Power Plant
Component =," Article NB-7000, " Protection Against Overpressure," American
Society of Mechanical En0 neers.i

2. 10 CFR Part 50, Appendix A, GDC 10, " Reactor Design."

3. 10 CFR Part 50, Appendix A, GDC 15, " Reactor Coolant System Design."
!
'4. 10 CFR Part 50, Appendix A, GDC 26, " Reactivity Control System Redundancy

and Capability."
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15.4.7 INADVERTENT LOADING AND OPERATION OF A FUEL ASSEMBLY IN AN IMPROPER POSITION

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

Secondary - None
|

I. AREAS OF REVIEW

The review of fuel ?2ading errors considers:

1. The spectrum of misloading events analyzed. A sufficient number of fuel load-
ing errors must be studied by the applicant and presented to show that the
worst situation undetectable by incore instrumentation has been identified.
The kinds of errors considered should include loading of one or more fuel
assemblies into improper locations and, where physically possible, with
incorrect orientation. For those reactors in which burnable poison or fuel
rods are added to or removed from fuel assemblies at the plant, errors in

/^'s these processes must be considered.
c i

\') 2. Changes in the power distribution and increased local power density.

3. The provisions made to search for loading errors at the beginning of each fuel
cycle.

CPB also reviews the effect of misloaded fuel on nuclear design parameters, the
detection of fuel loading errors, and any operational restrictions that would
assist in staying within fuel rod failure limits.

On request, the appropriate technical review branch reviews the radiological
implications of misloaded fuel or the measures provided to minimize the probability

|

j of a fuel misloading.
t
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II. ACCEPTANCE CRITERIA
_

The acceptance criteria for this SRP section are as follows:

1. General Design Criterion 13 (Ref. 1) as it relates to instrumentation and
controls provided to monitor variables over anticipated ranges for normal
operations, anticipated operational occurrences, and for accident conditions.

2. 10 CFR Part 100 (Ref. 2) as it relates to offsite consequences resulting
frem reactor operations with an undetected misloaded fuel assembly.

The primary safeguards against fuel loading errors are procedures and design
features to minimize the likelihood of the event. Additional safeguards include
incore instrumentation systems which would detect errors. However, should an
error be made and go undetectec', it is possible in some reactor designs for
fuel rod failure limits to be exceeded. Therefore, the following acceptance
criteria are necessary to cover the event of operation with misloaded fuel
caused by loading errors:

To meet the requirements of GDC 13, plant operating procedures should ja.
include a provision requiring that reactor instrumentation be used to

|search for potential fuel loading errors af ter fueling operations.

b. In the event the error is not detectable by the instrumentation system
and fuel rod failure limits could be exceeded during normal operation, I

the offsite consequences should be a small fraction of the 10 CFR Part 100
guidelines.

III. REVIEW PROCEDURES

The review procedures for fue! loading errors are as follows:

1. The reviewer verifies that the various cases of misloaded fuel assemblies
outlined in subsection I above have been analyzed by the applicant and
the worst case dettrmined. For each case the effect on the reactor power
distribution should be given.

2. The reviewer determines that the effect each postulated error has on reactor
instrumentation has been ascertained. For limiting events (where fuel |
rod failure limits are exceeded), the reviewer verifies that acceptable I

techniques (see SRP Section 4.4) have been used to calculate the fuel
temperature conditions.

3. The reviewer assures compliance with ecceptance criterion a of subsection II
above by reviewing the plant operating procedures tc verify that they contain
provisions requiring that incore instramentation be used to search for
misloaded fuel after each fueling operation. Since low power n.apping is
typically done, searching for misloadir g can be accomplished by the usual
low power maps.

4. When it is determined that fuel rod failure limits can be exceeded, the |
appropriate technical review branch is requested to perform dose calcula-
tions to assure that acceptable criterion b of subsection II above is met.
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IV. EVALUATION FINDINGS

[ ,/
,

') The reviewer verifies that sufficient information has been provided and his
\_, review supports the following kind of statement, to be included in the staff's

safety evaluation report:

The staff has evaluated the consequences of a spectrum of postulated fuel,

loading errors. We conclude that the analyses provided by the applicant
have shown for each case considered that either the error is detectable
by the available instrumentation (and hence remediable) or the error is
undetectable but the effsite consequences of any fuel rod failures are a
small fraction of 10 CFR Part 100 guidelines. The applicant affirms that
the available incore instrumentation will be used before the start of a
fuel cycle to search for fuel loading errors.

The staff concludes that the requirements of General Design Criterion 13
and 10 CFR Pert 100 have been met. This conclusion is based on the
following:

The applicant has met the requirements of GDC 13 with respect
to providing adequate provisions to minimize the potential of a
misloaded fuel assembly going undetected and meets Part 100 with
respect to mitigating the consequences of reactor operations
with a misloaded fuel assembly. Those requirements have been
met by providing acceptable procedures and design features that
will minimize the likelihood of loading fuel in a location other
than its designated place.

t V. -IMPLEMENTATIONN,

The following is intenaed to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, " General Design Criteria for Nuclear Power
Plants."

2. 10 CFR Part 100, " Reactor Site Criteria."

(~'N
r 4
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15.4.8 SPECTRUM 0F ROD EJECTION ACCIDENTS (PWR)

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

Secondary - Accident Evaluation Branch (AEB) |

I. AREAS OF REVIEW

The CPB evaluates the consequences of a control rod ejection accident in the area
of physics- The review covers the possible initial conditions, rod patterns and
wo-ths, scram worth as a function of time, adequacy of the various reactivity
coefficients, adequacy of the calculational methods, and any core parameters which
affect the peak reactor pressure or the probabiiity of fuel rod failure. |

The relevant thermal-hydraulic analyses are reviewed under SRP Section 4.4. I

,.

[(j} The AEB reviews, as part of its secondary review responsibility, described in the |appendix to this SRP section, the radiological consequences of a rod ejection
accident by using a source term for dose calculations based ori the amount of failed
fuel as obtained by CPB from the reactor core analyses. The evaluation finding
provided is as indicated in the attached Appendix.

The applicant's determination of the reactor trip delay time, i.e. , the time I

elapsed between the instant the sensed parameter reaches the level for which
protective action is required and the onset of negative reactivity insertion, is
reviewed under SRP Sections 7.2 and 7.3.

II. ACCEPTANCE CRITERIA

CPB acceptance criteria are based on meeting the requirements of General Design
Criterion 28 (Ref. 1) as it relates to the effects f postulated reactivity
accidents neither resulting in damage to the reactor coolant pressure boundary
greater than limited local yielding, nor causing sufficient damage to impair
significantly the capacity to cool the core. |

Rev. 2 < July 1981
USNRC STANDARD REVIEW PLAN

Standard review plans are prepared for the guidance of tne office of Nuclear Reactor Regulation staff responsible for the re;iew of
[. T applications to construct and operate nuclear power plants. These documents art, made available to the public as part of the
( 4 Commission's policy to inform the nuclear industry mnd the general public of regulatory procedures and policies. Standard review
x"j plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The

standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new inf orma-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation Washington, D.C. 20555.

. - - . - - . _ . .



- _ _ _ _ _ _ _ _ _ _

Regulatory Positions and specific guidelines necessary to meet the relevant
requirements of GDC 28 are in Regulatory Guide 1.77.

I
Regulatory Guide 1.77 (Ref. 2) identifies acceptable analytical methods and
assumptions tLat may be used in evaluating the consequences of a control rod
ejection accident. Specific criteria used by CPB in evaluating the control
rod ejection accident are:

Reactivity excursions should not result in a radially averaged enthalpya.
greater than 280 cal /gm at any axial location in any fuel rod.

I
b. The maximum reactor pressure during any portion of the assumed excursion

should De less than the value that will cause stresses to exceed the |
" Service Limit C" as defined in the ASME Code (Ref. 3).

The fission product inventory in the fuel rods calculated to experience ac.
departure from nucleate boiling (DNB) condition is an input to the
radiological evaluation by AEB. The radiological criteria used in the
evaluation of control rod ejection accidents (PWRs) are given in Appendix
B of Regulatory Guide 1.77 (Ref. 2).

III. REVIEW PROCEDURES

1. Review of the applicant's analyses, showing that the first of the
acceptance criteria above is met, proceeds as follows:

A spectrum of initial conditions is considered, which must includea.
both zero power and full pswer conditions, at beginning and end of a
reactor fuel cycle (B0C and E0C), to assure examination of upper |
bounds on possible fuel damage. Initial full power conditions
should include the uncertairities in the calorimetric measurement of
power.

b. From the initial conditions of (a) and from control rod patterns,
the limiting rod worth is determined. Where confirmation is
considered necessary the reviewer may calculate, as an audit, the
worth of limiting rods.

Reactivity coefficient values corresponding to the limiting initialc.
conditions must be used at the beginning of the transient. The

reviewer checks the reactivity coefficient curves used by the
applicant with those reviewed by the CPB under SRP Section 4.3. The

two coefficients of most interest are the Doppler and moderator
coefficients. If no three-dimensional space-time calculation is
performed, the reactivity feedback must be conservatively weighted
to account for the variation in the missing dimension (s).

d. The reviewer inspects the control rod insertion assumptions which
include: trip parameters, trip delay time, rod velocity curve, and
differential rod worth. Trip parameters and delay time are reviewed
under SRP Section 7.2. Control rod worth is checked by the reviewer

-

for consistency with the review performed ur. der SRP Section 4.3.

The applicant's analyti al methods are reviewed. The reviewer maye.
use the results of previous case work, if the analytical methods '

have been previously reviewed and approved by the staff. Otherwire
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he must perform a de novo review on this case. Alternatively an |,q audit of several calculations, using methods considered acceptable
(vj to the staff, may be done by the reviewer (or consultants to the

staff). The primary concern of the reviewer is how well the
elements of the analytical model represent the true three-dimen- |
sional problem. Other items checked by the reviewer include
feedback mechanisms, number of delayed neutron groups, two-dimen-
sional representation of fuel element distribution, primary flow
treat nent, and scram input.

f. Results of the calculations done by procedures described in steps
a-e are expressed as values of the radially-averaged fuel rod
enthalpy (in units of cal /gm). The reviewer determines that the
maximum value does not exceed !80 cal /gm.

2. Verification of compliance with the second acceptance criterion is
accomplished as follows:

a. The same procedures considered in steps a-f above are followed.

b. For each accident, the maximum primary system pressure should be |
calculated by an analytical method acceptable to the staff or, as-
before, an independent audit calculation is made by the staff. The
reviewer checks the results (as obtained by the applicant or the
staff) for compliance wiin the second criterion.

3. The number of fuel rods experiencing clad failure is determined (for use
O in evaluating the radiological consequences) by the following procedure:

a. The reviewer determines that an acceptable procedure for calculating'

a departure from nucleate boiling condition during the reactivity
excursion has been used. This may be done by referring to previous
cases for the same nuclear steam supply system (NSSS) vendor. If no
approved technique is available, as might be the case for the first
project ysing a new or substantially revised model, the reviewer
must perform a separate detailed review (which may be documented
separately ir, a topical report).

b. The reviewer must determine that the number of rods used in the
radiological evaluation is the number of rods calculated to have a
departure from nucleate boiling. Departure from nucleate boiling
must be calculated in accordance with the criteria reviewed and
accepted under SRP Section 4.4. Typically, the criterion defines a |
departure from nucleate boiling ratio (DNBR) less than 1.30 when DNB
correlations such as W-3 (Ref. 4) or BAW-2 (Ref. 5) are used. |

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The staff conc.ludes that the analysis of the rod ejection accidents is
[m} acceptable and meets the requirements of General Design Criterion 28.
(. ,' This conclusion is based on the following:
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The applicant met the requirements of GDC 28 with respect to preventing
postulated reactivity accidents that could result in damage to the
reactor coolant pressure boundary greater than limited local yielding,
or cause sufficient damage that would significantly impair the
capability to cool the core. The requirements have been met by
demonstrating that the regulatory positions of Regulatory Guide 1.77,
"Assun.ptions Used for Evaluating a Control Rod Ejection Accident for
PWR's" are complied with. The staff has evaluated the applicant's
analysis of the assumed control rod ejection accident and finds the
assumptions, calculation techniques, and consequences acceptable.
Since the calculations resulted in peak fuel enthalpies less than
280 cal /gm, p'ompt fuel rupture with consequent rapid heat transfer
to the coolant from finely dispersed molten UO2 was assumed not to
occur. The pressure surge was, therefore, calculated on the basis
of conventional heat transfer from the fuel and resulted in a pres-
sure increase below " Service Limit C" (as defined in Section III,
" Nuclear Power Plant Components," of the ASME Boiler and Pressure
Vessel Code) for the maximum control rod worths assumed. The staff I

believes that the calculations contain sufficient conservatism, both
in the initial assumptions and in the analytical models, to ensure
that primary system integrity will be maintained.

V. IMPLEMENTATION

The following section is intended to provide guidance to applicants and
licensees regarding the NRC staff's plans for using this SRP Section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will b used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method described
herein are contained in the referenced regulatory guide.

.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 28, " Reactivity
Limits."

!2. Regu'atory Guiae 1.77, " Assumptions Used for Evaluating a Control Rod
Ejection Accident for Pressurized Water Reactors."

3. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Piant !

Componer'.s," American Society of Mechanical Engineers.

4. L. S. Tong, " Prediction of Departure from Nucleate Boiling for an Axially |
Non-Uniform Heat Flux Distribution," Jour. Nuclear Energv, Vol. 21,
241-248 (1967).

!5. J. S. Gellerstedt, R. A. Lee, W. J. Oberjohn, R. H. Wilson, and L. J.
Stanek, "Correlat"n of Critical Heat Flux in a Bundle Cooled by
Pressurized Water in "Two-Phase Flow and Heat Transfer in Rod Bundles,"
American Society of Mechanical Engineers, New York (1969). (See also
BAW-10000 and BAW-10036.)
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15.4.8 RADIOLOGICAL CONSEQUENCES OF A CONTROL R0D EJECTION ACCIDENT (PWR)
APPENDIX A

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondery - Core Performance Branch (CPB) |
I. AREAS OF REVIEW

The AEB review under this appendix cover. the following areas:

1. The plant response to a control rod ejection accident.

2 The calculation of whole-body and thyroid doses at the exclusion area
boundary and low population zone outer boundary due to the releases
resulting from a rod ejeccion accident.

,m
( ) The purpose of the review is to assure that the plant procedures for recovery
() from a rod ejection accident and the plant technicai specifications are properly

taken into account in computing the whole-body and thyroid doses at the nearest
exclusion area boundary (EAB) and low population zone (LPZ) outer boundary, and
to compare the calculateo doses against the appropriate guidelines.

A secondary review is performed by the CPB and the results are used by AEB in the
overall evaluation of the accident analysis.

The physics and thermal-hydraulic aspects of the accident are reviewed by CPB.
Verification of the applicant's calculations of the number of fuel pins experi-
encing departure from nucleate boiling (DNB) and the amount of fuel reaching the
clad melting temperature is provided by the CPB.

II. ACCEPTANCE CRITERIA

The acceptance criteria are based on requirements of 10 CFR Part 100 as to
mitigating the radiological consequences of an accident. The plant site and dose
mitigating engineered safety features are acceptable with respect to the
radiological consequences of a postulated control rod ejection accident if the
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calculated whole-body and thyroid doses at the exclusion area (EAB) and the
low populaton zone (LPZ) coundaries are well within the exposure guideline
values specified in 10 CFR Part 100, paragraph 11 (Ref. 1). Well within is
defined as 25% of the 10 CFR Part 100 exposure guideline values or 75 rem for y
the thyroid and 6 rem for whole-body doses.

A technical specification is required for the leak rate from the primary to
secondary coolant system in the steam generators. This specification is
acceptable if the calculated potential radiological consequences from the
control rod ejection accident are within the exposure guidelines above.

The models for calculating the whole-body and thyroid doses are acceptable if
they incorporate the appropriate conservative design basis assumptions outlined
in Appendix B to Regulatory Guide 1.77 (Ref. 2) with the exception of the
guidelines for the atmospheric dispersion factors (X/Q values). The
acceptability of the X/Q values i, determined under SRP Section 2.3.4.

Ill. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this appendix to SRP
Section 15.4.8 as are appropriate for the particular plant. The judgment which
areas need to be given attention and emphasis is determined by the similarity
of the information presented in the SAR or other licensing submittals to that
recently reviewed on other plants and whether items of special safety
significance are involved.

The detailed review of the radiological consequences of a rod ejection accident
is done at the OL stage when system parameters and accident analysis results
are fully develcped. At the CP stage, the reviewer estimates the doses from
the rod ejection accident based on the review of similar plants that have been
recently reviewed. Regulatory Guide 1.77 (Re: 2) is used in the analysis of
the control rod ejection accident. In particular, Appendix B of the guide
should be used in the evaluation of the radiological consequences. A loss of
offsite power is assumed in the analysis. The AEB review of the accident
includes the following:

1. Review of the applicant's description of the control rod ejection
accident: This includes a review of the sequence of events to assure that
the most severe case from the standpoint of release of fission products
to the environment has been analyzed.

2. Evaluation of fuel damage: The Core Performance Branch (CPB) reviews *.he
physics and thermal-hydraulic aspects of the accident. Verification of
the applicant's calculations of the number of fuel pins reaching DNB and
the amount of fuel reaching the fuel melting temperature are obtained from
the CPB. The fuel melting temperature criterion used for release of large
tractions of fission gases corresponds to the initiation of melting as
opposed to the 280 cal /gm used as a criterion by the CPB for core
disruption. It is assumed that the fission products released to the
primary coolant due to fuel failure or melting are instantaneously and
uniformly mixed in the primary coolant at the time of the accident.

3. Fission product release path to the environment: Two releases paths to
the environment are considered independently for this accident: first,

containment leakage of fission products released from the primary system
to the containment; and second, leakage from the secondary system, outside
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containment, following primary-to-secondary leakage in the steam
generators. For releases via the containment building, 100% of the noble
gases and 25% of the iodines contained in the fuel which is estimated to

,

reach initiation of melting are assumed to be available for release from
the containment. For releases through the seccndary system, 100% of the
noble gases and 50% of the iodines contained in the fuel which is esti-
mated to reach initiation of melting are assumed to be released to the
primary coolant.

4. The standard technical specifications for each of the three PWR vendors'
NSSS include limits on the primary-to-secondary coolant leak rate. These
limits are used by the staff in its dose calculation when plant-specific
technical specification limits are not available.

5. Determination of the atmospheric dispersion characteristics (X/Q values).
The appropriate X/Q values are determined by the assigned meteorologist
in accordance with SRP Section 2.3.4.

6. Calculation of the EAB and LPZ doses. The reviewer performs an independent.

calculation of the thyroid and whole-body doses for the two release paths
above (i.e., containment leakage and secondary system leakage outside
containment).

The actual doses for the postulated accident would be a composite of the
'

doses computed for the independent releases via the containment building;

and through the secondary system. However, both doses should be presented.
The whole-body and thyroid doses calculated by the staff and the applicant
are compared with the acceptance criteria stated in subsection II. If
the doses for either release path approach the acceptance criteria, cal-
culation of representative composite cases should be considered (the FB
branch chief should be consulted).

If the doses resulting from the releases through the secondary system
exceed the acceptance criteria specified in subsection II above, then a
reduction of the technical specification limit on primary-secondary system

I leakage should be considered. If the doses resulting from the potential
releases from the primary containment exceed the specified limits, then a
reduction of the pressure setpoint for actuation of the containment sprays
may be considered to obtain credit for spray removal of the fission
products.

|
IV. EVALUATION FINDINGS

; The reviewer verifies that sufficient information has been provided by the
| applicant and that the applicant's analysis and.the staff's independent calcu-

lations support conclusions such as the following, to be incluoed with the AEB
input to the staff's safety evaluation report:

The staff has reviewed the applicant's analysis of the control rod
; ejection accident and has performed an independent calculation of

the radiological consequences following the accident. The staff
concludes that the distances to the exclusion area and to the low
population zone boundaries for the (insert PLANT NAME) site, in
conjunction with the operation of the dose mitigating ESF systems,
are sufficient to provide reasonable assurance that the calculated

e
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radiological censequences are well within the exposure guidelines as
set forth in 10 CFR Part 100, paragraph 11.

The staff's conclusion is based on (1) the staff revisw of t.he
applicant's analysis of the radiological consequences, (2) the
staff's ir dependnnt dose calculation utilizing the recommendations
of Append 4x B of legulatory Guide 1.77 and the atmospheric dispersion
factors 'as dise".., sed in Chapter 2 of this report, and (3) the-

(insert NSSS vendor) Standard Technical Specifications for the
prima:y-to-secondary leakage in the steam generators. The staff
will review the (PLANT NAME) specific technical specifications to
assure that the dose guidelines stated above are not exceeded.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for using this appendix to SRP Section 15.4.8.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 100, paragraph 11, " Determination of Exclusion Area, Low
Population Zone, and Population Center Distance."

2. Regulatory Guide 1.77, "As.iumptions Used for Evaluating a Control Rod
Ejection Accident for Pressurized Water Reactors," Appendix B,
" Radiological Assumptions."

O
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15.4.9 SPECTRUM 0F R0D DROP ACCIDENTS (BWR)

REVIEW RESPONSIBILITIES

Primary - Core Performance Branch (CPB)

Secondary - Accident Evaluation Branch (AEB)

I. AREAS OF REVIEW

The CPB e Tluates the consequences of a control rod drop accident in a boiling |
water re6. .ar (BWR) in the area of physics. The CPB review covers the applicant's
description of the cccurrences that lead to the accident, safety features designed
to limit the amount of reactivity available and the rate at which reactivity can be
added to the core, and methods used to analyze the accident. A general reference
on control rod drop accident analysis is noted in Reference 1. |

The relevant thermal-hydraulic analyses are reviewed under SRP Section 4.4. |

(A) The AEB, as part of its secondary review responsibility described in the appendix |

<

G' to this SRP section, reviews the radiological consequences of a control rod drop
accident, using the amount of failed fuel as obtained by CPB from the reactor core
analyses as the source for dose calculations. The evaluation finding provided is
as indicated in the attached Appendix.

The applicant's determination of the reactor trip delay time, or the amount of time
which elapses between the instant the sensed parameter (e.g. , pressure or neutron
flux) reaches the level for which protective action is required and ,he onset of

anegative reactivity insertion, is reviewed under SRP Sections 7.2 and 7.3. I

II. ACCEPTANCE CRITERIA

CPB acceptance criteria are based on meeting the requirements of General Design
Criterion 28 (Ref. 2) as it relates to the effects of postulated reactivity acci-
dents neither resulting in damage to the reactor coolant pressure boundary greater
than limited local yielding, nor causing sufficient damage to impair significantly
the capacity to cool the core.
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Specific criteria necessary to meet the relevant requirements of GDC 28 are as
follows:

1. P.eactivity excursions should not result in radially averaged fuel rod
enthalpy greater than 280 cal /gm at any axial location in any fuel rod.

2. The maximum reactor pressure during any portion of the assumed
excursion should be less than the value that will cause stresses to
exceed the " Service Limit C" as defined in the ASME Code '(Ref. 3).

3. The number of fuel rods predicted to reach assumed fuel failure
thresholds and associated parameters such as the amount of fuel reaching
melting conditions will be an input to a radiological evaluation. The
assumed failure thresholds are a radially averaged fuel rod enthalpy
greater than 170 cal /gm at any axial location for zero or low power
initial conditions, and fuel cladding dryout for rated power initial
conditions.

III. REVIEW PROCEDURES

1. Review of the applicant's analyses showing compliance with the first of
the above criteria is carried out as follows:

a. The reviewer verifies that the applicant has considered a spectrum
of initial conditions for this event that covers the range of
time-in-cycle and initial power levels.

b. The reviewer verifies that the maximum expected individual control
rod worths are used. In developing control rod worth criteria, the
nominal control rod withdrawal pattern must be considered, as well
as those abnormal patterns that are not precluded by an
inctrumentation system accepted under the review of SRP Section 7.

c. The reviewer determines that an acceptable and conservative function
is used to describe the control rod worth as a function of control
rod position and that the control rod position as a function of time
is suitably conservative.

d. The reviewer determines that conservative reactivity coefficients,
notably the Doppler coefficient, are used and that they are
compatible with those described in SRP Section 4.3.

e. The reviewer assures that the scram action is conservatively
represented in the use of the integral scram worth curve (SRP
Section 4.3) and in the use of the scram delay time.

f. The reviewer checks the analytical methods or assures that they have
been reviewed and approved previously. The reviewer may also
perform an independent audit calculation using methods acceptable to
the staff. Tne applicant's methods should account conser'.atively
for all major reactivity feedback mechanisms.

2. The reviewer inspects the results of the calculation of maximum reactor
pressure to determine compliance with the second criterion listed in
subsection II of this SRP (the reviewer may do an audit calculation when
appropriate).
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3. The number of fuel rods experiencing clad failure and fuel melting is |
determined (for use in evaluating the radiological consequences) by the
following procedures:

'# a. The reviewer determines that the transient critical power ratio
(CPR) has been computed by an acceptable technique (either pre-
viously reviewed or reviewed de novo during this review) for
analyses using full power conditions.

b. The reviewer determines that the number of rods with enthalpy
exceeding 170 cal /gm has been computed by an acceptable method,

c. The reviewer determines that the amount of fuel exceeding melting
conditions has been computed by an acceptable method.

:

IV. EVALUATION FINDINGS

The triviewer verifies that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the
staff's safety evaluation report:

The staff concludes that the analysis of the rod drop accident is
acceptable and meets the requirements of General Design Criterion 28.
This conclusion is based on the following:

The applicant met the a quirements of GDC 28 with respect to preventing
postulated reactivity acc Ments that could result in damage to the
reactor coolant pressure bo.indary greater than limited local yielding or

; cause sufficient damage that would significantly impair the capability to
v cool the core. The requirenents have been met since the staff has

evaluated the applicant's analysis of the assumed control rod drop
accident and finds the assumptions, calculational techniques, and
consequences acceptable. Since the calculations predict peak fuel
enthalpies less than 280 cal /gm, prompt fuel rupture with consequent
rapid heat transfer to the coolant from finely dispersed molted UO2 was
assumed not to occur. The pressure surge was, therefore, calculated on
the basis of conventional heat transfer from the fuel and resulted in a
pressure increase below " Service Limit C" (as defined in Section III of
the ASME Boiler and Pressure Vessel Code) for the maximum control rod
worths assumed. The staff believes that the calculations contain
sufficient conservatism, both in the initial assumptions and in the
analytical models, to ensure that primary system integrity will be
maintained.

V. IMPLEMENTATION

The following section is intended to provide guidance to applicants and
licensees regarding the NRC staff's plans for using this SRP Section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's i
regulations, the method described herein will be used by the staff in its !

evaluation of conformance with Commission regulations. |
j

v
1

|

|
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VI. REFERENCES

1. " Rod Drop Accident Analysis for Large Boiling Water Reactors," NE00-10527,
General Electric Company, March 1972; Supplement 1 to NEDO-10527, July
1972; and Supplement 2 to NED0-10527, January 1973.

2. 10 CFR 50, Appendix A, General Design Criterion 28, " Reactivity Limits."

3. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant (
Components," American Society of Mechanical Engineers.

O
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15.4.9 RADIOLOGICAL C1NSEQUENCES OF CONTROL R0D DROP ACCIDENT (BWR)
APPENDIX A

REVIEW RESPONSIBILITIES

Prirnary - Accident Evaluation Branch (AEB)

Secondary - Core Performance Branch (CP8) |
I. AREAS OF REVIEW

The AEB revlew under this appendix to SRP Section 15.4.9 includes the following >

aspects of the postulated control rod drop accident for a boiling water reactor
facility:

1. an examination of the plant response to the accident;

2. the release of fission producte, from the core to the environment via the
turbine ar,9 condensers, as a result of the accident; and

[n 3. the calculation of whole-body and thyroid doses at the exclusion area
(-]' boundary (EAB) and the low population zone (LPZ) boundary due to the

releases from the accident.

A secondary review is performed by the CPB and the results are used by AEB in the
overall evaluation of the accident analysis. The core response aspects of the
accident are reviewed by the CPB. Verification of the applicant's calculation of
the number of fuel rod failures and the amount of fuel reaching the melting
temperature is provided by the CPB.

II. ACCEPTANCE CRITERIA

The acceptance criteria are based on the requirements of 10 CFR Part 100 as
! related to mitigating the radiological consequences of an accident. The plant
! site and dose mitigating engineered safety features are acceptable with respect
! to the radiological consequences of a postulated control rod drop accident if the

calculated whole-body and thyroid doses at the exclusion area boundaries (EAB)
and at the low population zone (LPZ) boundaries are well within th exposure
guideline values in 10 CFR Part 100, paragraph 11 (Ref. 1.). Well within" is"
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defined as 25% of the 10 CFR Part 100 exposure guideline values or 75 rem for
the thyroid and 6 rem for whole-body doses.

The fission product source term used in the dose analysis is acceptable if it
meets the guidelines of Regulatory Guide 1.77 (Ref. 2).

III. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this appendix to
Standard Review Plan Section 15.4.9 as appropriate for the particular plant.
The judgment of which areas need to be given attention and emphasis is based
on the similarity of the information presented in the SAR or other licensing
submittals.

Based on past reviews by the staff, a control red drop accident is expected to
result in radiological consequcnces less than 10% of the Part 100 guideline
values even with conservative assumptions. The reviewer should examine the
site meteorology, plant features, and fuel damage as a result of the accident
for the plant in question and compare these with the corresponding features
and resulting doses for previously reviewed plants to ascertain whether a
specific calculation of the radiological consequences should be performed.
The r(viewer shoulo examine the applicant's description of the control rod
drop accident, in particular, the sequence of events following the accident to
assure that the most severe case from the standpoint of release of fission
products to the environment is analyzed. Unless unusual plant or site features
are present or the applicant's calculation shows an unusually large amount of
fuel damage, a specific calcuiation cf the radiological consequences is not
necessary. In this case a comparison of the pertinent plant and site features
is sufficient to conclude that the consequences of this event meet the accept-
ance criteria given in subsection II. However, a specific evaluation of this
accident should be performed for the first application involving a particular
standardized design to establish a reference point for comparison of future
applications incorporating the design.

Where a specific ca culation of the radiological conseoim1ces is to be
performed, the core response aspects of the accident are reviewed by the CPB.
Verification of the applicant's calculation of the number of fuel rod failures
and the amount of fuel reaching the fuel melting temperature is obtained from
the CPB. The following assumptions regarding the plant condition and release
and transport of radioactivity are used in the independent AEB calculations:

1. A coincident loss of offsite power is assumed at the time of the accident.

2. The integrity of the turbine and condensers is unaffected by the rod drop
accident.

3. The combination of reactor operating mode, control rod positions, core
burnup, etc., that results in the largest source term, is selected for
evaluation.

4. No allowance is made for activity decay prior to accident initiation,
regardless of the reactor status for the selected case.

5. The amount of activity accumulated in the fuel-clad gap is assumed to be
the same as that in Regulatorv Guide 1.77 (Ref. 2).

15.4.9-6 Rev. 2 - July 1981
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6. The nuclide invento,y of the fraction of the fuel which reaches or exceeds
the initiation temperature of fuel melting (typically 2842 C) at any time

i during the course of the accident is calculated and 100% of the noble
d gases and 50% of the iodines contained in this fraction are assumed

released to the vs.ictor coolant. CPB should be requested to review
analyses which propose that fuel melting is not likely to result in
significant releases prior to MSIV closure.

7. Those fuel rods presumed to fail are assumed to have operated at power
levels 1.5 times that of the average power level of the core.

8. Any nuclides released to the reactor coolant from fuel cladding failures
or fuel melting are instantaneously and uniformly mixed in the reactor
coolant in the pressure vessel at the time of the accident.

9. For conservative analysis'it is assumed that 10% of the iodines and 100%
of the noble gases released in the pressure vessel reach the turbine and
co.. dense rs . A more realistic analysis may be performed as needed on a
case-by-case basis. Such analysis accounts for the quantity of contami-
nated steam carried from the pressure vessel to the turbine and condensers
based on a review of the minimum transport time from the pressure vessel
to the first main steam isolation valve (MSIV) and considers the MSIV
closure time.

10. All noble gases remain in a gaseous state and are available for leakage
from the turbine and condensers.

O 11. Of those iodines which reach the turbine and condensers, 90% are removed
by partitioning and plateout in the turbine and condensers leaving 10%
airborne and available for leakage.

12. The turbine and condensers leak to the atmosphere at a rate of 1% per day
for a period of 24 hours, at which time the leakage is assumed to
terminate. Condenser leakage rates lower than 1% per day and shorter in
duration than 24 hours will be reviewed on a case-by-case basis. Credit
for condenser vacuum discharge isolation on high activity level in the
steam, or credit for filtration of the condenser vacuum discharge, will
also be reviewed on a case-by-case basis.

13. The effects of radiological decay during holdup in the turbine and
condensers are taken into account.

14. The atmospheric dispersion factors (X/Q values), breathing rates, and dose
conversion factors are the same as those used in the calculation of doses
from a loss-of-coolant accident (Ref. 3).

The above assumptions are used in conjunction with a branch-approved computer
code such as TACT to compute the radiological consequences. The whole-body
and thyroid doses presented by the applicant in the SAR and those calculated
independently by the staff are compared with the acceptance criteria in
subsection II.

IV. EVALUATION FINDINGS

V The reviewer verifies that sufficient information has been provided by the
applicant and that the applicant's analysis and the staff's independent
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evaluation support conclusions of the following type, to be included in the |

AEB staff's safety evaluation report:

Where the radiological consequences have not been specifically calculated, the
findings may be ir the following form:

The staff concludes that the distances to the exclusion area and to
the low population zone boundaries for the (INSERT PLANT NAME) site,
in conjunction with the operation of the dose mitigating ESF systems,
are sufficient to provide reasonable assurance that the calculated
radiological consequences of a postulated control rod drop accident
are well within the exposure guidelines as set forth in 10 CFR
Part 100, paragraph 11.

The staff conclusion is based upon (1) its review of the applicant's
analysis of the accident and radiological consequences and (2) the
staff review of the same accident for similar plants at a number of
sites using the source term assumptions of Regulatory Guide 1.77 and
upon the similarity of those plant features for the (INSERT PLANT
NAME) which affect the radiological consequences of the rod drop
accident.

Where the radiological consequences have been calculated, the findings may be
of the following form:

The staff concludes that the distances to the exclusion area and to
the low population zone boundaries for the (INSERT PLANT NAME) site,
in conjunction with the operation of the dose mitigating ESF systems,
are sufficient to provide reasonable assurance that the calculated
radiological consequences of a postulated control rod drop accident
are well within the expasure guidelines as set forth in 10 CFR
Part 100, paragraph 11.

The staf f conclusion is based upon (1) its review of the applicant's
analysis of the accident and radiological consequences and (2) an
independent dose calculation by the staff using the source term
assumptions contained in Regulatory Guide 1.77, the atmospheric
dispersion factors as discussed in SRP Section 2.0, and other
conservative assumptions.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for using this appendix to SRP Section 15.4.9.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described nerein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the reference regulatory guides.

O
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VI. REFERENCES

91. 10 CFR Part 100, Paragraph 11, " Determination of Exclusion Area, Low
Population Zone, and Population Center Distance."

2. Regulatory Guide 1.77, " Assumptions Used for Evaluating a Control Rod
Ejection Accident for Pressurized Water Reactors."

3. Appendix A, SRP Section 15.6.5, " Radiological Consequences of a Design
Basis Loss-of-Coolant Accident (Containment Leakage Contribution)."
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15.5.1-15.5.2 INADVERTENT OPERATION OF ECCS AND CHEMICAL AND VOLUME CONTROL
SYSTEM MALFUNCTION THAT INCREASES REACTOR COOLANT INVENTORY

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None |
I. AREAS OF REVIEW

Various types of equipment malfunctions, operator errors, and abnormal
occurrences that may occur with moderate frequency can cause an unplanned
increase in reactor coolant inventory. Depending on the boron concentration and
temperature of the injected water and the response of the automatic control
systems, a power level increase may result and lead to fuel damage or over-
pressurization of the reactor coolant system. Alternatively, a power level
decrease and depressurization may result. The reactor will trip from high water

g level, high flux, or high or low pressure.
|I i

V This SRP section is intended to be applicable to these types of moderate
frequency events that increase reactor coolant inventory. These transients
should be discussed in individual sections of the applicant's safety analysis
report (SAR), as required by the Standard Format (Ref. 1). The specific
initiating events considered in this SRP section are:

1. Boiling water reactors (BWRs)--Inadvertent operation of the high pressure
core spray, high pressure coolant injection, or reactor core isolation
cooling system.

2. PWRs--Inadvertent operation of high pressure emergency core cooling
system (high pressure injection system) or a malfunction of the chemical
and volume control system.

Other BWR transients that can result in an increase in reactor coolant
inventory include feedwater system malfunctions (increasing flow), steam
pressure regulator malfunctions (decreasing flow), loss of electrical load,
turbine trip, main steam isolation valve (MSIV) closure, and loss of condenser
vacuum. These transients are the subject of other SRP sections that consider
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their effects on system parameters other than coolant inventory. However, the
impact of these transients on reactor coolant inventory is considered by the
reviewer as a portion of the effort involved in this SRP section.

The review of events leading to an increase in reactor coolant inventory con-
siders the sequence of events, the analytical model, the values of parameters
used in the analytical model, and the predicted consequences of the transient.

The sequence of events described in the applicant's SAR is reviewed by RSB.
The RSB reviewer concentrates on the need for the reactor protection system,
the engineered safety systems, and operator action to secure and maintain the
reactor in a safe condition. |

The analytical methods are reviewed by RSB to ascertain whether the mathemat-
ical modeling and computer codes have been previously reviewed and accepted by
the staff. If a referenced analytical method has not been previously reviewed,
the RSB reviewer initiates a generic evaluation of the new analytical model.
In addition, the values of all the paraineters used in the new analytical model,
including the initial conditions of the core and system, are reviewed.

The predicted results of those transients analyzed are reviewed to assure that
the consequences meet the acceptance criteria given in subsection II, below.

Further, the results of the analysis are reviewed to ascertain that the values
of pertinent system parameters are within ranges expected for the type and class
of reactor under review.

The RSB will coordinate other branch evaluations that interface with the overall
review of the transient analysis as follows: The Instrumentation and Control
Systems Branch (ICSB) reviews the instrumentation and controls aspects of the
sequence described in the SAR to evaluate whether the reactor and plant protec-
tion and safeguards controls and instrumentation systems will function as assumed
in the safety analysis with regard to automatic actuation, remote sensing, indica-
tion, control, and interlocks with auxiliary or shared systems as part of its
primary review , esponsibility for SRP Sections 7.2 through 7.5. The Core Perform-
ance Branch (CPB), upon request from RSB, reviews the values of the parameters
used in the analytical models which relate to the reactor core for conformance
to plant design and specified operating conditions; determines the acceptance
criteria for fuel cladding damage limits; and reviews the core physics, fuel
design, and core thermal-hydraulics data used in the SAR analysis as part of
its primary review responsibility for SRP Sections 4.2 through 4.4. The Accident
Evaluation Branch (AEB), using fuel damage results provided by RSB, evaluates
the radiological consequences associated with the fuel failure. The review of
the Technical Specifications is coordinated and performed by the Licensing Guid-
ance Branch (LGB) as part of its primary review responsibility for SRP Section 16.0.

1

For those areas of review identified above as being reviewed as part of the !

primary review responsibility of other branches, the acceptance criteria |
'

necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding review branch.

1

O1
|

|
|
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II. ACCEPTANCE CRITERIA

(q) The RSB acceptance criteria are based on meeting the relevant requirements of
V the following regulations:

A. General Design Criterion 10, as it relates to the reactor coolant system
being designed with appropriate margin to assure that specified accept-
able fuel design limits are not exceeded during normal operations incit. ding
anticipated operational occurrences.

B. General Design Criterion 15, as it relates to the reactor coolant system
and its associated auxiliaries being designed with appropriate margin to
assure that the pressure boundary will not be breeched during normal opera-
tions including anticipated operational occurrences.

C. General Design Criterion 26, as it relates te the reliable control of reactiv-
ity changes to assure that specified acceptable fuel design limits are
not exceeded, including anticipated operational occurrences. This is accom-
plished by assuring that appropriate margin for malfunctions, such as stuck
rods, are accounted for.

The basic objectives in reviewing the events leading to an increase in reactor
coolant inventory are:

1. To identify which of the moderate frequency * events leading to a coolant
inventory increase are the most limiting.

2. To verify that, for the most limiting transients, the plant responds to
(y the core flow increase in such a way that the criteria regarding fuel damage

and system pressure are met.

The specific criteria necessary to meet the requirements of GDC 10, 15, and 26
for incidents of moderate frequency are:

a. Pressure in the reactor coolant and main steam systems should be maintained
below 116% of the design valves (Ref. 2).

b. Fuel cladding integrity shall be maintained by ensuring that the minimum
DNBR remains above the 95/95 DNBR limit fot PWRs and the CPR remains above
the MCPR safety limit for BWRs based on acceptable correlations (see SRP
Section 4.4).

An incident of moderate frequency should not generate a more serious plantc.
condition without other faults occurring independently.

x
The term " moderate frequency" is used in this SRP section in the same sense
as in the descriptions of design and plant process conditions in
References 9 and 10.

w
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d. An incident of moderate frequency in combination with any single active
component failure, or single operator error, shall be considered and is
an event for which an estimate of the number of potential fuel failures
shall be provided for radiological dose calculations. For such accidents,

fuel failure must be assumed for all rods for which the DNBR or CPR falls
below those valves cited above for cladding integrity unless it can be
shown, based on an acceptable fuel damage model (see SRP Section 4.2) that
fewer failures occur. There shall be no loss of function of any fission
product barrier other than the fuel cladding.

e. To meet the requirements of General Design Criteria 10, 15 and 26 the guide-
lines of Regulatory Guide 1.105, " Instrument Spans and Setpoints" are used
with regard to their impact on the plant response to the type of transient
addressed in this SRP section.

t. The most limiting plant systems single failure, as defined in the "Defini-
tions and Explanations" of Appendix A to 10 CFR Part 50, shall be identi-
fied and assumed in the analysis and shall satisfy the guidelines stated
in Regulatory Guide 1.53 (Ref. 14).

The applicant's analysis of events leading to an increase of reactor coolant
inventory stould be performed using an acceptable analytical model. The equa-
tions, sensitivity studies, and models described in References 5 through 8 are
acceptable. If other analytical methods are proposed by the applicant, these
methods are evaluated by the staff for acceptability. For new generic methods,
the reviewer initiates an evaluation.

The values of parameters used in the analytical model should be suitably conserv-
ative. The following values are considered acceptable for use in the model:

a. The initial power level is taken as the licensed core thermal power for
the number of loops initially assumed to be operating plus an allowance
of 2% to account for power measurement uncertainties, unless a lower power
level can be justified by the applicant. The number of loops operating
at the initiation of the event should correspond to the operating condition
which maximizes the consequences of the event.

b. Conservative scram characteristics are assumed, i.e., for a PWR maximum
time celay with tt.e most reactive rod held out of the core and for a BWR
a desiga conservatism factor of 0.8 times the calculated negative reactivity
insertion rate

c. The core buenup is selected to yield the most limiting combination of moder-
ator temperature n efficient, void coefficient, Doppler ccefficient, axial
power profile, and r acial power distribution.

d. Mitigating systems should 1.e assumed to be actuated in the analyses at
setpoints with allowance for instrument inaccuracy in accordance with Regula-
t ory Guide 1.105. Compl!anco with Regulatory Guide 1.105 is determined
by ICSE.

III. REVIEW Pf'1CEDURES

. he prcce forr s he!ow are used during both the construction permit (CP) and operat-
ing license (0t ) reviews. During the CP review, the values of system parameters
and srtpoints used in the analysis will be preliminary in nature and subject to
change. At the CL review, final values st. auld be used in the analysis, and the
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reviewer should compare these to the limiting safety system settings included in
the proposed technical specificatiuns.s

The applicant's description of events leading to an increase in reactor coolant
inventory is reviewed by RSB regarding the occurrences leading to the initiat-
ing event. The sequence of events, from initiation until a stabilized condition
is reached, is reviewed to ascertain:

1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

2. The extent to which plant and reactor protection systems are required to
function.

3. The credit taken for the functioning of normally operating plant systems.

4. The operation of engineered safety systems that is required.
I 5. The extent to which operator actions are required.

6. That appropriate margin for malfunctions, such as stuck rods (see II.3.b),
are accounted for.

The applicant should present a quantitative analysis in the SAR of the event
leading to an increase in reactor coolant inventory which is the most limiting.
For this event, the RSB reviewer, with the aid of the ICSB reviewer, reviews
the timing of the initiation of those protection, engineered safety, and other

| p systems needed to limit the consequences of the event to acceptable levels.
! ( j The RSB reviewer compares the predicted variation of system parameters with
' v various trip and system initiation setpaints. The ICSB review of Chapter 7 of

the SAR confirms that the instrumentation and control systems design is con-
sistent with the requirements for safety system actions for these events.

,

To the extent deemed necessary, the RSB reviewer evaluates the effects of
single active failures of systems and components which may affect the course
of the transient. In this phase of the review, the system reviews are per-
formed as decribed in the SRP sections for Chapters 4, 5, 6, 7, 8, and 9 of
the SAR.

The mathematical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam lines
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, a generic review of the models is
initiated.

The values of system parameters and initial core and system conditions used as
input to the model are reviewed by RSB. Of particular importance are the
reactivity coefficients and control rod worths used ty the applicant in his
analysis, and the variation of moderator temperature, void, and Doppler coe-
fficients of reactivity with core life. The justification provided by the
applicant to show that he has selected the core burnup that yields the minimum
margins is evaluated. CPB is consulted regarding the values of the reactivity
parameters used in the applicant's analysis.

O
, v
4
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The results of the applicant's analysis are reviewed and compared to the accept-
ance criteria presented in subsection 11 regarding maximum pressure in the reactor
coolant and main steam systems and the minimum critical heat flux ratio (MCHFR)
or departure from nucleate boiling ratio (DNBR). The variations with time during
the transient of the neutron power, heat fluxes (average and maximum), reactor
coolant system pressure, minimum DNBR (PWR) or CPR (BWR); core and recirculation
loop coolant flow rates (BWR), coolant conditions (inlet temperature, core average
temperature (PWR), core average steam volume fraction (BWR), average exit and
hot channel exit temperatures, and steam fractions, steamline pressure, contain-
ment pressure, pressure relief valve flow rate, and flow rate from the reactor
coolant system to the containment system (if applicable) are reviewed. The
values of the more important of these parameters for the events leading to an
increase in reactor coolant inventory are compared to those predicted for other
similar plants to confirm that they are within the expected range.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and his review
supports the following kinds of statements and conclusions, which should be
included in the staf f's safety evaluation report (SER):

A number of plant transients can result in an increase in reactor coolant
inventory. Those that might be expected to occur with moderate frequt cy
are inadvertent operation of the emergency core cooling system, chemicai
and volume control system malfunctinn, and various BWR transients.* All
these postulated transients have been reviewed. It was found that the
most limiting in regard to was the

transient.

The staff concludes that the analysis of a transient resulting in an unplanned
increase in heat removal by the secondary system due to an increase in reactor
coolant inventory is acceptable and meets the requirements of General Design
Criteria 10, 15, and 26. This conclusion is based on the following:

1. In meeting GDC 10, 15 and 26 as indicated below we have determined that
the applicant's analysis was performed using a mathematical model that
had been previously reviewed and found acceptable by the staff. The
parameters used as input to this model were reviewed and found to be suitably
conservative. In addition, we have further determined that the positions
of Regulatory Guide 1.53 for the single-failure criterion and Regulatory
Guide 1.105 for instruments have also been satisfied.

2. The applicant has met the requirements of GDC 10 and 26 with respect to
demonstrating that resultant fuel damage is maintained since the speci-
fied acceptable fuel design limits were not exceeded for this event.

3. The applicant has met the requirements of GDC 15 With respect to demonstrat-
ing that the reactor coolant pressure boundary limits have not been exceeded
by this event and that resultant leakage will be within acceptable limits.
This requirement has been met since the maximum pressure within the reactor
coolant and main steam systems did not exceed 110% of the design
pressures.

^The SER draft should present one statement for all similar transients.
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4. The applicant has met the requirements of GDC 26 with respect to the
capability of the reactivity control system to provide adequate control
of reactivity during this event while including appropriate margins forO stuck rods since the specified acceptable fuel design limits were not
exceeded.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative methad for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides and NUREGs.

VI. REFERENCES

1. Regulatory Guide 1.70, " Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants."

2. ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NB-7000, " Protection Against Overpressure," American
Society of Mechanical Engineers.

b 3. Standard Review Plan Section 4.2, " Fuel System Design."v
4. Title 10 Code of Federal Regulations, Part 50, Revised January 1, 1980.

5. " Standard Safety Analysis Report--BWR/6," General Electric Company, April
1973.

6. " Reference Safety Analysis Report--RESAR-3," Westinghouse Nuclear Energy
Systems, November 1973; and " Reference Safety Analysis Report--RESAR-41,"
WestinghouseNuclearEnergySystems, December 1973. " Reference Safety
Analysis Report--RESAR-35, Westinghouse Nuclear Energy Systems, July
1975; and " Reference Safety Analysis Report--RESAR-414, Westinghouse
Nuclear Energy Systems, October 1976.

7. " System 80 Standard Safety Analysis Report (CESSAR)," Combustion
Engineering, Inc., August 1973.

8. " Standard Nuclear Steam System B-SAR-205," Babcock & Wilcox Company,
February 1974.

9. ANSI N18.2, " Nuclear Safety Criteria for the Design of Stationary
Pressurized Water Reactor Plants," American National Standards Institute
(1974).

10. ANS Trial Use Standard N212, " Nuclear Safety Criteria for the Design of

Q Stationary Boiling Water Reactor Plants," American Nuclear Society

Q (1974).
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11. General Design Cr terion 10, " Reactor Design."i

12. General Design Criterion 15, ' Reactor Coolant System Design."

13. General Design Criterion 26, " Reactivity Control System Redundancy and
Capability."

14. Regulatory Guide 1.53, " Application of the Single-Failure Criterion to
Nuclear Power Plant Protection Systems."

15. Regulatory Guide 1.105, " Instrument Spans and Setpoints."

O
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O!$}\...$fjSTANDARD REVIEW PLAN
f .\ U.S. NUCLEAR REGULATORY COMMISSIONm

OFFICE OF NUCLEAR REACTOR REGULATION
..

15.6.1 INADVERTENT OPENING OF A PWR PRESSURIZER PRESSURE RELIEF VALVE OR A BWR
PRESSURE RELIEF VALVE

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None !

I. AREAS OF REVIEW

The inadvertent opening of a pressure relief valve results in a reactor coolant I

inventory decrease and a decrease in reactor coolant system pressure. A pressure
relief valve, as defined in ANSI B95.1-1972 (Ref. 1), is a pressure relief device
which is designed to reclose and prevent further fluid flow after normal condi-
tions have been restored. The effect of the pressure decrease is to decrease the
neutron flux (via moderator density feedback). In a pressurized water reactor
(PWR), a reactor trip occurs due to low reactor coolant system (RCS) pressure.
In a boiling water reactor (BWR), the pressure relief valve discharges into the
suppression pool. Normally there is no reactm trip in a BWR. The pressure
regulator senses the RCS pressure decrease and partially closes the turbing

(o) control valves (TCV) to stabilize the reactor at a lower pressure. The reactor
V power settles out at nearly the initial power level. The coolant inventory is

maintained by the feedwater control system using water from the condensate storage
tank via the condenser hotwell.

The review of these transients should consider the sequence of events, the
analytical model, the values of parameters used in the analytical model, and the
predicted consequences of the transient.

The sequence of events described in the applicant's safety analysis report (SAR)
is reviewed by RSB. The RSB reviewer concentrates on the need for the reactor
protection system, the engineered safety systems, and operator action to secure
and maintain the raactor in a safe condition.

The analytical methods are reviewed by RSB to ascertain whether the mathematical
modeling and computer codes have been previously reviewed and accepted by the
staff. If a referenced method has not been previously reviewed, the reviewer
initiates a generic evaluation of the new analytical model. The values of all

Rev. 1 - July 1981
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the parameten, " sed in the new analytical model, including the initial
conditions of the core and system, are reviewed. The predicted results of the
transient are reviewed to assure that the consequences meet the acceptance
criteria given in subsection II of this SRP section. The analysis results are
reviewed to ascertain that pertinent system parameter valves are within ranges
expected for the type and class of reactor under review.

The RSB will coordinate other branch evaluations that interface with the
overall review of this SRP section as follows: The Instrumentation and
Controls Systems Branch (ICSB) reviews the instrumentation and controls aspects
of the sequence described to confirm that the reactor and plant protection and
safeguards controls and instrumentation systems w ll function as assumed ini

the safety analysis as part of its primary review responsibility for SRP
Sections 7.2 through 7.5. Upon request, ICSB will verify the sequence described
by the applicant for the safety analysis with regard to automatic actuation,
remote sensing, indication, control, interlocks with auxiliary or shared
systems, potential bypass modes and the possibility of manual control by the
operator. The Power Systems Branch (PSB) upon request from RSB, will verify
that the control systems power sources needed to function to mitigate the
event are available as required by the applicant's description of the event.
The Equipment Qualification Branch (EQB) upon the request of RSB, will verify
that the equipment necessary to mitigate the event is qualified for the tran-
sient and post-transient environments. The EQB will also identifiy, if
requested, equipment whose failure as a result of the initiating event could
adversely affect the consequences. The Core Performance Branch (CPB) upon
request from RSB, will verify that the core physic data used by the applicant,
or by the staff in independent analyses, is the appropriate data to be used as
part of its primary review responsibility for SRP Sections 4.2 through 4.4. The

CPB will also verify, if requested, that acceptance criteria 1 of SRP
Section 4.4 is satisfied throughout the trar ient.

'

For those areas of review identified above as being reviewed as part of the
primary review responsit"lity of other branches, the acceptance criteria
necessary for the review ,d their methods of application are contained in the
referenced SRP section of he corresponding review branch.

II. ACCEPTANCE CRITERIA

The RSB acceptance criteria are based on meeting the relevant requirements of
the following regulations:

A. General Design Criterion (GDC) 10 (Reference 2), as it relates to the
reactor coolant system being designed with appropriate margin to assure
that specified acceptable fuel design limits are not exceeded during
normal operations including anticipated operational occurrences.

B. General Design Criterion 15 (Reference 3), as it relates to the reactor
coolant system and its associated auxiliaries being designed with appro-
priate margin to assure that the pressure boundary will not be breeched
during normal operations including anticipate 1 operational occurrencet.

C. General Design Criterion 26 (Reference 4) as it relates to the reactivity
control system to provide adequate control of reactivity changes during
manual operations and anticipated transients to assure that the acceptable
fuel design limits are not exceeded.
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D. TMI Action Plan requirements items No's. II.K.2.8, II.K.3.1, II.K.3.5,
II.K.3.16, II.K.3.25 and II.K.3.40 of NUREGs-0718 and -0737 (Ref.11 an dp 12).

The general objective in the review of inadvertent primary pressure relief
valve opening events is to confirm that the following criteria are met:

1. The consequences of the transient are less severe than the consequences
of another transient that results in a decrease of reactor coolant
inventory and has the same anticipated frequency classification.

2. The plant responds to the pressure relief valve opening transient in such
a way that the criteria regarding fuel damage and system pressure are met.

The specific criteria necessary to meet the requirements of GDC 10, 15 and 26
for incidents of moderate frequency * are:

Pressure in the reactor coolant and main steam systems should be maintaineda.
below 110% of the design values (Ref. 5).

b. Fuel cladding integrity shall be maintained by ensuring that the minimum
DNBR remains above the 95/95 DNBR limit for PWRs and the CPR remains
above the MCPR safety limit for BWRs based on acceptable correlations
(see SRP Section 4.4).

An incident of moderate frequency should not generate a more seriousc.
plant condition without other faults occurring independently.

d. An incident of moderate frequency in combination with any sing'e active
V component failure, or single operator error, shall be considered and is

an event for which an estimate of the number of potential fue- failures
shall be provided for radiological dose calculations. For such accidents,
fuel failures must be assumed for all rods for which the DNBR or CPR falls
below those values cited above for cladding integrity unless it can be
shown, based on an acceptable fuel damage model (see SRP Section 4.2)
that fewer failures occur. There shall be no loss of function of any
. fission product barrier other than the fuel cladding.

To meet the requirements of General Design Criteria 10, 15 and 26, thee.
positions of Regulatory Guide 1.105 (Ref. 9), " instrument Spans and
Setpoints," are used with regard to their impact on the plant response
to the type of transient addressed in this SRP section.

f. The most limiting plant systems single failure, as defined in the
" Definitions and Explanations" of Appendix A to 10 CFR Part 50, shall be
identified and assurred in the analysis and shall satisfy the positions of
Regulatory Guide 1.53 (Ref. 10).

The applicant's analysis of this transient should be performed using an
acceptable analytical model. If the applicant proposes to use other analytical
methods, which have not been previously reviewed and approved by the staff,
these methods are evaluated by the staff for acceptability. For new generic
methods, the reviewer initiates an evaluation of the new analytical model.

^fhe term " moderate frequency" is used in this SRP section in the same sense us
in the description of design and plant process conditions in References 7 and 8.
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The values of the paramete s used in the analytical model are to be suitably
conservative. The followi, values are considered acceptable for use in t e
model:

a. The initial power level is taken as the licensed core thermal power for
the number of loops initially assumed to be operating plus an allowance
of 2% to account for power measurement uncertainties, unless a lower
power level can be justified by the applicant. The number of loops
operating at the initiation of the event should correspond to the
operating condition which maximizes the consequences of the event.

b. Conservative scram characteristics are assumed, i.e., for a PWR - maximum
time delay with the most reactive rod held out of the core, and for a
BWR - a design conservatism factor of 0.8 times the calculated negative
reactivity insertion rate.

c. The core burnup is selected to yield the most limiting combination of
moderator temperature coefficient, void coefficient, Doppler coefficient,
axial power profile, and radial power distribution.

d. Mitigating systems should be assumed to be actuated in the analyses at
setpoints with allowance for instrument inaccuracy in accordance with
Regulatory Guide 1.105. Compliance with Regulatory Guide 1.105 is

*

determined by ICSB.

III. REVIEW PROCEDURES

The procedures below are used during both the construction permit (CP) and
operating license (OL) reviews. During the CP review, the values of system
parameters and setpoints used in the analysis will be preliminary in nature
and subject to change. At the OL review, final values should be used in the
analysis, and the reviewer should compare these to the limiting safety system
settings included in the proposed technical specifications.

The applicant's description of the inadvertent pressure relief valve opening
transient is reviewed by RSB regarding the occurrences leading to the initiat-
ing event. The sequence of events from initiation until a stabilized condition
is reached is reviewed to ascertain:

1. The extent to which normally operating plant instrumentation and controls
are assumed to function.

.

2. The extent to which plant and reactor protection systems are required to
function.

3. The credit taken for the functioning ]f normally operating plant ;ystems.

4. The operation of engineered safety systems that is required.

5. The extent to which operator actions are required.

6. The following TMI Action Plan (Ref. 11 and 12) items are reviewed to
assume compliance with the acceptance criteria:

a. II.K.2.8. For Babcock and Wilcox designs, the reviewer evaluates
the auxiliary feedwater system upgrade and automatic auxiliary
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_-



- - __ _ __ _-- ___

feedwater initiation as they relate to determining the auxiliary
n feedwater performance requirements for this event, if the applicant's
t i evaluation of this transient indicate that the system vill be required
V to function.

b. II.K.3.1. If, as a result of the evaluations performed as reouired
by II.K.3.2, or if the applicant has in the design, an automatic
power-operated relief valve isolation system, the reviewer confirms
it has been properly accounted for in the analyses.

c. II.K.3.5. The reviewer evaluates the assumption made regarding reactor
coolant pump trip to assure that they are consistent and conservatively
modeled with respect to the final pump trip criteria which results from
resolution of Task Action Plan item II.K.3.5.

d. II.K.3.16. For Boiling Water Reactor designs, the reviewer confirms
that the results of the applicant's feasibility study, and, if
required, syste= modifications to reduce the number of challenges to

i

and the number of failure of relief valves, have been properly
included in the evaluation of the event.

e. II.K.3.25 and II.K.3.40. If, as a result of the transient, or as a
result of loss of A/C power, containment isolation is indicated to
occur, the reactor coolant pump component cooling wau.r may be lost.
The reviewer evaluates the applicant's submittal to determine that
the reactor coolant pemp seal integrity is not lost. If it cannot
be established that seal integrity is assured, the reviewer assures

k]j/ that tha evaluation of this event correctly accounts for seal failure.
' If the SAR states that the inadvertent pressure relief valve opening transient

is not as limiting as some other similar transient, the reviewer evaluates the
justificaton presented by the applicant. If a quantitative analysis of the
transient is presented in the SAR, the RSB reviewer, with the aid of the ICSB
reviewer, reviews the timing of the init;ation of those protection, engineered
safety, and other systems needed to limit the consequence of the transient to
acceptable levels. The RSB reviewer compares the predicted variation of
system parameters with various trip and system initiation setpoints.

|
To 'he extent deemed necessary, the RSB reviewer evaluates the effects of
sing w active failures of systems and components which may alter the course of
the transient. In this phase of the review the system reviews are performed
as described in the SRP sections for Chapters 5, 6, 7 and 8 of the SAR. The
reviewer considers possible single failures in systems that replenish or!

maintain the reactor coolant inventory.

The matheiaatical models used by the applicant to evaluate core performance and
to predict system pressure in the reactor coolant system and main steam line
are reviewed by RSB to determine if these models have been previously reviewed
and found acceptable by the staff. If not, the reviewer initiates a generic
review of the model proposed by the applicant.

The values of system parameters and initial core and system conditions used as
input to the model are reviewed by RSB. Of particular importance are the

) reactivity coefficients and control roa worths used by the applicant in his(V analysis, and the variation of moderator temperature, void, and Doppler
coefficients of reactivity with co n life. The justification provided by the-
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applicant to show that he has selected the core burnup that yields the minimum
|margins is evaluated.

The results of the analysic are reviewed and compared to the acceptance criteria
presented in subsection II regarding the maximum pressure in the reactor
coolant and main steam systems. The variations with time during the transient
of the neutron power, heat fluxes (average and maximum), reactor coolant
system pressure, minimum DNBR (PWR) or CPR (BWR); core and recirculation loop
coolant flow rates (BWR), coolant conditions (inlet temperature, core average
temeperature (PWR), core average steam volume fraction (BWR), average exit and
hot channel exit temperatures, and steam fractions), steamline pressure,
containment pressure, pressure relief valu flow rate, and flow rate from the
reactor coolant system to the containment system (if applicable) are reviewed.
Values of the more important of these parameters for the transient caused by
the inadvertent pressure refief valve opening are compared to those predictdd
for other similar plants to coi. firm that they are within the expected range.

Upon request from the RSS reviewer, other branches will provide input for the
areas of review stated in subsection I of this SRP section. The RSB reviewer
obtains and uses the input requested as required to assure that the review
procedure is complete.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and that
the review supports the following kinds of statements and conclusions, which
should be included in the staf f's safety evaluation report (SER):

A number of plant transients can result in a decrease of reactor coolant
inventory. ,Those that might be expected to occur with moderate frequency
are pressure relief valve openings, minor primary pipe breaks, and (in
8WRs) less of feedwater.* All of these postulated transients have been
reviewed. It was found that the most limiting ir regard to core thermal
margins and pressure within the reactor coolant and main steam systems

transient. This transient was evaluated by the applicantwas the
using a mathematical model that had been previously reviewed and found
acceptable by the staff. The parameters used as input to this model were
reviewed and found to be suitably conservative. The results of the

transient showed that the specified acceptableanalysis of the
fuel design limits were maintained by ensuring that the minimum departure

andfrom nucleate boiling ratio (DNBR)** did not decrease below
that the maximum pressure within the reactor coolant and main steam systems
did not exceed 110% of the design pressures.

The staff concludes that the plant design in regards to transients that
are expected to occur with moderate frequency and result in a decreased
primary coolant inventory is acceptable and meets the relevant require-
ments of General Design Criteria (CDC) 10, 15 and 26 and the applicable
TMI Action Pl a items. This conch, ion is based on the following:

"The SER draft should present one statement for all similar transients.

**Minimu. critical power ratio (MCPR) for a BWR.1
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1. The applicant has met the requirements of GDC 10 and 26 with respect
;

p to demonstrating that resultant fuel damage is maintained since the
g specified acceptable fuel design limits were not exceeded for the,

; event.
4

2. The applicant has met the requirements of GDC 15 with respect to
demonstrating that the reactor coolant pressure boundary limits have
not been exceeded by this event and that resultant leakage will be
within acceptable limits. This requirement has been met since the
maximum pressure within the reactor coolant and main steam systems,

did not exceed 110% of the design pressure.,

3. The applicant has met the requirements of GDC 26 with respect to the
capability of the reactivity control system to provide adequate
control of reactivity during this event while including appropriate
margin for stuck rods since the specific acceptable fuel design
limits were not exceeded.

4. In meeting GDC 10, 15 and 26 the staff has determined that the
analysis was performed using a mathematical model that had been
previously reviewed and found acceptable by the staff. The para-
meters used as input to this model were reviewed and found to be
suitably conservative. In addition, we have further determined that
the pcaition of Regulatory Guide 1.53 with respect to single failure,

criterion and Regulatory Guide 1.105 for instruments have also been
satisfied.

O 5. The applicant has met Task Action Plan item [ identify item No.] by
V [ describe means used by the applic Nt to implement the action plan,

item].<

V. IMPLEMENTATION

! The following is intended to provide guidance to applicants and licensees
] regarding the NRC staff's plans for using this SRP section.
l
'

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,,

the method describtd berein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedul=s for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides a nd NUREGs.

V. REFERENCES

1. ANSI B95.1-1972, " Terminology for Pressure Relief Devices," American
Society of Mechanical Engineers.

2. 10 CFR Part 50, Appendix A, General Design Criterion 10, " Reactor Design."
1
~

3. 10 CFR Part 50, Appendix A, General Design Criterion 15, " Reactor Coolant
Pressure Boundary."

4. 10 CFR Part 50, Appendix A, General Design Criterion 26, " Reactivity
Control System Redundancy and Cepability."
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5 ASME Boiler and Pressure Vessel Code, Section III, " Nuclear Power Plant
Components," Article NB-7000, " Protection Against Overpressure," American
Society of Mechanical Engineers.

6. Standard Review Plan Section 4.2, " Fuel System Design."

7. ANSI N18.2, " Nuclear Safety Criteria for the Design of Stationary
Presserized Water Reactor Plants," American National Standards Institute
(1974).

8. ANS Trial Use Standard N212, " Nuclear Safety Criteria for the Design of
Stationary Boiling Water Reactor Plants," American Nuclear Society (1974).

9. Regulatory Guide 1.105, " Instrument Spans and Setpoints."

10. Regulatory Guide 1.53, " Application of the Single Failure Criterion to
Nuclear Power Plant Protection Systems."

11. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses.

12. NUREG-0737, " Clarification of TMI Action Plan Requirements."

O

O
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15.6.2 RADIOLOGICAL CONSEQCNCf5 0F THE FAILURE OF SMALL LINES CARRYING
PRIMARY COOLANT OUTSIM CONTAINMENT

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - None
|

I. AREAS OF REVIEW

This SRP section covers the radio 1r.]ical consequences of failures outside the
containment of small lines connected to the primary coolant pressure boundary,
such as instrument lines and sample lines. The review includes the following:

|
1. The identification of small lines postulated to fail and the isolation

provisions for these lines, including the applicability of General Design
Criterion 55 (Ref. 1), which requires isolation capability of the line
inside and outside containment, and Regulatory Guide 1.11 (Ref. 2), which
requires isolation capability outside containment for those lines that are

O exempt from GDC 55. The implementation of these regulatory positions and
\j guidelines is reviewed by the Containment Systems Branch (CSB) under SRP

Section 6.2.4.

2. The failure scenario, as described by the applicant, to assure that the most
severe radioactive releases have been considered.

3. The models ad assumptions used by the applicant for the calculation of the
thyroid and whole-body doses for the postulated failure.

4. An evaluation of the primary coolant iodine activity, including the effects
of a concurrent iodine spike, and the technical specifications for the
reactor coolant iodine activity.

5. An independent calculation by the staff of the thyroid and whole-body doses
for the small line failure, including an evaluation of the isolation times
and maximum leak rates of the isolation valves.

Rev. 2 - July 1981
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6. A comparison of the doses calculated by the applicant and by the staff
with appropriate exposure guidelines of 10 CFR Part 100, g100.11 (Ref. 3),
as stated in subsection II below.

In addition, AEB will coordinate its review with other branches that interface
in the overall re " of the break analysis. The Reactor Systems Branch (RSB)
upon request by 3 will confirm the value used by the applicant for the
mass of coolant ed in the accident and to determine if this accident will
cause fuel failu. The Containment Systems Branch (CSB) upon request by the
AEB, will ve-ify .econdary containment integrity and leaktightness are
maintair.ed during u.. ourse of the accident.

II. ACCEPTANCE CRITERIA

The acceptance criteria for this SRP section are based on the relevant
requirements of the following regulations:

1. General Design Criterion 55 (Ref. 1) as it relates to the identification
of small diameter lines connected to the primary system that are exempted
from the isolation requirements of GDC 55 and that are acceptable on the
basis of meeting item (2) below,

2. 10 CFR Part 100, g100.11 (Ref. 3) as it relates to the radiological
consequences of a small line break carrying primary coolant outside
containment.

The plant site and the dose mitigating engineered stfety feature (ESF) systems
are acceptable with respect to the radiological consequences of a postulated
f ailure outside the containment of a small line carrying reactor coolant if
the calculated whole-body and thyrold doses at the exclusion area and the low
population zone outer boundaries do not exceed a small fraction of the exposure
guideline values of 10 CFR Part 100, G100.11 (Ref. 3) as stated in position

A "small fra' tion" of 10 CFRC.1.b of Regulatory Guide 1.11 (Ref. 2). c

Part 100 means 10 percent of these exposure guideline values, that is, 2.5 rem
and 30 rem for the whole-body and thyroid doses, respectively.

A plant-specific technical specification is required for the iodine activity
in +he primary coolant system. The specification is acceptable with respect
to ' e postulated failure if the calculated doses resulting from the failure
are within the above exposure guidelines.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this SRP section as
The areas to be given attention andare appropriate for a particular plant.

emphasis are determined by the similarity of the information provided in the
applicant's Safety Analysis Report (SAR) to that recently reviewed on other

Theplants and whether items of special safety significance are involved.
review consists of the following steps:

Review of the applicant's description of the small line failures to1.
determine the appropriateness and conservatism of the assumptions used in
the analysis.

Identification of the small lines connected to the primary reactor coolant2.
system and penetrating the containment. The isolation provisions are
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identified with respect to the applicability of GDC 55 (i.e., isolation
capability inside and outside containment) and Regulatory Guide 1.11
(i.e., isolation capability outside containment for lines exempt from
GDC 55). The implementation of these guidelines is reviewed by the
Containment Systems Branch under SRP Section 6.2.4. The AEB reviewer will
coordinate his review with CSB if additional clarification is needed.

3. Performance of an independent analysis by the rtaff. The reviewer selects
for a failure analysis those small lines that most likely will result in
the highest offsite radiological consequences. The selection is largely
based on the analysis performed on recently reviewed plants but should
include, if appropriate, the letdown line of the chemical volume and
control system (CVCS) and the largest instrument and sample line. The
following conservative assumptions are made for the analysis:

a. For small lines that meet GDC 55, such as the CVCS letdown line, the
failure is assumed to occur downstream of the outboard containment
isolation valve in conjunction with a single failure of one of the
two containment isolation vahes. The amount of primary coolant
released outside the containment is determined by considering the
method, capability and time required to detect such failure and the
time required to isolate the failure (i.e., time to close the
operable isolation valve).

I
b. For small lines exempt from GDC 55, such as instrument lines, but

which meet the isolation guidelines of Regulatory Guide 1.11 (i.e. ,
containment isolation valve outside containment), the failure is
postulated to occur downstream of the valve in conjunction with a
single failure (i.e., valve does not close). Unless other isolation
or flow reduction capabilities are provided (e.g. , orifice in line)
which will be evaluated on a case-by-case basis, it is assumed that
this line failure cannot be i.solated and the primary coolant release
will continue until the primary system is depressurized.

The amount of primary coolant released is conservatively estimated-c.
by assuming critical flow at the small line break location with the
reactor coolant fluid enthalpy corresponding to normal reactor
operating conditions. The reviewer evaluates the reactor coolant
release rates provided by the applicant, taking into consideration
similar information for plants recently reviewed. The reviewer
should verify the release rates and the total amount of coolant
released with the RSB in a coordinating review effort.

d. The initial fission product concentrations in the primary coolant
are assumed to be the maximum equilibrium values permitted by the
standard technical specification for the NSSS vendor or those pro-
vided by the applicant. In addition, it is assumed that an iodine
spike occurs as a result of the reactor shutdown or depressurization
of the primary system. The spike is modelled by increasing the
equilibrium fission product activity release rate from the fuel by a
factor of 500.

The reviewer consults with the RSB regarding the potential for and
extent of damage to the fuel as a result of the line failure. If

appropriate, the additional fission product activity in the primary
Icoolant activity will be included in the analysis.
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The fraction of the iodine assumed to become airborne and available
for release to the atmosphere, without credit for plateout, is equal
to the fraction of the coolant flashing into steam in the depressuri-
zation process. The flash fraction is determined by assuming the
aischarge to be a constant enthalpy process.

For a plant with a dual containment system, it is assumed that thee.
small line failure occurs outside the secondary containment if the
line penetrates or bypasses the secondary containment. The release
is assumed to occur within the secondary containment if the line
terminates inside the secondary containment. The reviewer verifies,
in a coordinating review effort with the CSB the integrity and leak-
tightness of the secondary containment during the pressure transient
associated with the postulated small line failure within its
boundaries. An approximate mixing volume is determined from the
location of the assumed failure location and the proximity to the
secondary containment ventilation system assumed to be operating (if
3ny).

The release of the airborne radioactivity from the secondary
containment to the outside atmosphere is evaluated in accordance with
tie assumption of SRP Section 15.6.5, Appendix A, '..ubsection III.3.

f. The operation and effectiveness of an ESF grade filtration system
for removal of airborne radiciodine will be reviewed on a case-by-
case basis. The reviewer verifies that all potential locations for
a small line break are within ventilation zone of the system.

Depending on the type of air treatment system credited in the
analysis, a ground level or elevated (stack) release is assumed.
The appropriate atmospheric dispersion factors (X/Q values) are
provided by the assigned meteorologist in accordance with SRP
Section 2.3.4.

4. Review of dose calculations. The whole-body and thyroid doses calculated
by the staff and by the applicant are compared with the acceptance criteria
stated in subsection II of this SRP section. If the doses calculated by
the staff are not within the exposure guidelines (i.e., they are not less

.

than 10 percent of 10 CFR Part 100, 9100.11), then the staff will pursue'

alternatives with the applicant to reduce the doses to within the
guideline values.

IV. EVALUATION FINDINGS

The reviewer verifies in the Safety Evaluaton Report (SER) that sufficient
information has been provided in the SAR. The applicant's analysis and the
staff's independent calculations are summarized.

The SER should identify the specific small line failure that was analyzed by
the staff and the calculated doses, including the assumptions and unique system
and operation provisions. The evaluation should support conclusions of the
following type to be included in the SER:

The staf f concludes that the distances to the exclusion area and to
the low population zone outer boundaries for the (insert PLANT NAME)
site, in conjunction with the operation of the dose mitigating ESF
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systems, are sufficient to provide reasonable assurance that the
calculated radiological consequences of a postulated small line

[ 's failure outside the containment, assuming the primary coolant
equilibrium iodine concentrations permitted by the standard
technical specifications, in combination with an accident generated
iodine spike, do not exceed a small fraction of the exposure
guidelines as set forth in 10 CFR Part 100, 6100.11. The results of
the staff's calculations are listed in Table 15. .

The staff's conclusion is based on (1) the staff review of the
applicant's classification and identification of small lines in
accordance with General Design Criterion 55, " Reactor Coolant
Pressure Boundary Penetrating Containment," and Regulatory Guide 1.11,
" Instrument Lines Penetrating Containment," (2) the staff review of
the applicant's analysis of radiological consequences, (3) the
independent dose calculation by the staff using regulatory
position C.1.b of Regulatory Guide 1.11 and conservative atmospheric
dispersion facturs as discussed in Chapter 2 of this report, and
(4) the (incart NSSS VENDOR) standard technical specifications for
the equilibrium iodine concentrations in the primary coolant system.
The staff will review the (PLANT NAME) specific technical
specifications to assure that the dose guidelines stated above are
not exceeded.

V. IMPLEMENTATION

The following provides guidance to applicants and license 3s regarding the
p staff's plans for using this SRP tection.

xcept in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission s regulations,d

the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 55, " Reactor Coolant
Pressure Boundary Penetrating Containment."

2. Regulatory Guide 1.11, " Instrument Lines Penetrating Primary Containment."

3. 10 CFR Part 100, S100.11, " Determination of Exclusion Area, Low Population
Zone and Population Center Distance."

;
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15.6.3 RADIOLOGICAL CONSEQUENCES OF STEAM GENERATOR TUBE FAILURE (PWR)

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Seconda:y .hactor Systems Branch (RSB)

I. AREAS OF REVIEW

This SRP section covers the review of the radiological consequences of a
postulated steam generator tube failure accident at a pressurized water reactor
(PWR) facility and includes the following:

(1) A review of the sequence of events and plant procedures for recovery from
the accident, as described by the applicant, with and without offsite power
available, to assure that the most severe case of radioactive releases has
been considered.

(2) A review of the models and assumptions used by the applicant for the(p) calculation cf the thyroid and whole-body doses for the postulated accident.
U

(3) An independent calculation by the staff of the thyroid and whole-body doses
for the accident

(4) A corrparison of the doses calculated by the applicant and by the staff with
the appropriate exposure guidelines, as stated in subsection II below, and

(5) An evaluation of the technical specifications on the primary and secondary
coolant iodine activity concentration.

The review includes two cases for the reactor coolant iodine concentration
corresponding to (1) a preaccident iodine spike and (2) a concurient iodine
spike. The potential for fuel failures resulting from the postosated accident is
routinely evaluated by the RSB and such information is pro ~ider'. to the AEB as an
additional source of iodine activity in the reactor coolan. Gr consideration in
the evaluation of the radiological consequences.

Rev. 2 - July 1981

USNRC STANDARD REVIEW PLAN
Star dard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staff responsible for the review of
applications to construct and operate nuclear power plants. These documents are made available to the public as part of the

,m Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
/ plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them is not required. The
( ') standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
\v/ Not all sections of the standard Format have a corresponding review plan.

Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa-
tion and experience.

Comments and suggestions for improvement will be considered and should be sent to the U S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation. Washington. D.C. 20555.



II. ACCEPTANCE CRITERIA

The acceptance criteria are based on the relevant requirements of 10 CFR
Part 100 as it relates to mitigating the radiological consequences of an
accident. The plant site and the dose mitigating engineered safety features
are acceptable with respect to the radiological consequences of a postulated
steam generator tube failure accident at a PWR facility i'f the calculated
whole-body and thyroid doses at the exclusion area and the low population zone
outer boundaries do not exceed the following exposuie guidelines:

(1) for the postulated accident with an assumed preaccident iodine spike in
the reactor coolant and for the postulated accident with the highest
worth control rod stuck out of the core the calculated doses should not
exceed the guideline values of 10 CFR Part 100, Section 11 (Ref. 1), ano

(2) for the postulated accident with the equilibrium iodine concentration for
continued full power operation in combination with an assumed accident
initiated iodine spike, the calculated doses should not exceed a small
fraction of the above guideline values, i.e., 10 percent or 2.5 rem and
30 rem, respectively, for the whole-body and thyroid doses.

The methodology and assumptions for calculating the radiological consequences
should reflect the regulatory positions of Regulatory Guide 1.4 (Ref. 2)
except for the atmospheric dispersion factors which are reviewed under SRP
Section 2.3.4. Plant technical specifications are required for iodine activity
in the primary and secondary coolant systems. These specifications are accept-
able if the calculated potential radiological consequences from the steam
generator tube failure accident are within the exposure guidelines for the
above two cases.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this SRP section as
appropriate for a particular plant. The judgment which areas need to be given
attention and emphasis during the review is based on a determination if the
material presented is similar to that recently reviewed on other plants and
whether items of special safety significance are involved.

At the construction permit (CP) stage, the review is limited to a brief survey
of the pertinent portions of the SAR regarding the plant design and the appli-
cant's accident evaluation to determine that there are no unusual features
which would prevent limitation of radiological consequences to acceptable
levels by appropriate limits on coolant activity concentrations. The detailed
review of the radiological consequences of a steam generator tube failure is
done at the operating license (0L) stage when system parameters and accident
analyses are fully developed.

Standard technical specifications for each of the three PWR vendors' NSSS
include limits on the primary and secondary coolant activities which are used
in the staff's independent dose calculations (Ref. 3, 4, and 5). If the appli-

cant proposes to' use these standard limits and the plant is one of tM standard
NSSS/B0P plants for which the tube failure accident has been evaluated generi-
cally with the standard coolant activity and leakage limits, the reviewer need
not reevaluate the offsite doses from this accident provided that the
atmospheric dispersion factors (X/Q values) for the site under review do not

15.6.3-2 Rev. 2 - July 1981

_ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ - _ _ - _ _ _ _ _ _



- .

exceed the limiting X/Q values used in the generic review of the standard plant
tube failure accident.

The review of the steam generator tube failure accident at the OL stage
includes the following:

1

1. Review of the applicant's description of the tube failure accident, with
j and without offsite power. This includes a review of the sequence of

.'

events, the bases for the occurrence, and assurance of an adequate degree
of conservatism.

.

2. Review of the signals available to the reactor operator that indicate the
: occurrence of the accident and the state of the syst a throughout the
I recovery period. Automr^1c and required manual operations by the operator

as a function of time age reviewed. The AEB reviewer verifies with the
RSB the acceptability of the applicant's description of events, including
operator actions, to assure that the most severe case has been considered
with respect to the release of fission products and calculated doses.'

3. The post-accident thermohydraulic characteristics and radiological
consequences of this accident are plant-specific. The reviewer, deter-
mines post-accident thermohydraulic profiles and compares these with
those presented by the mpplicant. The purpose of such comparison is not
to attain an exact match but to confirm the validity of the applicant's
calculated results.

4. The appropriate atmospheric dispersion factors (X/Q values) for the
staff's independent dose analysis will be determined by the assigned

*

meteorologist in accordance with SRP Section 2.3.4.

5. Determination of the initial primary and secondary coolant activity
concentrations. The reviewer assumes the primary and secondary coolant
activity concentrations allowed by the technical specifications (SAR
Chapter 16 or the standard technical specifications given in References 3,
4, and 5) as equilibrium conditions prior to the accident.

6. Determination of iodine spiking effects. For the dose calculations the
following two cases of iodine spiking are analyzed:

,

(a) A reactor transient has occurred prior to the postulated steam
generator tube failure accident and has raised the primary coolant
iodine concentration to the maximum value permitted by the standard
technical specifications (i.e., a preaccident iodine spike case)..

The primary coolant iodine concentration for this case is obtained
from Figure 3.4-1 of the NSSS vendor standard technical specification
(Ref. 3, 4, or 5) or from the plant-specific technical specifications
proposed in Chapter 16 of the applicant's SAR.

(b) The reactor trip or the primary system depressurization associated
with the postulated accident creates an iodine spike in the primary
system (Ref. 6 and 7). The increasing primary coolant iodine concen-
tration is estimated using a spiking model which assumes that the
iodine release rate from the fuel rods to the primary coolant

p (expressed in curies per unit time) increases to a value 500 times
greater than the release rate corresponding to the iodine concentra-
tion at the equilibrium value stated in the NSSS vendor standard
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technical specifications or from the plant-specific technical
specifications (i.e., concurrent iodine spike case).

7. Evaluation of the effects of fuel failure. As a result of the steam
generator tube rupture accident, fuel failures can occur, releasing
fission products into the reactor coolant and thus making additional
activity available for release to the atmosphere. The RSB reviews the
effects of the accident on the core thermal margins and the associated
amount of fuel failures, assuming that the highest worth control rod is
stuck at its fully withdrawn position. The RSB, as a secondary review
branch, informs the AEB of the fuel failure estimate. If the accident is
predicted to cause such fuel failure, the dose analysis will be performed
with the corresponding iodine activity but without a concurrent iodine
spike.

8. Determination of the primary to secondary system leakage in the unaf fected
steam generators. The operating primary-to-secondary leakage is assumed
to exist in the unaffected steam generators, at the maximum rate allowed
by the standard technical specifications (Ref. 3, 4, and 5). This value is
1 gpm. However, a lower value may be ne.'ed to limit the consequences of
other events such as a control rod ejection accident.

9. Determination of the coolant flow through the failed tube. In conjunction
with review step (3) above the flow rates through the two ends of the
failed tube are calculated using a suitable flow model, taking credit for
critical flow where appropriate.

10. Determination of the iodine transport to the atmosphere. The iodine
transport model to be used is described ir Reference 8. A fraction of
the iodine in the primary coolant escaping to the secondary system is
assumed to become airborne immediately due to flashing and atomization.
Credit may be given for " scrubbing" of iodine contained in the steam
phase and in the atomized primary coolant droplets suspended in the steam
phase for release points which are below the steam generator water level.
That fraction of the primary coolant iodine which is not assumed to
become airborne immediately enters the secondary system water and is
assumed to become airborne at a rate determined by the steaming rate and
iodine partition coefficient. An iodine partition coefficient of 100
between steam generator water and steam phases may be conservatively
assumed unless the applicant prpsents reasonable evidence that the use of
some other value is justified.

11. Calculation of the exclusion area and low population zone boundary doses.
The reviewer performs an independent calculation of the doses for the
steam generator tube failure accident, using the two iodine concentrations
in item (6) above. A breathing rate of 3.47 x 10 4 am /sec is used in the
calculation of thyroid doses for the first 8 hours following the steam
generator tube failure and the dose conversion factors are in accordance
with Regulatory Guide 1.4 (Ref. 3).

12. Review of dose calculations. The whole-body and thyroid doses calculated
by the staff and by the applicant are compared with the acceptance
criteria stated in subsection II. If the doses calculated by the staff
are not within the exposure guidelines (i.e., they are not less than
10 percent of 10 CFR Part 100, Section 11), then the staff will pursue

15.6.3-4 Rev. 2 - July 1981



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

alternatives with the applicant to reduce the doses to within the
guideline values.

IV. EVALUATION FINDINGS

The re'iewer verifies that sufficient information has been provided by the
applicant and that the applicant's analysis and the staff's independent
calculations support conclusions of the following type, to be included in the
AEB safety evaluation report at the operating license stage:

The steam generator tube failure accident has been evaluated with and
without a concurrent loss of offsite power. The assumptions used in our
analysis are listed in Table The calculated doses are presented.

in Table .

The staff concludes that the distances to the exclusion area and to the
loe population zone outer boundaries for the (insert PLANT NAME) site, in
conjunction with the operation of the dose mitigating ESF systems, are
sufficient to provide reasonable assurance that the calculated radiological
consequences of a postulated steam generator tube failure accident do not
exceed: (a) the exposure guidelines as set forth in 10 CFR Part 100,
Section 11 for the accident with an assumed preaccident iodine spike or
with the highest worth control rod stuck out of the core and (o) 10 percent
of these exposure guidelines, for the accident with an equilibrium iodine
concentration in combination with an assumed accident generated iodine
spike.

The staff conclusion is based on (1) the staff review of the applicant'ss
analysis of the radiological consequences, (2) the independent dose calcu-
lation by the staff using conservative assumptions including atmospheric
dispersion factors as discussed in Chapter 2 of this report, (3) the appli-
cant's analysis and the staff's independent dose calculations which were
performed using the guidelines of Regulatory Guide 1.4, and (4) the
(insert NSSS VENDOR) Standard Technical Specifications for the iodine
concentration in the primary and secondary coolant system, and for the
primary to secondary leaksge in the steam generators. The staff will
review the (PLANT NAME) specific technical specifications to assure that
the dose guidelines stated above are not exceeded.

The following paragraph is inserted prior to the last paragraph if fuel damage
is fornd to be a possible consequence of the accident:

The steam generator tube failure accident has also been evaluated with
% fuel damage in the core as a result of the most reactive control

rod remaining fully withdrawn. The resulting doses, listed in
Table 15. are within the guidelines of 10 CFR Part 100.,

At the construction permit stage, the following paragraph is included in the
staff's safety evaluation report:

On the basis of our experience with the evaluation of steam generator
tube failure ac:.idents for pressurized water reactor plants of similar
design, we have concluded that the consequences of these accidents can be

p controlled by limiting the perm) .ible primary and secondary coolant
system radioactivity concentrati u s so that potential offsite doses are
small. At the operating license stage the staff will include appropriate
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limits on primary and secondary coolant activity concentrr.*, ions in the
technical specifications.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein wili be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 100, Section ll, " Determination of Exclusion Area, Low
Population Zone, and Population Center Distance."

2. Regulatory Gldde 1.4, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss of Coolant Accident for Pressurized
Water Reactors." ,

3. Standard Technical Specifications for Combustion Engineering PWRs,
NUREG-0212.

4. Standard Technical Specifications for Westinghouse PWRs, NUREG-0452.

5. Standard Technical Specifications for Babcock and Wilcox PWRs, NUREG-0103.

6. W. F. Pasedag, " Iodine Spikirig in BWR and PWR Coolant Systems,"
CONF-770708, 3 717 (1977).

7. A. K. Postma and P. S. Tam, " Iodine Behavior in a PWR Cooling System
Following a Postulated Steam Generator Tube Rupture Accident," NUREG-0409,
USNRC, January 1978.

8. R. R. Bellamy, "A Regulatory Viewpoint of Iodine Spiking During Reactor
Transients," Trans. Am. Nucl. Soc., 28 (1978).

.
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SECTION 15.6.4 RADIOLOGICAL CONSEQUENCES OF MAIN STEAM LINE FAILURE OUTSIDE
CONTAINMENT (BWR)

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB) |

Secondary - Reactor Systems Branch (RSB) |

I. AREAS OF REVIEW

The purpose of the review is to calculate the whole body and thyroid doses result-
ing from a postulated failure of a main steam line outside containment of a BWR
facility, and to assure that radioactive releases due to the failure are ade-
quately limited by the technical specifications on primary coolant activity. The
review includes two cases for the reactor coolant iodine concentration: (1) with
a preaccident iodine spike, and (2) with the maximum equilibrium concentration
for continued full power operation.

(Up) A secondary review is performed by the Reactor Systems Branch (RSS). The amount
of pctential fuel failure resulting from the postulated main steam line break
(MSLB) accident is routinely evaluated by RSB and the result provided to the AEB
for consideration in the evaluation of the MSLB radiological consequences.

The review of the applicable technical specifications is coordinated with and per-
formed by the Licensing Guidance Branch as part of its primary review responsibil-
ity for SRP Section 16.0. The acceptance criteria necessary for the review and
thfi method of application are contained in SRP Section 16.0.

II. ACCEPTANCE CRITERIA

The acceptance criteria are based on the requirements of 10 rFR Part 100 as
related to the radiological consequences of an accident. The plant site and the
dose mitigating engineered safety features (ESF) are acceptable with respect to ,

the radiological consequences of a postulated MSLB outside containment of a BWR
facility if the calculated whole body and thyroid doses at the exclusicn area and
the low population zone boundaries do not exceed the following exposure guidelines:
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1. For a MSLB with an assumed preaccident iodine spike corresponding to the
maximum iodir.e concentration stated in the NSSS vendor standard technical
specifications, the calculated doses should not exceed the guideline
values of 10 CFR Part 100, paragraph 11 (Ref. 1).

2. For a MSLB with an assumed iodine concentration corresponding to the
equilibrium value for continued full power operation stated in the NSSS
vendor standard technical specifications, the doses should not exceed a
small fraction of the above guideline values, i.e., 10 percent or 2.5 rem
and 30 rem respectively, for the whole body ano thyroid doses.

3. The methodology and assumptions for calculating the radiological conse-
quences should reflect the regulatory positions of Regulatory Guide 1.5
(Ref. 2) except for the atmospheric dispersion factors which are reviewed
under SRP Section 2.3.4.

4. A plant specific technical specification is required for both cases of
iodine activity in the primary coolant. This specification is acceptable
if the calculated potential radiological consequences from the MSLB acci-
dent are within the exposure guidelines for the above two cases.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this Standard Review
Plan (SRP) section as appropriate for a particular plant. The judgment which
areas need to be given attention and emphasis in the review is based on a deter-
mination if the material presented is similar to that recently reviewed on
other plants and whether items of special safety significance are involved.

At the construction permit (CP) stage, the review is limited to a survey of the
pertinent portions of the plant design and the applicant's discussion of the ,

accident to determine that there are no unusual features that would prevent
limitation of doses to acceptable levels by appropriate limits on coolant
activity concentrations. Standard technical specifications regarding coolant
activity concentration limits have been issued for BWR plants and the radio-
logical consequences of a steam line failure have been evaluated for a stand-
ard GESSAR plant using this activity limit to determine the limiting atmos-
pheric dispersion factors (X/Q values). Consequently, the radiological conse-
quences of a steam line failure accident need not be explicitly calculated for
a standard GESSAR plant located at a site where the X/Q value is equal to or
less than the limiting X/Q value.

The detailed review of the radiological consequences of a main steam line
failure outside containment is done at the operating license (0L) stage when
system parameters and accident analysis are fully develcped. The review at
the OL stage consists of the following steps:

1. Review of the applicant's description and dose analysis of the steam line
failure accident.

2. Performance of an independent analysis by the staff of the radiological
consequences of the failure of the main steam line, using the assumptions
of Regulatory Guide 1.5 (Ref. 2), except for the atmospheric dispersion
factors. The following conservative assumptions are used to simplify tr.,
analysis:
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The mass of reactor coolant assumed to be released to the environmenta.
is 140,000 pounds for the "GESSAR 251" sized BWR and 100,000 pounds
for the "GESSAR 238" sized BWR. Other BWRs should be evaluated on ai

case-by-case basis. The release is assumed to occur instantaneously.
These assumptions are made unless notified otherwise by RSB.

b. The iodine concentration in the primary coolant is assumed to corres-
pond to the following two cases in the NSSS vendor's standard tech-
nical specifications:

(1) the concentration is the maximum value permitted and corresponds
to the conditions of an assumed preaccident spike; and

(2) the concentration is the maximum equilibrium value permitted
for continued full power operation.

As a result of the MSLB accident, fuel failures can occur releasing
fission products into the reactor coolan'. and thus, making additional
activity available for release to the atmosphere. The RSB reviews
the effects of the MSLB on the core thermal margins and the asso-
ciated amount of fuel failures. RSB, as a secondary review branch,
will inform the AEB of the fuel failure estimate. If the MSLB acci-
dent is predicted to cause such fuel failure, a dose analysis will
be performed with the corresponding iodine activity. No decontami-
nation factor or other reductions in the concentrations are assumed
in the staff's analysis.

c. The appropriate atmospheric dispersion factors (X/Q values) for the
staff's independent dose analysis will be determined by the assigned
meteorologist in accordance with SRP Section 2.3.4.

3. Comparison of the doses calculated by the applicant and the staff for the
two iodine concentrations discussed above with the appropriate acceptance
criteria in subsection II of this SRP section. If the doses calculated
by the staff exceed those of the exposure guidelines, then the staff will
reduce the primary coolant iodine ccncentration limits in the plant
specific technical specification accordingly.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided by the
applicant and that the applicant's analysis and the staf f's independent calcula- |
tions support conclusions of the following type, to be included in the staff's ,

safety evaluation report at the operating license stage:

The staff concludes that the distances to the exclusion area and low
population zone outer boundaries for the (insert PLANT NAME) site, in
conjunction with the operation of the dose mitigating ESF systems, are
sufficient to provide reasonable assurance that the calculated radio-
logical consequences of a postulated main steam line failure outside
the containment of the (insert PLANT NAME) station do not exceed
(a) the exposure guidelines as set forth in 10 CFR Part 100 para-
graph 11 for the case that the failure occurs with a preaccident
iodine spike, and (b) 10 percent of these exposure guidelines for the
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case that the failure occurs with a primary coolant sctivity correspond-
iry to the maximum equilibrium concentration fer continued full power
operation as stated in the standard technical specifications for the
(insert NSSS VENDOR) design. The staff will review the (insert PLANT
NAME) specific technical specifications to assure that the dose guide-
lines stated above are not exceeded. The results of the staff's calcu-
lations are listed in Table 15. .

This conclusion is based on (1) the staff review of the applicant's
analysis of the radiological consequences, (2) the independent dose cal-
culation by the staf f using appropriate regulatory positions of Regula-
tory Guide 1.5 and conservative atmospheric dispersion factors as did-
cussed in Chapter 2 of this report, and (3) the (insert NSSS VENDOR)
standard technical specification for the iodine concentration in the ,

reactor coolant consisting of a maximum allowable limit and a limit (
for the equilibrium concentration for continued plant operation. J

At the construction permit stage, the following paragraph is included in the
staff's safety evaluation report:

On the basis of our experience with the evaluation of steam line failure
accidents for boiling water plants of similar design, we have concluded
that the consequences of these accidents can be controlled by limiting
the permissible primary coolant radioactivity concentrations so that
potential offsite doses are small. We will include appropriate limits |

on the primary coolant activity concentrations in the technical |

specifications. |

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the |

staff's plans for using this SRP Section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guide.

VI. REFERENCES

1. 10 CFR Part 100, Paragraph 11, " Determination of Exclusion Area, Low
Population Zone, and Population Center Distance."

2. Regulatory Guide 1.5, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Steam Line Break Accident for Boiling
Water Reactors."

J
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15.6.5 LOSS-OF-C00LAN' ACCIDENTS RESULTING FROM SPECTRUM OF POSTULATED PIPING
BREAKS WITHIN THE REACTOR COOLANT PRESSURE BOUNDARY

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - Accident Evaluation Branch (AEB) |
I. AREAS OF REVIEW

Loss-of-coolant accidents (LOCA) are postulated accidents' that would result from
the loss of reactor coolant, at a rate in excess of the capability of the normal
reactor coolant makeup system, from piping breaks in the reactor coolant pressure
boundary. The piping breaks are postulated to occur at various locations and
include a spectrum of break sizes, up to a maximum pipe break equivalent in size
to the double ended rupture of the largest pipe in the reactor coolant pressure
boundary. Loss of significant quantities of reactor coolant would prevent heat
removal from the reactor core, unless the water is replenished.

^

( ) General Design Criteria 35 (Ref. 1) requires each pressurized water reactor (PWR) |
("/ and boiling water reactor (BWR) to be equipped with an emergency core cooling

system (ECCS) that refills the vessel in a timely manner to satisfy the
requirements of the regulations for ECCS given in 10 CFR Part 50, S50.46 and
Appendix K to 10 CFR Part 50 (Ref. 2) and the applicable general design require-
ments discussed in SRP Section 6.3 (Ref. 3). The analysis of ECCS performaace
has an impact on the design of the piping and support structures for the reactor
coolant systen, the design of the steam generators, the containment design, and
the possible need for pump overspeed protection.

The review of the applicant's analysis of the spectrum of postulated
loss-of-coolant accidents is closely associated with the review of the ECCS, as
described in SRP Section 6.3. As a portion of the review effort described in
this SRP section and in SRP Section 6.3, RSB evaluates whether the entire break
spectrum (break size and location) has been addressed; whether the appropriate
break locations, break sizes, and initial conditions were selected in a mannre
that conservatively predicts the consequences of the LOCA for evaluating ECCS
performance; and whether an adequate analysis of possible failure modes of ECCS
equipment and the effects of the failure modes on the ECCS performance have been |
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provided. Fur postulated break sizes and locations, the RSB review includes
the postulated initial reactor core and reactor system conditions, the postu-
lated sequence of events including time delays prior to and after emergency
power actuation, the calculation of the power, pressure, flow and temperature
transients, the functional and operational cha v teristics of the reactor
protective and ECCS systems in terms of how they affect the sequence of events,
and operator actions required to mitigate the consequences of the accident.

The calculational framework used for the evaluation of the ECCS system in
terms of core behavior is called an evaluation model. It includes one or more
computer programs, the mathematical models used, the assumptions and cm ela-
tions included in the gogram, the procedure for selecting and treating the
program input and output information, the specification of those portions of
the analysis not included in computer programs, the values of parameters, and
all other information necessary to specify the calculational procedure. The

evaluation model used by the applicant must comply with the acceptance criteria
for ECCS given in 10 CFR Part 50, g50.46 and Appendix K to 10 CFR Part 50. The

evaluation model must have been previously documented and reviewed and approved
by the staff. Should the LOCA blowdown calculations be modified for the purpose
of studying structural behavior (for example, core support structure design,
control rod guide structure design, steam generator design, reactor coolant
system piping and support structure design), all differences should be identi-
fied and described by the applicant. RSB reviews these modifications, |
including analytical techniques, computer programs, values of input parameters,
break size, type, and location, and all other pertinent information, and makes
recommendations regarding their acceptability to other branches as required.
RSB initiates a generic computer program review as required. |

RSB is also responsible for the review of the failure mode analysis of the
ECCS in conjunction with the effort described in SRP Section 6.3. The RSB

reviews the analytical techniques and computer programs used by the applicant
for the blowdown, refill, and reflood portions of the loss-of-coolant transient.
The REB also reviews the analytical techniques and computer programs used by
the applicant for the cladding temperature, cladding rupture and swelling
calculations. RSB will perform indepnndent audit blowdown, refill, reflood
and cladding calculations as required to verify the applicant's conclusions.

IAEB as part of its secondary review responsibility provides an evaluation of
fission product releases and radiological consequences. This effort is
described in the appendices to this SRP section and their results are included i

|in the SER writeup.

The RSB will coordinate, as required and by request, other branch evaluations
that interface with the )verall review of this SRP section as follows: The

Auxiliary Systems Branch (ASB) review of Chapters 9 and 10 of the applicant's
SAR includes an evalunion of auxiliary systems (e.g. , service water system,
component cooling system, ultimate heat sink, condensate storage facility) to
confirm that these :,ystems can supply all the functions required to support
the ECCS in performing its function during and following a loss-of-coolant
accident. Upon request, ASB will verify that the auxiliary system described
by the applicant for the safety analysis supply all the functions required.
ASB also, upon request from RSB, reviews the failure modes analysis of the
ECCS to verify that an adequate analysis of possible failure modes of ECCS
equipment and the effect of the failure modes on the ECCS performance has been

The Containment Systems Branch (CSB) review of SRP Section 6.2.1provided.
includes an evaluation of the functional capability of the containment for the
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spectrum of loss-of-coolant events. CSB verifies, upon request from RSB, that
the assumptions used for the containment response analysis have been selectedn

( in a conservative manner for the LOCA analysis performed. Upon request from
V) RSB, CSB reviews the containment pressure calculations utilized by the appli-

cant, or by the staf f in an audit analysis, for the reflood portion of the ECCS
performance analyses. The Core Performance Branch (CPB), upon request from RSB,
verifies that the core physics data used by the applicant, or by the staff in'

independent audit analyses, are the appropriate data to be used. CPB also, upon
request from RSB, reviews the power transient calculations (including moderator
temperature, void and fuel temperature feedback effects, and decay heat) and the

i cladding rupture and swelling calculations. The Instrumentation and Controls
System Branch (ICSB) review of SRP Sections 7.2 and 7.3 includes a review of the
reactor protection system and associated ECCS controls and instrumentation with
regard to automatic actuation, remote sensing and indications, remote control,
and redundancy. Upon request from RSB, ICSB verifies that the reactor protec-
tion system and associated ECCS controls and instrumentation will function as
described in the applicant's sequence of events for the safety analyses per-
formed. ICSB also, upon request from RSB, reviews the failure modes analysis
of the ECCS to verify that an adequate analysis of possible failure modes of
ECCS equipment and the effect of the failure modes on the ECCS performance has
been provided. The Power Systems Branch (PSB) review of 8.3.1 and 8.3.2 includes
the emergency onsite power functional capabilities. The PSB, upon request from

: RSB, will verify that the control systems power sources needed to function to
| mitigate the event are available as required by the applicant's description of

the event. PSB also, upon request from RSB, reviews the failure modes analysis
of the ECCS to verify that an adequate analysis of possible failure modes of
ECCS equipment and the effect of the failure niodes on the ECCS performance has
been provided. The Mechanical Engineering Branch (MEB) review of SRP*

Sections 3.6 and 3.9 includes a review of the effects of the blowdown loads on
i \ core support structures and on control rod guide structures. MEB veriffes,

upon request from RSB, that the core remains in a coolable geometry following
a loss-of-coolant accident and that the control rods can also be inserted.
MEB also evaluates the effects of blowdown loads on the piping of the reactor
coolant system and on the support structures of the components of the reactor 1

coolant system. Upon request from RSB, MEB verifies that acceptable criteria
(Ref. 5) have been employed in the design of the reactor coolant system and
its supports to prevent failures in the reactor coolant pressure boundary on
in engineered safety feature equipment in the event of a LOCA.

For those areas of review identified above as being myiewed as part of the -

primary review responsibility of other branches, the acceptance criteria '

necessary for the review and their methods of application are contained in the
referenced SRP section of the corresponding primary branch.

i II. ACCEPTANCE CRITERIA

RSB acceptance criteria are based on meeting the relevant requirements.of the y

following regulations:
'

a. 10 CFR Part 50, 650.46 and Appendix K as it relates to ECCS equipment
being provided that refills the vessel in a timely manner for a loss-of-
coolant accidert resulting from a spectrum of postulated piping breaks
within the reactor coolant pressure boundary.
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b. General Design Criterion 35 as it relates to redundant ECCS components
being provided te adequately cool the core during a loss-of-coolant
accident.

c, 10 CFR Part 100 (Ref. 4) as it relates to mitigating the radiological
consequences of an accident.

Specific criteria necessary to meet the relevant requirements of the regulations
identified above and necessary to meet task action plan items of NUREG-0718 and
-0737 (Ref. 6 and 7) are as follows:

1. An evaluation of ECCS performance has been performed by the applicant in
accordance with an approved evcluation model that satisfies the require-
ments of 10 CFR Part 50, 650.46 and Appendix K to 10 CFP. Part 50. For the
full spectrum of reactor coolont pipe breaks, the results of the evaluation
must show that the specific requirements of the acceptance criteria for
ECCS are satisfied as given below:

a. The calculated maximum fuel element cladding temperature does not
exceed 2200 F.

b. The calculated total oxidation of the cladding does not exceed 17%
of the total cladding thickness before oxidation.

c. The calculated total amount of hydrogen generated from the chemical
reaction of the cladding with water or steam does not exceed 1% of
the hypothetical amount that would be generated if all of the metal
in the cladding cylinders surrounding the fuel, excluding the
cladding surrounding the plenum volume, were to react.

d. Calculated changes in core geometry are such that the core remains
amenable to cooling.

e. After any calculated successful initial operation of the ECCS, the
calculated core temperature is maintained at an acceptably low value
and decay heat is removed for the extended period of time required
by the long-lived radioactivity.

2. The radiological consequences of the most severe LOCA are within the
guidelines of 10 CFR Part 100. Appendices A, B and D to this SRP section
provides the results of the LOCA analysis.

3. The TMI Action Plan (Ref. 6 and 7) requirements for II.E.2.3, II.K.2.8,
II.K.3.5, II.K.3.25, II.K.3.30, II.K.3.31, and II.K.3.40 have been met.

III. REVIEW PROCEDURES

The procedures below are used during both the construction permit (CP) and
operating license (OL) reviews. During the CP review, the values of system
parameters and setpoints used in the analysis will be preliminary in nature
and subject to change. At the OL review, final values should be used in the
analysis and the reviewer compares these to the limiting safety system settings |
included in the proposed technical specifications.

For the review of the ECCS performance analysis, as presented in the
applicant's safety analysis report (SAR), the reviewer verifies the following:
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1. -The calculations were performed using an approved evaluation model. The
application should clearly state this and properly reference the

O evaluation model. It the analysis is done with a new evaluation model, a
generic review of the new model is required.

2. An adequate failure mode analysis has been performed to justify the
selection of the most limiting single active failure. This analysis is
reviewed in part under SRP Section 6.3. If the design has been changed
from that presented in previous applications, changes in the reactor
coolant system, reactor core, and ECCS are reviewed with respect to the
most limiting single failure.

3. A variety of break loedtions and the complete spectrum of break sizes
were analyzed. If part of the evaluation is done by referencing earlier
work, design differences (ECCS, reactor coolant system, reactor core,
etc.) between the facilities in question are reviewed. If there are
significant differences, sensitivity studies on the important parameters
should have been made by the applicant. If such sensitivity studies are
not presented in the SAR, the reviewer requests that they be made.

4. The parameters and assumptions used for the calculations conform to those
of the approved evaluation model and were conservatively chosen, including
the following points:

a. The initial power level is taken as the licensed core thermal power
for the number of loops initially assumed to be operating plus an
allowance of 2% to account for power measurement uncertainties,

tO
unless a lower power level can be justified by the applicant. The
number of loops operating at the initiation of the event should
correspond to the operating condition which maximizes the
consequences of the event.

b. The maximum linear heat generation rate used should be based on 102%
of the proposed licensed core thermal power and the technical speci-
fication limit on peaking factors, or on the technical specification
limits on maximum linear heat generation rate.

c. All permitted axial power shapes, as given in Section 4.3 of the
SAR, should be addressed by the analyses. Normally, the evaluatior.
model will identify the least favorable axial shape as a function of
break size. If the evaluation model did not discuss axial shapes,
or the discussion is not applicable to a given case, sensitivity
studies are requested.

d. The initial stored energy was conservatively calculated by the
applicant. The value used is checked against the applicalt's steady-
state temperaturcs, as given in SAR Section 4.4, similiar
calculations performed by the staff, or calculations done for similar
plants by previous applicants.

e. Appropriate analyses are presented to support any credit taken for
control rod insertion.

f. The applicant's analysis conservatively addresses the operation of
\ the reactor coolant pump.
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5. Reactor protection system actions and safety injection actuation and
delivery are consistent with the set points and the associated uncertain-
tiu and delay times listed in the SAR (OL review). The ECCS flow rates
should be checked against the applicant's data on head-flow characteristics
of the ECCS pumps given in Section 6.3 of the SAR and against typical
safety injection tank discharge curves used for the analysis. The Regional
Offices under the Office of Inspection and Enforcement may be requested
to provide data of this type from the startup tests for new designs and
from periodic tests on duplicate designs.

6. The results of the applicant's calculations are consistent with those of
staff calculations for typical plants and also with the results of calcu-
1ations performed for similar systems by previous applicants. The
following variables should be reviewed on a generic basis and spot-checked
thereafter: power transients for various breaks; pressure transients at
various system locations; flow transients near the break, in the core,
and in the downcomer; reactor coolant temperature and quality at core
inlet, core outlet, and in-core; cladding temperature transients (core
average, hot assembly, hot pin); heat transfer coefficients during blow-
down, refill, and reflood; heat flux transients from piping and vessel
walls; primary-secondary heat transfer (PWRs only); timing of clad rupture
(if the peak clad temperature could be appreciably higher when perforation
occurs at a different but equally probable time, calculations with modified
assumptions are requested); peak clad temperature as a function of break
size (if it is uncertain whether the peak value has been found, additional
calculations are requested); predicted "end-of-bypass" time compared to
calculated downcomer flow and to staff calculations for typical plants;
pump speed transients; containment pressure transients (if staff calcula-
tions are not available, these are requested from CSB); and carryover
fraction (if it is not an input to the calculations).

7. The calculated peak clad temperature, maximum local oxide thickness, and
core average zirconium-water reaction meet the acceptance criteria for
ECCS given in 10 CFR Part 50, 650.46 and Appendix K to 10 CFR Part 50.

8. The applicant's analysis addresses the full LOCA sequence of events to
the point where the plant is in the long-term cooling mode and removal of
decay heat has been well established for both large and small breaks.
The reviewer checks the assumed sources of coolant water, redundancy of
delivery routes, alignment of valves, control of boron concentration
(PWR) and all required operator actions.

9. The following THI Action Plans (Ref. 6 and 7) items are reviewed to
assure compliance with the acceptance criteria:

a. II.E.2.3. The reviewer evaluates the uncertainty analyses performed
by the applicant to meet item II.E.2.3 to assure that the modeling
assumptions and phenomena for small-break LOCA calculations are
properly accounted for to determine the acceptability of the ECCS
performance pursuant to Appendix K of 10 CFR Part 50.

b. II.K.2.8. For Babcock and Wilcox designs, the reviewer confirms
that the auxiliary feedwater system upgrade and automatic auxiliary
feedwater initiation performed under this THI action plan item have been
properly accounted for in the LOCA analyses.
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c. II.K.3.5. The reviewer evaluates the assumptions made regarding
reactor coolant pump trip to assure that they are consistent and

T
conservatively modeled with respect to the final pump trip criteriaa

[Q which result from resolution of TMI action plan item II.K.3.5.

d. II.K.3.25 and II.K.3.40. If, as a result of a LOCA, or as a result
of loss of A/C power, containment isolation is indicated to occur,
the reactor coolant pump component cooling water may be lost. The

reviewer evaluates the applicant's submittal to determine that the
reactor coolant pump seal integrity is not lost. If it cannot be
established that seal integrity is assured, the reviewer assures
that the evaluation of this event correctly accounts for seal failure.

e. II.K.3.30 and II.K.3.31. The reviewer evaluates the small-break
LOCA model verification performed by the applicant and assures that
any modifications required are incorporated into the specific plant
analyses.

Upon request from the primary reviewer, other review branches will provide
input for the areas of review stated in subsection I. The pritary reviewer
obtains and uses such input as required to assure that this review procedure
is complete.

The review of fission product releases and radiological consequences of design
basis (most severe) LOCA is performed by AEB as described in the appendix to
this SRP section.

IV. EVALUATION FINDINGS

The reviewer verifies that the SAR contains sufficient information and that
the review supports the following kinds of statements and conclusions, which
should be included in the staf f's safety evaluation report: ,

The staff concludes that the loss-of-coolant analysis resulting from a
spectrum Sf postulated piping breaks within the reactor coolant pressure
boundary is acceptable and meets the relevant requirements of 10 CFR
Part % , 650.46 and Appendix K, GDC 35, and 10 CFR Part 100. This
conclusion is based on the following:

The applicant has performed analyses of the performance of the emergency
core cooling system (ECCS) in accordance with the Commission's regulations
(10 CFR Part 50, $50.46 and Appendix K to 10 CFR Part 50). The analyses
considered a spectrum of postulated break sizes and locations and were
performed with an evaluation model which had been previously reviewed and
approved by the staff as described in The results of the.

analyses show that the ECCS satisfy the following criteria:
,

1. The calculated maximum fuel rod cladding temperature does not exceed
2200*F.

2. The calculated maximum local oxidation of the cladding does not
exceed 17% of the total cladding thickness before oxidaticn.

,

3. The calculated total amount of hydrogen generated from the chemicalO reaction of the cladding with water or steam does not exceed 1% ofQ
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the hypothetical amount that would be generated if all of the metal
in the cladding cylinders surrounding the fuel, excluding the
cladding surrounding the plenum volume, were to react.

4. Calculated changes in core geometry are such that the core remains
amenable to cooling.

5. After any calculated successful initial operation of the ECCS, the
calculated core temperature is maintained at an acceptably low value
and decay heat is removed for the extended period of time required
by the long-lived radioactivity.

6. The applicant has met the requirements of TMI Action Plan
items II.E.2.3, II.K.2.8 (B&W), II.K.3.5, II.K.?.25 (BWR, W, or CE),
II.K.3.30, II.K.3.31, and II.K.3.40 (B&W).

The radiological consequences meets 10 CFR Part 100 requirements for the
postulated spectrum of loss of-coolant accidents (LOCA) which were
evaluated from the viewpoint of site acceptability. For the purposes of
this analysis, large fractions of the fission products were assumed to be
released from the core even though these releases would be precluded Dy
the performance of the ECCS.

The evaluation findings of the AEB resulting from the eviews detailed in
Appendices A, B, and D, as applicable, should be inserted in the safety
evaluation report draft at this point. See Appendices A - D for typical
findings and conclusions.

The staff concludes that the calculated performance of the emergency core
cooling system following a postulated loss-of-coolant accident and the
conservatively calculated radiological consequences of such an accident
conform to the Commission's regulations and to applicable regulatory
guides and staff technical positions and, accordingly, the ECCS is
considered acceptable.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with the specific portions of the Commission's regulations,
the methods described herein will be used by th'. staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Part 50, Appendix A, General Design Criterion 35, " Emergency Core
Cooling."

2. 10 CFR Part 50, 550.46, " Acceptance Criteria for Emergency Core Cooling
Systems for Light Water Nuclear Power Reactors," and Appendix K to 10 CFR
Part 50, "ECCS Evaluation Models."

3. Standard Review Plan Section 6.3, " Emergency Core Cooling System."
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4. 10 CFR Part 100, " Reactor Site Criteria."

9 5. NUREG-0609, " Asymmetric Blowdown Loads on PWR P;imary Systems:
Resolution of Generic Task Action Plan A-2."

6. NUREG-0718, " Licensing Requirements for Pending Applications for
Construction Permits and Manufacturing Licenses."

7. NUREG-0737, " Clarification of TMI Action Plan Requirements."
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15.6.5 RADIOLOGICAL CONSEQUENCES OF A DESIGN BASIS LOSS-OF-COOLANT
Appendix A ACCIDENT INCLUDING CONTAINMENT LEAKAGE CONTRIRUTION

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Effluent Treatment Systems dranch (ETSB)

I. AREAS OF REVIEW

ihe review under SRP Section 15.6.5, Appendix A, consists of two parts, a summary
review of the total calculated doses from the hypothetical design basis loss-of-
coolant accident (LOCA) and the specific review of the containment leakage doses
that contribute to the total LOCA doses as described below.

1. The calculated doses from all postulated release paths from t".e containment
to the atmosphere are comLined and the calculated doses are compared with
appropriate exposure guidelines to confirm the acceptability of the nearest[wj exclusion area boundary (EAB) and low population zone (LPZ) outer boundary

V and to confirm the adequacy of the engineered safety features (ESF) provided
for the purpose of mitigating potential accident doses.

The individual contributions to the total radiological consequences from
a hypothetical LOCA from the various release paths to the atmosphere
are treated in separate appendices to this SRP Section 15.6.5, as
follows:

Appendix A: Containment leakage, including the contribution from
containment purge valves during closure.

Appendix B: Post-LOCA leakage from ESF systems outside containment.

Appendix C: Post-LOCA hydrogen purge from containment. This appendix
has been deleted.

Appendix D: MSIV Leakage (for BWR plants only).
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2. The review encompasses the applicant's methodology and results of calcu-
latfors of the radiological consequences resulting from containment
leakage following a hypothetical LOCA as contributing to the total radio-
logical consequences of the LOCA. The review includes an assessment of
the containment with respect to the assumptions and the input parameters
for the dose calculations.

3. The ctaff performs an independent analysis of the radiological conse-
quences, including the modelling of the containment system. The analysis
is based on pertinent information in the SAR and considers the staff's
evaluation of dose mitigating engineered safety features, for example,
the effectiveness of the containment spray system as evaluated in SRP
Section 6.5.2.

A secondary review is performed by the Effluent Treatment Systems Branch (ETSB)
and the results are used by AE8 in the overall evaluation of the radiological
consequences of he LOCA accident. ETSB reviews the ESF atmosphere filtration
system to determine the iodine removal efficiency of the system and the results
are transmitted to AEB for use in the independent analysis.

The review of the primary containment leakage rate, the secondary containment
bypass leakage rate, and the containment vent / purge system release rate during
the closure of the system following a LOCA is cocrdinated with the Contairiment
Systems Branch (CSB) undc-r SRP Sections 6.2.6, 6.2.3, and 6.2.4, respectively.
The acceptance criteria necessary for the review and their methods of applica-
tion are contained in the referenced SRP sections.

,

II. ACCEPTANCE CRITERIA

The acceptance criteria are based on the requirements of 10 CFR Part 100 as
related to mitigating the radiological consequences of an accident. Specific
acceptance criteria for the total calculated doses and for the containment
leakage contribution are as follows:

1. The distances to the exclusion area boundary and to the low population
zone outer boundary are acceptable if the total calculated radiological
consequences (i.e., thyroid and whole body doses) for the hypothetical
LOCA fall within the appropriate exposure guideline values specified in
10 CFR Part 100, S100.11 (Ref. 1). The total dose is the combined dose
from all release paths from the containment to the atmosphere. At the

construction permit (CP) review stage, the staff applies exposure guide-
line values of 150 rem to the thyroid and 20 rem to the whole body in
accordance with Regulatory Guides 1.3 and 1.4. This is to allow for uncer-
tainties in meteorology and other site-related data and to allor for system
design changes that might influence the final design of engineered safety
features or the dose reduction factors of these features. These lower
values are applied at the CP stage to provide reasonable assurance that
the 10 CFR Part 100 guideline values can be met at the operating license
(OL) review stage.

2. The model for and the calculation of the post-LOCA leakage contribution
to the total whole body and thyroid doses of a hypothetical LOCA are
acceptable if they incorporate the appropriate conservative design basis
assumptions outlined in the regulatory positions of Regulatory Guide 1.3
(Ref. 2) for a BWR facility and of Regulatory Guide 1.4 (Ref. 3) for a
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F'c:R facility with the exception of the guidelines or the atmospheric
dispersion fusion factors (X/Q values). The accept 'bility of the X/Q values

(Q is determined under SRP Section 2.3.4.
i

III. REVIEW PROCEDURES

The reviewer selects and emphasiza3 aspects of the areas covered by this appendix
cs may be appropriate for a particular case. The deci; ion as to which areas need
to be given attention and emphasis in the review is based on a determination of
whether the material presented is similar to that recently reviewed on other
plants and whether items of special safety significance are involved. Review
steps (1) through (8) below apply to the cont..inment leakage contribution and
step (9) applies to the total radiological consequences.

1. The design (stretch) power level of the core is taken from the applicant's
safety analysis report (SAR). The core is assumed to have operated at
this power level for a suff iciently extended period (typically about 3
years) such that the maximum equilibrium fission product inventory is
present. At the time of the accident, 25% of all the equilibrium iodine
fission products and 100% of the noble gas fission products are assumed
available for release from the containment within a very short time (effec-
tively instantaneously) after the accident. The iodine is assumed to be
composed of 91% elemental iodine, 4% organic iodides, and 5% particulate
iodine.

2. The reviewer ascertains the type of containment system used based on
information in SAR Sections 6.2.1 and 6.2.3. The primary containment
leakage rate for the LOCA dose analysis is obtained from SAR Section 6.2.6

V) which is reviewed by the CSB. If the leakage rate is revised 's a result
of CSB review, the CSB will inform AEB of the change. A check is made of
the LOCA assumptions listed in Chapter 15 of the SAR to verify that the '

primary containment leakage rate has been assumed to remain constant over
the course of the accident for a BWR and to remain constant at one half of,

the initial leak rate after 24 hours for a PWR. Lcak rates of less than
0.1% per day have not been accepted by the staff because of integrated
containment leakage test sensitivity limitations. The leakage rate used
s1ould co respond to that given in the technical specifications.

3. Where credit for a dual containment system is claimed, the reviewer veri-
fies, based on SRP Sections 6.2.3 and 6.5.3, that the system meets require-
ments such as existence of separate primary and secondary containments,
adequate separation of the two, and ability to test the negative pressure
canability of the secondary containment. Where dilution credit for a
secondary containment with recirculation is claimed, adequate mixing in
the secondary containment volume should be demonstrated in addition to
meeting the above requirements for a dual containment system. For dual
containment systems, the bypass leakage is evaluated. This laakage, usual-
ly expressed as a fraction or percentage of the primary containment leak
rate, is assumed to pass from the primary containment directly to the environ-
ment, bypassing the secondary containment. The secondary containment bypass
leakage rate and any positive pressure characteristics in the secondary
containment are obtained from SAR Section 6.2.3 which is reviewed by CSB.

O)t,
s-
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If the bypass leakage rate or secondary containment positive pressure
characteristics are revised as a result of CSB review, CSB will inform
AEB of the change.

4. The operation of the normal containment vent / purge system is reviewed by
CSB under SRP Section 6.2.4. If the proposed system operation does not
meet the CSB positions, the CSB will request the AEB to perform an analysis
of the radiological consequences using this release path as an additional
contributor to the total LOCA doses.

5. Credit for any engineered safety features such as atmosphere filtration
systems, spray systems, or ice condenser is deterined in tne review of
Section 6.5 of the SAR. These features operate during the LOCA to miti-
gate the consequences by reducing the amount of iodine fission products
released to the environment. Noble gas releases to the environment are
unaffected by the presence of filters or sprays. Typically, single con-
tainments employ spray systems with a chemical additive (e.g., sodium
hydroxide, sodium tetraborate) to scavenge iodine from the containment
atmosphere. The iodine removal rates of an ice condenser or a chemical
additive spray system are determined. For atmosphere filtration systems
verification of acceptability of design and efficiencies is provided by
the ETSB under SRP Section 6.5.1. In dual containment systems, a determina-
tion must be made by the AEB of the operational modes of the ESF with
respect to the accident sequence in order for proper credit to be given.

6. The distances to the exclusion area boundary and to the LPZ outer boun-
dary are determined from Sections 2.1.2 and 2.1.3 of the applicant's SAR
and are verified by the reviewer with the Siting Analysis Branch (SAB).

7. The appropriate X/Q values to be used in calculating the consequences of
the accident are provided by the assigned meteorologist in accordance with
SRP Section 2.3.4.

8. A dose computation model appropriate for the containment system and ESF
systems is selected which conservatively represents the transfer of radio-
activity from the containment to the environment. The reviewer may find
it convenient to sketch a schematic arrangement to illustrate the compart-
ments where radioactivity is located, with arrows drawn from one compartment
to another indicating transport paths. The leak rates, spray removal rates,
ice condenser efficiencies, atmosphere filtration system efficiencies,
and flow rates are used to indicate the rates at which the activity moves
from cne compartment to another. Digital computer codes have been written
to perform the actual dose calculation. The analyst selects the code with
capabilities that most closely fit the schematic model obtained above.
The codes contain a basic library of data which ent " into the dose calcula-
tion, such as isotopic fission yields, half-lives, 'rgies, and dose
conversion factors.

9. The containment leakage doses are combined with the calculated dose con-
tributions from all other appropriate post-LOCA transport paths and the
total thyroid and whole body LOCA doses are compared with the exposure
guideline values of 10 CFR Part 100, 9100.11, as discussed in item II.2
of this appendix. If the calculated total doses exceed these guidelines,
alternatives which wculd reduce the doses to an acceptable level are

15.6.5-12 Rev. 1 - July 1981



explored with the-applicant. Such alternatives may include increased
distance, a different containment type, and more efficient atmosphere
filtration or spray systems.

IV. EVALUATION FINDINGS

The reviewer prepares a table for inclusion into the evaluation findings that
lists the 2-hour and 30-day thyroid and whole body doses from the various fission
product release paths to the atmosphere as calculated by the staff under SRP
Section 15.6.5, Appendices A, B, and D. The table also lists the total dosescalculated by the staff. A conclusion of the following type for the total doses
will be included in the section "LOCA Radiological Consequences" of the SER:

The applicant has selected and analyzed a hypothetical design basis
loss-of-coolant accident (LOCA) and has determined that the total
radiological consequences of such an accident meet the exposure guide-
lines of 10 CFR Part 100, $100.11 with respect to the adequacy of
the distances to the exclusion area boundary and the low population
zone outer boundary. The analysis included the following sources
and radioactivity transport paths from the containment to the atmo-
sphere (note: cite each of the following as applicable):

(1) contribution from containment leakage,

(2) contribution through containment purge / vent valves during closure,

(3) contribution from post-LOCA leakage from ESF sytems outside
containment,

'

(4) contribution from main steam isolation valve leakage.

The staff has reviewed the applicant's analysis and has performed an independent
analysis of the radiological consequences from each of these transport paths.
Details of the staff's analyses are presented in Sections 15. to 15.of this report and the results are listed in Table 15. The total calcu-.

lated thyroid and whole body doses from the hypothetical LOCA are also listed
in the table.

In the SER for an application for an operating license (OL), the following
paragraph shall be added:

The staff concludes that the distances to the exclusion area boun-
dary and to the low population zone boundary of the (Name) site, in
conjunction with the engineered safety features of the (Name) plant,
are sufficient to provide reasonable assurance that the total radio-
logical consequences of such an accident will be within the exposure
guidelines set forth at 10 CFR Part 100, 9100.11. This conclusion
is based on the staff review of th+ applicant'.s analysis and on the
independent analysis by the staff which confirms that the calculated
total doses are within these guidelines.

In the SER for an application for a construction permit (CP), the following
paragraph shall be added:

O
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The staff concludes that the distances to the exclusion are boundary
and to the low population zone boundary of the (Name) site, in conjunc-
tion with the proposed engineered safety features of the (Name) plant,
are sufficient to provide reasonable assurance that the total radio-
logical consequences of such an accident will be within the guidelines
set forth at 10 CFR Part 100, 9100.11. This conclusion is based on
the staff review of the applicant's analysis and on the independent
analysis by the staff which confirms that the calculated total doses
meet the exposure guidelines set forth in Regulatory Guide 1. .

(Use Regulatory Guide 1.3 for a BWR plant, and Regulatory Guide 1.4
for a PWR plant.)

Following the conclusion on the total radiological consequences, there will be
separate sections discussing the plant specific fission product release paths
from the containment to the atmosphere and the corresponding doses in accordance
with SRP Section 15.6.5, Appendices A, 8, and D. Each section will include an
Evaluation Finding regarding the staff's independent analysis of the dose
contribution and a reference to the table for all the LOCA doses calculated by
the staff.

The first section will be for the dose contribution from containment leakage
in accordance with Appendix A of SRP Section 15.6.5. An Evaluation Finding
of the following type should be included in the section:

The radiological consequences from containment leakage following a
hypothetical design basis loss-of-coolant accident were evaluated.
The staff reviewed the applicant's analysis and performed an inde-
pendent calculation. The staff's calculation incorporates the appro-
priate conservative assumptions of the regulatory positions in
Regulatory Guide 1. (use Regulatory Guide 1.3 for a BWR f acil-
ity, Regulatory Guide 1.4 for a PWR facility). The atmospheric
dispersion characteristics (X/Q values) stated in Section 2.3 of this
report were used in the calculations. The results of the staff's
calculation are presented in Table 15. , and the contribution to
the total radiological consequences is evaluated in Section 15. .

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

VI. REFERENCES

1. 10 CFR Part 100, 6100.11, " Determination of Exclusion Area, Low Popula-
tion Zone, and Population Center Distance."
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i 2. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential

Radiological Consequences of a Loss-of-Coolant Accident for Boiling Water
Reactors."

3. Regulatory Guide 1.4, " Assumptions Used for Evaluating the Potential
i Radiological Consequences of a Loss of-Coolant Accident for Pressurized
! Water Reactors."
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15.6.5 RADIOLOGICAL CONSEQUENCES OF A DESIGN BASIS LOSS-OF-COOLANT
Appendix B ACCIDENT: LEAKAGE FROM ENGINEERED SAFETY FEATURE COMPONENTS

OUTSIDE CONTAINMENT

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Ef fluent Treatment Systems Branch (ETSB)

I. AREAS OF REVIEW

A potential source of fission product leakage following a loss-of coolant accident
(LOCA) is the leakage of water from engineered safety features (ESF) equipment
which is located outs'us the primary containment. Such leakage could occur dur-
ing the recirculation phase for long-term core cooling and primary containment
spray cooling. The fission products could then be released from the water into
the atmosphere outside containment and, thus, result in offsite radiological conse-

(A)
quences that contribute to the total dose from the hypothetical LOCA. To calculate
the maximum leakage from recirculation loops following a hypothetical design basis

U' LOCA, such sources as the following are considered: containment spray system, low
pressure safety injection system, and high pressure safety injection system.

The review under SRP Section 15.6.5, Appendix B, includes the folloung:

(1) The types of postulated leakage from ESF components, including specifically,
the leakage from valve stems and pump seals that can be expected during the
operation of the ESF recirculation systems and the leakage from a postulated
gross failure of an ESF passive component such as the failure of a pump seal.

(2) The design and operational features that are provided to mitigate the poten-
tial for radiological consequences from this transport path such as a leakage
collection system, atmosphere filtration system, and technical specifications
for ESF component leakage.

(3) The assumptions, model, and results of the dose calculations performed by
the applicant for this fission product transport path. The staff performs

Rev. 1 - July 1981
_

USNRC STANDARD REVIEW PLAN
Star.dard review plans are prepared for the guidance of the office of Nuclear Reactor Regulation staf f responsible for the review of

(g applicarsons to construct and operate nuclear power plants. These documents are made available to the public as part of the
g j Commission's policy to inform the nuclear industry and the general public 9 regJlatory procedures and policies. Standard review
( / plans are not substitutes for regula*ory guides or the Commission's reguat ans and comphance with them is not required. The
O' standard review plan sections are keyed to the Standard Format and Conter't of Safety Analysis Reports for Nuclear Power Plan s.

Not all sections of the Standard Format have a corresponding review plan.

Publisheu standard review plans will be revised periodically, as appropriate. to accommodate comments and to reflect new inf orma-
tion and experience

Comments and suggestions f sr improvement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
office of Nuclear Reactor Regulation. Washington. D.C. 20555

-, .,- ~ _ _ ,
-



_ _ _ _ _ _

an independent analysis of the radiological consequences using conservative
assumptions.

(4) An evaluation of the contribution of the radiological consequences of this
transport path to the total radiological consequences from the hypothetical
LOCA. The reviewer should perform this aspect of the review in conjunc-
tion with the evaluation of the total radiological consequences under SRP
Section 15.6.5, Appendix A.

A secondary review is performed by the Effluent Treatmen Systems Branch (ETSB)
and the results are used by AEB in the overall review of the accident analysis.
ETSB reviews the efficiency of the atmosphere filtration systen, to determine
the iodine removal capability and the results are transmitted to AEB for use
in the independent analysis.

II. ACCEPTANCE CRITERIA

The acceptance criteria are based on the requirements of 10 CFR Part 100
(Ref. 2) as related to mitigating the radiological consequences of an accident.
Specific criteria necessary to meet this requirement are as follows:

(1) ESF systems that circulate water outside the containment are assumed to
leak during their intended operation (e.g., valve stem leakage) and as a
result of a failure of a passive component. Both types of leakage are
included in the review. ESF atmosphere filtration systems should be pro-
vided in those areas where such leakage is postulated to occur in order
to mitigate the radiological consequences f,em the fission product release.

(2) The radiological consequences from the postulated leakage should be calcu-
lated using conservative assumptions. 50% of the core iodine inventory,
t'ased upon the maximum reactor power level, should be assumed to be mixed
in the sump water being circulated through the containment external piping
systems, in accordance with the values listed in Table 1 of Regulatory
Guide 1.7 (Ref. 1). The atmospheric dispersion factors (X/Q values) as
determined under SRP Section 2.3.4 should be used in the analysis.

(3) The radiological consequences from ESF component leakage, as calculated
by the staff, should be combined, under SRP Section 15.6.5 Appendix A,
with the consequences from other fission product release paths to deter-
mine the total calculated radiological consequences from the hypothetical
LOCA. The acceptability of the site, with respect to the total radiological
consequences, is rtermined by the adequacy of the exclusion area and low'

population zone outer boundary distances in conjunction with the operation
of dose-mitigating ESF systems. For operating license applications, the
total doses should be within the exposure guidelines of 10 CFR Part 100,
a 100.11 (Ref. 2) and for a construction permit application, the total
doses should be within the guideline v & e of Regulatory Guides 1.3 (Ref.
3) and 1.4 (Ref. 4), as appropriate. This acceptability is determined
under SRP Section 15.6.5, Appendix A.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes aspects covered by this appendix as appro-
priate for a particular case. The judgment of which areas need to be given
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attention and emphasis in the review is based on a determination if the mate-
rial presented is similar to that recently reviewed on other plants and whether

O items of special safety significance are involved.
I i

The applicant'c recirculation leakage assumptions and calculation are compared
with previously licensed plan'.s for accuracy and cor.pleteness. It is assumed
that 50% of the core iodine inventory, based upon the maximum reactor power
level, is mixed in the sump '.;ater being circuleted through the external pip-
ing systems (Ref. 1). Credit may be allowed for radioactive decay of the
iodine during the time period from the occurrence of the LOCA up to the begin-
ning of recirculation when tha sump water is circulated outside the containment.

The leakage for calculating the radiological consequences should be the maxi-
mum operational leakage and should be taken as two times the sum of the
simultaneous leakage from all components in the recirculation systems above
which the technical specifications would require declaring such systems to be
out of service. The leakage is assumed to occur throughout the accident,
starting at the earliest time that the recirculation mode is initiated.

For a plant that does not provide an ESF atmosphere filtration system, the
dose assessment should also include the leakage from a gross failure of a pas-
sive component. This leakage should conservatively be assumed to be 50 gallons
per minute, starting at 24 hours after the accident and lasting for 30 minutes.
For a plant that does provide an ESF atmosphere filtration system in the areas
of potential leakage from a gross failure of passive components, such dose
assessment need not be performed.

The applicant's information on the time-dependent temperature of the sump
water circulating outside containment after the LOCA is evaluated. For a(, water temperature above 212*F, the fraction of the leakage that flashes to
steam is determined assuming a constant enthalpy process. If the flash frac-
tion is greater than 10%, then this fraction is taken as the fraction of
iodine in the leakage that becomes airborne. If the calculated flash fraction
is less than 10% or if the water is less than 212*F, then 10% of the iodine in
the leakage is assumed to become airborne unless a smaller amount is justified
based on actual sump pH history and ventilation rates.

The airborne iodine is assumed to be released immediately to the environment.
The atmospheric dispersion is based upon the ground level X/Q values deter-
mined under SRP Section 2.3.4. Atmosphere filtration syste:a filters are
evaluated by the ETSB with respect to the guidelines of Regulatory Guide 1.52
(Ref. 5) for appropriate credit to be given for iodine removal by the filters.
The doses at the nearest exclusion area boundary and LPZ outer boundary are
calculated using appropriate assumptions and methods as described in Appendix A
to SRP Section 15.6.5.

The doses calculated by the staff are reported in the dose table of the sec-
tion, " Radiological Consequences of a LOCA," which is prepared in accordance
with SRP Section 15.6.5, Appendix A.

IV. EVALUATION FINDINGS

The reviewer verifies that the appl 4 cant has provided sufficient information
A for the staff to perform an independent calculation of the thyroid and whole-body

(v) doses due to leakage from ESF components outside containment as the fission
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product release path. The calculated doses are reported in the Safety Evalua-
tion Report (SER) in Table 15.__ under SER Section 15. , "LOCA Radiological
Consequences," in accordance with SRP Section 15.6.5, Appendix A. The same
SER section will also include the staff's findings with respect to the total
calculated doses from all release paths and with respect to the acceptability
of the exclusion area and low population zone boundaries on the basis of the
total calculated doses in accordance with the guideline values of 10 CFR Part
100.

Following the summary section on the total radiological consequences, separate
SER subsections will present the staff's evaluation and finding for each spe-
cific fission product release path. For the tSF :omponent leakage path reviewed
under this SRP Section 15.6.5, Appendix B, the staff'c independent review and
calculations should support a conclusion of the following type:

The radiological consequences resulting from leakage from ESF compo-
nents located outside containment following the hypothetical design
basis loss-of-coolant accident were evaluated. The staff reviewed
the applicant's analysir and has performed independent calculations.
These calculations are based on conservative assumptions. The fis-
sion product source term in the leakage meets the guidelines of
Regulatory Guide 1.7. The atmospheric dispersion characteristics
(X/Q values) used in the calculations are those stated in Section 2.3
of this report.

The results of the calculation are reported in Table 15. The
contribution of the ESF leakage doses to the total calculated radio-
logical consequences of the LOCA is evaluated in Section 15.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for us ng this SRP section.i

Except in those cas_s in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed herein
are contained in the referenced regulatory guides.

VI. REFERENCES

1. Regulatory Guide 1.7, " Control of Combustible Gas Concentrations in Contain-
ment Following a Loss-of-Coolant Accident."

2. 10 CFR Part 100, @ 100.11, " Determination of Exclusion Area Low Popula-
tion Zone and Population Center Distance."

3. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential Radio-
logical ConseqJences of a Loss-of-Coolant Accident for Boiling Water
Reactors."

O
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4. Regulatory Guide 1.4, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss of-Coolant Accident for Pressurized

7_% Water Reactors. ,s

w
5. Regulatory Guide 1.52, " Design, Testing, and Maintenance Criteria for

Atmosphere Cleanup System Air Filtration and Adsorptio,e Units of Light-
Water-Cooled Nuclear Power Plants."

!

,

J

-
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15.6.5 RADIOLOGICAL CONSEQUENCES OF A DESIGN BASIS LOSS-JF-COOLANT ACCIDENT:
APPENDIX C POST-LOCA PURGE CONTRIBUTION

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

This section of the Standard Review Plan has been deleted.

(s

|

|

15.6.5-21 Rev. 2 - Jul; 1981

USNRC STANDARD REVIEW PLAN
Star.dard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the review of
applications to constru t and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy tr inform the nuclear industry and the general public of regulatory procedures and policies. Standard review

) plans are not substitt'.es for regulatory guides or the Commission's regulations and compliance with them is not required. The
/ standard review plr . sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.

- Not all sections at he Stanoard Format have a corresponding review plan.

Published standard res w plans will be revised periodically, as appropriate, to accommodate comments and to reflect new informa.
tion and experience.

Comments and suggestions for improvement rill be considered and should be sent to t..e U.S. Nuclear Regulatory Commission.
Office of Nuclear Reactor Regulation. Washington. D.C. 23555.

_ _ . . . . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ , _ , _ . _ _ _ _ . . _ . . _ . . _ _ _ _ _ . . _ _ _ _ _ . _ _ - . _ ._ _



,

NU REG-0800
(Form:rly NUREG-75/087)

gP MGg

U,.m ([Afff
\ U.S. NUCLEAR REGULATORY COMMISSION

j STANDARD REVIEW PLAN
g OFFICE OF NUCLEAR REACTOR REGULATION

.....

15.6.5 RADIOLOGICAL CONSEQUENCE': OF A DESIGN BASIS LOSS-0F-COOLANT
Appendh D ACCIDENT: LEAKAGE FROM MAIN STEAM ISOLATION VALVE LEAKAGE CONTROL

SYSTEM (BWR)

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - None
|

I. AREAS OF REVIEW

A potential source of fission product leakage following a loss-of-coolant accident
(LOCA) is the leakage past the main steam isolation valves in a BWR, This leakage
is controlled by a main steam isolation valve leakage control system (MSIVLCS).
This system may be a positive sealing system or a vacuum type system which collects
leakage between the closed isolation valves and releases it to the atmosphere
through a f' iter system. The AEB reviews the method of operation, time of opera-
tion, and release paths associated with operation of the MSIVLCS to calculate the
fission product releases and their contributions to the doses following a LOCA at
the exclusion area and low population zone boundary.p|\'' The AEB coordinates its evaluation with other branches that interface with the
overall evaluation of the LOCA radiological consequence analysis. The Auxiliary
Systems Branch (ASB) reviews the design of the MSIVLCS and essential subsystems
in accordance with Regulatory Guide 1.96 (Ref.1) as part of its primary review
responsibility for SRP Section 6.7 to assure the system's ability to function
following a postulated LOCA incitding the loss of offsite power. The Containment
Systems Branch (CSB) will verify. upon request by AEB, that for a vacuum type
system, the operation of the MSIVLCS does not produce an adverse pressure transient
in the secondary containment. The acceptance criteria necessary for the review of
these areas and their methodr of application are contained in the above referenced
SRP section of the corresponding primary branch.

II. ACCEPTANCE C:ITERIA

The radiological consequences associated with the operation of the MSIVLCS
following a postulated LOCA are combined, under SRP Section 15.6.5, Appendix A,
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with the consequences from other LOCA fission product release paths to determine
the total calculated radiological consequences from the hypothetical LOCA. The
acceptability of the site, with respect to the total radiological consequences,
is determined by the adequacy of the exclusion area and low population zone
boundary distances in conjunction with the operation of dose mitigating ESF k

systems. For operating license applications, the total doses should be within
the exposure guidelines of 10 CFR Part 100, paragraph 11 (Ref. 2), and for a
construction permit application, the total doses should be within the guideline
values of Regulatory Guide 1.3 (Ref. 3). The acceptability is determined under
SRP Section 15.6.5, Appendix A.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes aspects covered by this SRP section which
are appropriate for a particular case. The judgment of which areas need to be
given attention and emphasis in the review is based on a determination if
the material prese, d is similar to that recently reviewed on other plants or
that items of special safety significance are involved.

The applicant's description of the MSIVLCS is reviewed with respect to the
system performance and to obtain the information needed to perform the dose
calculation. For a positive sealing system, verification of the system
operability assuming a single active failure, actuation time, and identification
of any potential release paths is obtained from the ASB. If the reviewer finds
that no release paths exist and that the system can be actuated pri v to the
steamline pressure decreasing below the drywell pressure, no further %w is
required.

For a vacuum-type sytem, which processes rather than seals the leakage, the
AEB reviewer obtains the following information, assuming the most adverse sin-
gle failure of an active component:

1. release paths and fractions of the leakage through these paths, as a
function of time, e.g., steam leakage, releases through a depressurization
line, releases through drain lines, etc. ,

2. system actuation time,

3. flow rates as a function of time, and

4. release points.

This information should be verified by the ASB (and documented by buckslip to
the AEB). Interaction with systems used to mitigate the conseque1ces of con-
tainment leakage should be noted. The AEB reviewer should consult with the
CSB to assure that the operation of the MSIVLCS does not adversel.s affect
pressure transients in secondary containment regions.

The system is then modeled using a computer code (Ref. 4). The source assumed
is the same as that used to estimate the containment leakage dose calculated
in SRP Section 15.6.5, Appendix A, but it is assumed to be instantaneously
distributed in the drywell free volume at the time of the accident. No credit
for leakage of activity from the drywell to the containment (Mark III) or to
the suppression pool region (Mark I and II) is assumed, but credit can be taken
for radioactive decay of the fission products in the drywell prior to operation

15.6.5-24 Rev. 1 - July 1981
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of the MSIVLCS. The main steam isolation valves are assumed to leak at their
f'''N technical specification limit. No release of activity from the MSIVLCS is

,

v) assumed up to the time of system actuatio;i. Leakage through valve stems ort
drain lines to an untreated region is assumed to be released to the atmosphere.
Releases through the MSIVLCS which are directed to treated regions are assumed
to be direct to the filter intake unless the MSIVLCS flow is mechanically
directed to a distribution header. If the latter is the case, then credit for
mixing is given on the same basis as for other leakage to this system (see SRP
Section 6.5.3).

The resulting doses at the exclusion area and the LPZ boundaries are calculated
using the dose model described in Regulatory Guide 1.3 (Ref. 3). The X/Q values
to be used for this evaluation are the accident X/Q's used in Section 15.6.5,
Appendix A. For systems which are designed for initial releases at significantly
later times into the accident, application of worst meteorology at the time of
release may have to be considered; this will be handled on a case-by-case basis.

IV. EVALUATION FINDINGS

The reviewer verifies that the applicant has provided sufficient information
for an independent staff calculation of the thyroid and whole-body doses due
to MSIV leakage and operation of the MSIVLCS as a fission product release path
following a postulated LOCA. The doses are reported in the safety evaluation

i report (SER) in Table 15. under SER Section 15. "LOCA Radiological
Consequences," in accordance with SRP Section 15.63~, Appendix A. The same SER<

section also includes the staff's findings with respect to the total calculated
doses from all release paths and with respect to the acceptability of the

h) exclusion area and low population zone boundaries on the basis of the total
( calculated doses in accordance with the guideline values of 10 CFR Part 100.

Following the summary section on the total radiological consequences, separate
subsections present the staff's evaluation and findings for each specific fis-
sion product release path. For the MSIV leakage and operation of the MSIVLCS
reviewed under SRP Section 15.6.5, Appendix D, the staff's review and
independent calculations should support a conclusion of the following type:

The staff has reviewed the applicant's analysis and has independently
evaluated the radiation doses resulting from main steam isolation
valve leakage and operation of the main steam isolation valve leakage
control system following a postulated LOCA assuming a single failure
that is most adverse from the standpoint of radiological consequences.
The analysis included the influence of fission product removal systems,
delay times, and various release paths. The results of this calcula-
tion are reported in Table 15- The review has established that.

the applicant's design is effective in limiting the radiological con-
saquences due to the main steam isolation valve leakage or due to
ogeration of the MSIVLCS.

The acceptability of the exclusion area and the low populatinn boundaries in
meeting the requirements of 10 CFR Part 100 for all release paths following a
LOCA is discussed in SRP Section 15.6.5, Appendix A, and the staff's recommen-
dations are contained in the " Evaluation Findings" of that SRP section.

OG
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V. IMPLEMENTATION

The following provides guidance to applicants and licensees regcrding the staff's
plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the nethod described herein will be used by the staff in its evaluation of con-
formance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.

V. REFERENCES

1. Regulatory Guide 1.96, " Design of Main Steam Isolation Valve Leakage
Control Systems _for Boiling Water Reactor Nuclear Power Plants."

2. 10 CFR Part 100, Paragraph 11, " Determination of Exclusion Area, Low
Population Zone, and Population Center Distance."

3. Regulatory Guide 1.3, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a loss-of-Coolant Accident for Boiling
Water Reactors." Revision 2.

4. Computer codes are currently under development. Documentation will be
published in a NUREG report.

O

.

O
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15.7.1 WASTE GAS SYSTEM FAILURE

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch

This section of the Standard Review Plan has been deleted.
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15.7.2 RADI0 ACTIVE LIQUID WASTE SYSTEM LEAK OR FAILURE (RELEASE TO ATMOSPHERE)

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

This section of the Standard Review Plan has been deleted.

Rev.1 - July 1981

USNRC STANDARD REVIEW PLAN
Star.dard review plans are prepared for the guidance of the Off.ce of Nuclear Reactor Regulation staff responsible for the review of
apphcations to construct and operate nuclear power plants. These documents are made available to the public as part of the
Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies. Standard review
plans are not substiti**es for regulatory guides or the Commission's regulations and compliance with them is not required. The
standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants.
Not all sections of the Standard Format have a corresponding review plan.

Published standard review plans will be revised periodmally, as appropriate, to accommodate comrnents and to reflect new inf orma-
tion and experience.

Comments and suggestions for 3 nprovement will be considered and should be sent to the U.S. Nuclear Regulatory Commission,
Office of Nuclear Reactor Regulation, Washington, D.C. 20555.
- _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NU REG-0800
(Formi,rly NUREG-75/087)

# p ano Ie U.S. NUCLEAR REGULATORY COMMISSION
n

Q(~N gi STANDARD REVIEW PLAN
'( " < / OFFICE OF NUCLEAR REACTOR REGULATION

ee eee

15.7.3 POSTULATED RADI0 ACTIVE RELEASES DUE TO LIQUID-CONTAINING TANK FAILURES

REVIEW RESPONSIBILITIES

Primary - Effiaent Treatment Systems Branch (ETSB)

Secondary - Hydrologic & Geotechnical Engineering Branch (HGEB)

I. AREAS OF REVIEW

At the construction permit (CP) stage of review, ETSB reviews the information in
the applicant's safety analysis report (SAR) in the specific areas that follow. At
the operating license (OL) stage of review, ETSB review consists of confirming the
design accepted at the CP stage and evaluating the adequacy of the applicant's
technical specifications in these areas.

1. The ETSB determines the tanks and associated components which could contain
radioactive liquids outside containment and evaluates the consequences of
single failures involving these tanks and components.

[ \

V 2. A secondary review is performed by HGEB to complete the overall evaluation. |
The HGEB will review information on the surface and groundwater hydrology and
the parameters governing liquid waste movement through the soil. This review
by HGEB is conducted as part of the primary review responsibility of SRP
Section 2.4.12.

In addition, ETSB will coordinate the branch evaluation that interfaces with the
overall review of tanks and components containing radioactive liquids outside of
containment as follows: The review for Technical Specifications is coordinated
and performed by the Licensing Guidance Branch (LGB) as part of its primary review
responsibility for SRP Section 16.0.

For the area of review identified above as being reviewed as part of the primary
review responsibility of LGB, the acceptance criteria necessary for the review and
the methods of application are contained in the referenced SRP section.

| Rev. 2 - July 1981
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II. ACCEPTANCE CRITERIA

ETSB acceptance criteria are based on meeting the relevant requirements of the
following regulations:

1. General Design Criterion 60 as it relates to the radioactive waste
management systems being designed to control releases of radioactive
materials to the environment.

2. 10 CFR Part 20 as it relates to radioactivity in effluents to
unrestricted areas. Tanks and associated components containing radio-
active liquids outside containment are acceptable if failure does not
result in radionuclide concentrations in excess of the limits 10 10 CFR
Part 20, Appendix B, Table II, Column 2, at the nearest potable water
supply,* in an unrestricted area, or if special design features are
provided to mitigate the effects of postulated failures for systems not
meeting these limits.

III. Review Procedures

1. The ETSB will select the tanks and components for which a failure is
assumed based on the nuclide concentration and the total radioactive
material content in the tank and its components that will result in the
highest concentrations of radioactive material at the nearest potable
water supply in an unrestricted area.

a. The radionuclide inventory in failed components is based on assuming
80% of the liquid volume in each component and the expected failed
fuel fraction, i.e. , 0.12% of the fuel producing power in a pres-
surized water reactor (PWR) per NUREG-0017 or consistent with an
of fgas release rate of 15 pCi/sec-MWt after 30 minutes delay for a
boiling water reactor (BWR) per NUREG-0016. The radionuclide
inventory in failed ccmponents is calculated based on the techniques
given in Chapter 4 and Appendices A and B of NUREG-0133.

b. The ETSB will consider the design features, e.g., steel liners or
walls in building areas housing components, dikes for outdoor tanks,
and overflow provisions incorporated to mitigate the effect of a
postulated failure. Because of the potential radionuclide inven-
tory, the failed components that are considered are typically waste
col?ector tanks or evaporator concentrate tanks. However, the
components selected for evaluation are based on the individual plant
design. Selection of the components should be coordinated with the
HGEB reviewer to assure that the assessment considers access to the
hydrosphere and the magnitude of potential dilution and decay for
various pathways as well as size and inventory.

Credit for liquid retention by unlined building foundations will not
be given regardless of the building seismic category because of the

^" Supply" means a well or surface water intake that is used as a water source
for direct human consumption or indirectly through animals, crops, or food
processing.
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O potential for cracks. Credit is not allowed for retention by
coatings or leakage barriers outside the building foundation.

2. The radionuclide concentrations at the nearest potable water supply are
calculated by HGEB using the values of hydrological parameters they
developed with the guidance in SRP Section 2.4.12 and using the ETSB
calculated radionuclide concentration in failed components. HGEB will
transmit a summary of the results to ETSB to permit ETSB to complete the
safety evaluation report.

3. Compliance with the acceptance criteria given in subsection II will be
determined by ETSB based on the HGEB calculation of radionuclide
concentrations at the nearest potable water supply.

4. The ETSB will review the te::hnical specification limiting the curie
content of liquid containing tanks to ensure that the cechnical specifi-
cation is consistant with the safety evaluation. The curie content is
based on that quantity which would not exceed the concentration limits of
10 CFR Part 20, Appendix B, Table II, Column 2 at the nearest potable
water supply if the tank and components should fail, or will be limited
to 10 curies in any mobile or portable tank used more than one calendar
quarter.

IV. EVALUATION FINDINGS

If the ETSB confirms that the consequences of liquid-containing tank failures
p}wouldbeacceptableaccordingtothecriteriastatedinsubsectionIIofthis,

k SRP section, conclusions of the following type are provided for the staff's
safety evaluation report:

The scope of the review included the calculation of radionuclide
concentrations in the applicable failed components based upon the
expected fuel failure rate for the plant and the effect of site hydrology
for those systems that have not been provided with special design
features to mitigate the effects of failures. Radionuclide concentra-
tions at the nearest potable water supply were found to be acceptable.
The basis for acceptance has been that the staff's review shows that the
postulated failure of a tank and its associated components would not
result in radionuclide concentrations in excess of 10 CFR Part 20,
Appendix B, Table II, Column 2 at the water source (s) nated above.

For those cases where special design features were incorporeted to mitigate
the consequences of a failure of a tank and the associated components, the
following type of statement is made:

Tanks for which special design features were incorporated to mitigate the
consequences of failures such as steel liners or walls or dikes sur-
rounding the failed components and overflow provisions were evaluated and
found to be acceptable. The basis for the staff's acceptance was the
capability of these design provisions to prevent the release of radio-
activity from entering a potable water supply system. Therefore, the

p! staff concludes that the design provisions incorporated by the applicants
to mitigate the effects of a tank and its associated components failurex" involving radioactive liquids are acceptable.

15.7.3-3 Rev. 2 - July 1981
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In any case, the staff concludes that the postulated failure of a tank and its
associated components has been evaluated and the design is acceptable and
meets the requirements of General Design Criterion 60 for the control of
releases of radioactive materials to the environment. This conclusion is
based on the following:

The applicant has met the requiremen?.s of General Design Criterion 60
with respect to the control of releases of radioactive materials to the
environment by providing controls to reduce the potential impact of the
failure of a radioactive liquid-cor.taining tank and its associated
components. Such a release will '.ot result in concentrations exceeding
the limits of 10 CFR Part 20, Appendix B, Table II, Column 2 in the
unrestricted area.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its

'

evaluation of conformance with Commission reguistions.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced NUREGs.

REFERENCES

1. NUREG-0016, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Boiling Water Reactors."

2. NUREG-0017, " Calculation of Releases of Radioactive Materials in Gaseous
and Liquid Effluents from Pressurized Water Reactors."

3. NUREG-0133, " Preparation of Radiological Effluent Technical
Specifications for Nuclear Power Plants."
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15.7.4 RADIOLOGICAL CONSEQUENCES OF FUEL HANDLING ACCIDENTS

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Effluent Treatment Systems Branch (ETSBT

I. AREAS OF REVIEW

This SRP section covers the review of the radiological consequences of a
postulated fuel handling accident. The purpose of the review is to evaluate the
adequacy of system design features and plant procedures provided for the mitiga-
tion of the radiological consequences of accidents that involve damage to spent
fuel. Such accidents include the cropping of a single fuel assembly and handling
tool or of a heavy object onto other spent fuel assemblies. Such accidents may
occur inside the containment, along the fuel transfer canal, and in the fuel
building. The review includes the following:

)
( j 1. The revisv is concerned with the selection of values of plant parameters for
'# use in calculating the radiological consequences of a fuel handling accident,

and the selection of the dose computation model, including assumptions of
transport mechanisms and rates from the fuel handling area to the atmos-
phere, breathing rates, dose conversion factors, and other data that may
affect the calculated dose.

2. The calculated doses are compared with the appropriate exposure guidelines
to determine the acceptability of the exclusion area boundary and low popu-
lation zone (LPZ) boundary and to confirm the adequacy of the engineered
safety features (ESF) provided for the purpose of mitigating potential
accident doses.

3. The containment ventilation system is reviewed with respect to its function
as a dose mitigating engineered safety feature (ESF) system for a fuel
handling accident inside the containment, including the radiation detection
system on the containment purge / vent lines for those plants that will vent
or purge the containment during fuel hanuling operations. The closure times
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for the isolation valves in the lines are reviewed by the Contain-cnt.

Systems Branch (CSB).

4. The Effluent Treatment Systems Branch (ETSB) reviews, under SRP
Section 6.5.1, the ESF atmosphere clean-up systems used to mitigate the
radiological consequences of accidents. ETSB provides the filter effi-
ciencies for the ESF systems to AEB for use in the analysis of the
radiological consequences. This is a secondary review effort by ETSB.

5. Auxiliary Systems Branch (ASB) reviews under SRP Section 9.4.2 the design
and operation of the spent fuel pool area ventilation system. The AEB
reviewer verifies with the ASB the assumptions for the system with respect
to its function as a dose mitigating system. This is a coordinating
review function.

6. The movement of heavy loads (i.e., loads heavier than the combined weight
of a spent fuel assembly and the fuel handling tool) or of irradiated
fuel in the spent fuel pool and over the open reactor vessel is reviewed
by ASB under SRP Sections 9.4.1 and 9.4.2. An analysis of the radiologi-
cal consequences may be required for such drops of heavy objects if more
than one fuel assembly can be damaged. The need for such calculation is
determined by ASB who will advise AEB (note: the radiological consequences
of a fuel cask drop in which the fuel inside the cask is damaged is
reviewed by the AEB under SRP Section 15.7.5).

II. ACCEPTANCE CRITERIA

The AEB acceptance criteria for this SRP section are based on requirements of
10 CFR Part 100 (Ref. 1) with respect to the calculated radiological conse-
quences of a fuel handling accident and General Design Criterion 61 (Ref. 2)
with respect to appropriate containment, continement, and filtering systems.
Specific criteria necessary to meet the requirements are:

1. The plant site and dose mitigating ESF systems are acceptable with respect
to the radiological consequences of a postulated fuel handling accident
if the calculated whole-body and thyroid doses at the exclusion area and
low population zone boundaries are well within the exposure guideline
values of 10 CFR Part 100, paragraph 11. "Well within" means 25 percent
or less of the 10 CFR Part 100 exposure guideline values, i.e., 75 rem
for the thyroid and 6 rem for the whole-body doses.

| 2. The radioactivity control features of the fuel storage and handling
systems inside containment and in the fuel building are acceptable if
they meet the requirements of General Mign Criterion 61, " Fuel Storage
and Handling and Radioactivity Contrm ; (Ref. 2) with respect to
appropriate containment, confinement dad filtering systems.

3. The model for calculating the whole-body and thyroid doses is acceptable
if it incorporates the appropriate conservative assumptions in Regulatory
Guide 1.25 (Ref. 3) with the exception of the guidelines for the atmos-
pheric dispersion factors (X/Q values). The acceptability of the *

X/Q values is determined under SRP Section 2.3.4.

4. An ESF grade atmosphere clean-up system is required for the spent fuel
storage area to reduce the potential radiological consequences.
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5. The containment design is acceptole with respect to a postulated fuel
handling accident if it possesses the capability for prompt radiation
detection by use of redundant radiation monitors and automatic isolat''n

d if fuel handling operations inside containment occur when the containant
is open to the environment (i.e., with a containment purge exhaust system).
An acceptable alternative approach is containment venting through an ESF
atmosphere cleanup system or containment isolation during fuel handling
operations.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes specific aspects of this SRP section as
are appropriate for the particular plant. The judgment on which areas need to
be given attention and emphasis are determined by the similarity of the infor-
mation presented by the applicant to that recently reviewed on other plants
and whether items of special safety significance are involved.

I

1. The relevant portion of Chapter 15 of the applicant's safety analysis
report (SAR) are reviewed to determine the values of those fuel parameters
which affect fission product release and fuel pool iodine decontamination
factors, including the maximum fuel rod pressurization, peak linear power
density for the highest power assembly, maximum centerline operating fuel
temperature for the peak assembly, average burnup for the peak assembly,
and minimum water depth between the top of any damaged fuel rods and the
water surface.

! 2. The staff performs an independent dose calculation using the assumptions
' in Regulatory Guide 1.25. If the values proposed by the applicant for

gap activity or peak assembly power are less than those in Regulatory
Guide 1.25 the Core Performance Branch (CPB) should be requested to
review these values in a coordinated review effort. If other factors
less conservative than those recommended in Regulatory Guide 1.25 are
used, Reference 4 should be consulted to determine if an adequate basis
for the proposed deviation exists.

Three important parameters affecting the radiological consequences of a
fuel handling accident are not covered in Regulatory Guide 1.25. These
are the reactor design (stretch) power level, the earliest time after:

i reactor shutdown that fuel handling operations can commence, and the
number of fuel rods assumed to be damaged in a fuel handling accident.
The reactor desic, power level is obtained from Section 1.1 or Chapter 15
of the SAR.

,

Unless the applicant proposes otherwise, the standard technical
specification (STS) values for minimum time to fuel handling are used to
determine the earliest time after shutdown for fuel handling. (Current
STS values are 24 hours for a boiling water reactor, 72 hours for a CE
design and 100 hours for other pressurized water reactors). The applicant
should provide in the SAR conservative analyses of the number of rods
assumed damaged both for the spent fuel storage area and inside contain-
ment, and the Mechanical Engineering Branch (MEB) should be requested to
verify the number of rods assumed damaged. Reference 6 may also be
consulted in this regard.

3. Fuel handling accident in fuel buildings: The applicant's SAR is examined
to assure that an ESF atmospheric cleanup system is included in the
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design of the fuel storage facility to mitigate the radiological
consequences of a tuel handling accident. Verification of acceptability
and efficiencies of the atmosphere cleanup system are provided by the
ETSB through the review of SRP Section 6.5.1. The reviewer should examine
those pertinent aspects of the accident, especially with regard to the
operational modes of the ventilation systems and location and response
time of the radiation detectors to assure that any accidental release
will be detected in sufficient time to be appropriately ducted and
exhausted via ESF filters.

4. Fuel handling accident inside containment: The systems to mitigate the
consequences are reviewed. If an applicant proposes that fuel handling
will occur only when the cor.tainment is isolated, no radiological conse-
quences need be calculated. If fuel handling operations ocr r only when
the containment is exhausted to the environment via an ESF tilter system,
the radiological consequences should be calculated giving appropriate
credit for this system. If the containment will be open during fuel
handling operations, as with a containment purge exhaust system, the
reviewer should verify that a prompt radiation detection and automatic
containment isolation capability are provided and that the resulting
doses are within the acceptance criteria given in subsection II.1 abovr.

For a plant design with the containment open during the fuel movements, a
review should be made of the applicant's analysis. This should include
an examination of the type, location and redundancy of the radiation
monitors intended to detect an ac'ivity release inside the containment
and verification that detection is followed by automatic containment
isolation. The reviewer should assess the time required to isolate the
containment. This should include the instrument line sampling time
(where appropriate), detector response time and containment purge isolation
valve actuation and closure time. The containment is considered isolated
only when the purge isolation valves are fully closed. The applicant's
analysis should be reviewed regarding the travel time of any activity
release starting from its release point above the refueling cavity or
transfer canal and including travel time in ducts or ventilation systems
up to the inner containment purge isolation valve.

The time required for the release to reach the inner isolation valve is
compared to the time required to isol W .7 containment. If the time'

required for the release to reach th' ; ion valve is longer than the
time required to isolate containment, m en essentially no release to the
atmosphere occurs, and the reviewer's assessment should reflect this. If
the time required for the release to reach the isolation valve is less
than that required to isolate containment, and no mixing or dilution
credit can be given, the reviewer should assume that the entire activity
release escapes from the containment in evaluating the consequences.
Claims for credit for dilution or mixing of a release due to natural or
forced convection inside containment are reviewed and assessed.
References 4 and 5 should be consulted and used by the reviewer for
guidance in estimating dilution ard mixing. Where mixing and dilution
can be demonstrated within containment, the radiological consequences
will be reduced by the degree of mixing and dilution occurring prior to
containment isolation.

5. The atmospheric dispersion factors; X/Q values, to be used in analyzing
the consequences of the accident are provided by the assigned meteorologist.

I
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6. The doses calculated by the applicant and independently by the staff are
n compared to the acceptance criteria in subsection II. If the results of
(V) the dose calculations indicate the dose guideline values may be exceeded,

alternatives which would reduce the doses to an acceptable level are -

examined and explored with the applicant (e.g., increased distance,
better filters).

IV. EVALUATION FINDINGS
'

The reviewer verifies that sufficient information has been provided by the,

applicant and the staff independent dose calculations support conclusions of
the following type, to be included in the staff's safety evaluation report:,

1

The staff finds that the applicant has provided an adequate system to,

mitigate the radiological consequences of a postulated fuel handling<

accident inside the containment and in the fuel building. The staff
concludes that the fuel handling system meets the relevant requirements
of General Design Criterion 61. The staff further concludes that the
distance to the exclusion area and to the low population zone boundaries
for the (INSERT PLANT NAME) site, in conjunction with the operation of
dose mitigating ESF and implementation of plant procedures, are sufficient
to provide reasonable assurance that the calculated offsite radiological
consequences of a postulated fuel handling accident are well within the
10 CFR Part 100 exposure guidelines.

The staff's conclusion is based on (1) the staff's determination that the
design features anc plant procedures at the (INSERT PLANT NAME) facility

[ meet the requirements of General Design Criterion 61 with respect to
radioactivity control; (2) the staff review of the applicant's assumptionsy

and analyses of the radiological consequences from the fuel handling
accident; and (3) the staff's independent analyses using the assumptions
in Regulatory Guide 1.25, Portions C.1.a through C.1.k.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for using this SRP Section.

Except in those cases in which the applicant proposes an acceptable
alternative method for complying with specified portions of the Commission's
regulations, the method described herein will be used by the staff in its
evaluation of conformance with Commission regulations.

t

Implementation schedules for conformance to parts of the method discussed3
' herein are contained in the referenced regulatory guide.
1

VI. REFERENCES

1. 10 CFR Part 100, Paragraph 11, " Determination of Exclusion Area, Low
Population Zone, and Population Center Distance."

i 2. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

1
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3. Regulatory Guide 1.25, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel Handling
and Storage Facility for Boiling end Pressurized Water Reactors."

4. Evaluation of Fission Product Release and Transport for a Fuel Handling
Accident by G. Burley, Radiological Safety Branch, Division of Reactor
Licensing, revised October 5, 1971.

5. Industrial Ventilation /A Manual of Recommended Practice - American
Conference of Governmental Industrial Hygienists.

6. Long Island Lighting Co. , et al. , Docket No. STN 50-516/517, Further'

| additional supplemental testimony on contention I.D.2 (Spent Fuel Handling
Accident) by Walter L. Brooks, et al.

|

|
|
|

|
|

O
i
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15.7.5 SPENT HIEL CASK DROP ACCIDENTS

REVIEW RESPONSIBILITIES

Primary - Accident Evaluation Branch (AEB)

Secondary - Auxiliary Systems Branch (ASB)
Effluent Treatment Systems Branch (ETSB)

I. AREAS OF REVIEW

The review under this SRP section covers the radiological consequences of the
release of fission products from irradiated fuel in a spent fuel cask that is
postulated to drop during cask handling operations. SRP Section 15.7.4 covers
the radiological consequences of fuel handling accidents in which an object is
dropped onto irradiated fuel resulting in the release of fission products from
the stored fuel. SRP Section 15.7.4 also includes the consequences of a fuel
cask dropping or tipping onto irradiated fuel in the spent fuel pool.

,,

/ T The ASB evaluates the spent fuel cask handling system under SRP Section 9.1.4.(") The AEB reviewer, as explained below, will verify various design and operations
aspects of the system with the ASB as a secondary review branch. The points
covered in the AEB review are as follows:

1. ASB is consulted to verify the potential drop height during handling of a
loaded cask and the procedures for handling the cask with respect to the
impact limiter. If the handling procedures meet all applicable criteria,
then the radiological consequences of a spent fuel cask drop accident need
not be estimated.

2. A (esign basis radiological analysis is performed if a cask drop exceeding
30 feet can be postulated or if limiting devices are removed 'furing cask
handling within the plant so the 30-foot drop height is exceeded. If the
radiological consequences of a cask drop accident are to be computed, then
information on whether building leaktightness can be expected after a cask
drop is obtained from ASB (e.g., whether the technical specifications
require large doors to be closed during fuel handling or whether ventilation
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systems should be operating and whether the building leaktightness would
be violated by the cask drop).

3. The SAR and technical specifications are reviewed and the relevant plant
parameters are evaluated for incorporation into the dose computation model.
The model incorporates conservative transport mechanisms and rates from
the fuel release to the atmosphere, suitable breathing rates, dose conver-
sior, factors, and other data that may affect the dose. The X/Q data are
obtained frcm the assigned mete 'logist.

4. The Effluent Treatment System Branch (ETSB) provides the filter
efficiencie f~ the ESF atmospheric cleanup systems to AEB for use in
the analysis of the radiological consequences resulting from spent fuel
cask drop accidents. This is a secondary review ef fort by ETSB.

5. The calculated doses are compared with exposure guidelines to determine
the acceptability of the exclusion area and low population zone (LPZ)
distances and to confirm the adequacy of engineered safety features (ESF)
provided for the purpose of mitigating potential doses from spent fuel
cask drop accidents.

6. ASB is consulted for verification that a cask drop or tipping will not
damaaa fuel in either the spent fuel storage building or in the contain-
ment uilding, if applicable. If the handling procedures are such that
speni fuel can be damaged, an analysis of the resulting offsite doses will
be Dr-rformed under SRP Section 15.7.4.

II. ACCEPTANCE CRITERIA

The AEB ceptance criteria for this SRP section are based on the requirements
of 10 CFR Part 100 (Ref. 1) with respect to the. calculated radiological conse-
quences of a spent fuel cask drop accident and General Design Criterion 61
(Ref. 2) with respect to appropriate containment, confinement and filtering
systems.

1. The plant site and sose mitigating ESF systems are acceptable with
respect to the radiological consequences of a postulated spent fuel cask
drop accident if the calculated whole-body and thyroid doses at the
exclusion area and low population zone boundaries are well within the
exposure guideline values of 10 CFR Part 100, paragraph 11. "Well
within" means 25 percent or less of the 10 CFR Part 100 exposure

| guideline values, i.e., 75 rem for the thyroid and 6 rem for the
| whole-body doses.

| 2. The radioactivity centrol features of the fuel storage and spent fuel cask
| handling system in the fuel building are acceptable if they meet the

requirements of General Design Criterion 61, " Fuel Storage and Handling
and Radioactivity Coritrol," (Ref. 2) with respect to appropriate
containment, confinement and filtering systems.

3. The model for calculating the whole-body and thyroid doses is acceptable
if it incorporates the appropriate conservative assumptions in Regalatory
Guide 1.25 (Ref. 3) with respect to gap inventory as stated in positions
C.1.d.e, and f of the guide. The acceptability of the atmospheric
dispersion factors, X/Q values, is determined under SRP Section 2.3.4.
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4. An ESF grade atmospheric cleanup system is required for the fuel handling
building to reduce the potential radiological consequences of the fuel
cask drop accident.

5. The plant design with regard to spent fuel cask drop accidents is
acceptable without calculation of radiological consequences if potential
cask drop distances are less than 30 feet and appropriate impact limiting
devices are employed during cask movements, as determined by ASD.

III. REVIEW PROCEDURES

The reviewer selects and emphasizes ,pecific aspects of this SRP section as
are appropiiate for a particular plant. The areas to be given attention and
emphasis in the review are determined by the similarity of the information
provided in the SAR to that recently reviewed on other plants and whether items
of special safety significance are involved.

s

Upon request from the AEB reviewer, the ASB and ETSB as secondarf review
branches will provide input for the areas of review stated in subsection I of
this SRP section. The AEB reviewer obtains and uses such input as required to
assure that this review procedure is complete.

The first step in the review procedure is to determine, with the assistance of
the ASB as described in subsection I, whether radiological consequences of a
spent fuel cask drop accident need be evaluated. If a radiological consequence
calculation is found to be necessary, the procedure is as follows:

1. The fuel element gap inventory is determined in a manner similar to that
j for a fuel handling accident (see Ref. 3). The differences are that a

longer decay time is allowed (earliest time after reactor fueling thatv
cask loading operations commence) and the number of fuel elements involved
is based on the largest capacity cask available or projected to be
available.

2. If the drop is assumed to occur inside the refueling facility at a time
when the facility is closed, and ESF grade charcoal filtration is avail-
able, credit may be allowed for iodine filtration. For the filters
themselves, verification of acceptability and effi iencies is provided by
the ETSB. In a dual containment design where the fuel building may be
exhausted through the standby gas treatnent system (SGTS), AEB determines
the relationship of the operational modes of the SGTS to the time sequence
of the accident in order to give proper credit.

3. If the spent fuel drop is assumed to occur at a time when the facility is
open to the outside atmosphere, an untreated puff release is assumed.

,

4. If a spent fuel cask is utilized in a containment structure which is not
isolated during fuel cask transfer and ASB has determined that cask drop
or tipping on spent tuel can occur, the radiological doses from all failed
fuel will be evaluated.

5. The assigned meteorologist furnishes suitable X/Q values to determine the
consequences of the accident. X/Q values are obtained for the exclusionp area boundary and the boundary of the LPZ.

\
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6. The relevant plant parameters and the X/Q values are used to compute
doses. The doses due to a postulated spent fuel cask drop accident are
calculated at the exclusion area boundary and the boundary of the LPZ.

7. The calculated doses are comp .ed with the acceptance criteria in
subsection II. Where results of the dose cair lations indicate the
guidelines may be exceeded, the applicant will be requested to modify the
design or procedures which would reduce the doses to acceptable levels.

IV. EVALUATION FINDINGS

The reviewer verifies that sufficient information has been provided by the
applicant and the staff's independent dose calculations to support conclusions
of the following type, to be included in the staff's safety evaluation report
for the case that the cask drop height is 30 feet or more:

The staff finds that the applicant has provided an adequate system to
mitigate the radiological consequences of a postulated spent fuel cask
drop accident in the fuel building. The staff concludes that the spent

fuel cask drop accident is acceptable and meets the relevant requirements
of General Design Criterion 61. This conclusion is based on the
following:

The staff concludes that the distances to the exclusion area and to the
low population zone boundaries for the (INSERT PLANT NAME) site, in con-
junction with the operation of dose mitigating ESF and implementation of
plant procedures, are sufficent to provide reasonable assurance that the
calculated offsite radiological consequences of a postulated spent fuel
cask drop accident are well within the 10 CFR Part 100 exposure guidelines.

The staff's conclusion is based on (1) the staff's determination that the
design features and plant procedures at the (INSERT PLANT NAME) facility
meet the requirements of General Design Criterion 61 with respect to
radioactivity control; (2) the staff review of the applicant's assumptions
and analyses of the radiological consequences from the spent fuel cask
drop accident and (3) the staff's independent analysis using conservative
assumptions including those in Regulatory Guide 1.25 Position C.1.d, e,
and f with respect to gap inventory.

If the cask drop height is less than 30 feet, this will be stated in the AEB
Safety Evaluation Report, but no evaluation finding with respect to
radiological consequences need be included.

V. IMPLEMENTATION

The following provides guidance to applicants and licensees regarding the
staff's plans for using this SRP aection.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced regulatory guides.
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VI. REFERENCES

1. 10 CFR Part 100, 6100.11, " Determination of Exclusion Area, Low
Population Zone, and Population Center Distance."

2. 10 CFR Part 50, Appendix A, General Design Criterion 61, " Fuel Storage
and Handling and Radioactivity Control."

3. Regulatory Guide 1.25, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel
Handling and Storage Facility for Boiling and Pressurized Water
Reactors."
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15.8 ANTICIPATED TRANSIENTS WITHOUT SCRAM

REVIEW RESPONSIBILITIES

Primary - Reactor Systems Branch (RSB)

Secondary - None

I. AREAS OF REVIEW

Anticipated transients are transients expected to occur during the life of the
plant. Anticipated transients without scram (ATWS) are those low probability
events in which an anticipated transient occurs and is not followed by an auto-
matic reactor shutdown (scram) when required. The failure of the reactor to shut
down quickly during these transients can lead to unacceptable redctor coolant
system pressures and to fuel damage. Typical transients that may have unaccept-
able consequances in a PWR if there is a scram failure are: loss of feedwater,
loss of load, turbine trip, inadvertent control rod withdrawal, loss of ac power,
loss of condenser vacuum. For a boiling water reactor (BWR), unacceptablep)

s consequences may occur for a closure of main steamline isolation valves with failure
V to scram. The NRC staff's studies and findings regarding ATWS are presented in

References 1 and 2.

The Commission is presently considering rulemaking on the ATWS issue, which would
determine what plant modifications are required to mitigate ATWS consequences to
aceptable levels. Prior to completion of Commission rulemaking, the following
interim requirements are in effect.

The RSB will coordinate the other branch reviews that interface with the overall
review. The ICSB reviews the adequacy of the design of the BWR recirculation pump
trip ?s part of its primary review responsibility of SRP Section 7.2. The PTRB
reviews the emergency procedures for ATWS as part of its primary responsibility
of SRP Section 13.5. The OLB reviews the operator training program for ATWS events
as part of its primary review responsibility of SRP Section 13.2.

II. ACCEPTANCE CRITERIA

The following design criteria apply:
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a. Criterion 10, which requires the reactor protection system to be designed
with appropriate margin to assure that acceptable fuel design limits are
not exceeded during normal operation including anticipated transients,

b. Criterion 15, which requires that the reactor protection system be designed
with sufficient margin to assure that the design conditions of the reactor
coolant pressure boundary are not exceeded during normal operations includ-
ing anticipated transients.

c. Criterion 26, which requires two independent reactivity control systems.

d. Criterion 27, which requires that the reactivity control systems have the
combined capability of reliabily controlling reactivity changes to assure
that under postulated accident conditions and with appropriate margin for
stuck rods the core can be cooled.

e. Criterion 29, which requires that the protection and reactivity control
systems shall be designed to assure an extremely high probability of
accomplishing their safety functions ir. the event of anticipated opera-
tional occurrences.

f. The BWR recirculation pump trip is acceptable if it ,aeets the criteria
provided in Section IV-4 of Volume 2 of NUREG-0460 (Ref. 2).

III. REVIEW PROCEDURES

The reviewer confirms that the reliability and performance of the reactor
protection and reactivity control systems ouring normal operation, including
anticipated transients, meets the requirements of the referenced GDC.

The review procedures described below are used during the operating license
(OL) review. The review procedure during a construction permit (CP) review is
limited to assuring that the applicant commits to meeting the acceptance criteria.

The reviewer verifies that a recirculation pump trip that is initiated by high
pressure oi low level in the reactor pressure vessel is provided on boiling
water reactor.

The reviewer verifies that emergency procedures are provided for a failure to
scram after the following transients:

Loss of feedwater
loss of load
Turbine trip
Loss of condenser vacuum
Loss of offsite power
Closure of main steam;ine isolation valves

Inadvertent control rod withdrawal

The reviewer verifies that the emergency operating pocedure- for an anticipated
transient without scram event consider indicators of a failure to scram, including
rod position, neutron flux, reactor coolant pressure and level, relief and safety
valve position, turbine stop and main steamline isolation valve nusition, and
feedwater and steam flow.
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' '

The reviewer a,""'-- that the emergency procedures for ATW5 avents describe
the actions to be taken including manually scramming the re ctor, prompt
actuation of the turb'ne trip (PWRs), the auxiliary fee 6ter (PWRs), and the
reactor core isolation cooling (BWRs), and the high pressure coolant injection /
spray (BWRs). These actions should also include the prompt initiation of bora-
tion by actuation of the High Pressure Safety Injection (PWR)/ Standby Liquid
Control (BWR) System if methods to scram the reactor cannot secure a fast

'

reactor scram. Actions should also include prompt initiation of the Residual
Heat Removal System in the suppression pool cooling mode and the limiting of

i actuatio:. of the Automatic Depressurization System and the Low Pressure
Injection System (BWR).-

The BWR recirculation pump trip is acceptable if the same as the Hatch or
Monticello designs.

IV. EVALUATION FINDINGS

The reviewer verifier that suf ficient infornution has been provided and his
review supports cor susions of the following type, to be included in the
staff's safety evaluation report.

" Anticipated transients without scram (ATWS) are events in which
the scram system (the reactor protection and reactivity control
systems) is postulated to fail to operate as required following
anticipated transients such as a loss of feedwater or a turbine
trip. The Commission is currently engaged in a rulemaking to

(mV) determine what additional modifications, if any, should be required
f

to reduce the probability of unacceptable consequences resulting
from ATWS events. It is expected that the necessary plant modifi-
cations will be installed within one to four years following a

. Commission decision on anticipated transients without scram. As a
prudent course, to further reduce the risk from anticipated tran-
sient without scram events during the interim period before completing
the plant modifications that the Commission may find to be necessary,
we require that a recirculation pump trip be installed (BWRs) and
that an emergency operating procedure for anticipated transient
without scram events be developed.

Early operator action as would be specified in the emergency operating
procedura and the recirculation pump trip would provide significant
protection for those ATWS events that occur (1) as a result of common
mode failure of the reactor trip system and some portions of the
control rod drive system and (2) at less than full power where the
existing Standby Liquid Control System capacity would be sufficient
to limit suppression pool temperature rise to an acceptable level
(BWR).

Early operator action as would be specified in the emergency operating
procedure would provide significant protection for most ATWS events
(Westinghouse)/for all but the initial part of a refueling cycle
when the moderator temperature coefficient is least negative (B&W
an( CE).

Our review of the applicant's recirculation pump trip design criteria
(BWR) and emergency procedure for anticipated transient without scram

15.8-3 Rev. 1 - July 1981
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p*ovides a basis for licensing and interim operation of the
plant pending the outcome of the Commission rulemaking

in ATWS in accordance with General Design Criteria 10, 15, 26, 27,
and 29 of Appendix A to 10 CFR Part 50. The Commission will, by
rulemaking, determine any future modifications necessary to resolve
the Anticipated Transient Without Scram concerns and the required
schedule for implementation of such modifications.

REFERENCES

1. Regulatory Staff, " Technical Report on Anticipated Transients Without Scram
for Water Cooled Power Reactors," WASH-1270, U.S. Atomic Energy Commission.

2. Office of Nuclear Reactor Regulation, " Anticipated Transients Without Scram
for Light Water Reactors," NUREG-0460, Vols. 1-4, U.S. Nuclear Regulatory
Commission.
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APPENDIX

STANDARD REVIEW PLAN SECTION 15.8

RADIOLOGICAL CONSEQUENCES OF AN ATWS EVENT Ii
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| Primary - Accident Analysis Branch (AAB)
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\J 8 OFFICE OF NUCLEAR REACTOR REGULATION0

eee.e

16.0 TECMNICAL SPECIFICATIONS

REVIEW RESPONSIBILITIES

Primary - Licensing Guidance Branch (LGB)

Secondary - All technical review branches and Licensing Project Manager

I. AREAS OF REVIEW

Section 50.36 of 10 CFR Part 50 requires that each operating license issued by the
Commission contain technical specifications that set forth the limits, operating
conditions, and other requirements imposed upon facility operation for the protec-
tion of the health and safety of the public. As part of the regulatory standardi-
zation effort, the staff has prepared generic standard technical specifications
(STS) for each of the light water reactor nuclear steam supply system and associated
balance of plant equipment systems. These STS's sre subject to revision and the
'atest versions are available from the Division of Technical Information and Docu-,

ment Control, NRC. The initial implementation of the STS program was made on the

[]j licenses issued by the Comission will uti'ize the appropriate generic STS as the
D. C. Cook operating license issued in October 1974. All subsequent operating

(' basis for issuance of Appendix A of licenses, " Technical Specifications."

Applicants should used the current generic STS as the basis for oreparation of
proposed Appendix A Technical Specifications items for Section '.6.0 cf preliminary
safety analysis reports (PSAR). The proposed Appendix A Technical Specifications
items will be reviewed to determine that the content and format a-a consistent with
the applicable generic STS. Special attention will be given to those specifica-
tions which deviate from the generic STS to determine that proposed differences are
justified on the basis of uniqueness in plant design or other considerations.
Specifications so identified will be reviewed in detail to identify areas that may
influence the acceptability of the final facility design. In particular, this
portion of the review will determine the acceptability of proposed specifications
items that describe features affecting the type, capacity, number or performance of
surveillance activities involving safety-related systems.

Rev. 1 - July 1981
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Numerical vaiues, graphs and other data proposed will not be as complete as
specified in the generic STS because of the preliminary nature of the plant
design. The ieview of information that is provided in this area will be
limited to determining that the values are in reasonable agreement with the
expected operational capability of the plant.

The Licensing Project Manager will use the generic STS as a basis for deter-
mining that the proposed items are satisfactory. He will consult the Licensing

Guidar.ce 5 ranch and with Technical Reviewers'for resolution of novel or ques-
tionable aspects of the submittal.

Applicants should use the current generic STS as the bases for preparation of
proposed Appendix A Technical Specifications for Section 16.0 of final safety
analysis reports (FSAR). The Appendix A technical specifications submitted in
support of an operating license will be the finalized version of those specifi-
cations originally identified in the PSAR and will reflect the final refinements
in design, results of tests and expected method of operation.

I

Each generic STS will be maintained current and updated periodically to reflect:

(1) Changes in classes of plants or modifications of nuclear steam supply
systems or balance of plant equipment systems.

"') Revised regulatory requirements.

(3) Experience obtained by the NRC staff in reviewing proposed technical
specification changes from licensess.

(4) Operational experience obtained icom licensees and the Office for Analysis
and Evaluation of Operational Data, the Divisions of Safety Technology
and Licensing 'in NRR, and the Office of Inspection and Enforcement.

The LGB will determine the acceptability of the proposed specifications. In
addition, the LGB will coordinate secondary reviews performed by the technical
review branches and by the Licensing Project Manager. The technical review
branches will be consulted, as necessary, to determine the validity of plant-
specific features, methods and numerical values proposed by the applicant.
The Licensing Project Manager shall integrate the technical specifications
effort it.to the licensing process and shall advise the LGB of any technical
specifications, different from the STS, that have been found to be necessary.,

!

The secondary reviewers will report the results of their maluations as
indicated in subsection III of this SRP section.

1

II. ACCEPTANCE CRITERIA

The proposed technical specifications will be considered to satisfy Sections
| 50.34 and 50.36 of 10 CFR Part 50, and therefore be acceptable, if they are
:

|
consistent with the regulatory guidance contained in the following STS documents

| and contain plant-specific parameters and additional technical specifications
requirements considered appropriate by the regulatory staff.

|

NSSS Vendor STS Publication

Babcock and Wilcox Co. NUREG-0103

Combustion Engineering, Inc. NUREG-0212

General Electric Co. NUREG-0123

Westinghouse Electric Corn NUREG-0452
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III. REVIEW PR,0CTDURES

(V/%)The review of these specifications will be done on an item-by-item basis to
determine the comparability vith the applicability, format, and specific content
of the curreret generic STS. The specification differences and supporting bases
will be reviewed to determine their acceptability on the basis of the specific
plant design and other pertinent considerations.

The numerical values, graphs, tables and other data proposed for each specifi-
cation should be as complete as specified in the generic STS. This information
will be reviewed to ensure conformance with material presented in applicable
portions of the FSAR as summarized in the supporting basis for each specification.

In performing the review, t.he reviewer shall consult with specialists in the
technical review branches, as deemed necessary, to determine the acceptability
of proposed plant-specific values.

At the completion of the review effort, a proof and review copy of the Technical
Specifications will be issued by LGB. Each technical review branch will ascer-
tain the acceptability of technical specifications within its area of specialty
and shall advise the LGB by memorandum of its finding.

IV. EVAlllATION FINDINGS

The reviewer determines that sufficient information has been provided and his
review supports conclusions of the following type, to be included in the staff's
safety evaluation report:

Q PSAR Review

"The applicant's submittal concerning technical specifications has
been reviewed by the staff. As required by Section 50.34 of 10 CFR
Part 50, the applicant has provided an identification and justifica-
tion for the selection of those variables, conditions or other items
which are determined as a result of the preliminary safety analysis
and evaluation to be probable subjects of technical specifications
for the facility, with special attention given for those items which
may significantly influence the final design.

We have reviewed the proposed technical specification items presented
in Section 16.0 of the Preliminary Safety Analysis Report with the
objective of identifying those items that would require special
attention at the construction permit stage, to preclude the necessity
for any significant change in design to support the final technical
specifications. The proposed technical specifications items are
similar to those developed by the staff as Standard Technical
Specifications for plants of a similar design. We have not identi-
fied any items which require special attention at this stage of our
review.

On this basis we have concluded that Section 50.34 of 10 CFR Part 50
has been met and that the proposed technical specifications items
are acceptable."

fm)G
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FSAR Review

"The staff has concluded that the proptsed technical specifications,
as acended, satisfy the requirements of Sections 50.34 and 50.36 of
10 CFR Part 50. This conclusion is based on the finding that the
technical specifications conform to the guidance developed by the
staff for plants designed by the (NSSS vendor) as contained in
NUREG-(number) with appropriate modifications for plant-specific
considerations."

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plans for using this SRP section.

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of
conformance with Commission regulations.

VI. REFERENCES

1. 10 CFR Section 50.34, " Contents of Applications."

2. 10 CFR Section 50.36, " Technical Specifications."

3. NUREG-0103, " Standard Technical Specifications for Babcock and Wilcox
Pressurized Water Reactors."

4. NUREG-0212, " Standard Technical Specifications for Combustion Engineering
Pressurized Water Reactors."

5. NUREG-0123, " Standard Technical Specifications for General Electric Boiling
Wat r Reactors."

6. NUREG-0452, " Standard Technical Specifications for Westinghouse Pressurized
Water Reactors."

9
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STANDARD REVIEW PLAN
OFFICE OF NUCLEAR REACTOR REGULATION

17.) QUALITY ASSURANCE DURING THE DESIGN AND CONSTRUCTION PHASES

r VImW RESPONSIBILITIESz

Primary - Quality Assurance Branch (QAB)

Secondary - Mechanical Engineering Branch
Instrumentation & Control Systems Branch

*Power Systems Branch
Accident Evaluation Branch
Radiological Assessment Branch
Hydrologic & Geotechnical Engineering Branch
Containment Systems Branch

I. AREAS OF REVIEW

QAB reviews and evaluates the description of the quality assurance (QA) program
for the design and construction phases in eacn application for a construction
permit (CP), a manufacturing license, or a standardized design approval in-

[xV)
accordance with applicable portions of this section of the Standard Review Plan.
The secondary review branches review the listing of structures, systems, and I

components (QA list) covered by the QA program for their areas of review responsi-
bility in accordance with 2A1 of this section of the Standard Review Plan and
documents the acceptability of the listing incluting any items that should be
added or clarified by memo to the QAB. The review by MEB in this regard also
addresses the areas of review responsibility normally assigned to ASB, RSB, CEB,
PSB (except electrical), and SEB.

Pre-Docketing

Prior to docketinc, a CP application, the NRC performs a substantive review of the
applicant's QA program description relatise to ongoing design and procurement
activities. This review and associated inspection are performed immediately
after tendering of a CP application to determine that a satisfactory QA program
has been established and is being implemented.

The pre-docketing substantive review places particular emphasis on the areas of
organization, QA program, design control, procurement document control, and

Rev. 2 - July 1981
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audit. The applicaticn is not docketed unless the established and impi'mented
program in these areas has no substantive deviation from NRC QA guidance
applicable to activities conducted prior to docketing. Representatives from
the offices of NRR and IE may meet with the applicant's representatives nine
to twelve months prior to tendering of the application to provide a clear
understanding of what is expected in the QA program description and the imple-
mented program in order for the program to be accepted during the substantive
review and associated inspection.

Where an NRC-accepted QA topical report is referenced in the application, the
referenced QA program is not re-reviewed except for conformance to the applicable
stari positions in this SRP section and the Regulatory Guides in effect at the
time of docketing the application. For the case of CP applications referencing

a standard design that includes an approved QA program directly or by refer-
ence, the applicant need not conform to new or revised Regulatory Guides |
unless they contain regulatory positions determined to be significant to
safety, as indicated in the implementation section of each guide. |

Post-Docketing

The QAB review, after docketing, covers the QA controls to be applic . by the
applicant and principal contractors '.o activities that may af fect f ae quality

of structures, systems, and componants important to safety. These activities
include site testing and evaluation (starting with evaluation of exposed
excavated surfaces, determination of site characteristics, and testing), |
designing, purchasing, fabricating, constructing, handling, shipping, storing,
cleaning, erecting, installing, inspecting, and testing. This review extends
to the determination of hy the applicable requirements of the eighteen criteria
of Appendix B to 10 CFR 50 are satisfied by the proposed QA program.

The areas of review are as follows:

1. ORGANIZATION

A. Organizational description and charts of the lines, interrelationships
and areas of responsibility and authority for all cre nizations
performing quality-related activities, including the applicant's
organization and principal contractors (architect e',gineer, nuclear
steam supply system vendor, constructor, and constr ction manager
when other than the constructor).

B. Organizational location, degree of independence fr3m the
performing organization, and authority of the ind,siduals
assignod the responsibility for performing QA functions.

C. Organizational provisions for assuring the proper implementation
of the QA program.

2. QUALITY ASSURANCE PROGRAM

A. Scope of the QA program.

B. Provisions to assure proper definition of the QA program.

C. Programmatic provisions to assure proper implementation of the
QA orogram.

17.1-2 Rev. 2 - July 1981
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D. Provisions to assure adequacy of personnel qualifications.
,,

/ T 3. DESIGN CONTROLO
A. Scope of the QA program for design activities.

B. The organizational structure, activity, and responsibility of
the positions or groups responsible for design activities.

C. Provisions to carry out design activities in a planned,
controlled, and orderly manner.

D. Provisions for interface control.

E. Provisions to verify or check the technical adequacy of design
documents.

F. Provisions to control design changes.

4. PROCUREMENT DOCUMENT CONTROL

A. Provisions which assure that applicable regulatory requirements,
technical requirements, and QA program requirements are included
or referenced in procurement documents.

B. Provisions for review and approval of procurement documents.

5. INSTRUCTIONS, PROCEDURES, AND DRAWINGS

A. Provisions for assuring that activities affecting quality are
prescribed by and. accomplished in accordance with documented
instructions, procedures, or drawings.

B. Provisions for including quantitative and qualitative acceptance
criteria in instructions, procedures, and drawings.

6. DOCUMENT CONTROL

A. Provisions to assure that documents, including changes, are
reviewed for adequacy, approved for release by authorized
personnel, and distributed and used at the location where the
prescribed activity is performed.

B. Provisions to prevent the inadvertent use of obsolete or
superseded documents.

7. CONTROL OF PURCHASED MATERIAL, EQUIPMENT, AND SERVICES

A. Provisions for the control of purchased material, equipment,
and services; for selection of suppliers; and for assessing the
adequacy of quality.

B. Provisions to assure that documented evidence of the conformance
3 of material and equipment to procurement requirements is available

N,j at the plant site prior to installation or use.
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8. !DENTIFICATION AND CONTROL OF MATERIALS, PARTS, AND COMPONENTS

A. Provisions to identify and control materials, parts, and
components.

B. Provisions to assure that incorrect or defective items are not
used.

9. CONTROL OF SPECIAL PROCESSES

A. Provisions to assure the acceptability of special processes
such as welding, heat treating, nondestructive testing, and
chemical cleaning.

B. Provisions to assure that special processes are performed by
qualified personnel using qualified procedures and equipment.

10. INSPECTION

A. Provisions for the inspection of activities affecting quality,
including the items and activities to be covered.

B. Organizational responsibilities and qualifications established
for individuals or groups performing inspections.

C. Prerequisites to be provided in the witten inspection procedures
with provisions for documenting and evaluating inspection
results.

11. TEST CONTROL

A. Provisions for tests which assure that structures, systems, and
components will perform satisfactorily in service.

B. Prerequisites to be provided in written test procedures with
provisions for documenting and evaluating test results.

| C. Personnel qualification programs established for test personnel.

j 12. CONTROL OF MEASURING AND TEST EQUIPMENT
|
'

Provisions to assure that tools, gages, instruments, and other
I measuring and testing devices are properly identified, controlled,

calibrated, and adjusted at specified intervals.

13. HANDLING, STORAGE, AND SHIPPING

Provisions to control handling, storage, shipping, cleaning, and
preserv. .'on of items in accordance with work and inspection instruc-

| tions to prevent damage, loss, and deterioration by environmental
conditions such as temperature or humidity.

14. INSPECTION, TEST, AND OPERATING STATUS

Provisions to indicate the inspection, test, and operating status of
items to prevent inadvertent use or bypassing of inspection and tests.
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15. NONCONFORMING MATERIALS, PARTS, OR COMPONENTS

Provisions to control the use or disposition of nonconforming

Q materials, parts, or components.

16. CORRECTIVE ACTION

Provisions to assure that conditions adverse to quality are promptly
identified and corrected and that measures are taken to preclude

repetition.

17. QUALITY ASSURANCE RECORDS

Provisions for the identification, r3tention, retrieval, and
maintenance of records that furnish evidence of activities affecting

quality.

18. AUDITS

A. Provisions for audits to verify compliance with all aspects of
the QA program and to determine the effectiveness of the QA
program.

B. Responsibilities and procedures for auditing, documenting and
reviewing audit results, and designating management levels to
review and assess audit results.

II. ACCEPTANCE CRITERIA

The aaplicant (and its principal contractors such as the NSSS vendor, A/E,
const uctor and construction manager) must establish a QA program for the
desiria and construction phases in accordance with Appendix B to 10 CFR Part
50, ' Quality Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing
Pl ants." The applicant's QA program (including its principal contractors)
must describe in the PSAR or SSAR how each criterion of Appendix B will be
met. The acceptance criteria used by the QAB to evaluate this QA program are
listed in the following eighteen subsections. The acceptance criteria include
a commitment to comply with the regulations, regulatory positions presented in
the appropriate issue of the Regulatory Guides, and the Branch Technical
Position listed in subsection V. Thus, the commitmen; constitutes an integral
part of the QA program description and requirements. Exceptions and alterna-
tives to these acceptance criteria may be adopted by applicants provided
adequate justification is given; the QAB review allows for considerable flexi-
bility in defining methods and controls while still satisfying pertinent
regalations. When the QA program description meets the applicable acceptance
criteria of this subsection or provides acceptable exceptions or alternatives,
the program is considered to be in compliance with pertinent NRC regulations.

The review'will ascertain that the commitments and the description of how the
commitments are implemented, to the extent necessary, are objective and stated
in inspectable terms.

The Organization (17.1.1) elements responsible for the QA program are acceptable

{. if:

N

17.1-5 Rev. 2 - July 1981



1A1.* The responsibiiity for the overall program is retained and exercised
by the applicant.

lA2. The applicant has identified and described major delegation of work
involved in establishing and implementing the QA program or any part
thereof to other organizations.

lA3. When major portions of the applicant's program are delegated:

a. Applicant describes how responsibility is exercised for the
overall program. The extent of management oversight should be
addressed including the location, qualifications, and criteria
for determining the number of personnel performing these
functions.

b. Applicant evaluates the performance (frequency and method
stated - once per year although longer cycle acceptable with
other evaluations of individual elements) of work by the
delegated organization.

c. Qualified individual (s) or organizational elr: ment (s) are
identified within the applicant's organization as responsible
for the quality of the delegated work prior to initiation of
activities.

lA4. Clear management controls and effective lines of communication exist
for QA activities among the applicant and the principal contractors
to assure direction of the QA program.

l A5. Organization charts clearly identify all the "onsite" and "of fsite" |
organizational elements which function under the cognizance of the
QA program (such as design, engineering, procurement, manufacturing,
constructicn, inspection, test, instrumentation and control, nuclear
engineering, etc.), the lines of responsibility, and a description
of the criteria for determining the size of the QA organization
including the inspection staff.

lA6. The applicant (and principal contractors) describes the QA
responsibilities of each of the organizational elements noted on the
organization charts.

181. The applicant (and principal contractors) identifies a management |
position that retains overall authority and responsibility for the
QA program (normally, this position is the QA Manager) and this
position has the following characteristics:

a. Is at the same or higher organization level as the highest line
manager directly responsible for performing activities affecting
quality (such as engineering, procurement, construction, and
operation) and is sufficiently independent from cost and schedule.

x
The alphanumeric designation for each acceptance criterion in subsection II
indicates its relationship to the areas of review identified in subsection I.
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b. Has effective communication channels with other senior management.
positions.

N

Has responsibility for approval of QA Manual (s).c.

d. Has no other duties or responsibilities unrelated to QA that
would prevent his full attention to QA matters.

1B2. Verification of conforma ce to established requirements (excrpt for
designs, ref. 3E2) is accomplished by individuals or groups within
the QA organization who do not have direct responsibility for perform-
ing the work being verified or by individuals or groups trained and
qualified in QA concepts and practices and independent of the
organization responsible for performing the task.

183. Persons and organizations performing QA functions have direct access
to management levels which will assure the ability to:

a. Identify quality problems.

b. Initiate, recommend, or provide solutions through designated
channels.

c. Verify implementation of sclutions.

Those persons and organizations with the above authority are identified
and a description of how those actions are carried out is provided.

; 1B4. a. Designated QA personnel, sufficiently free from direct pressures
v for cost / schedule, have the responsibility delineated in writing'

! to stop unsatisfactory work and control further processiag,
delivery, or installation of nonconforming material.

b. The organizational positions with stop work authority are
identified.,

185. Provisions are established for the resolution of disputes involving
quality, arising from a difference of opinion between QA personnel
and other department (engineering, procurement, manufacturing, etc.)
personnel.

186. Designated QA individuals are involved in day-to-day plant activities
important to safety (i.e., the QA organization routinely attends and
participates in daily plant work schedule and status meetings to
assure they are kept abreast of day-to-day work assignments throughout
the plant and that there is adequate QA coverage relative to procedural
and inspection controls, acceptance criteria, and QA staffing and
qualification of personnel to carry out QA assignments).

1Cl. Policies regarding the implementation of the QA program are documented
and made mandatory. These policies are established at the Corporate
President or Vice President level.

3

} 1C2. Position description (see 1B1) assures that the individual directly
responsible for the definition, direction, and effectiveness of the
overall QA program has sufficient authority to effectively implement

|
1
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responsibilities. This posit' ion is to be sufficiently free from
cost and schedule responsibilities. Qualification requirements for
this individual are established in a position description which
includes the following prerequisites:

a. Management experience through assignments to responsible
positions.

b. Knowledge of QA regulations, policies, practices, and standards.

c. Experience working in QA or related activity in reactor design,
construction, or operation or in a similar high technological
industry.

The qualifications of the QA Manager should be at least equivalent
to those described in Section 4.4.5 of ANSI /ANS-3.1-1978, " Selection
and Training of Nuclear Power Plant Personnel," as endorsed by the
regulatory positions in Regulatory Guide 1.8.

1C3. The person at the construction site responsible for directing and i
managing the site QA program is identified by position and has |
appropriate organizational position, responsibilities, and authority
to exercise proper control over the QA program. This individual is
free from non-QA duties and can thus give full attention to assuring that
the QA program at the plant site is being effectively implemented.

Activities related to Quality Assurance Program (17.1.2) are acceptable if:

2A1. The scope of the QA program includes:

a. A commitment that activities affecting structures, systems, and
components important to safety will be subject to the applicable
controls of the QA program. The structures, systems, components,
and related consumables covered by the QA program are identified
(QA list) in Section 3.2.1 of the SAR.*

b. A commitment that the preoperational test program will be
conducted in accordance with the QA program and a description
of how the QA program will be applied.

c. A commitment that the development, control, and use of computer
code programs will be conducted in accordance with the QA
program and a description of how the QA program will be applied.

A

Rulemaking is currently underway to clarify the requirement that structures,
systems, and components important to safety as derived from the General Design
Criteria of Appendix A to 10 CFR Part 50 shall be subjected to the pertinent
requirements of the quality assurance criteria of Appendix B to 10 CFR 50.
Until this rulemaking process is completed, statf reviewers should assure that
the applicant's list of structures, systems, and components includes all those
items necessary to prevent or mitigate the consequences of postulated accidents
that could cause undue risk to the health and safety of the public as stated
in the Introduction to Appendix 8. Guidance for identifying such items is
provided in Regulatory Guide 1.29.
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d. The identification of fire protection in SRP Section 9.5.1 as a
m system covered by the QA program or identification of the QA

[di controls for fire protection. These controls are reviewed and
accepted using the guidelines contained in BTP ASB 9.5-1 and *

10 CFR Part 50 Appendix B as appropriate.

e. A commitment that special equipment, environmental conditions,
skills, or processes will be provided as necessary.

2A2. A brief summary of the company's corporate QA policies is given.

281. a. Provisions are established to assure that quality-affecting |procedures required to implement the QA program are consistent
with QA program commitments and corporate policies and are
properly documented, controlled, and made mandatory through a
policy statement or equivalent document signed by the respons'ble
official.

b. The QA organization reviews and documents concurrence with
these quality related procedures.

c. The organizational group or individual having responsibility
for the policy statement should be identified.

d. The quality affecting procedural controls of the principal
contractors should be provided for the applicant's review with
documented agreement of acceptance prior to initiation of

C 'N activities affected by the program.

282. Provisions are included for notifying NRC of changes (1) for review
and acceptance in the accepted description of the QA program as
presented or referenced in the SAR or SSAR prior to implementation,
and (2) in organizational elements within 30 days after announcement.
(Note - editorial changes or personnel reassignments of a non-
substantive nature do not require NRC notification).

283. The applicant (and the principal contractors) c amits to comply with
the regulatory position in the appropriate issue of the Regulatory
Guides listed in Subsection V; to comply with 10 CFR Part 50,
950.55a; to conduct activities under 10 CFR Part 50, 950.55(e) in
accordance with the QA program; and to comply with 10 CFR Part 50
Appendix A, General Design Criterion 1. For systems, components, and
structures covered by the ASME Code Section III (Classes 1, 2 and
3), the quality assurance code requirements should be supplemented
by the specific guidance addressed in the regulatory positions of
the applicable Regulatory Guides. The commitment identifies the
Regulatory Guides and ANSI standard by number, title, and revision
or date. Any alternatives or exceptions are clearly identified and
supporting information presented in the docket. QA Regulatory
Guides should be addressed which have an implementation date prior
to the submittal or docket date of the QA program description.

Although primary responsibility for Regulatory Guides 1.26 and 1.29
is assigned to ASB (SRP Sections 3.2.1 and 3.2.2), their use as(hs

acceptance criteria in this SRP section is necessary to assure that
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adequate quality assurance requirements are specified for systems,
components, and structures addressed by those guides.

The QA organization and the necessary technical organizations
participate early in the QA program definition stage to determine
and identify the extent QA controls are to be applied to specific
structures, systems, and components. This effort involvas applying
a defined graded approach to certain structures, systems, and com-
ponents in accordance with their importance to safety and affects
such disciplines as design, procurement, document control, inspection
tests, special processes, records, audits, and others described in
10 CFR Part 50, Appendix B.

2B4. Existing or proposed QA procedures are identified reflecting that
Regulatory Guides listed in subsection VI, General Design Criterion 1
of Appendix A to 10 CFR Part 50, 10 CFR Part 50, S50.55a, and each
criterion of 10 CFR Part 50, Appendix B will be met by documented
procedures. In addition, activities conducted under 10 CFR Part 50,
650.55(e) shall conform to the requirement of the QA program.

285. A description is provided that emphasizes how the docketed QA program
description, particularly the 10 CFR Part 50 regulations and Regulatory
Guides listed in subsection V, will be properly carried out.

2C1. A desc' fption is provided of how management (above or outside the QA
organization) regularly assesses the scope, status, adequacy, and
complia ce of the QA program to 10 CFR Part 50, Appendix B. These
measures should include:

a. Frequent contact with program status through reports, meetings,
and/or audits.

b. Performance of an annual assessment preplanned and documented.
Corrective action is identified and tracked.

2C2. Quality-related activities (such as design, procurement, and site
investigation) initiated prior to formal NRC acceptance of the QA
program are controlled under a QA program in accordance with this
SRP and, accordingly, with the requirements of 10 CFR Part 50,
Appendix B. Approved procedures and a sufficient number of trained
personnel should be available to implement the applicable portion of
the QA program prior to the initiation of the activity.

2C3. A summary description is provided on how responsibilities and control
of quality-related activities are transferred from the principal
contractors to the applicant during the phasecut of design and
construction and during preoperational testing and plant turnover.

20. Indoctrination, training, and qualification programs are established
such that:

a. Personnel responsible for performing quality-affe-ting activities
are instructed as to the purpose, scope, and implermn'ation of
the quality-related manuals, instructions, and procedures.
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b. Personnel verifying activities affecting quality are trained
and qualified in the principles, techniques, and requirements
of the activity being performed.

For formal training anu qualification programs, documentation |
c.

includes the objective, content of the program, attendees, and
date of attendance.

d. Proficiency tests are given to those personnel performing and
verifying activities affecting quality, and acceptance criteria
are developed to determine if individuals are properly trained
and qualified.

Certificate of qualifications clearly delineates (a) the specifice.
functions personnel are qualified to perform and (b) the criteria
used to qualify personnel in each function.

f. Proficiency of personnel performing and verifying activities
affecting quality is maintained by retraining, reexamining,
and/or recertifying as determined by management or program
commitment.

g. The description of the training program provisions listed above
satisfies the regulatory position in Regulatory Guide 1.58.

Activities related to DeLian Control (17.1.3) are acceptable if:

3A.b The scope of the design control program includes design activities
associated with the preparation and review of design documents
including the correct translation of applicable regulatory require-
ments and design bases into design, procurement and procedural
documents. Included in the scope are roch activities as field
design engineering; physics, seismic, stress, thermal, hydraulic,
radiation, and the SAR accident analyses; associated computer programs;
compatibility of materials; accessibility for inservice inspection,
maintenance, and repair; and quality standards.

38. Organizational responsibilities are described for preparing, reviewing,
approving, and verifying design documents such as system descriptions,
design input and criteria, design drawings, design analyses, computer
programs, specifications, and procedures.

3C1. Errors and deficiencies in approved design documents, including
design methods (such as computer codes), that could adversely affect
structures, systems, and components important to safety are documented;
and action is taken to assure that all errors and deficiencies are
corrected.

3C2. Deviations from specified quality standards are identified and
procedures are established to ensure their control.

3D. Internal and external design interface controls, procedures, and
lines of communication among participating design organizations and
across technical disciplines are established and described for the-

review, approval, release, distribution, and revision of documents
involving design interfaces to assure st.uctures, systems, and |

'

17.1-11 Rev. 2 - July 1981



components are compatible geometrically, functionally, and with
processes and environment.

3El. Procedures are established and described requiring a documented
check to verify the dimensional accuracy and completeness of desinn
drawing and specifications.

3E2. Procedures are established and described requiring that design
drawings and specifications be reviewed by the QA organization to
assure that the documents are prepared, reviewed, and approved in
accordance with company procedures and thu. the documents contain
the necessary quality assurance requirements such as inspection and
test requirements, acceptance requirements, and the extent of
documenting inspection t.nd test results_

3E3. Guidelines or criteria are established and described for determining
the method of design verification (design review, alternate
calculations, or test).

3E4. Procedures are established and described for design verification
activities which assure the following:

The verifier is qualified and is not directly responsible fora.
the design (i.e. , neither the performer or his immediate super-
visor). In exceptional circumstances, the designer's immediate
supervisor can perform the verification provided:

(1) The supervisor is the only technically qualified individual.

(2) The need is individually documented and approved in advance
by the supervisor's management.

(3) QA audits cover frequency and effectiveness of use of
supervisors as design verifiers to guard against abuse.

Design verification, if other than by qualification testing ofb.
a prototype or lead production unit, is completed prior to
release for procurement, manufacturing, construction or to
another organization for use in other design activities. In
those cases where this timing cannot be met, the c'rsign verifi-
cation may be deferred, providing that the justification for
this action is documented and the unverified portion of the
design output document and all design output documents, based
on the unverified data, are appropriately identified and con-
trolled. Construction site activities associated with a design
or design char.ge should not proceed without verification past
the point where the installation would become irreversible
(i.e., require extensive demolition and rework). In all cases,

the oesign verification should be complete prior to fuel load
for a plant under construction, or in the case of an operating
plant, prior to relying upon the component, system, or structure
to perform its function.

Procedural control is established for design documents thatc.
reflect the commitments of the SAR; this control differentiates
between documents that receive formal design verification by
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interdisciplinary or multi-organizational teams and those which
n can be reviewed by a single individual (a signature and date is' acceptable documentation for personnel certification). Design

documents subject to procedural control include, but are not
limited to, specifications, calculations, computer programs,
system descriptions, SAR when used as a design document, and
drawings including flow diagrams, piping and instrument diagrams,
control logic diagrams, electrical single line diagrams, struc-
tural systems for major facilities, site arrangements, and
equipment locations. Specialized reviews should be used when
uniqueness or special design considerations warrant.

d. The responsibilities of the verifier, the areas and features to
be verified, the pertinent considerations (o be verified, and
the extent of documentation are identified in procedures.

3E3. The following provisions are included if the verification method is
only by test:

a. Procedures provide criteria that specify when verification
should be by test.

b. Prototype, component or feature testing is performed as early
as possible prior to installation of plant equipment, or prior
to the point when the installation would become irreversible.

c. Verification by test is performed under conditions that simulate
O the most adverse design conditions as determined by analysis.
Q

3E4. Procedures are established to assure that verified computer codes
are certified for use and that their use is specified.

3F1. Design and specification changes, including fields changes, are
subject to the same design controls that were applicable to the
original design.

3F2. The description of the design control provisions satisfies the
criteria of Regulatory Guide 1.64.

Activities related to Procurement Document Control (17.1.4) are acceptable
if:

4A1. Procedures are established for the review of procurement 6,cuments
to determine that quality requirements are correctly stated, inspec-
table, and controllable; there are adequate acceptance and rejection
criteria; and procurement documents have been prepared, reviewed,
and approved in accordance with QA program requirements. To the
extent necessary, procurement documents should require contractors
and subcontractors to provide an acceptable quality assurance program. :
The review and documented concurrence of the adequacy of quality |
requirements stated in procurement documents is performed by
independent personnel trained and qualified in QA practices and
concepts.-

(
( ./ 4A2. Procedures are established to assure that procurement documents

identify applicable regulatory, technical, administrative, and
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reporting requirements; drawings; specifications; codes and industrial
standards; test and inspection requirements; and special process
instructions that must be complied with by suppliers.

481. Organizational responsibilities are described for (1) procurement
planning; (2) the preparation, review, approval, and control of
procurement documents; (3) supplier selection; (4) aid evaluations;
and (5) review and concurrence of supplier QA programs prior to
initiation of activities affected by the program. The involvement
of the QA organization is described.

4B2. The description of the procurement document control provisions
listed above satisfies the regulatory position in Regulatory
Guide 1.123.

Activities related to Instructions, Procedures, and Drawings (17.1.5) are
acceptable if:

SA. Organizational responsibilities are described for assuring that
activities affecting quality are (1) prescribed by documented
instructions, procedures, and drawings and (2) accomplished through
implementation of these documents.

SB. Procedures are established to assure that instructions, procedures,
and drawings include quantitative (such as dimensions, tolerances,
and operating limits) and qualitative (such as workmanship samples)
acceptance criteria for determining that important activities have
been satisfactorily accomplished.

Activities related to Document Control (17.1.6) are acceptable if:

6A1. The scope of the document control program is described, and the
types of controlled documents are identified. As a minimum, controlled
dccuments include:

Design documents (e.g., calculations, drawings, specifications,a.
analyses) including documents related to computer codes.

b. Procurement documents.

Instructions and procedures for such activities as fabrication,c.
construction, modification, installation, test, and inspection.

d. As-built docu;nents.

Quality assurance and quality control manuals and quality-e.
affecting procedures.

f. Topical reports.

g. SAR.

h. Nonconformance reports.

6A2. Procedures for the review, approval, and issuance of documents and
changes thereto are established and described to assure technical
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adequacy and inclusion of appropriate quality requirements prior to
implementation. The QA organization, or an individual other than

(O the person who generated the document but qualified in quality/
V assurance, fevicws and concurs with these documents with

regards to QA-related aspects.

6A3. Procedures are established to assure that changes to documents are
reviewed and approved by the same organizatiors that performed the
initial review and approval or by other qualified responsible
organizations delegated by the applicant.

6A4. Procedures are established to assure that documents are available at
the location where the activity will be performed prior to commencing
the work.

6Bl. Procedures are established and described to assure that obsolete or
superseded documents are removed and replaced by applicable revisions
in work areas in a timely manner.

6B2. A master list or equivalent document control system is established
to identify the current revision of instructions, procedures,
specifications, drawings, and procurement documents. When such a
list is used, it should be updated and distributed to predetermined
responsible personnel.

6C1. Procedures are established and described to provide for the preparation
of as-built drawings and related documentation in a timely manner to

n accurately reflect the actual plant design.

Activities related to Control of Purchased Material, Equipmcrit, and
Services (17.1.7) are acceptable if:

7Al. Organizational responsibilities are described for the control of
purchased material, equipment, and services including interfaces
L~ tween design, procurement, and QA organizations.

7A2. Verification of suppliers' activities during fabrication, inspection,
testing, and shipment of materials, equipment, and components is
planned and performed with QA organization participation in accordance
with written procedures to ass'..e conformance to the purcnase order
requirements. These procedures, as applicable to the method of

j procurement, provide for:

Specifying the characteristics or processes to be uitnessed,i a.
inspected or verified, and accepted; the method of surveillance
and the extent of documentation required; and those responsible )for implementing these procedures. '

b. Audits, surveillar.ce, or inspections which assure that the
supplier complies with the quality requirements.

, .

7A3. Selection of suppliers i 10c mented and filed. If an LCVIP letter
of confirmation or the "r 9eg.ister is used to establish thea

A qualifications of ' u 'ier, the documentation should identify*

(J! the " letter" or ''u iU t
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7A4. Procurement of spare or replacement. parts for structures, systems,
and components important to safety is subject to present QA program
controls, to codes and standards, and to technical requiretants
equal to or better than the original technical requirements, or as
required to preclude repetition of defects.

781. Receiving inspection is performed to assure:

a. The material, component, or equipment is properly identified
and corresponds to the identification on the purchase document
and the receiving documentation.

b. Material, components, equipment, and acceptance records satisfy
the inspection instructions prior to installation or use.

c. Specified inspection, test and other records, (such as
certificates of conformance attesting that the material, com-
ponents, and equipment conform to specified requirements) are
available at the nuclear power plant prior to installation or
use.

782. Items accepted and released are identified as to their inspection
status prior to forwarding them to a controlled storage area or
releasing them for installation or further work.

7B3. The supplier furnishes the following records to the purchaser:

a. Documentation that identifies the purchased item and the
specific procurement requirements (e.g., codes, standards, and
specifications) met by the item,

b. Documentation identifying any procurement requirements that
have not been met.

c. A descriptu n of those nonconformances from the procurement
requirements dispositioned " accept as is" or " repair."

( The review and acceptance of these documents should be described in

|
the purchaser's QA program.

784. For commercial "off-the-shelf" items where specific quality assurance
! controls appropriate for nuclear applications cannot be imposed in a
l practicable manner, special quality verification requirements shall
I be established and described to provide the necessary assurance of

an acceptable item by the purchaser.

7B5. Suppliers' certificates of conformance are periodically evaluated by
audits, independent inspections, or tests to assure they are valid
and the results documented. |

786. The description of the control of procuren. ant provisions listed
above satisifies the regulatory position in Regulatory Guide 1.38
and Regulatory Guide 1.123.

O
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Activities related to Identification and Control of Materials, Parts,
and Components (17.1.8) are acceptable if:

,,

(V) 8A. Controls are established and described to identify and control
materials (including consumables), parts, and components including
partially fabricated subassemblies. The description should include
organizational responsibilities.

881. Procedures are established which assure that identification is
maintained either on the item or on records traceable to the item to
preclude use of incorrect or defective items.

882. Identification of materials and parts important to the function of
structures, systems, and components important to safety can be
traced to the appropriate documentation such as drawings, specifica-
tions, purchase orders, manufacturing and inspection dccuments,
deviation reports, and physical and chemical mill test reports.

883. Correct identification of material, parts, and components is verified
and documented prior to release for fabrication, assembling, shipping,
and installation.

Activities related to Control of Special Processes (17.1.9) are acceptable
if:

9A1. The criteria for determining those processes that are controlled as
special processes are described. As complete a listing as possible
of special processes, which are generally those processes whereO) direct inspection is impon ible or disadvantageous, should beI

provided. Some examples are welding, heat treating, NDT, and chemical
cleaning.

9A2. Organizational responsibilities including those for the QA organization |
are described for qualification of special processes, equipment, and
personnel.

9B1. Procedures, equipment, and personnel associated with special processes
are qualifiad and are in conformance with app?' cable codes, standards,
QA procedures, and specifications. The QA orgnization is involved
in the qualification activities to assure they are satisfactorily
performed.

9B2. Procedures are established for recording evidence of acceptable
accomplishment of special processes using qualified procedures,
equipment, and personnel.

9B3. Qualification records of procedures, equipment, and personnel
associated with special processes are established, filed, and kept
current.

Activities related to Inspection (17.1.10) are acceptable if:

10A. The scope of the inspection program is described that indicates an
('g) effective inspection program has been established. Program procedures
y/ provide criteria for determining the ac. curacy requirements of inspec-

tion equipment and criteria for determining when inspections are

17.1-17 Rev. 2 - July 1981



required or define how and when inspections are performed. The QAorganization participates in the above functions.

1081. Organizational responsibilities for insoection are described.
Individuals performing inspections are other than thase who performed
or directly supervised the activity being inspected and do not
report directly to the immediate supervisors who are responsible for
the activity being inspected. If the individuals performing inspec-
tions are not part of the QA organization, the inspection procedures,
personnel qualification criteria, and independence from undue pressure
such as cost and schedule should be reviewed and found acceptable by
the QA organization prior to the initiation of the activity.

1082. A qualification program for inspectors (including HDT personnel) is
established and documented, and the qualifications and certifications
of inspectors are kept current.

10Cl. Inspection procedures, instructions, or checklists provide for the
following:

Identification of characteristics and activities to be inspected.a.

b. A description of the method of inspection.

Identification of the individuals or groups responsible forc.
performing the inspection operation in accordance with the
provisions of item 1081.

d. Acceptance and rejection criteria.

Identification of required procedures, drawings and specificationse.
and revisions.

f. Recording inspector or data recorder and the results of the
inspection operation.

g. Specifying necessary measuring and test equipment including
accuracy requirements.

10C2. Procedures are established and described to identify, in pertinent
documents, mandatory inspection hold points beyond which work may
not proceed until inspected by a designated inspector.

10C3. Inspection results are documented, evaluated and their acceptability
determined by a responsible individual or group.

Activities related to Test Control (17.1.11) are acceptable if:

llA1. The description of the scope of the test control program indicates
an effective test program has been established for tests including
proof tests prior to installation and preoperational tests. Program
procedures provide criteria for determining the accuracy requirements
of test equipment and criteria for determining when a test is required
or how and when testing activities are performed.
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11B1. Test procedures or instructions provide as required for the following:

(mV) The requirements and acceptance limits contained in applicablea.
design and procurement documents.

b. Instructions for performing the test.

c. Test prerequisites such as calibrated instrumentation, adequate
test equipment and instrumentation including their accuracy
requirements, completeness of item to be tested, suitable and
controlled environmental conditions, and provisions for data
collection and storage.

d. Mandatory inspection hold points for witness by owner, contractor,
or inspector (as required).

e. Acceptance and rejection criteria.

f. Methods of documenting or recording test data and results,

g. Provisions for assuring test prerequisites have been met,

11C1. Test results are documented, evaluated, and their acceptability
determined by a responsible individual or group.

Activities related to Control of Measuring and Test Equipment (17.1.12)
are acceptable if:

b
('j 12.1 The scope of the program for the control of measuring and test

equipment is described and the types of equipment to be controlled
are established. This information indicates an effective calibration
program has been established.

12.2 QA and other organizations' responsibilities are described for |establishing, implementing, and assuring effectiveness of the
calibration program.

12.3 Procedures are esta'?lished and described for calibration (technique.

and frequency), maintenance, and control of the measuring and test
equipment (instruments, tools, gages, fixtures, reference and transfer
standards, and nondestructive test equipment) that is used in the
measurement, inspection, and monitoring of structures, systems, and
components. The review and documented concurrence of these procedures
is described and the organization responsible for these functions is
identified.

12.4 Measuring and test equipment is identified and traceable to the
calibration test data.

12.5 Measuring and test equipment is labeled or tagged or "otherwise
controlled" to indicate due date of the next calibration. The
method of "otherwise controlled" should be described.

12.6 Measuring and test equipment is calibrated at specified intervals
w/ based on the required accuracy, purpose, degree of usage, stability

characteristics, and other conditions affecting the measurement.
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Calibration of this equipment should be against standards that have l
an accuracy of at least four times the required accuracy of the ;

equipment being calibrated or, when this is not possible, have an i

accuracy that assures the equipment being calibrated will be within I

required tolerance and that the basis of acceptance is documented
and authorized by responsible management. The management authorized
to perform this function is identified.

12.7 Calibrating standards have greater accuracy than standards being
calibrated. Calibrating standards with the same accuracy may be
used if it can be shown to be adequate for the requirements and the
basis of acceptance is documented and authorized by responsible
management. The management authorized to perform this function is
identified.

12.8 Reference and transfer standards are traceable to nationally recognized
standards; where national standards do not exist, provisions are
established to document the basis for calibration.

12.9 Measures are taken and documented to determine the validity of
previous inspections performed and the acceptability of items inspected
or tested since the last calibration when measuring and test equipment
is found to be out of calibration. Inspections or tests are repeated
on items determined to be suspect.

Activities related to Handling, Storage, and Shipping (17.1.13) are
acceptable if:

13.1 Special handling, preservation, storage, cleaning, packaging, and
shipping requirements are established and accomplished by suitably
trained individuals in accordance with predetermined work and
inspection instructions.

13.2 Procedures are established and described to control the cleaning,
handling, storage, packaging, and shipping of materials, components,
and systems in accordance with design and procurement requirements
to preclude damage, loss, or deterioration by environmental conditions
such as temperature or humidity.

13.3 The description of the control of handling, storage, and shipping
listed above satisfies the regulatory position in Regulatory
Guide 1.38.

Activities related to Inspection, Test, and Operating Status (17.1.14)
are acceptable if:

14.1 Procedures are established to indicate the inspection, test, and
operating status of structures, syster.s, and components throughout
fabrication, installation, and test.

14.2 Procedures are established and described to control the application
and removal of inspection and welding stamps and status indicators
such as tags, markings, labels, and stamps.

O
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14.3 Procedures are established and described to control altering the
sequence of required tests, inspections, and other operations

(G important to safety. Such actions should be subject to the same
( controls as the original review and approval.

14.4 The status of nonconforming, inoperative, or malfunctioning
structures, systems, and components is documented and identified to
prevent inadvertent use. The organization responsible for thit
function is identified.

Activities related to Nonconforming Materials, Parts, or Components
(17.1.15) are acceptable if: -

15.1 Procedures are established and described for identification,
documentation, segregation, review, dsposition, and notification to4

affected organizations of nonconforming materials, parts, components
and as applicable to services (including computer codes) if disposi-
tion is other than to scrap. The procedures provide identification
of authorized individuals for independent review of nonconformances,
including disposition and closeout.

15.2 QA and other organizational responsibilities are described for the |
definition and implementation of activities related to nonconformance
control. This includes identifying those individuals or groups with
authority for the disposition of nonconforming items.

15.3 Documentation identifies the nonconforming item; describes the
nonconformance, the disposition of the nonconformance, and the
inspection requirements; and includes signature approval of the

/ disposition. Nonconformances are corrected or resolved prior to thev
initiation of the preoperational test program on the item.

15.4 Reworked, repaired, and replacement items are inspected and tested
in accordance with the original inspection and test requirements or
acceptable alternatives.

15.5 Nonconformance reports are periodically analyzed by the QA |
organization to show quality trends, and the significant results are I
reported to upper management for review end assessment. |

Activities related to Corrective Action (17.1.16) are acceptable if:

16.1 Procedures are established and described indicating an effective
corrective action program has been established. The QA organization
reviews and documents concurrence with the procedures.

16.2 Corrective action is documented and initiated following the |
determination of a condition adverse to quality (such as a noncon-
formance, failure, malfunction, deficiency, deviatt-' and defective
material and equipment) to preclude recurrence. The sA organization
is involved in the documented concurrence of the adequacy of the
corrective action.'

16.3 Followup action is take1 by the QA organization to verify proper |'

implementation of corrective action and to close out the corrective(Dj action in a timely manner.
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16.4 Significant conditions adverse to quality, the cause of the conditions,
and the corrective action taken to preclude repetition are document 2d
and reported to immediate managemer+ and upper levels of management
for review and assessment.

Activities related to Quality Assurance Records (17.1.17) are acceptable
if:

17.1 The scope of the records program is described. QA records include
results of reviews, inspections, tests, audits, and material analyses;
monitoring of work performance; qualification of personnel, procedures,
and equipment; and other documentcLon such as drawings, specifica-'

tions, procurement documents, celibration procedures and reports;
nonconformance reports; and corrective action reports.

17.2 QA and other organizations are identified and their responsibilities |
are described for the definition and implementati,n of activities

related to QA records.

17.3 Inspection and test records contain the following where applicable:

a. A description of the type of observation.

b. The date and results of the inspection or test.

c. Information related to conditions adverse to quality.

d. Inspector or data recorder identification.

e. Evidence as to the acceptability of the results.

f. Action taken to resolve any discrepancies noted.

17.4 Suitable facilities for the storage of records are described and
satisfy the regulatory position given in Regulatory Guide 1.88

(endorses N45.2.3). Alternatives to the fire protection rated
provisions are acceptable if records storage facilities conform to
NFPA No. 232 Class 1 for permanent-type records and that the 2-hour
fire rating requirement contained in the proposed N45.2.9 standard
is met by applicants in any one of the following three ways. Specifi-
cally, (1) a 2-hour vault meeting NFPA No. 232; (2) 2-hoar rated
file containers meeting NFPA No. 232 (Class B); or (3) a 2-hour
rated fire resistant file room meeting NFPA No. 232 if the following
additional provisions are provided.

1. Early warning fire detection and automatic fire suppression
should be provided, with electronic supervision at a constantly
attended central station.

2. Records should be stored in fully enclosed metal cabinets.
Records should not be permitted on open steel shelving. No

storage of records should be permitted on the floor of the
facility. Adequate accest and aisle ways should be maintained
at all times throughout the facility.

t
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3. Work not directly associated with records storage or retrieval
should be prohibited within the records storage facility.
Examples of such prohibited activities include but are not

\ < limited to: records reproduction, film developing, and
fabrication of microfiche cards.

4. Smoking and eating / drinking should be prohibited throughout the
records storage facility.

5. Ventilation, temperature, and humidity control equipment should
be protected inside with etandard fire-door dampers where they
penetrate fire barriers counding the storage facility.

17.5 The description of-the control of records provisions listed above
satisfies the regulatory position of Regulatory Guide 1.88.

Activities related to Audits (17.1.18) are acceptable if:

18A1. Audits to assure that procedures and activities comply with the
overall QA program are performed by:

a. The QA organization to provide a comprehensive independent
verification and evaluation of quality-related procedures and
activities.

b. The applicant (and principal contractors) to verify and evaluate
the QA programs, procedures, and activities of suppliers.

D) 18A2. An audit plan is prepared identifying audits to be performed, their('v frequencies, and schedules. Audits should be regularly scheduled
based upon the status and safety importance of the activities being
performed and are initiated early enough to assure effective QA
during design, procurement, manufacturing, construction, installation,
inspection, and testing.

18A3. Audits include an objective evaluation of quality-related practices,
procedures, instructions; activities and items; and review of documents
and records to ensure that the QA program is effective and properly
implemented.

'8A4. Provisions are established requiring that audits be performed in all
areas where the requirements of Appendix B to 10 CFR Part 50 are
applicable. Areas which are often neglected but should be included
ere activities associated with:

a. The determination of site features which affect plant safety
(e.g., core sampling, site and foundation preparation, and
methodology). (PSAR only).

b. The preparation, review, approval, and control of early
procurements. (PSAR only).

c. Indoctrination and training programs.

d. Interface control among the applicant and the principal
contractors.
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e. Corrective action, calibration, and norconformance control
systems.

f. SAR and SSAR commitments.

g. Activities associated with computer codes. |

18B1. Audit data are analyzed by the QA organization and the resulting |
reports indicating any quality problems and the effectiveness of the
QA program, including the need for reaudit of deficient areas, are
reported to management for review and assessment.

1882. Audits are performed in accordance with pre-established written
procedures or checklists and conducted by trained personnel having
no direct responsibilities in the areas being audited.

18B3. The description of the conduct of audit provisions satisfies the
regulatory position in Regulatory Guides 1.144 and 1.146.

III. REVIEW PROCEDURES

Each element of the QA program description will be reviewed against the
acceptance criteria described in subsection II, including the regulations,
Regulatory Guides, and Branch Technical Position listed in subsection V. QAB

will interface with the secondary review branches to assure that they have
documented to the QAB by memo the acceptability of the identification of
structures, systems, and components covered by the QA program (Q-List). QAB

will process the necessary requests for additional information to the applicant
and coordinate the response with the appropriate branches for acceptance.
Changes to the QA program will be evaluated to assure at a minimum that such
changes have not degraded the previously approved program. Consideration
should be given to the current regulatory position in the area of the change
in determining acceptability of the change. The reviewer's judgment during
the review is to be based on an assessment of the material presented, the
similarity of the material to that recently reviewed on other plants, and
whether items of special safety significance are involved. Any exceptions or
alternatives to this SRP section, 'ncluding the regulations and regulatory |
positions presented in the Regulatory Guides in subsection V, will be carefully
reviewed to assure that they are clearly defined and that an adequate basis
exists for acceptance.

The acceptability of the QA program is determined by the following review
procedures:

1. The QA program description is reviewed in detail to determine if
each of the criteria of 10 CFR Part 50, Appendix B has been acceptably
addressed and if there is an adequate commitment to comply with the
regulations and regulatory positions in the appropriate issue of the
Regulatory Guides in subsection V, as identified by number, title,
revision or date. The QA program description is also reviewed to
assure that the applicant's approach to meeting the QA criteria and
commitments is acceptable.

2. The measures described to implement 10 CFR Part 50, Appendix B are
evaluated for:

Technical acceptability (i.e., do they meet the Regulations anda.
Regulatory Guides?)
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b. Workability (i.e., do they seem to fit into an overall plan of
action that can be implemented?)

[s
T'') Management support (i.e., do QA program measures have adequatec.

review, 7Dpr";:1, and endorsement of management?)

This evaluation is based primarily on the acceptance criteria
co ' ined in subsection II.

3. The iuties, responsibility, and authority of personnel performing QA
functions are reviewed to assure they provide sufficient independence
to effectively perform these functions.

4. Through review of information provided, meetings with the applicant,
by review of the acceptability of QA program and plant activities
including performance and capability of personnel, and by review of
the Office of Inspection and Enforcement position statement and
inspection reports, a judgment is made of the applicant's capability
to carry out its QA responsibiiities.

5. Satisfaction with program commitments and descriptions of how the
commitments will be met, organizational arrangements, and capabili-
ties to fulfill QA requirements should lead to the conclusion of
acceptability, as described in subsection IV.

IV. EVALUATION FINDINGS

p The reviewer verifies that sufficient information has been provided and that

(v) his review is sufficiently complete and adequate to support conclusions of the
following type to be included in the staff's Safety Evaluation Report:

Based on our detailed review and evaluation of the QA program description
contained in the (topical report or SAR) for (nuclear facility), we conclude
that:

,

1. The organizations and persons performing QA functions have the
required independence and authority to effectively carry out the QA
program without undue influence from those directly responsible for
costs and schedules.

2. The QA program describes requirements, procedures, and controls
,

that, when properly implemented, comply with the requirements of
j Appendix B to 10 CFR Part 50 with the requirements of 10 CFR Part 50,
; 650.55a and SSS(e); with the criteria contained in SRP Section 17.1;

and with the regulatory positions presented in the following Regulatory
Guides.

Reg. Guide / ANSI Std. Title Revision or Date

A brief description of-the applicant's QA program is provided
highlighting the more important aspects of the program.

3. The QA program covers activities affecting structures, systems, and

p) components important to safety as identified in the PSAR.
iv
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Accordingly, the staff concludes that the applicant's description of the
QA program is in compliance with applicable NRC regulations and industry
standards and can be implemented for the (specify) phases of (specify !

application).
,

V. IMPLEMENTATION

|The following is intended to provide guidance to applicants and licensees
regarding the NRC staff's plan for using this SRP Section.

1

Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of ;

conformance with Commission regulations. I

Implementation schedules for conformance to parts of the method discussed
herein are contained in the referenced guides and NUREGs.

VI. REFERENCES

1. 10 CFR Part 50, Appendix B, " Quality Assurance Criteria for Nuclear |

Power Plants and Fuel Reprocessing Plants."

2. 10 CFR Part 50, S50.55a, " Codes and Standards."

3. 10 CFR Part 50, 50.55(e), " Conditions of Construction Permits"
(reporting significant QA deficiencies).

4. 10 CFR Part 50, 650.34(a.7), " Contents of Application; Technical
Information" (Preliminary Safety Analysis QA program descriptien).

5. 10 CFR Part 50, Appendix A. " General Design Criteria for Nuclear
Power Plants."

6 Regulatory Guide 1.8, " Personnel Selection and Training" (endorses
ANSI /ANS 3.1).

1

7. Regulatory Guide 1.26, " Quality Group Classification, and Standards
'

for Water, Steam, and Radioactive Waste Containing Components of
Nuclear Power Plants." 1

E. Regulatory Guide 1.28, " Quality Assurance Program Requirenents
(Design and Construction)" (endorses N45.2).

9. Regulatory Guide 1.29, " Seismic Design Classification."
|

10. Regulatory Guide 1.30, " Quality Assurance Requirements for the
'

Installatian, Inspection, and Testing of Instrumentation and Electric |
Equipment" (endorses N45.2.4). |

11. Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning
of Fluid Systems and Associated Components of Water-Cooled Nuclear
Power Plants" (endorses N45.2.1).

O |'
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,

12. Regulatory Guide ?.38, " Quality Assurance Requirements for Packaging,
Shipping, Receiving, Stor:gs, and Handling of Items for Water-Cooled
Nuclear Power Plants" (endorses N45.2.2).

13. Regulatory Guide 1.39, " Housekeeping Requirements for Water-Cooled
Nuclear Power Plants" (endorses N45.2.3).

14. Regulatory Guide 1.56, " Qualification of Nuclear Power Plant
Inspection, Examination, and Testing Personnel" (endorses N45.2.6).

15. Regulatory Guide 1.64, " Quality Assurance Requirements for the
Design of Nuclear Power Plants" (endorses N45.2.11).

i

i 16. Regulatory Guide 1.74, " Quality Assurance Terms and Definitions"
(endorses N45.2.10).;

17. Regulatory Guide 1.88, " Collection, Storage, and Maintenance of
Nuclear Power Plant Quality Assurance Records" (endarses N45.2.9)

; 18. Regulatory Guide 1.94, " Quality Assurance Requirements for Installation,
Inspection, and Ter 1 of Structural Concrete and Structural Steel
During the Constru . Phase of Nuclear Power Plants" (endorses'

N45.2.5).

19. Regulatory Guide 1.116, " Quality Assurance Requirements for Installation,
Inspection, and Testing of Mechanical Equipment and Systems" (endorses
N45.2.8).;

! 20. Regulatory Guide 1.123, " Quality Assurance Requirements for Control,

of Procurement of Items and Services for Nuclear Devcf Plants"s-

(endorses N45.2.13).

21. Regulatory Guide 1.144, " Auditing of Quality Assurance Programs for
Nuclear Power Plants" (endorses N45.2.12).

22. Regulatory Guide 1.146, " Qualification of Quality Assurance Program
Audit Personnel for Nuclear Power Plants" (endorses N45.2.23). <

23. Branch Technical Position (BTP) ASB 9.5-1 (attached to SRP
Section 9.5.1).

!

1

!

!

!

!

, .

\ss

:

'
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f OFFICE OF NUCLEAR REACTOR REGULATION
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17.2 QUALITY ASSURANCE DURING THE OPERATIONS PHASE

REVIEW RESPONSIBILITIES

Primary - Quality Assurance Branch (QAB)

Secondary - Mechanical Engineering Branch
Instrumentation & Control Systems Branch
Power Systems Branch
Accident Evaluation Branch
Radiological Assessment Branch
Hydrologic & Geotechnical Engineering Branch
Containment Systems Branch

I. AREAS OF REVIEL

QAB reviews and evaluates the applicant's operational quality assurance (QA)
prognm as described in the FSAR. The review at the operr qg license stage
addresses both the "offsite" and "onsite" QA controls to b. cylied to those

(oG') activities that may affect the quality of items important to safety during theoperation, maintenance, and modification of a nuclear power plant. The review
covers the QA controls to be applied to thw e activities (e.g., designing,
constructing, purchasing, fabricating, handling, shipping, storing, cleaning,
erecting, installing, maintaining, modifying, operating, inspecting, and testing)
that may affect the quality v structures, systems, and components important to
safety. The secondary review .msnches review the listing of structures, systems,
and components (QA list) covered by the QA program for their areas of review
responsibility in accordance with 2A1 of this section of the Standard Review Plan
and documents the acceptability of the listing including any items that should be
added or clarified by memo to the QAB. The review by MEB in this rega-d also
addresses the areas of review responsibility normally assigned to ASR, RSB, CEB,
PSB (except electrical), and SEB.

The review extends to the determination of how the applicable requirements of the
18 criteria of Appendix B to 10 CFR Part 50 are satisfied by the proposed QA
program.

Rev. 2 - July 1981 |
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Office of Nuclear Reactor Regulation, Washington. D.C. 20555 |
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Where an NRC-accepted QA topical report is referenced in the application, the
referenced QA program is not re-reviewed except for conformance to the applicable
staff positions in this SRP section and the Regulatory Guides in effect at the
time of docketing the application.

The review will not involve an evaluation of the QA program for the design and
construction phase and, therefore, the QAP description for design and construc-

,

tion should not be addressed in the FSAR except for a commitment for continued
implementation of the PSAR QA program for the remaining design and construction
activities ard the preoperational test program or referenced as applicable for
repair and r.odifications or.ly during the operations phase. However, as desired,
changes to the QA program for design and construction may be presented in the
7 R for ..taff review and approval. Staff review will only address the program
c h a n g e:, .

The areas of review for this SRP section are the same as those described in
SRP Section 17.1 except:

1. Organization (item 1) delete from part A: " including the applicant 3
organization and principal contractors (architect engineer, nuclear
steam supply system vendor, constructor, and construction manager
when other than the constructor)."

2. Audits (item 18) add a part C: " Provisions for the audit of operatirig
'

activities important to safety independent of the operating
organization."

II. ACCEPTANCE CRITERIA

The applicant must establish a QA program for the operations phase, including
activities such as operation, maintenance, and modification of the nuclear
power plant, in accordan' e with Appendix B to 10 CFR Part 50, " Quality Assurance
Criteria for Nuclear Pover Plants and Fuel Reprocessing Plantt.' The QA
program description presented in the FSAR must discuss how each criterion of
Appendix B will be met. The acceptance criteria used by the QAB to evaluate
the program are listed below. The acceptance criteria include conn.Stments to
comply with the regulatory positions presented in the appropriate issue of the
Regulatory Guides including the requirements of ANSI Standard N45.2.12 and the
Branch Technical Pos. tion listed in subsection V of SRP Section 17.1. Thus,
these commitments constitute an integral part of the QA program description
and requirements. Exceptions and alternatives to these acceptance criteria
may be taken by applicants provided adequate justification is given; and the
QAB review allows for considerable flexibility in defining methods and controls
for satisfying pertinent regulations. When the QA program description meets
the acceptance criteria of this SRP section or provides acceptable exceptions
or alternatives, the prograrr is considered to be in compliance with pertinent
NRC regulations. The review will ascertain that the commitments and the
description of how the commitments are implemented, to the extent necessary,
are objective and stated in inspectable terms.

The Organization (SRP Section 17.2.1) elements responsible for the QA program
are acceptable if:

1. The criteria described in 17.1.l* are satisfied except for:

x

Refers to the acceptance criteria given in subsection II of SRP Sectica 17.1.
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a. Item 1A4.
m

(V) b. The organizational elements within the parenthesis in item 1A5 |
be expanded to include operations and maintenance.

c. The requirements that principal contractors describe QA
responsibilities be deleted in Item 1A6. |

d. The requirements that a QA position be identified for principal
contractors as described in Item 181, be deleted. |

e. "The person at the construction site responsible for directing
and managing the site QA program..." described in Item IC3, be |
changed to "The person... responsible for...the onsite QA program,"
and continue on with remaining sentence starting with "has
appropriate organizational...."

The Quality Assua nce Program (SRP Section 17.2.2) description is acceptable
i t: \

1. The criteria described in 17.1.2 are satisfied except for:

a. Item 2Alb.

b. The requirement for the principal contractors to provide a
commitment to comply with the regulations and regulatory positions
in the Regulatory Guides addressed in Item 283.

c. Item 2C2.

d. Item 2C3.

2. Provisions are established for assuring the QA program for operatiors
is implemented at least 90 days prior to fuel loading.

3. Confirmation is provided to commit to continued implementation of
the PSAR QA program for the remaining design and construction
activities and the preoperational test program or an acceptable
alternative is provided.

Activities related to Design Control (SRP Section 17.2.3) are acceptable if:'

1. The criteria described in 17.1.3 are satisfied.
,

4

2. Measures are provided to assure that responsible plant personnel are
made aware of design .:hanges/ modifications which may affect the
performance of their duties.

Activities related to Procurement Document Control (17.2.4) are acceptable if:

1. The criteria described in 17.1.4 are satisfied.

Activities related to Instructions, Procedures, and Drawings (17.2.5) areg
acceptable if:Q}t

,

l. The criteria described in 17.1.5 are satisfied.
.

17.2-3 Rev. 2 - July 1981

__ _ _ _ . . _ _ _ _,_, . _ _ _ _ _ _ _ . . _ . _ _ _ , _ _ ._. . - _ _ _ _ . _



i

Activities related to Document Control (17.2.6) are acceptable if:

1. The criteria described in 17.1.6 are satisfied.

2. Maintenance, modification and inspection procedures are reviewed by
qualified personnel knowledgeable in QA disciplines (normally the QA
organization) to determine:

a. The need for inspection, identification of inspection personnel,
and documentation of inspection results.

b. That the necessary inspection requirements, methods, and
acceptance criteria have been identified.

Activities related to Control of Purchased Material, Equipment, and Services

(17.2.7) are acceptable if:

1. Tne criteria described in 17.1.7 are satisfied.

Activities related to Identification and Control of Materials, Parts, and

Components (17.2.8) are acceptable if:

1. The criteria described in 17.1.8 are satisfied.

Activities related to the Control of Special Processes (17.2.9) are acceptable

if:

1. The criteria described in 17.1.9 are satisfied.

Activities related to Inspection (17.2.10) are acceptable if:

1. The criteria described in 17.1.10 are satisfied.

2. When inspections associated with normal operations of the plant
(such as routine maintenance, surve' ance, and tests) are performed
by individuals other than those who performed or directly supervised
the work, but are within the same group, the following controls are
met:

The quality of the work can be demonstrated through a functionala.
test when the activity involves breaching a pressure retaining
item.

b. The qualification criteria for inspection personnel are reviewed
and found acceptable by the QA organization prior to initiating
the inspection.

Activities related to Test Control (17.2.11) are acceptable if:

1. The criteria described in 17.1.11 are satisfied.

Act.vities related to Control of Measuring and Test Equipment (17.2.12) are
acceptable if:

1. The criteria described in 17.1.12 are satisfied.
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Activities related to Handling, Storage, and Shipping (17.2.13) are acceptable
,/Ni f:

(dl'

1. The criteria described in 17.1.13 are satisfied.

2. Provisions are described for the storage of chemicals, reagents
(including control of shelf life), lubricants, and other consumable
materials.-

Activities related to inspection, Test, and Operating Status (17.2.14) are
acceptable if:

1. The criteria described in 17.1.14 are satisfied.

Activities related to Nonconforming Materials, Parts, or Components (17.2.15)
are acceptable if:

1. The criteria described in 17.1.15 are satisfied.

Activities related to Corrective Action (17.2.16) are acceptable if:

1. The criteria described in 17.1.16 are satisfied.

Activities related to Quality Assurance Records (17.2.17) are acceptable if:

1. The criteria described in 17.1.17 are satisfied.

(9 2. QA records include operating logs, maintenance and modification
('',/ procedures, and related inspection results, reportable occurrences,

and other records required by Technical Specifications.

Activities related to Audits (17.2.18) are acceptable if:

1. The criteria described in 17.1.18 are satisfied.

2. Where the "onsite" QA organizi. tion does not report to the "offsite"
organization:

a. The "offsite" QA organization conducts audits sufficient to
verify adequacy of activities conducted by the "ons'ite" QA
organization.

b. The "offsite" QA organization reviews and concurs in tha echad"le
and scope of audits performed by the "onsite" QA organization.

c. Results of audits performed by the "onsite" QA organization are
provided to the "offsite" QA organization for review and
assessment.

III. REVIEW PROCEDURES

Same as SRP Section 17.1 except that the Office of Inspection & Enforcement
s (I&E) does not provide a position statement to QAB relative to their assessment

( %of the QA program implementation for SER input. I&E provides this assessment;

C / to the Licensing Project Manager. QAB reviews a description of the I&E summary |
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of completed QA program activities to further determine that the facility has
been designed and constructed in accordance with PSAR program commitments.

IV. EVALUATION FINDINGS

Same as SRP Section 17.1.

V. IMPLEMENTATION

Same as SRP Section 17.1.

VI. REFERENCES

Same as SRP Section 17.1 except replace item 8, Regulatory Guide 1.28, " Quality
Assurarice Program Requirements (Design and Construction)" (endorse.i N45.2)
with Regulatory Guide 1.33, " Quality Assurance Program Requirement,s (Operation)"
(endorses N18.7); replace 10 CFR Part 50, S50.34(a.7) with 10 CFR Part 50,
650.34 (b.6ii), " Final Safety Analysis Report"; and delete 10 CFR Part 50,
950.55(e), " Conditions of Construction Permits."

|

|

i

|
|
|

|

|

@
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18.0 HUMAN FACTORS ENGINEERING / STANDARD REVIEW PLAN DEVELOPMENT

REVIEW RESPONSIBILITIES

Primary - Human Factc es Engineering Branch (HFEB)

Secondary - None

I. INTRODUCTION

The Human Factors Engineering Branch (HFEB) has primary responsibility for review
of the human factors design of the Main Ccntrol Room and of Control Centers
Outside of the Main Control Room. Because of the close relationship of the human
factors engineering aspects of plant staffing, shift composition, procedures and
operating instructions to control station design, the HFEB will coordinate its
reviews closely with those Branches having primary responsibility for Section 13
of the Standard Review Plan.

While taere is a significant body of experience from control room reviews of

V } recently licensed plants, it is not yet possible to write definitive subsections
/

for inclusion in Section 18.0 of the Standard Review Plan. To some extent, this
effort will be dependent on the experience gained through control room reviews to
be conducted by licensees of operating plants. These reviews will be conducted
using the guidance to be provided in NUTEG-0700, " Control Room Human Engineering
Guidelines." This document will be issued in mid-1981.

The general framework for development of Section 18.0 is outlined in subsection III
below.

Section 18.0 of the Standard Review Plan will apply primarily to new plants
undergoing the regular licensing process (Construction Permits and Operating
Licenses). The contents may serve as a guide for submitting information pertain-
ing to operating plants and plants in very advanced stages of the licensing
process, which are being reviewed for compliance with Human Factors Engineering
criteria. The requirements for such plants will, however, have to be determined
for each individual case.

Rev. 0 - July 1981
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II. HUMAN FACTORS ENGINEERING BRANCH

The HFEB t-evicws and evaluates the following:

(1) The applicant's HFE team organization and activities

(2) System and task analysis

(3) Control room design

(4) The design of other control stations located outside of the main control
room

(5) Drawings, descriptions and other documents pertaining tc tN d splay / control
systems and control board design.

The staff will use a multidiscipline team to evaluate the applicant's human
engineering design. As the minimum, the following disciplines will be
represented:

Human Factors Engineering

Nuclear Engineering

Control and Instrumentation Engineering

Power Plant Operations

System Analysis

Architecture

The team will study the applicant's submittals, review the drawings, visit and
inspect installations, and conduct interviews with cperators and other personnel.

Typically, the review and evaluation of the HFE aspects of the nuclear power
plant facility will be done in three consecutive stages:

1. The PSAR stage review will cover the planning, preliminary design, and
criteria.

2. The FSAR stage review will cover the final design, drawings, and procedures.

( 3. The final review will include audits of the control installation (s) and
interviews with operators and others to identify HFE deficiencies not'

detected previously or nonconformance with the SAR commitments.

In general, the staff will utilize definitive Acceptance Criteria to formulate
its judgments and conclusions. Acceptance Criteria will be formulated in
conjunction with development of Section 18.0.

Whenever there are no definite requirements which apply, the staff will base
their eval"ation on good HFE practice and experience.

O
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III. SECTIONS UNDER DEVELOPMENT

At this time the following sections of the Standard Review Plan are under
(') development. A firm schedule does not exist because of the need for feedback

of experience from control room reviews at operating plants. However, it is
expected that the effort will be completed in mid-1982.

A. Section 18.1 APPLICANT'S HUMAN FACTORS ENGINEERING TEAM

It is expected that the applicant will utilize a multidisciplinary team in
developing control room and control station design from the human factors
engineering standpoint. That team should represent the following fields of
expertise:

Human Factors Engineering

Nuclear Engineering

Controls and Instrumentation Engineering

Systems Analysis

Power Plant Operations

Architecture

The applicant's HFE team members, with suitable experience and training, may

p } represent more than one discipline.*

V It is anticipated that the person with HFE background will act as the team
leader and coordinator. The work plans of the team should be thorough and
cover all HFE-related issues. Proper records of activities, HEDs and their
resolutions should be kept, as well as files with pertinent information.

The NRC HFEB reviewing team vill study the documents provided by the applicant
including procedures, work plans, and the credentials of the applicant's HFE
team members.1

The analysis of the documents may be supplemented by interviews with the
applicant's HFE team members and management.

| The reviewer (review team) will verify that sufficient information has been
[ sub-itted in the SARs and obtained during the interviews conducted to confirm
| that the applicant's control room and control station design has been, or will

be, satisfactorily executed from the human factors engineering standpoint.i

B. SECTION 18.2 SYSTEM ANALYSIS
i

| The applicant is expected to conduct and document a systems analysis, using
! existing guidelines and good HFE practice, to identify man / machine interface
I requirements, including allocation of functions to man and machine (manual and

automatic) and identification of information and controls provided to the !

operators. The systems analysis is related to and may utilize some of the !

O task analyses results of Section 18.3.
i 1

\ ./
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The applicant will demonstrate that all the necessary information and controls
needed for normal, abnormal, and emergency operation of the plant are identified
and provided; these should be kept to the necessary minimum to avoid over-
burdening the operators.

The allocation of functions to man and machine will be addressed to establish
that the systems have been optimized to take advantage of the strengths of
human operators and automatic systems.

The HFEB review team will evaluate the documents covering the system analysis
submitted by the applicant. Meetings with the applicant's HFE review team and
representatives of other disciplines are anticipated to clarify the operation
of systems and their analysis.

The reviewer will verify that sufficient information is presented in the SARs,
during the meetings with the applicant's representatives, to confirm that the
applicant's analyses properly identify the man / machine interface requirements.

C. SECTION 18.3 TASK ANALYSIS

The applicant is expected to conduct and document task analyses as necessary
to support control rcom and control station design. Some task analyses done
on a generic basis may be applicable. The placement of displays and controls,
operating sequences and their assignments to individual operators, and the
ease of access to operating instructions should be considered.

The applicant will demonstrate that the operators are capable of performing
,

the functions expected of them under normal operating, transient, and emergency
conditions.

The HFEB will review and evaluate the task analysis documents submitted by the
applicant. The study of documents will be supported by walk- and talk-throughs
of operating scenarios and interviews / questionnaires.

The reviewer will verify that suf ficient documentation, backed up by walk- and
talk-throughs and interviews / questionnaires, has been presented in the SARs to
confirm that the control room or control station design is such that operators
can perform the functions expected of them under all plant conditions.

D. SECTION 18.4 THE MAIN CONTROL ROOM

The applicant is expected to submit comprehensive documentation pertaining toi

' design of the control room. This will include drawings, descriptions, and
i related design studies. The principal topics to be addressed are as follows:

1. Control Room Work Space

2. Workspace Environment

! 3. Annunciator Warning Systems

4. Controls

5. Visual Displays

6. Auditory Signal Systems

18.0-4 Rev. 0 - July 1981
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7. Labels and Location Aids

8. Process Computers

9. Panel Layout <

10. Control-Display Integration

The applicant will demonstrate that the design of the control room complies
with good HFE practice and the guidelines in NUREG-0700 (to be published).

The HFEB review team will review all documents furnished by the applicant
pertaining to the control room. The HFEB review team will visit the site and
audit the main control room and all equipment it contains; measurements and
photographs may be taken.

The reviewer will verify that sufficient information is presented in the SARs
and that the final inspection has not revealed significant human factors
engineering deficiencies, and that the control room design is in satisfactory
conformance with good HFE practice and the guidelines in NUREG-0700 (to be
published).

E. SECTION 18.5 CONTROL CENTERS OUTSIDE OF THE MAIN CONTROL ROOM

The applicant is expected to identify and describe all control centers outside
of the main control room. This will include drawings, descriptions and related
design studies. The principal topics to be addressed are as follows:

1. Work Space
-

2. Workspace Environment

3. Annunciator Warning Systems

4. Controls

5. Visual Displays

6. Auditory Signal Systems

7. Labels and Location Aids

8. Process Computers

9. Panel Layout

10. Control-Display Integration
*

The applicant will demonstrate that the design of control centers outside the
main control room complies with good HFE practice and applicable portions of
the guidelines in NUREG-0700 (tc be published). The functional relationships
to the main control room will oe established to assure compatability during
all modes of plant oper ',k...

The HFEB review team will review all documents furnished by the applicant
; pertaining to the control centers outside of the main control room. The HFEB
|
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review team will visit the site and audit the control centers and all displays /
controls equipment they contain; measurements and photographs may be taken.

The reviewers will verify that sufficient information is presented in the SARs
and that the final audit has not revealed significant human engineering
deficiencies (HEDs), and that the design is in conformance with good HFE
practice and applicable portions of the guidelines in NUREG-0700 (to be
published). Compatibility of the functional relationships of local control
centers and the main control room will be assessed.

IV STATUS OF ACCEPTANCE CRITERIA

Acceptance criteria will be developed in conjunction with the development of
each subsection of Section 18.0 of the Standard Review Plan. For interim
guidance, applicants may use those documents listed as References as guides to
good HFE practice. Applicants should utilize NUREG-0700 for guidance when it
is published in mid-1981. Evaluation criteria, to be used by HFEB reviewers,
are being developed. These criteria will be issued in conjunction with or
shortly after publication of NUREG-0700.

Table 18.0-1, attached, contains the portions of the Commission's regulations
that will be included in the acceptance criteria developed for each section.
In addition to regulations, references to industry standards, regulatory
guides, applicable NRC publications, and branch technical positions will be
addressed in the accepance criteria.

The HFEB is currently considering the development of Branch Technical Positions
for inclusion as part of Section 18.0 of the Standard Review Plan. The BTPs
often originate as technical problems or questions of interpretation that
arise in the detailed reviews of plant designs. The staff must make a judgment
in each such case, in order to complete its review of the particular applica-
tion. Where the same technical problem or question of interpretation arises
in several cases, the staff's judgment on the point at issue is formalized in
a BTP. The BTP is primarily an instruction to staff reviewers that outlines
an acceptable approach to the particular issue anJ ensures a uniform treatment
of the issue by staff reviewers. The approaches taken in the BTPs, like the
recomtnendations of regulatory guides, are not mandatory, but do provide defined,

! acceptable, and immediate solutions to some of the technical problems and
| questions of interpretation that arise in the review process. In some instances,
| regulatory guides may be developed from BTPs after a sufficient experience in

their use has accumulated.
I

Table 18.0-2 identifies those topics which are potential candidates for inclusion
as BTPs.

|
|

|

O
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Table 18.0-1 Acceptance Criteria for Human Engineering Design

Applicability (SAR Section) Remarks
Criteria Title 18.1 18.2 18.3 18.4 18.5

1. 10 CFR Part 50

a. $50.34 Contents of Application:
Technical Information X X X X X

b. 650.36 Technical Specifications X X X X X

c. 650.55a' Codes and Standards X X X X X

1. General Design Criteria (GDC),
Appendix A to 10 CFR Part 50

a. GDC 1 Quality Standard and Records X X X X X

b. GDC 5 Sharing of Structures, Systems,
and Components X X X X X

c. GDC 13 Instrumentation and Control X X X X X

d. GDC 15 Reactor Coolant System Design X X

e. GDC 19 Control Room X X X X X

f. GDC 26 Reactivity Control System
Redundancy and Capability X X X X



Table 18.0-2 Possible Future Branch Technical Position HFEB*

1. Environment Maintenance

2. Environment, Acoustics

3. Environment, Illumination

4. Control Room Workspace Communications

5. Control Room Workspace, General Layout

6. Control Room Workspace, Work Station Design

7. Control Room Workspace Mirror Imaging

8. Mirror-Imaging of Panels

9. Control / Display Relationship

10. Arrangement of Control / Display Groups

11. Lamp Test
-

12. Color Coding (Lights, Indicators, CRT, C/D Relationship, Subsystem
Delineatiot,

13. Multiunit Control Rooms

14. Types of Auditory Signals / Coding

15. Periodic Testing of Annunciators

16. Alarm First Out Panels

17. Alarm Color Coding

18. Alarm Prioritization

19. Alarm Functional Grouping

20. Alarm Tile Flash Rates

21. Alarm Controls and Locations

22. Functional Grouping of Controls

23. Primary Control Location (Definition of Primary Controls)

24. Control Separation Distances

*The number of BTPs may be reduced by covering a number of topics in a single
BTP. NUREG-0700 will be used until BTPs are developed.
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Table 18.0-2 (continued)
~25. Control Direction of Movement

26. Coding of Controls

27 Control Accidental Activation

28. Display Character Size vs Viewing Distance (Visual Angle)
<

29. Meter Scale Graduations

30. Display Illumination

31. Control Room Workspace Emergency Equipment

32. Control Room Workspace, Storage

33. Visual Displays

34. Controls - Staridardization

35. Controls - Outside the Control Room

36. Panel Layout Consistency & Standardization

37. Control Room Workspace Habitability / Access

38. Clusters of Displays or Controls*
',

~

39. Control / Display Movement Ratio
~'

40. Label Size Graduation

41. Label Orientation

42. Label Location

43. Flash Coding (Lights, CRT)

44. Annunciator " Blank" Titles

, . 45. Annunciator " Dark" Beard Concept
:

; 46. Alarm Controls, Identification
t

, 47. Alarm Title Matrix Icentification

48. Alarm Title Bulb Replacement

49. Alarm Tile Contrast

50. Alarm Window Labeling

51. Annunciator Operations

52. Alarm Title Location ''

18.0-9 Rev. 0 - July 1981
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Table 18.0-2 (continued)

53. Annunciator Tile Readability

54. Normally "On" Alarm Tiles

55. Multi-Input Alarm Tiles

56. Alarm Operation and Diagnostic Procedures

57. "Out of Service" Ala . Tiles
,

s

I 58. Alarm Frequency Range (Preferred)

59. Alarm Signal Intensity

O

O
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