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INTRODUCTION

Section 50.34 of 10 CFR Part 50 requires that each application for
a construction permit for a nuclear reactor facility include a Preliminary
Safety Analysis Report (PSAR) and that each application for a license to
operate such a facility include a Final Safety Analysis Report (FSAR).
Section 50.34 specifies in general terms the ir. formation to be supplied
in these Safety Analysis Reports (SARs). Further information was provided
in a " Guide to the Organization and Contents of Safety Analysis Reports"
issued by the Atomic Energy Commission * on June 30, 1966.

In the course of reviewing applications for construction permits
and operating licenses, the AEC Regulatory staf f found that most SARs as
initially submitted did not provide sufficient information to permit the
staff to conclude its review, and it was necessary for the staff to make
specific requests for additional information. These requests, which are
available in the NRC Public Doctmant Room in the Dockets for individual
cases, are a source of additional guidance to applicants.

In 1970, the Commission instituted a series of Safety Guides to inform
applicants of sol Jtions to specific safety issues that were determined
to be acceptable to the Regulatory staf f and the Advisory Committee on
Reactor Safeguards. In 1971, a new series of Information Guides was
initiated to list needed information that is frequently omitted from appli-
cations.

In Noveinber 1971, the AEC Director of Regulation announced that the
Regulatory staff would make a preliminary review of each application for
a construction permit or an operating license to determine whether suffi-
cient information is included. If it is clear that a responsible effort
has not been made to provide the information needed by the staff for its
review, the licensing review would not be started until the application
is reasonably complete. The Director of Regulation also indicated that
additional guidance would be issued shortly. Accordingly, in February 1972,
the Commission distributed for information and comment a proposed " Standard
Format and Content of Safety Analysis Reports for Nuclear Power Plants."
It provided a standard format for these reports and identified the principal
information needed by the staff for its review. Nur mus comments were
receivea, and a revised document reflecting those comn. its and superseding
both the February 1972 issue and the 1966 guide was issaed in October 1972.

In December 1972, the Commission combined the Safety Guide and Informa-
tion Guide Series to form a new series with an expanded scope. This new
series, designated the Regulatory Guide Series, is intended to provide
guidance to applicants for and holders of all specific licenses or permits
>

The Atomic Energy Commission was abolished by the Energy Reorganization
Act of 1974, which also created the Nuclear Regulatory Commission and
gave it the licensing and related regulatory function of the AEC.
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issued by the Commission. The " Standard Format and Content of Safety
Analysis Reports for Nuclear Power Plants" (Revision 1) issued in October
1972 was later made a part of the Regulatory Guide Series and designated
Regulatory Guide 1.70.

As developments in the nuclear industry ( . curred and changes became
necessary in the Commission's requirements for information on which to
base its findings requisite to the issuance of a permit or license, interim
revisions to specific sections of the Standard Format were issued. These
interim revisions were issued in a subseries of regulatory guides bearing

the designation 1.70.X. Re. story Guides 1.70.1 through 1.70.38 were
issued as the need arose to opjate portions oi Re>ision 1 to the Standard

iFormat. All the changes inc. ded in theso guides were incorporated into
| Revision 2 to the Standard Format, whi i wa, issvW in September 1975.
! Accordingly, Regulatory Guides 1.70.1 thirugh 1. 70 B were withdrawn.

The need for many of the changes that appeared in Revision 2 became
evident during the development of a series of standard revi,_w plans for
the guidance of staf f reviewers who perf orm the detailed saf ety review

Iof applications to construct or operate nuclear power plants. lhe indi-
vidual standard review plans were combined into a single document, " Stand-
ard Review Plan for the Review of Saf ety Analysis Reports for Nuclear

, Power Plants--LWR Edition" (NUREG-75/087), dated September 1975. The
primary purpose of the Standard Review Plan is to improve the quality
and uniformity cf staff reviews and to present a well-defined base from
which to evaluate proposed changes in the scope and requirements of resiews.

'The Standard Review Plan identifies the specific areas of review and the
associated acceptance criteria to guide the staff when reviewing an SAR.

1

IIncorporated into some sections of the Standard Review Plan are Branch
' Technical Positions, which, although less formal than regulatory guides,
! provide acceptable methods for satisfying the acceptance criteria.

Changes were made in the numbering of some Stardard Format sections
in Revision 2 to provide consistency with the corresponding sections of
the Standard Review Plans in order to increase the ef ficiency of the staf f

| review. Revision 3 to the Standard Format incorporates changes made to
ireflect public comments on Revision 2; to improve the consistency of the
Standard Format with existing sections of the Standard Review Plan; to
track recent revisions to the Standard Review Plan; and to provide guide-
lines for identifying and a format for submitting nuclear steam supply
system (NSSS) and balance-of plant (BOP) interf aces f or standard designs.
The purpose of the interf ace guidelines ( Appendix A to the Standard Format)
is to provide that, in such instances when a standard design is ref erenced
by an applicant, the n2cessary safety related interf aces Nill be accounted
for to ensure that systems, structures, and components w: thin the standard
design will perform their intended safety functions.

The principal purpose of the SAR is to inform the Commission of the
nature of the plant, the plans for its use, and the safety evaluations
that have been performed to evaluate whether the plant can be constructed

"
142 306



Revision 3 November 1978

and operated without undue risk to the health and safety of the public.
The SAR is the principal document for the applicant to provide the informa-
tion needed to understand the basis on which this conclusion has been
reached; it is the principal document referenced in the Construction Permit
or Operating License that describes the basis on which the permit or license
is issued; and it is the basic document used by NRC inspectors to determine
whether the f acility is being constructed and operated within the licensed
conditions. Therefore, the infccmation contained in the SAR should be
timely, accurate, complete, and organizod in a format that provides easy
access.

Purpose of Standard Format

The purpose of the Standard Format and Content of Safety Analysis
Reports for Nuclear Fower Plants (hereinafter "Standa"d Format") is to
indicate the information to be provided in the SAR and to establish a
uniform format for presenting the information. Use of this format will
help ensure the completeness of the information provided, will assist
the Commission's staff and others in locating th- information, and will
aid in shortening the time needed for the review p :ess.

Applicability of Standard Format

This Standard Format arilies specifically to SARs for light water-
cooled nuclear power reactors. Two additionai editions of the Standard
Format have been prepared, one for high-temperature gas-cooled reactors
(HiGR Edition) and one for liquid metal f ast breeder reactors (LMFBR Edi-
tion). Copies may be obtained on wr itten request to the U. S. Nuclear
Regulatory Commission, Washington, D.C. 20555, Attention: Director, Divi- |
sion of Technical Information and Document Control.

Use of Standard Format

The Standard Format represents a format for SARs that is acceptable
to the NRC staff. Conformance with the Standard Format, however, is not
required. Safety Analysis Reports with dif ferent formats will be acceptable
to the staff if they provide an adequate basis for the findings requisite
to the issuance of a license or permit. However, because it may be more
dif ficult to locate needed information, the staff review time for such
reports may be longer, and there is a greater likehood that the staff
may regard the report as incomplete.

Upon receipt of an application, t.he NRC staff will perfocm a pre-
liminary review to determine if the SAR provides a reasonably complete
presentation of the information that is needed to form a basis for the
findings required before issuance of a permit or license in accordance
with 10 CFR S 2.101. The Standard Format will be used by the staff as a
guideline to identify the type of information needed unless there is good
reason for not doing so. If the SAR does not provide a reasonably complete
presentation of the necessary information, f urther review of the application

iii
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will not be initiated until a reasonably complete presentation is provided.
The information provided in the SAR should be up te date with respect to
the state of technology for nuclear power plants and should take into
account recent changes in the NRC regulations and guides anJ in industry
codes and standards, results of recent developments in nuclear reactor
safety, and experience in the construction and operation of nuclear power
plants.

The Standard Format should be used for both Preliminary Safety
Analysis Reports and Final Safety Analysis Reports; however, any specific
item that applies only to the FSAR will be indicated in the text by adding
(FSAR) at the end of the quidance for that icem. An entire section that
is applicable only to the FSAR will be indicated by including (FSAR) follow-
ing the heading.

Style and Composition

The applicant should strive for clear, cencise presentations of the
information provided in the SAR. Confusing or ambiguous statements and
unnecessarily verbose descriptions do not contribute to expeditious tech-
nical review. Claims of adequacy of designs or design methods should be
supported by technical bases.

The SAR should follow the numbering system and headings of the
Standard Format at least to the headings with three digits, e.g., 2.4.2
Floods.

Appendices to the SAR should be used to provide supplemental infor-
mation not explicitly identified in the Standard Format. Examples of
such information are (1) summaries of the manner in which the applicant
has treated matters addressed in NRC Regulatory Guides or proposed regula-
tions and (2) supplementary information regarding calculational methods
or design approaches used by the applicant or its agents.

Duplication of information should be avoided. Similar or identical
information may be requested in various sections of the Standard Format
because it is relevant to more than one portion of the plant; however,
this information should be presented in the princip31 se-tion and appro-
priately referenced in the other applicable sections of the SAR. For
example, where piping and instrumentation diagrams for the same systeni
are requested in more than one section of the Standard Format, duplicate
diagrams need not be submitted provided all the information requested in
all sections is included on the diagrams and is approoriateiy identified
and referenced.

The design information provided in the SAR should reflect the most
advanced state of design at the time of submission. If certain information
identified in the Standard Format is not yet available at the time of
submission of a PSAR because the design has not progressed sufficiently
at the time of writing, the PSAR should provide the criteria and bases

iv
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being used to develop the required information, the concepts and alter-
natives under consideration, and the schedule for completion of the design
and submission of the missing information. In general, the PSAR should
describe the preliminary design of the plant in suf ficient detail to enable
a definitive evaluation by the staff as to whether the plant can be con-
structed and operated without undue risk to the health and safety cf the
public.

Changes from the criteria, design, and bases set forth in the PSAR,
as well as any new criteria, designs, and bases, should be identified in
the FSAR. The ieasons for and safety significance of each change should
be discussed. The FSAR should describe in detail the final design of
the plant as sonstructed.

Where numerical values are stated, the number of significant figures
given should reflect the accuracy or precision to which the number is
known. Where possible, estimated limits of error or uncertainty should
be given.

Abbreviations should be consistent throughout the SAR and should be
consistent with generally accepted usage. Any abbreviations, symbols,
or special terms unique to the proposed plant or n- in general usage
should be defined in each chapter of the SAR where '.ne) 'e used.,

Drawings, maps, diagrams, sketches, and charts should be employed
where the information can be presented mne adequately or co'm..:stly
by such means. Due concern should be tak?n to ensure that ali informa-
tion presented in drawings is legible, s3mbols are defined, anu uranings
are not reduced to the extent that visual aids are necessary to interpret
pertinent items of information presented i the drawings.

Reports or other documents that are referenced in the text of the
SAR should be listed at the end of the section in which they are refer-
enced. In cases where proprietary dcments are referenced, a nonpropri-
etary summary of the document should also be referenced. Material incor-
porated into the application by refetcnce should be listed in Chapter 1
(see Section 1.6 of the Standard Format).

Revisions

Data and text should be updated or revised by replacing pages. " Pen
and ink" or " cut and paste" changes should not be used.

The changed or revised portion on each page should be highlighted
by a " change indicator" mark consisting of a bold vertical line drawn in
the margin opposite the binding margin. The line should be the same length
as the portion actually changed.

All pages submitted to update, revise, or add pages to the report
should show the date of change and a change or an.endment number. A guide

v
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page listing the pages to be inserted and the pages to be removed should
accompany the reviseo pages.

All statements on a revised page should be accurate as of the date
of the submittals.

Special care should be made to ensure that the main sections of the
report are revised to reflect any design changes reported in supplemental
information, i.e., responses to NRC staff requests for information or
responses to regulatory positions.

Physical Specifimations

All material submitted as part of ttm Safety Analysis Report should
conform to specific standards as to the physical dimensions of page size,
quality of paper and inks, and number of pages, exhibits, and attachments.
More specifically:

1. Paper Size (not to exceed)

Text pages: 8-1/2 x 11 inches.

Drawings and graphics: 8-1/2 x 11 inches preferred; however, a larger
size is acceptable provided:

a. the bound side does not exceed 11 inches except where required
for legibility, and

b. the f:nished copy when folded does not exceed 8-1/2 x 11 inches.

2. Paper Stock

Weight or substance: 20 pound for printing on both sides.
16 to 20 pourim f or printing on one side only.

Composition: wood chemical sulpitite (no groundwood) and a pH of 5.S.

Color: white is preferred, but pastel colors are acceptable provided
the combination of paper stock and ink is suitable for
microfilming.

3. Ink

Color suf ficiently dense to record on microfilm or image-copying
equipment.

4. Page Margins

A margin of no lees than one inch should be maintained on the top,
bottom, and binding side of all pages.

\ n M' 0AL -
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5. Printing

Composition: text pages should be single spaced.

Iype font and style: must be suitable f or microf ilming.

Reproduction: may be mechanically or photograph;cally reproduced.
Text pages should preferably be printed on two sides with the image
printed head to head.

6. Binding

Pages should be punched for standard 3-hole loose-leaf binder.

7. Page Numbering

Pages should be numbered with the two digits corresponding to the
chapter and first-level section numbers followed by a hyphen and a
sequential number within the section, i.e., the third page in Sec-
tion 4.I of Chapter 4 should be numbered 4.1-3. Do not numbei the
entire report sequentially. (Note that because of the small number
of pages in many sections, this Standard Format is numbered
sequentially within each chapter. )

@
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INTRODUCTION AND GENERAL DESCRIPTION OF PLANTi.

The first chapter of the SAR should present an introduction to the
report and a general description of the plant. This chapter should enable
the reader to obtain a basic understanding of the overall facility without
having to refer to the subsequent chapters. Review of the detailed chapters
that follow can then be accomplished with better perspective and with
recognition af the relative safety importance of ea.5 individual item to
the overall olant design.

1.1 Introduction

This section should present briefly the principal aspects of the
overall application, including the type of license requested, the number
of plant units, a brief description of the proposed location of the plant,
the type of the nuclear steam supply system and its designer, the type
of containment structure and its designer, the core thermal power levels,
both rated and design,* and the corresponding net electrical output for
each thermal power level, the scheduled completion date, and the antici-
pated commercial operation date for each unit.

1.2 General Plant Description

This section should include a summary description of the principale characteristics of the site and a concise description of the plant. The
plant description should include a brief discussion of the principal design
criteria, operatir.g characteristics, and safety considerations for the
nuclear steam supply system; the engineered safety features and emergency
systems; the instrumentation, control, and electrical systems; the power
conversion system; the fuel handling and storage systems; the cooling
water and other auxiliary systems; and the radioactive waste management
system. The general arrangement of major structures and eQJipment should
be indicated by the use of plan and elevation drawings in suf'icient number
and det.il to provide a reasonable understanding of the general layout
of the plant. Those features of the plant likely to be of special interest
because of their relationship to safety should be identified. Such items
as unusual site characteristics, solutions to particularly difficult
engineering problems, and significant extrapolations in technology repre-
sented by the design should be highlighted.

* Rated power is defined as the power level at which the plant would be
operated if licensed. Design power is defined as the highest power
level that would be permitted by plant design and that is used in
some cafety evaluations.
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1.3 Comparison Tables

1.3.1 Comparisons with Similar Facility Designs

This section should provide a summary of suf ficient detail to identify
the principal similarities to other nuclear power plants (preferably plants
already designed, constructed, or operated) and principal differences
from such plants. Such comparisons may be limited to those plants or
portions of plants designed or built by the nuclear steam system supplier,
the architect engineer, 01 the applicant. This information should be
provided in tabular form with cross refe ences to the sections of the
SAR that fully describe the similarities and dif ferences. This comparison
should not be restricted to a comparison of the reactor design parameters,
but should include all principal features of the plant sucn as the
engineered safety features, the containment concept, the instrumer.tation
and electrical systems, the radioactive waste management system, and other
principal systemc.

1. 3. 2 Comparison of Final and Preliminary Information (FSAR)

The (SAR should be complete without reliance on the PSAR. In an
FSAR, tables should be provided to identify clearly all the significint
changes that have been made in the plant since submittal of the PSAR.
Each item should be cross-referenced to the section in the FSAR that
describes the changes and the reasons for them.

1.4 Identification of Agents and Contractors

This section should identify the prime agents or contractors for
the design, construction, and operation of the nuclear power plant. The
principal consultants and outside service organizations (such as those
providing audits of the quality assurance program) should be identified.
The division of responsibility between the reactor designer architect-
engineer, constructor, and plant opcrator should be delineated.

1.5 Requirements for Further Technical Information

This section of the PSAR should identify, describe. and discuss those
safety features or components for which further technical information is
required in support of the issuance of a construction permit, but which
has not been supplied in the PSAR. This section of the PSAR should:

1. Identify and distiaguish between those technical information
development programs that will be required to determine the adequacy of
a new design and those that will be used to demonstrate the margin of
conservatism of a proven design,

2. Describe the specific technical inft. 'mation that must be obtained
to demonstrate acceptable resolution of the pr ulems,

@
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3. Describe the program in suf ficient detail to show how the ir. forma !
tion will be obtained, or cross-reference those sections of the PSAR in {
which this information is provided, ,

4. Provide a schedule of completion of the program as related to
the projected startup date of the proposed plant, and

5. Discuss the design alternatives or operational restrictions
available in the event that the results of the program do not demonstrate
acceptable resolution of the problems.

Reference may be made to topical program summary report 3 filed with
the NRC; however, if such references are made, the applicability of each
technical information development item to the applicant's plant shculd
be discussed.

In the FSAR, this section should include a resumC of special technical
information development programs undertaken to establish the final design
and/or demonstrate the conservatism of the design and a discussion of
any programs that will be conducted during operation in order to demonstrate
the acceptability of contemplated future changes in design or modes of
operation.

1.6 Material Incorporated by Reference

9 This section should provide a tabulation of all topical reports that
are incorporated by reference as part of the application. In this context,
" topical reports" are defined as reports that have been prepared by reactor
manufacturers, architect-engineers, or other organizations and filed
separately with the NRC in support of this application or of other applica-
tions er product lines. This tabulation should include, for each topical
report, the title, the report number, the date submi'.ted to the NRC (or
AEC), and the sections of the SAR in which this report is referenced.
For any topical reports that nave been withhelo from public disclosure
pursuant to Section 2.790(b) of 10 CFR Part 2 as proprietary documents,
nonproprietary summary descriptions of the general content of such reports
should also be referenced. This section should also include a tabulation
of any documents submitted to the Commission in other applications that
are incorporated in whole or in part in this application by reference.
If any information submitted in connection with other applications is
incocporated by reference in this SAR, sumcaries of such inf ormation shnuld
be included in appropriate sections of this SAR.

Results of tests and analyses may be submitted as separate reports.
In such cases; these reports should be referenced in this section and
summarized in the appropriate section of the SAR.

m .m.
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1.7 Drawings and Other Detailed Information

1.7.1 Electrical, Instrumentation, and Control Drawings (FSAR)

The FSAR should include a list of proprietary and nonproprietary
electrical, instrumentatier, and control (El&C) drawings, including drawing
number, title, revision number, and date. The list should be revised as
necessary to conform to drawing revisiors. Three copies of all proprietary
and nonproprietary EI&C drawings, including revisions as they are issued,
should be provided separate from the FSAR but incorporated by reference
in this section.

1. 7. 2 Piping and Instrumentation Diagrams

For each piping and instrumentation diagram (including revisiuns as
issued) in the SAR, two large-scale copies (approximately 22 in. x 34
in.) should be provided separately but should be referenced in this section.

piping and instrumentation diagrams should contain grid coordinates,9

and drawing cross-references.

i . 7. 3 Other Detailed Information

This section of the SAR should include a list nf other specific data
submitted in response to requests of the NRC staff, including card decks
for computer codes, computer printouts, and detailed geologic, seismologic,
and foundation engineering information. Three copies of each such item
should be submihed separately but should be referenced in this section.

1.8 Conformance to NRC Regulatory Guides

The SAR should include a table indicatii.g the exter,t to which the
applicant intends to comply with all applicable NRC regulatory guides
and the revision number of those guides. For each applicable regulatory
guide, the table should |dentify those sections of the SAR to which the
guide applies and should indicate any proposed exccptions to the regula-
tory position.

1.9 Standard Designs

1.9.1 Interfaces

For standard designs, this section cf the SSAR should provide a listing
of the NSSS-80P safety related interfaces and should identify the sections
in the SSAR where descriptions of these interfaces are presented.

1.9.2 ixceptions

In this section of the SAR, the applicant should (1) clearly identify
and describe any exceptions taken to the approved standard design in the
referenced SSAR and (2) reference the appropriate section in the SAR where

1-4

1 A ') 71r
I 't C Jl)



Revision 3 November 1978

@
the detailed description of the component, system, or structure and the
justification for the exception may be found. Portions of the SAR that
contain exceptions to the referenced SSAR shoulo be clearly identified
by means of delineators such as marginal notation or pages of different
color.

O
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2. SITE CHARACTERISTICS

This chapter of the SAR should provide information on the geological,
seismological, hydrological, and meteorological characteristics of the
site and vicinity, in conjunction with present and projected population
distribution and land use and site activities and controls. The purpose
is to indicate how these site characteristics have influenced plant design

and operating criterie and to show the adequacy of the site characteristics
from a safety viewpoint.

2.1 Geography and Demography

?,1.1 Site Location and Description

2.1.1.1 Specification of Location. The location of each reactor
at the site should be specified by latitude and longitude to the nearest
second and by Un.' versal Transverse Mercator Coordinates (Zone Number,
Northing, and Easting, as found on USGS topographical maps) to the nearest
100 meters. The State and county or other political subdivision in which
the site is located should be identified, as well as the location of the
site with respect to prominent natural and man-made feature: such as rivers
and lakes.

2.1.1.2 Site Area Map. A map of the site ar ea of suitable scale
(with explanatory text as necessary) should be included. It should clearly
show the following.

1. The plant property lines. The area of plant property in acres
should be stated.

2. Location of the site boundary. If the site boundary lines are
the same as the plant property lines, this should be stated.

3. The location and orientation of principal plant structures within
the site area. Principal structures should be identified as to function
(e.g. , reactor building, auxiliary building, turbine building).

4. The location e any industrial, commercial, institutional, recrea-
tional, or residential structures within the site area.

5. The boundary lines of the plant exclusion area (as defined in
10 CFR Part 100). If these boundary lines ar e the same as the plant
property lines, this should be stated. The minimum distance from each
reactor to the exclusion area boundary should be shown and specified.

A

" Site" means the contiguous real estate on which nuclear facilities
are located and for which one or more licensees has the legal right
to control access by individuals and to restrict land use for purposes
of limiting the potential doses from radiation or radioactive materir.1

@ during normal operation of the facilities.
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6. A scale that will permit the measurement of distances with

reasonable accuracy.

7. True north.

8. Highways, railways, and waterways that traverse or are
adjacent to the site.

2.'.l.3 Boundaries for Establishing Effluent Release _imits. The
site description should define the boundary lines of the restricted area
(as defined in 10 CFR Part 20) and should describe how access to this
area is controlled for radiation protection purposes, including how the
applicant will be made aware of individuals entering the area and will
control such access. If it is proposed tnat limits higher than those
established by S 20.106(a) (and related as low as is reasonably achievable
provisions) be set, the information required by 6 20.106 should be sub-
mitted. The site map discussed above may be used to identify this area,
or a separate map of the site may be used. Indicate the location of the
boundary line with respect to the water's edge of nearby rivers and lakes.
Distances from plant effluent release points to the boundary line should
be clearly defined.

2.1.2 Exclusion Area Authority and Control

2.1.2.1 Authority. The application should include a specific
description of the applicant's legal rights with respect to all areas
that lie within the designated exclusion area. The description should
establish, as required by paragraph 100.3(a) of Part 100, that the appli-
cant has the authority to determine all activities, including exclusion
and removal of personnei and property from the area. The status of mineral
rinhts and easements within this area should be addressed.

If ownership of all land within the exclusion area has not been obtained
by the applicant, those parcels of land not awned within the area should
be clearly described by means of a scaled map of the exclusion area, and

| the status of proceedings to obtain ownership or the required authority
over the land for the life of the plant should be specifically described.
Minimum distance to and direction of exclusion area boundaries should be
given for both present ownership and proposed ownership. If the exclu-
sion area extends into a body of water, the application should specif-
ically aduress the bases upon which it has been determined that the
authority required by paragraph 100.3(a) of Part 100 is or will be held
by the applicant.

2.1.2.2 Control of Activities Unrelated to Plant Operation. Any
activItles unrelated to plant operation which are to be permitted within
the exclusion area (aside from transit through the area) should be des-
cribed with respect to the nature of such activities, the number of
persons engaged in them, and the specific locations within the exclusion
area where such activities will be permitted. The application should
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describe the limitations to be imposed on such activities and the proce-
dure to be followed to ensure that the plant staff has general knowledge
of the nurber and location of persons within the exclusion area engaged
in such activities. An estimate should be provided of the time required
to evacuate all such persons from the area in order that calculations
can be made of radiation doses resulting from the accidents postulated
in Chapter 15.

2.1.2.3 Arrangements for Traffic Control. Where the exclusion area
is traversed by a highway, railway, or waterway, the application should
describe the arrangements made or to be made to control traf fic in the
event of an emergency.

2.1.2.4 Abandonment or Relocation of Roads. If there are any public
roads traversing the proposed exclusion area which, because of their 'oca-
tion, will have to be abandoned or relocated, specific information shoula
be provided regarding authority possessed under state laws to effect
abandonment; the procedures that must a followed to achieve abandonment;
the identity of the public authorities who will :.ake the final determina-
tion; and the status of the proceedings corrpleted to date to obtain
abandonment. If a public hearing is required prior to abandonment, the
type of hearing should be specified (e.g., legislative or adjudicatory).
If the public road will be relocated rather than abandoned, specific
information as described above should be provided with regard to the
relocation and the status cf obtaining any lands required for relocation.

2.1.; Population Distribution

Population data presented should be based on the 1970 census data
and, where available, more recent census data. The f ollowing information
should be presente1 on population distribution.

2.1.3.1 Population Within 10 Miles. On a map of suitable scale
that identifies places of significant population grouping such as cities
and towns within a 10-mile radius, concentric circles should be drawn,
with the reactor at the center point, at distances of 1, 2, 3, 4, 5, and
10 miles The circles should be divided into 22-1/2-degree agments with
each regment centered on one of the 16 compass points (e.g., true north,
north-northeas h northeast). A table appropriately keyed to the map should
provide the current residential population within each area of the map
formed by the concentric circles and radial lines. The same table, or
separate tables, should be used to provide the projected populatio,' within
each area for (1) the expected first year of plant operation and (2) by
census decade (e.g., 1990) through the projected plant life. lne tables
should provide population to'.als for each segment and annular ring, and
a total for the 0 to 10 miles enclosed population. The basis for popula-
tion projections should be described.

2.1.3.2 Population Between 10 and 50 Miles. A map of suitable scale
and appropriately keyed ta t' l e s should be used in the same manner as
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described above to describe the population and its distribution at 10-mile
intervals between the 10- and 50-mile radii f rom the reactor,

2.1.3.3 Transient Population. Seasonal and Jaily variations in
population and population distribution resulting from land uses such as
recreational or industrial should be generally described and appropriately
keyed to the areas and population numbers contained on the maps and tables
of paragraphs 2.1. 3.1 and 2.1.3.2. If the plant is located in an area
where significant population variations due to transient land use are
expected, additional tables of population distribution should be provided
to indicate peak seasonal and daily populations. The additional tables
should cover projected as well as current populations.

2.1.3.4 Low Population Zone. The low population zone (as defined
in 10 CFR Part 100) should be specified and the basis for its selection
discussed. A scaled map of the zone should be provided to illustrate
topographic features; highways, railways, waterways, and any other trans-
portation routes that may be used for evacuation purposes; and the location
of all facilities and institutions such as schools, hospitals, prisons,
beaches, and parks. Facilities and institutions beyond the iow population
zone which, because of their nature, may require special consideration
when evaluating emergency plans, should be identified out to a distance
of five miles. A table of population distribution within the low popula-
tion zone should provide estimates of peak daily, as well as seasonal
transient, population sithin the zone, including estimates of transient
population in the f acilities and institutions identified.

2.1.3.5 Population Center. The nearest population center (as defined
in 10 CFR Part 100) should be identified and itc population and its direc-
tion and distance f rom the reactor speci fied. The di ,tance f rom the reactor
to the nearest boundary of the population center (not necessarily the
political boundary) should be related to the low population zone radius
to demonstrate compliance with Part 100 guidelines. The bases for the
boundary . elected should be proviced. Indicate the extent to which tran-
sient population has been considered in establishing the population center.
In addition to specifying the distance to the nearest boundary of a popula-
tion cent"r, discuss the present and projected population distribution
and population dentity within and adjacent to local population groupings.

2.1.3.6 Population Density. The cumulative resident population
projected for the year of initial plant operation should be plotted to a
disti.nce of at least 30 miles and compared with a cumulative populaticn
resulting f rom a uniiorm population density of 500 peopie/sq. mile in
ali directions from the plant. Similar information shouid be provided
for the end of plant life but compared with a cumulative population
resulting f rom a uniform population density of 1000 people /sq. mile.

Q
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2.2 Nearby Industrial, Transportation, and Military Facilities

The purpose of this section is to estaolish whether the effects of
potential accidents in the vicinity * of the site from present and projected
industrial, transportation, and military installations and operations
should be used as design basis events for plant design and to establich
the design parameters related to the accidents so selected.

2.2.1 Locatioas and Routes

Provide maps showing the location and distance from the nuclear plant
of all significant manufacturing plants; chemical plants; refineries;
storage facilities; mining and quarrying operations; militery bases; missile
sites; transportation routes (air, land, and water); transportation facil-
ities (docks, anchorages, airports); oil and gas pipelines, drilling opera-
tions, and wells; and underground gas storage f acilities. Show any other
facilities that, because of the products manufactured, stored, or trans-
ported, may require consideration with respect to possible adverse ef fects
on the plant. Also, show any military firing or bombing ranges and any
nearby aircraf t flight, holding, and landing patterns.

The maps should be clearly legible and of suitable scale to enable
easy location of the facilities and routes in relation to the nuclear
plant. All symbols and notations used to depict the location of the
facilities and routes should be identified in legends or tables. Topo-
graphic features should be included on the maps in sufficient detail to
adequately illustrate the information presented.

2.2.2 Descriptions

The descriptions of the nearby industrial, transportation, and
military facilities identified in 2.2.1 should include the information
indicated in the following sections.

2.2.2.1 Description of Facilities. A concise description of each
facility, including its primary function and major products and the number
of persons employed, should be provided in tabular form.

2.2.2.2 Description of Products and Materials. A decerir. tion of
the products and materials regularly manufactured, stored, used, or trans-
portc in the vicinity of the nuclear plant should be provided. Emphasis
should be placed on the identification and description of any hazardous
materials. Statistical data should be provided on the amounts involved,
modes of transportation, frequency of shipment, and the maximum quantity
of hazardous material likely to be processed, stored, or transported at
any given time. The applicable toxicity limits should be provided for
each hazardous material.
A

All facilities and activities within five miles of the nuclear plant should
be considered. Facilities and activities at greater distances should be
included as appropriate to their significance.
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2.2.2.3 Pipelines. For pipelines, indicate the pipe size, pipe

age, operating oressure, cepth of burial, location and type of isolation
valves, and the type of gas or liquid presently carried. Indicate
whether the pipeline is used for gas storage at higher than normal
pressure and discuss the possibility of the pipeline being used in the
future to carry a different product than the one presently being carried
(e.g. , propane instoad of natural gas).

2.2.2.4 Waterways. If the site is located adjacent to a navigable
waterway , prov ide information on the location of the intake structure (s)
in relation to the shipping channel, the depth of channel, the location
of locks, the type of ships and barges using the wa'.erway, and any nearby
docks and anchorages.

2.2.2.5 Airports. For airports, provide information on length and
orientation of runways, type of aircraft using the facility, the number
of operations per year by aircraft type, and the flying patterns asso-
ciated with the airport. Plans for future utilization of the airport,
including possible construction of new runways, increased traffic, or
util)?ation by larger aircraft, should bc provided. In addition,
statistics on aircraf t accidents * should be provided for:

1. All airports within five miles of the nuclear plani.,

2
2. Airports with projected operations greater than 500d move-

ments per year within 10 miles,** and
2

3. Airports with projected operations greater than 1000d move-
ments per year outside 10 miles.**

Provide equivalent information describing any other aircraft activ-
ities in the vicinity of the plant. These should include aviation routes,
pilot traini.1g areas, and landing and approach paths to airports and
military facilities.

2.2.2.6 Projections of Industrial Growth. For each of the above
categnries, provide projections of the growth of present activities and
new types of activities in the vicinity of the nuclear plant that can be
renonably expected based on economic growth projections for the area.

2.2.3 Evaluation of Potential Accidents

On t.:e basis of the information provided in Sections 2.2. I and .m,

the potential accidents to bc considered as design basis events should
be determined and the potential ef fects of these accidents on the nut. lear

s
An analysis of the probability of ar aircraf t collision at the nuclear plant
and the effects of the collis h the safety-related components of the
plant should be provided in Sect. ion 3.5.

sn
"d" is the distance in miles from the site.
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@ plant should be identified in terms of design parameter (e.g., overpres-
sure, missile energies) or physical phenomena (e.g., concentration of
flammable or toxic cloud outside building structures).

2.2.3.1 Determination of Design Basis Events. Design basis events
external to the nuclear plant are defined as those accidents that have a
probability of occurrence on the order of about 10-7 per year or greater
and have potential consequences serious enough to af fect the safety of
the plant to the extent that Part 100 guidelines could be exceeded. The
determination of the probability of occurrence of potential accidents
should be based on an analysis of the available statistical data on the
frequency of occurrence for the type of accident under consideration and
on the transportation accident rates for the mode of transportation used
to carry the hazardous material. If the probaoility of such an accident
is on the order of 10-7 per year or greater, the cccident should be con-
sidered a design basis event, and a detailed analysis of the effects of
the accident on the plant's safety-related structures and components should
be provided. The accident categories discussed below should be considered
in selecting design basis events.

1. Explosions. Accidents involving detonations of high explosives,
munitions, chemicals or liquid and gaseous fuels should be considered
for facilities and activities in the vicinity of the plant where such
materials are processed, stored, used, or transp arted in quantity. Atten-
tion should be given to potential accidental expiosions that could produce
a blast overpressure on the order of 1 psi or greater at the nuclear plant,
using recognized quantity-di stance relationships. * Missiles generated
in the explosion should also be considered, and an analysis should be
provided in Section 3.5.

2. Flamniable Vapor Clouds (Delayed Ignition). Accidental releases
of flammable liquids or vapors that result in the formation of unconfined
vapor clouds should be considered. Assuming that no immediate explosion
occurs, the extent of the cloud and the concentrations of gas that could
reach the plant under " worst-case" meteorological conditions should be
determined. An evaluation of the effects on the plant of detonation and
deflagration of the vapor cloud should be provided. An cnalysis of the
missiles generated as a result of the detonation should be provided in
Section 3.5.

3. Toxic Chemicals. Accidents involving the release of toxic chem-
icals (e.g., chlorine) from onsite storage facilities and nearby mobiie
and stationary sources should be considered. If toxic chemicals are known
or projected to be present onsite or in the vicinity of a nuclear plant
or to be frequently transported in the vicinity of the plant, releases

A

One acceptable reference is the Department of the Army Technical Manual
TM S-1300, " Structures to Resist the Effects of Accidental Explosions,"
for sale by Superintendent of Documents, U.S. Government Printing Office,
Washington, D.C. 20402.
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of these chemicals should be evaiuated. For each postula+ed event, a
range of concentrations at the site should be determined for a spectrum
of meteorological condi tions. These toxic chemical concentrati,ns should
be used in evaluating control room habitability in Section 6.4.

4. Fires. Accidents leading to high heat fluxes or to smoke, and
nonflammable gas- or chemical-bearing clouds f rom the release of materials
as the conseqt'ence of fires in the vicinity of the plant should be consid-
ered. Fires in adjacent industrial and chemical plants and storage f acili-
ties and in oil and gas pipelines, bruah and forest fires, and fires f rom
transportation accidents should be evaluated as events that could lead
to high heat fluxes or to the formation of such clouds. A spectrum of
meteorological conditions should be included in the dispersal analysis
when determining the concentrations of nonflammable material that could
reach the site. These concentrations shculd be used in Sect ion 6.4 to
evaluate control room habitability and in Section 9.5 to evaluate the
operaoility of diesels and other equipment.

5. Collisions with intake Structure. For nuclear power plant sites
located on navigable waterways, the evaluation should consider the prcba-
Dility and potential effects of impact on the plant cooling water intake
structure and enclosed pumps by the various size, weight, and type of
barges or ships that normally pass the site, including any explosions
incident to the collision. This analysis should be used in Section o.2.5
to determine whether an additional source of cooling water is required.

6. Liquid Spills. The accidental release of oil or liquids which
may be corrosive, cryogenic, or coagulant snould be considered to ceter-
mine if the potential exists for such liquids to be drawn into the plant's
intake structure and circulating water system or otherwise to affect the
plant's safe operation.

2.2.3.2 Effects of Dec.ign Basis Events. Provide the analysis of
the effects of the design Dr.is accidents identified in Section 2.2.3.1
on the saf ety-related corr, rents of the nuclear plant and discuss the
steps taken to mitigate tne consequences of these accidents, including
such things as the addition of engineered-safety-feature equipment and
reinforcing of plant structures, as well as the provisions made to lessen
the likelihood and severity of the accidents themselves.

2.3 Meteorolc q

Ihis section should provide a meteorological description of the site
and its surrounding areas. Sufficient data should be included to permit
an independent evaluation by the staf f.

2.3.1 R_egional Climatology

2.3 ',1 General Climate. The general c1imate of the region should
be descrised with respect to types of air masses, synoptic features (high-
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and low pressure systems and frontal systems), general airflow patterns
(wind direction and speed), temperature and humidity, precipitation (rain,
snow, and sleet), and relationships between synoptic-scale atmospheric
processes and local (site) meteorological conditions. Provide references
that indicate the climatic atlases and regional climatic summaries used.

2.3.1.2 Regional Meteorological Conditions for Design and Operating
Basec. Seasonal and annual f requencies of severe weather phenomena, includ-
ing hurricanes, tornadoes and waterspouts, thunderstorms, lightning, hail,
and high air pollution potential, should be provided. Provide the probable
maximum annual frequency of occurrence and time duration of f reezing rain
(ice storms) and cust (sand) storms where applicable. Provide stimates
of the weight of the 100 year return period snowpack and the weight of
the 48-hour Probable Maximum Winter Precipitation for the site vicinity.
Using the above estimates, provide the weight of snow and ice on the roof
of each safety-related structure.

Provide the meteorological data used for evaluating the performance
of the ultimate heat sink with respect to (1) maximum evaporation and
drift loss and (2) minimum water cooling (see Regulatory Guide 1.27,
" Ultimate Heat Sink for Nuclear Power Plants"). The period of record
examined should ce identified, and the bases and procedures used for selec-
tion of the critical meteorological data should be provided and justified.

Provide design basis tornado parameters, including translational
speed, rotational speed, maximum pressure dif ferential with its asso-
ciated time interval (see guidance in Regulatory Guide .76, " Design
Basis Tornado for Nuclear Power Plants"), and 100 year return period
" fastest mile of wind," including vertical distribution of velocity and
appropriate gust factor.

Provide all other regional meteorological and air quality condition _
used for design and operating basis considerations and their bases. Refer-
ences to SAR sections in which these conditions are used should be included.

2.3.2 Local Meteorology

2.3.2.1 Normal and Extreme Values of Meteorological Parameters.
Provide monthly and annual summaries (based on both long-term data from
nearby reasonably representative locations and shorter-term onsite data) '
of:

1. Monthly and annual wind roses using the wind speed classes pro-
vided in Regulatory Guide 1.23 (Safety Guide 23), "Onsite Metecrological
Programs," and wind direction persistence summaries at all heights at
which wind characteristics data are aoplicable or have been measured.

2. Monthly and annual air temperature and dewpoint temperature
summaries, including averages, measured extremes, and dicrnal range.
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3. Monthly and annual extremes of atmospheric water vapor (absolute
and relative) including averages, measured extremes, and diurnal range.

4. Monthly and annual summaries of precipitation, including averages
and measured extremes, number of hours with precipitation, rainfall rate
distribution, (i.e. , maximun 1 hr, 2 hr, , 24 hr) and monthly precipita-
tion wirt roses with precipitation rate classes.

5. Monthly and annual summaries of fog (and smog), including expected
values and extremes of frequency and duration.

6. Monthly and annual summaries of atmospheric stability defined
by vertical temperature gradient or other well-documented parameters that
have been substantiated by dif fusion data.

7. Monthly mixing height data, including f requency and duration
(persistence) of inversion conditions.

8. Hourly averages of wind speed and direction at all heights at
which wind characteristics data are applicable or have been measured and
hourly _ ; rages of atmospheric stability as defined by vertical temper-
ature gradient or other well-documented parameters that have been substan-
tiated by dif f usion data. (These data should be presented as hour-by-hour
data on magnetic tape or monthly and annual joint frequency distributions
of wind speed and wind direction by atmospheric stability. )

This information should be fully documented and substantiated as to
the validity of its representation of conditions at and near the site.
References should be provided to the National Weather St vice (NOAA)
station summaries from nearby locations and to other meteocological data
that were uced to describe site characteristics.

2.3.2.2 Potential Influence of the Plant and Its Faci'ities on Local
Meteorology. Discuss and provide an evaluation of the potential modifica-
tion of the normal and extreme values of meteorological parameter described
ja Section 2.3.2.1 above as a result of the presence and operation of
the plant (e.g., the influence of cooling towers or water impoundment
features on meteorological conditions). Provide a map showing the detailed
topographic features (as modified by the plant) within a 5-mile (3.1 km)
radius of the plant. Also provide a smaller scale map showing topcgraphy
within a 50-mile (80 km) radius of the plant as well as a plot of maximum
elevation versus distance from the center of the plant in each of the
sixteen 22-1/2-deg ee compass point sectors (centered on true north, north-
ncrtheast, northeast, etc.) radiating fr the plant to a distance of 50

miles (80 km).

2.3.2.3 Local Meteorological Conditions for Design and Operating
Bases. Provide all local meteorological and air quality conditions used
f or design and operating basis considerations and their bases, except

O
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for those conditions referred to in Cections 2.3.4 and 2.3.5. References
should be included to SAR sections in which these conditions are used.

2.3.3 Onsite Meteorological Measurements Program

The preoperational and operational programs for meteorological measure-
ments at the site, including offsite satellite facilities, should be
described. This description should include measurements made, locations
and elevations of measurements, exposure of instruments, descriptions of
instruments used, instrument performance specifications, calibration and
maintenance procedures, data output and recording systems ano' locations,
and data analysis procedures. Additional sources of meteorciogical data
for consideration in the description of airflow trajectories from the
site to a distance of 80 km should be similarly described in as much
detail as possible, particularly measurements made, locations and eleva-
tions of measurements, exposure of instruments, descriptions of instru-
ments used, and instrument performance specifications. These additional
sources of meteorological data may include National Weather Service
s'.ations and other meteorological programs that are weli nintained and
well exposed (e.g., other nuclear facilities, universi+, Lnd private
weteorological programs). Guidance on acceptable onsite .1:eteorological
programs is presented in Regulatory Guide 1.23.

Provide joint frequency distributivas of wind speed and directionO by atmospheric stability class (derived from currently acceptable param-
eters), based on appropriate meteorological measurement haid.cs and data
reporting periods, in the format described in Regulatory Guide 1.23. An
hour-by-hour listing of hourly-averaged parameters should also be provided
on magnetic tape.

For the PSAR, at least one annual cycle of onsite meteorological
data should be provided at docketing. If adequate meteorological data
are not available at docketing, the best available (onsite and offsite)
data to describe atmospheric dispersion characteristics should be pro-
vided. Adequate onsite meteorological data must be provided prior to or
with the scheduled response to the first set of staff requests for addi-
tional information.

For the FSAR, at least two consecutive annual cycles (and preferably
three or more whole years), including the most recent one year period,
should be provided at docketing.

Evidence should be provided to show how well these data represent
long-term conditions at the site.

2.3.4 Short-Term Diffusion Estimates

2.3.4.1 Objective. Provide conservative and realistic estimates
of atmospheric diffusion (X/Q) at the site boundary (exclusion area) and
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at the outer boundary of the low population zone for appropriate time
periods up to 30 days af ter an accident.

2.3.4.2 Calculations. Diffusion estimates should be based on the
most representative metecrological cata. Onsite data alone chould be
used as soon as a one yer.r period of record is completed.

Provide hourly cumulative f requency distributions of relative concen-
trations (X/Q), usirg onsite data at appropriate distances f rom the ef fluent
release point (s), sxh as the minimum site boundary distance (exclusion

i area). The X/Q values f rom each of these distributions that are exceeded
I5% and 50% (median value) of the time should be reported. For the outer
|boundaryofthelowpopulationzone,providecumulativefr91uencyofX/Q
estimates f or (1) the 8-hour time period f rom 0 to 8 hours; (2) the 16-hour
period f rom 8 to 24 hours; (3) the 3-day period from 1 to 4 days; and
(4) the 26-day period from 4 to 30 days. Report the worst condition and
the 5% and 50% probability level conditions. Guidance on appropriate
diffusion models for estimating X/Q values is presented in Regulatory
Geides 1.3, " Assumptions Used for Evali!ating the Potential Radiological
r.onsequences of a Loss-of-Coolant Accident for Boiling Water Reactors,"
and 1.4, " Assumptions Used for Evaluating the Potential Radiological Con-
sequences of a Loss-of-Coolant Accident for Pressurized Water Reactors."

Evidence should be provided to show how well these diffusion estimates
represent conditions that would be estimated from anticipated long-term
conditions at the site. The ef fects of topography on short-term dif fusion
estimates should be discussed.

2.3.5 Lono-Term Diffusion Estimates

2.3.5.1 Objective. Provide realistic estimates of annua! average
atmospheric transport ano dif fusion characteristics to a distance of 50
miles (80.5 km) from the plant for annual average release limit calcu-
lations and man-rem estimates.

2.3.5.2 Calculations. Provide a detailed description of the model
used to calculate realistic annual average X/Q values. Discuss the
accuracy and validity of the model, including the suitability of input
parameters, source configuration, and topography. Provide the meteorolog-
ical data summaries (onsite and regional) used as input to the models.
Guidance on acceptable atmospheric transport and diffusion models is
presented in Regulatory Guide 1.111, " Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases from

| Light-Water-Cooled Reactors."

Provide a calculation of the maximum annual average X/Q at or beyond
the site boundary utilizing appiopriate meteorological data for each
routine venting location. Estimates of annual average X/Q values for 16

9
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radial sectors to a distance of 50 miles (80.5 km) from the plant using

appropriate meteorological data should be provided.

Evidence should be provided to show how well these estimates represent
conditions that ,sould be estimated f rom climatologically representative
data.

2.4 Hydrologic Ergineering

The following sections should contain suf ficient information to allow
an independent hydrologic engineering review to be made of all hydrolog-
ically related design bases, performance requirements, and bases for
operation of structures, systems, and components important to saf ety,
considerin .ne following phenomena or conditions:

1. Runoff floods for streams. reservoirs, adjacent drainage areas,
and site drainage, and flood waves resulting from dam failures induced
by runoff floods,

2. Surges, seiches, and wave action,

3. Tsunami,

4. Nonrunof f-induced flood waves due to da, failures or landslides,

5. Blockage of tooling water sources by natural events,

6. Ice jam flooding,

7. Combinations of flood types,

8. Low water and/or drought ef fects (including setdown due to surges,
seiches, or tsunami) on safety-related cooling water supplies and their
dependability,

9. Channel diversions of safety-related cooling water sources,

10. Capacity requirements for safety-related cooling water cources,
and

11. Dilution and dirpersion of severe accidental releases to the
hydrosphere relating to existing and potential future users of surface
water and groundwater resources.

The level of analysis that should be presented may range from very
conservative, based on simplifying assumptions, to detailed analytical
estimates of each facet of the bases being studied. The former approach
is suggested in evaluat,ing phenomena that do not influence the selection
of design bases or where the adoption of very conservative design bases

@ 142 329
does not adve-sely af fect plant design.
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2.4.1 Hydrologic Descriptiou

2.4.1.1 Site and Facilities. Describe the site and all safety-
related elevations, structures, exterior accesses, equipment, and systems
from the standpoint of hydrologic considerations. Provide a topographic
map of the site that shows any proposed changes to natural drainage
features.

2.4.1.2 Hydrosphere. Describe the location, size, shape, and other
hydrologic characteristics of streams, lakes, shore rc ions, and ground-
water environments influencing plant siting. Include description of
existing and proposed water control structures, both upstream and down-
stream, that rey influence conditions at the site. For these structures,
(1) tabulate contributing drainage areas, (2) describe types of structures
all appurtenances, ownership, seismic design criteria, and spillway design
criteria, and (3) provide elevation-area-storage relationships and short-
term and long-term storage allocations for pertinent reservoirs. Provide
a regional map showing major hydrologic features. List the owner, loca-
tion, and rate of use of surface water users whose intakes could be
adversely affected by accidental release of contaminants. Refer to Sec-
tion 2.4.13.2 for the tabulation of groundwater users.

2.4.2 Floods

2.4.2.1 Flood History. Provide the date, level, peak dischege,
2,.1 related information for major historical flood events in the site
region. A " flood" is defined as any abnormally high water stage or over-
flow from a stream, floodway, lake, or coastal area that results in
significantly detrimental ef fects. Include stream ficods, surges, seiches,
tsunami, dam failures, ice jams, floods induced by landslides, and similar
events.

2.4.2.2 Flood Design Considerations. Discuss the gr reral capability
of safety-related facilities, systems, and equipment to u thstand floods
and flood waves. The design flood protection for saf ety-related components
ard structures of the plant should be based on the highest calculated
ficod water level elevations and flood wave effects (design basis flood)
resulting from analyses of several dif ferent hypothetical causes. Any
possible flood condition up to and including the highest and most crit-
ical flood level resulting from any of several different events should
be considered as the basis for the design protection level for safety-
related components and structures of the plant. The flood potential f rom
streams, reservoirs, adjacent watersheds, and site drainage should be
discussed. The probable maximum water level from a stream flood, surge,
seiche, combination of surge and stream flood in estuarial areas, wave
action, or tsunami (whichever is applicable and/or greatest) may cause
the highest water level at safety-related f acilities. Other possibilities
are the flood level resulting from the most severe flood wave at the plant
site caused by an upstream or downstream landslide, dam failure, or dam
breachirj resulting from a seismic or foundation disturbance. The effects
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of coincident wind generated wave action should be superimpcsed on the
applicable flood level. The assumed hypothetical conditions should be
evaluated both statically and dynamically to determine the design flood
protection level.

The topical information that should be included is generall) out-
lined in Sections 2.4.3 through 2.4.6 of this guide, but the types of
events considered and the controlling event should be summarized in this
section. Indicate whether, and if so how, the regulatory positions of
Regulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants,"
have been followed; if not followed, describe the specific alternative
approaches used.

2.4.2.3 Effects of Local Intense Precipitation. Describe the ef fects
of local probable maximum precipitation (see Section 2.4.3.1) on adjacent
drainage areas and site drainage systems, including drainage from the
roofs of structures. Tabulate rainfall intensities for the selected and
critically arranged time increments, provide characteristics and descrip-
tions of runof f models, and estimate the resulting water levels. Summarize
the design criteria for site drainage facilities and provide analyses
that demonstrate the capability of site drainage facilities to prevent
flooding of safety-related facilities resulting from local probable maximum
precipitation. Estimates of precipitation based on NOAA publications
(f ormerly U.S. Weather Bureau) with the time distribution based on critical
distributions such as those employed by the Corps of Engineers usually
provide acceptable bases. Suf ficient details of the site drair. age system

should be provided (1) to allow an independent review of rainfall and
runof f ef fects on safety-related f acilities, (2) to judge the adequacy
of design criteria, and (3) to allow independent review of the potential
f or blockage of site drainage due to ice, debris, or similar material.

P-ovide a discussion of the effects of ice accumulation on site f acil-
ities wnere such accumulation could coincide with local probable maximum
(winter) precipitation and cause flooding or other damage to safety-related
facilities.

2.4.3 Probable Maximum Flood (PMF) on Streams and Rivers

Indicate whether, and if .c how, the guidance given in Appendix A
of Replatory Guide 1.59 has been followed; if not followed, describe
the specific alternative approaches used. Summarize the locations and
associated water levels for whico PMF determinations have been made.

2.4.3.1 Probable Maximum Precipitation (PMP). The PHP is the theoret-
ical precipitation over the applicable drainage area that would produce
flood flows that have virtually no risk of being exceeded. These estimates
usually involve detailed analyses of actual storms in the general region
of the drainage basin under study and certain modifications and extrapola-
tions of historical data to reflect more severe rainfall conditions thar
have actually been recorded, insof ar as these are deemed " reasonably
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possible" to cccur on the basis of hydrometeorological reasoning. Discuss
considerations of storm configuration (orientation of areal distribution),
maximized precipitation amounts (include a description of maximization
procedures and/or studies available for the area such as reference to
National Weather Service and Corps of Engineers determinations), time
distributions, orographic effects, storm centering, seasonal effects,
antecedent storm sequences, antecedent snowpack (depth, moisture content,
areal distribution), and any snowmelt model. Present the selected
maximized storm precioltation distribution (time and space).

2.4.3.2 Precipitation Losses. Sescribe the absorption capability
of the basin, including consideration of initial losses, infiltration
rates, and antecedent precipitati jn. Provide verification of these assump-
tions bv ref erence to regional studies or by presenting detailed applicable
local storm runof f studies.

2.4.3.3 Runoff and Stream Course Models. Describe the hydrologic
response characteristics of the watershed to precipitation (such as unit
hydrographs), verification f rom historical floods er synthetic procedures,
and the nonlinearity of the model at high rainfall rates. A description
of subbasin drainage areas (including a map), their sizes, and topographic
features of watersheds should bc provided. Incl. * tabulation of all2

drainage areas. Discuss the stream course model and its ability to compute
floods up to the severity of the PMF. Present any reservoir and channel
routing assumptions and coef ficients and their bases with appropriate
discussion of initial conditions, outlet works (controlled and uncontrolled),
and spillways (controlled and uncontrolled).

2.4.3.4 Probao.e Maximum Flood Flow. Present the controll 1 FMF
runoff hydrograph at the plant site that would result from rainfali (and
snowmelt if pertinent). The analysis should consider all appropriate
positions and distributions of the probable maximum precipitation and
the potential influence of existing and proposed upstream and downstream
dams and river structures. Present analyses and conclusions concerning
the ability of upstream dams lying within a practical sphere of infle .c e
to withstand PMr conditions combined with setup, waves, and runup . com
appropriate coincident winds (see Section 2.4.3.6). If failures are
likely, show the flood hydrographs at the plant site resulting from the
most critical combination of such dam f ailures, including induced domino-
type failures of dams lying upstream of the plant site. When credit is
taken for flood lowering at the plant site as a result of failure of any
downstream dam during a PMF, support the conclusion t..at the downstream
dam is reasorably certain to fail. Finally, provide the estimated PMF
discharge hydrograph at the site and, when available, provide a similar
hydrograph without upstream reservoir ef fects to allow an evaluation of
reservoir ef fects and a regional comparison of the PMF estimate to be
made.

2.4.3.5 Water Level Determinations. Describo the translation of
the estimated peak PMF discharoe to elevation using (when applicable)

w
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cross-section and profile data, reconstitution of historical floods (with
consideration of high water marks and discharge estimates), standard step
methods, transient flow methods, roughness coef ficients, bridge and other
losses, verification, extrapolatie, of coef ficients for the PMF, estimates
of PMF water surface profiles, and flood outlines.

2.4.3.6 Coincident Wind Wave Activity. Discuss setup, significant
(33-1/3%) and maximum (l%) wave heights, runup, and resultant static and
dynamic ef fects of wave action on each safety-related f acility f rom wind-
generated activity that may occur coincidently with the peak PMF water
level. Provide a map and analysis showing that the most critical fetch
has been used to determine wave action.

2.4.4 Potential Dam Failures, Seismically Induced

Indicate whether, and if so how, the guidance given in Appendix A
of Regulatory Guide 1.59 has been followed; if not followed, describe
the specific alternative approaches used.

2.4.4.1 Dam Failure Permutations. Discuss the locations of dams
(both upstream and downstream), potential modes of f ailure, and results
of seismically induced dam failures that could cause the most critical
conditions (floods or low water) with respect to the safety-related f acil-

9 ities for such an event (see Section 2.4.3.4). Consideration should be
given to possible landslides, preseismic-event reservoir levels, and ante-
cedent flood flows coincident with the flood peak (base ftow). Present
the determination of the peak flow rate at the site for the worst dam
failure reasonably possible or combination of dam failures, and summarize
all analyses to show that th presented condition is the worst permutation.
Include descriptions of all coef ficients and methods used and their bases.

Also, consider the etfects on plant safety of other potential concurrent
events such as blockage of a stream, waterborne missiles, etc.

2.4.4.2 Unsteady Flow Analysis of Potential Dam Failures. In deter-
mining the effect of dam failures at the site (see Section 2.4.4.1), the
analytical methods presented should be applicable to artificially large
floods <ith appropriately acceptable coef ficients and should also consider
flood waves through reservoirs downstream of failures. Domino-type
failures resulting f rom flood waves should be considered, where appli-
cable. Discuss estimates of coincident flow (see Regulatory Guide 1.59)
and other assumptions used to attenuate the dam-failure flood wave down-
stream. Discuss static and dynamic effects of the attenuated wave at
the site.

2.4.4.3 Water Level at Plant Site. Describe the backwater, unsteady
flow, or other computational method leading to the water elevation estimate
(Section 2.4.4.1) for the most critical upstream dam failure or failures,
and discuss its verification and reliability. Superimpose wind and wave
conditions that may occur simultaneously in a manner similar to that
described in Section 2.4.3.6.
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2.4.5 Probable Maximum Surge and Seiche Flooding

2.4.5.1 Probable Maximum Winds and Associated Meteorological Param-
eters. This mechanism is defined as a hypothetical hurricane or other
windstorm that might result f rom the most severe combinations of meteorolog-
ical parameters that are cocsidered reasonably possible in the region
involved, with the hurricane or other type of windstorm moving along a
critical path and at an optimum rate of movement. The determination of
probable maximum meteorological winds should be presented in detail.
This determination involves detailed analyses of actual historical storm
events in the general rogion and certain modifications and extrapolations
of data to reflect a more severe meteorological wind system than actually
recorded, insofar as these are deemed " reasonably possible" to occur on
the basis of meteorological reasoning. Where this has been done previously
or on a generic basis (e.g., Atlantic and Gulf Coast Probable Maximum
Hurricane characteristics reported in U. S. Weather Bureau memorandum

|Hul 7-97), reference to that work with a brief description will be suf fi-
cir nt. The probable maximum conditions are the most severe combinations
or hydrometeorological parameters considered reasonably possible that
would produce a surge or seiche that has virtually no risk .f being
exceeded. This hypothetical event is postulated along a critical path
at an optimal rate of movement from correlations of storm parameters of
record. Sufficient bases and inf ormation should be provided to ensure
that the parameters presented are the most severe combination.

2.4.5.2 Surge and Seiche Water Levels. Discuss considerations of
hurricanes, frontai (cyclonic) type windstorms, moving squall lines, and
surge mechanisms that are possible and applicable to the site. Include
the antecedent water level (the 10% exceedance high tide, including initial
rise for coastal locations, or the 100 year recurrence interval high water
for lakes), the determination of the controlling storm surge or seiche
(include the paramete. s used in the analysis such as storm track, wind

! fields, fetch or direction of wind approach, bottom effects, and ve.'4-
cation of historic events), a detailed description of the methods and
models us~i, and the results of the computation of the probable maximum
surge hydrograph (graphical presentation).

2.4.5.3 Wave Action. Discuss the wind generated wave activity that
can occur coincidently with a surge or seiche, or independently. Estimates
of the wave period and the significant (33-1/3%) and maximum (1%) wave
heights and elevations with the coincident water level hydrograph should
be presented. Specific d'+a should i e presented on the largest breaking-
wave height, setup, runup, and the effect of overtcpping in relation to
each safety-related facility. A discussion of the effects of the water
levels on each affected safety-related facility and the protection to be
provided against static and dynamic ef fects and splash should be included.

2.4.5.4 Resonance. Discuss the possibility of oscillations of wave;
at natural periodicity, such as 'ake reflection and harbor resonance
phenomena, and any resulting ef fects at the site.
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2.4.5.5 Protective Structures. Discuss the location of and design

criteria f or any special f acilities for the protection of intake, ef fluent,
and other safety-related facilities against surges, seiches, and wave
action.

2.4.6 Probable Maximum Tsunami Flooding

For sites adjacent to coastal areas, discuss historical tsunami,
either recorded or translated and inferred, that provide information for
use in determining the probable maximum water levels and the geoseismic
generating mechanisms available, with appropriate refarences to

Section 2.5.

2.4.6.1 Probable Maximum Tsunami. This event is defined as the
most severe tsunami at the site, which has virtually no risk of being
exceeded. Consideration should be given to the most reasonably severe
geoseismic activity possible (resulting from, for example, fractures,
faults, landslides, volcanism) in determining the limiting tsunami-
producing mechanism. The geoseismic investigations required to identify
potential tsunami sources and nechanisms are similar to those necessary
for the analysis of surface faulting and vibratory ground motions
indicated for Section 2.5 and are summarized herein to define those loca-
tions and mechanisms that could produce the controlling maximum tsunami
at the site (from both local and distant generating mechanisms). Such
considerations as the orientation of the site relative to the earthquake
epicenter or generating mechanism, shape of the coastline, offshore land
areas, hydrography, and stability of the coastal arec (proneness of
sliding) should be considered in the analysis.

2.4.6.2 Historical Tsunami Record. Provide local and regional
historical tsunami information.

2.4.6.3 Source Generator Characteristics. Provide detailed geo;eismic
descriptions of the contrciling local and distant tsunami generators,
including location, source dimer.sions , fault orientation, and max. mum
displacement.

2.4.6.4 Tsunami foalysis. Provide a complete description of the
analysis procedure used to calculate tsunami height and period at the
site. All models used in the analysis should be described in detail.
The description should include the theoretical bases of the model, its
verification, and the conservatism of all input parameters.

2.4.6.5 Tsunami Water Levels. Provide estimates of maxim..m and
minimum (low water) tsunami heights from both distant and local generators.
Describe the ambient water levels, including tides, sea level anomalies,
and wind waves assumed CoincidCht with the tsunami.

2.4.6.6 Hydrography and Harbor or Breakwater Influences on Tsunami.
Present the routing of the controlling tsunami, including breaking wave
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formation, bore formation, and any resonance ef fects (natural f requencies
and successive wave effects) that result in the estimate of the maximum
tsunami runup on each pertinent sa'>ty ielated facility. This should
include a discussion both of the analysis ' sed to translate tsunami waves
from offshore generator locations, or in deep water, t.o the site and of
antecedent conditions. Provide, where poss ible, verification of the tech-
niques and coef ficients used by reconstituting tsunami of record.

f ? 4.6.7 Effects on Safety-Related Facilities. Discuss the effects
'of tne control 1ing tsunami on safety related iaciiities and discucs the
des ign criteria for the t sunami protection to be provided.

2.4.7 Ice Effects

Describe potential icing effects and oesign criterit for protecting
idfety related facilities f rom the most se sere ice jam flood, wind-driven
ice iidges, or other ice produced effects and forces that are reasonably
possible and could affect safety-related facilities with respect to
ddjacent stre. s, lakes, etc. , for both high and low water levels. InciuJa
the location and pr oximity of such f acilities to the ice generating mech-
anisms. Describe the regional ice and ice jam formation hi s to r', w i th
respect to water bodies.

2.a.8 Cooling Water Canals and Reser';oirL

Present the design bases for the capacity and the operating plan
for safety-related cooling water canals and reservoirs ( ref erence Sec-

tion 2.4.11). Discuss and provide bases ior protec ting the canals and
reservoirs against wind waves, flow velocities (including allowance for
treeboard), and blcckage and (where applicable) describe the ability to
withst and a probable maximum flood, surge, etc.

.ucs the emergency storage evacuation of resemoirs (low-level
o u t l e. cnd emergency spillway). Describe verified runoff models (e.g.,
unit hydrographs), flood routing, spillway des ign, and outlet protection.

2.4.9 Channel Diversions

Discuss the potential for upstream diversion or rerouting of the
i source of cc aling water (resulting f rom, for exa:rple, river cutoffs, ice
jams, or sucsidence) with respect to historical, topographical, and

igeologic evid'nce in the region. Present the history of flow diversions
'and realignments in the region. Discuss the potential for adversely
affetting safety-related facilities or water supply, and describe avail-

| able alternative safety-related cooling water sources in the event that

| diversions are possible.

k
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2.4.10 Flooding Protection Reauirements

Describe the static and dynamic consequences of all types of flood-
ing on each pertinent safety- elated facility. Present the design bases
required to ensure that safety-relat-d f acilities will be capable of
surviving all design flood conditions, and reference appropriate discus-
sions in other sections of the SAR where the design bases are implemented.
Describe various types of flood protection used and the emergency pro-
cedures to be implemented (where applicable).

2.4.11 Low Water Considerations

2.4.11.1 Low Flow ir Streams. Estimate and provide the design basis
for the probable minimum flow rate and h /el resulting f rom the most severe
drought considtred reasorably possible n the region, if such conditions
could affect the ability of safety-rela 1ed facilities, particularly the
ultimate heat sink, to perf orm adequate ly. Include considerations of
downstream dam f ailures (see Section 2.4.1). For non-safety related water
supplies, demonstrate that the supply will be adequate during a 100 year
drought.

2.4.11.2 Low Water Resulting from Sarges, Seiches, or Tsunami.
Determine the surge , sen he , or tsunami-caused low water level that

9 could occur f rom probable maximum meteorological or geoseismic events,
if such level could af fect the ability of safety-related f eatures to func-
+ ion adequately. Include a description of the probable maximum meteocolog-
ical event (its track, associated parameters, antecedent conditions) and
the computed low water level, or a description of tsunami conditions appli-
cable. Also consider, where applicable, ice formation or ice jams causing
low f low since such conditions n.ay af fect the safety-related cooling water
source.

2.4.11.3 Historical Low Water. Discuss historical low water flows
and IMels and their probabilities (unadjusted for historical controls
and adjusted for both historical and future controls and uses) only when
statistical methods are used to extrapolate flows and/or levels to probable
mininum coriditions.

2.4.11.4 Future Controls. Provide the estimated flow rate, durations,
and levels f or prot)able minimum flow conditior.s considering future uses,
if cuch conditions could affect the ability of safety-related facilities
to function adequately. Substantiate any provisions for flow augmentation
for plant use.

2.4.11.5 Plant Requirements. Present the required minimum safety-
related cooling water flow, the sump inver;. elesation and configuration,
the minimum design operating level, pump s ibmergence elevations (operating
heads), and design bases for ef fluent submergence, mixing, and dispersion.
Discuss the capability of cooling water pumps to supply sufficient water
during periode 04 low water resulting from the 1GO year drought. Refer,,
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to Sections 9. 2.1, 9. 2. 5, and 10. 4. 5 where apolicable. Identify or refer
to institutional restraints on water use.

2.4.11.6 heat Sink Dependability Requirements. Identify all sources
of normal and emergency shutdown water supply and rolated retaining and
conveyance systems.

Identify design bases used to compare minimum flow and level estimates
with plant requirements and describe any availaole low water safety f actors
(see Sections 2. 4. 4 and 2. 4.11 ) . Describe (or refer to Section 9.2.5)
the design bases for operation and normal or accidental shutdown and cool-
down during (1) the most severe natural and site-related accident phenomena,
(2) reasonable combinations of less severe phenomera, and (3) single
f ailures of roan-made st mctural compa rien ts . In the PSAR, describe or
refer to the criteria for protecting all structures related to the ultimate
heat sink during the above events. In the FSAR, desc-ibe the design to
in p ' ant the criteria. Identify the sources of water .ind related retain-
ina conveyance systems that will be designed for each of the above
bas or situations.

Describe the ability to provide suf ficient warnin ' of impending low
flow or low water levels to allow switch.ng to alternative sources where
necessary. Heat dissipation capacity and water losses (such as drift,
seepage, and evaporation) shuuld be identified and conse vatively estimated.
Indicate whether, and if so how, guidance given in Regui Itory Guide 1.2/,
" Ultimate Heat Sink for Nuclear Power Plants," has been fol; owed; if not
f 3110wed, describe the specific alternative approaches usad.

Identify or refer to descriptions of any other uses of water drawn
from the ulti:-te heat sink, such as fire water or s; stem charging
rquirements. interdependent water supply systems aro used, such as
an excavated reservoir within a cooling lake or tanuen retervoirs,
describe the ability of the principal portion of the sys tem to survive
th9 failure of the secondary portion. Provide the cases f: r and describe
the measures to be taken (dredging or other maintenance) ta prevent loss
of reservoir capacity as a result of sedimertation.

2.4. 2 Dispersion, Dilution, and Travel Times of Accidenta, Releases of
Tiquid Eftluents in Surface Waters

Describe the ability of the surface water environment t o disperse,
dilute, or concentrate accidental liquid releases of radioactise ef fluents
as related to existing or potential f uture water users. Discus s the bases
used tc determine dilution factors, dispersion coef ficients, f'ow velocities,
travel times, sorption and pathways of liquid contaminants. The locations
and users of surf ace waters should be included in section 2.4.1.2, and
the release points should be identified in Section 11.2.3.
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2.4.13 Groundwater

All groundwater data should be presented in this section, in Section
2.5.4, or in both and should be appropriately cross-referenced. If the

information is placed in both sections, the information in the two sections
should be consistent.

2.4.13.1 Description and Onsite Use. Describe the regional and

local groundwater aquifers, formations, sources, and sinks. Describe
the type of groundwater use, wells, pumps, storage facilities, and flow
requirements of the plant. If groundwater is to be used as a safety-
related source of water, the design basis protection from natural and
accident phenomena should be compared with Regulatory Guide 1.27 guide-
lines and an indicatial shculd be given at cc whether, and i f so how,
the guidelines have been followed; if not followed, the specific alter-
native approaches usec should be described. Bases and sources of data
shcold be adequately described.

2.4.13.2 Sources. Describe present regional use and projected
future use. Tabulate existing users (amounts, water levels and eleva-
tions, locations, and drawdown). Tabulate or illustrate the history of
groundwater or piezometric le/el fl"ctuations beneath and in the vicinity
of tha site. Provide groundwater or piezonetric conoaur maps of aquifers
beneath and in the vicinity of the site to indicate flow directions and
gradients; discuss the seasona' and long-term variations of these aquifers.
Indicate the range of va"ues ar; the method of determination for vertical
and horizontal permeability ard total and effective porosity (specific
yield) for each relevant geolcgic formation beneath the site. Discuss
the potential for reversiaility of groundwater flow rcsulting from local
areas of pumping for both plant and nonplant use. Describe the effects
of present and projected c,roundwater use (well3) on gradients and ground-
water or piezometric levels beneath the site. Note any potential ground-
water recharge area such as lakes or outcrops within the influence of
the plant.

2.4.13.3 Accident Effects. Provide e conservative analysis of a
postulated accidental release of liquid radioactive material at the site.
Evaluate (where applicable) the dispersion, ion exchange, and dilution
capability of the groundwater environment with respect to present and
projected users. Identify potential pathways of contamination to nearby
groundwater users and to springs, lakes, straams, etc. Determine ground-
water and radionuclide (if necessary) travel time to the nearest down-
gradieat groundwater user or surface body of water. Include all methods
of calculation, data sources, models, and parameters or coefficients used
such as dispersion coef ficients, dispersivity, distribution (sorption)
coefficients hydraulic gradients, and values of permeability, total and
ef fective porosity, and bulk density along contaminant pathways.

2.4.13.4 Monitoring or Safeguard Requirements. Present and a scuss
plans, pr ocedures, saf eguards, ard monitoring programs to be used to protect
prese: and projected groundwater users.
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2.4 13.5 Design Bases for Subsurf ace Hydrm t alic Loading.

! 1. For plants not employino permanent de q systems, descr'be
the design bases f or groundwater-induced hydros t a t it loadings on subsurf ace
portions cf safety-related structures, systems, and components. Discuss
the development of thtse design bases. Where dewatering during construc-

, tion is critical to the integrity of safety related structures, describe
! the bases for subsurface hydrostatic loadings assumed during construction
I and the dewatering methods to be employed in achieving these loadings.

Where wells are proposed for safety-related purposes, discuss
the hydrodynamic design bases for protection against seismically-inducod
pressure waves. These design bases should be consistent with the grot
water >.ondi tions described in Sections 2.4.13. 2 and 2. 5.4. 6.

2. F or plants employing permanent dewatering syst ems:

a. Provide a description of the proposed dewatering system,
including drawings showing the proposed locations of af f ected structures,

jcomponents, and features cf the system. Provide information related to
the hydrologic design of all system components. Where the dewatering
system is important to '.afety, provide a discussion of its expected func-
tional reliability. The discussion of the bases for reliability should
include comparisons of proposed systems and components with the perform-
ance of existing anc comparable systems and components for applications
under site conditions similar to those proposed.

b. Provice estimates and their base; f ar soil and rock perme-
a: i l i t ies , total porcsity, ef fective porosity (specific yield), storage
coefficient, and other related parameters used in the design of the
dewatering system. If available, provide the results of monitoring pumping
rates and flow patterns during dewatering for the construction excavation.

c. Provide analyses and their bases for estimates of ground-
water flow rates in the various parts of the permet dewatering system,
the area of influence of drawdown, and the shapes reatic surfaces
to be expected during operation of the system.

d. Provide analyses, including their bases, to establish con-
;ervative estimates of the time available to mitigate the consequences
if the system degradation that could cause groundwater levels to exceed
c. ?s ign bases. Document the measures that will be taken to repair the
s.' stem or to provide an alternative dewatering system that would become
or erational bofore the design bacis grouadwater level is exceeded.

Provide both the design basis and normal operation ground-e.
water levels for safety-related structures, systems, and components.
The design basis groundwater level is defined as the maximum groundwater
lev 'l used in the design analysis for dyaamic or static loading conditions

: (wh chever is being considered) and may be in excess of the elevation
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for which the underdrain system is designed for normal operation. lhis |
level should consider abnormal and rare events (such as an occurrence of I

the Safe Snutdown Earthquake (SSE), a f ailure of a circulating water system
pipe, or a single failure within the system) that can cause tailure or
overloading of the permanent dewatering system.

f. Postulate a single failure of a critical active feature
or component during any design basis event. Unless it can be documented
that the potential consequences of the f ailure will not result in dose
guidelines exceeding those in Regulatory Guides 1.26, " Quality Group
Classifications and Stancards for Water , Steam , and Radioactive-Waste-
Containing Components of Nuclear Power Plants," and 1. !9, " Seismic Design
Classification," either (1) do:ument by pertinent analy ses that groundwater
level recovery times are suf ficient to allow other f( cms of dewatering
to be implemented before the design basis groundwater level is exceeded,
discuss the measures to be implemented and equipment neaded, and identi'y
the amour.t of tine required to accomplish each measure or (2) design all
system components for all severe phenomena and events,

g. Where appropriate, document the bases ti a'. ensure tbt abil-
ity of the system to withstand varicus 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 t ly ;ooling water
pipe penetrating, or in close praximity to, the outsi1e tails of safety-
related buildings where the groundwater level is contraile i by the system).
An analysis of the consequences of pipe ruptures on the proaosed underdrain
system should be provided and shoJld include consideratio, of postulated
breaks in toe circulating system pipes at, in, or near 11e dewatering
system building either independent'y of, or as a result of tne SSE.

h. State the maximum g oundwater level the pla-t structures
can tolerate ander various significant loading conditions ii the absence
of the underdrain system.

i. Provide a descr ptior of the proposed groundiater level
monitoring programs for dewatering during plant constructic.n and for
permanent dewatering during plant operation. Provide (1) ti a general

arrangement in plans and profile with approximate elevation if piezom-
eters and ebser/atio, wells to be initalled, (2) intended zcle(s) of

placement, (3) type (s) of piezometer (closed or open system), (4) screens >

and filter gradation descriptions, (5) jrawings showing typical installa-
tions showing 1 units of filter and si Is, (6) observation schedules
(initial and time intervals f or subsequent readings), (7) plans f 3r evalua-
tion of eo data, and (6) plans for alarm devices to ensure suf ficient
time fr .ation of correceive action

Provije informaticn regarding the outlet flow mor itoring
program. fhe information required inclules (1) the general localion and
type of flow measc 'ement device (s) and (.') the observation plar ard alarm

@
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procedure to identify unanticipated nigh or low flow in the system and
the condition of the ef fluent.

k. For OL reviews, but only if not previously reviewed by
the staf f, p ovide (1) substantiation of assumed design bases using inf or-
mation gathered during dewater ing for constructi 1 excavation and (2)
all other details of the dewatering system design that implement design
bases established during the CP review.

1. For OL reviews, provide 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 situatior would be
the excavation of surface seal material for repair of piping such that

jthe underdrain would be exposed to direct surface runoff. In addition,
; woere the permanent dewatering system is saf ety related, is not completely

redundant, or is not designed for all design basis events, prcvide the
| bases for a technical specification with action levels, the remedial work'

required and the estimated time that it will take to accomplish :he work,
and the sources, types of equipment, and manpower reouireu as well as

, the availability of the above under potuntially adverse conditiom .
I

m. Where walls are proposed for- s a fe ty- re l a ted pur>oses,
discuss the hydrodynamic design bases for protection against seism cally-
induced pressure waves. These design bases should be consistent with
the groundwater conditicns described in Section 2.4.13.2 and 2.5.4. 3.

2.4.i4 Technical Specification and Emergoncy Operation Requirements

Describe any emergency protective measures designed to minimizo the
impact of adverse hydrology related events on safety related f acilitils.
Describe the manner in which these requirements will be incarporated into
appropriate technical specifications and emergency procedures. Disciss
the need f or any technical specifications for plant shutdown to minin ize
the consequences of an accident resulting from hydrologic phenomena sich
as floods or the degradation of the ultimate heat sink. In the ever,t

emergency procedures are to be used to meet saf ety requirements associat ?d
with hydrologic events, identify the event, present appropriate v.ater
levels and lead times available, indicate what type of action would be
taken, and discuss the time equired to imolement each procedure.

2.5 Geology, Seismology, and Geotechnical Engineering

lhis section of the SAR should provida information regarding the
seismic and geologic characteristics of the site and the region surround-
ing the site. Appendix A, " Seismic and Geologic Siting Criteria for
Nuclear Power Plants," to 10 CFP Part 100, " Reactor Site Criteria," gives
the principal seismic and reologic considerations that guide the staf f
in its evaluation of the acceptability of sites and seismic design bases.

@
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This section should include, but not necessarily be limited to, the
information discussed below. It should be preceded by a summary that
contains a synopsis of Sections 2.5.1 through 2.5.6. Include a brief

description of the sites, the investigations performed, results of
investigations, conclusions, and a statement as to who did the work.

2.5.1 Basic Geologic and Seismic Information

Basic geologic and seismic information is required throughout the
following sections to provide a basis for evaluation. In some cases,

this information is germane to more tt an one section. The information
may be presented under this section, under the following sections, or as
appendices to this section, provided acequate cross-references are made
in the appropriate sections.

Information obtained ftcm published reports, maps, private conmuni-
cations, or other sources should be refer (nced. Information from surveys,
geophysical investigations, borings, treiches, or other inves tigata ons
chould be adequately documentrd by descriptions of techniques, grephic
Icgs, p'otographs, laboratory results, ide7tification of principal ir ves-
tigators, and other oata necessary to 1ssess the adequacy of tt e
information.

2.5.1.1 Regional Geology Discuss all geologic, seismic, and nan-
made hazards within the site region and re' ate them to the regional
physiography, tectonic structures and tectonic provinces, geomorphology,
stratigraphy, lithology, and geologic and str uctural history, and geochro-
nology. The above information should be discussed, documented by appro-
priate references, and illustrated by a regional physiogrcphic map, surfece
and subsurf ace geologic maps, isopach maps, regional gravity and magneti
maps, stratigraphic sections, tectonic and structure maps, fault maps, a
site topographic map, a map showing a-eas of mineral and hydrocarbon
extraction, boring logs, aerial photographs, and any maps needed to
illustrate such hazards as subsidence, caverlous or i.arst terrain,
irregular weathering conditions, and landslide p)tential.

The relationship between the regional and the site physiography should
be discussed. A regional physiographic map sho sing the site location
should be included. Identify and describe tect(nic structures such as
folds, faults, basins, and domes underlying the reginn surroundieg the
site, and include a discussion of their geologic history. A regional
tectonic map showing the site location should be included and detailed
discussions of the regional tectonic structures of significance to the
site should be provided. The detailed analyses cf f aults to determine
their capacity for generating ground motions at the site and to deter-
mine the potential for surface f aulting should be included in Sections
2. 5. 2 and 2. 5. 3, respectively.

The lithologic, stratigraphic, and structural geologic conditions

'f the region surrounding the site should be desc.riIqd and related to142 3 3
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its geologic hi story. Provide geologic profiles showing the relation-
ship of the regional and local geology to the site location. The geologic
province wit'in which the site is located and the relation to other
geo'ogic prosinces should be indicated. Regional geologic maps indicating
the site location and showing both surf ace ar.d bedrock gcology should
also be included.

2.5.1.2 Site Geology. Material on site geology included in this
sect. ion may be cross-referenced in Section 2.5.4. The site physi. graphy
and local land forms should be described and the relationship between
tho regional and site physiography should be disci'ssed. A site topos raphic
map showing the locations of the principal plant facilities shou'd be
i r.c l u ded . Describe the configuration of the sand forms and relata the
history of geologic changes that have occurred. Areas that are signif icant
to the site 01 actual or potential landsliding, surf ace or suosurf ace
subsidence, uplif t, or collapse resulting f rom natural features such as
tectonic depression ard cavernous or karst terrains should be evaluated.

The detailed lithologic and stratigraphic conditions of the site
and the relationship to the regional stratigraphy should be described.
The thicknesses, physical characteristics, origin, a d degree of consoli-
dation of each rithologic unit should also be describ. d, including a la 1
stratigraphic column. Furnish summary logs or borings and excavations
such as trenches used in the geologic evaluation. Boring logs includei
in Section 2 5.4 may be ref erenced.

A detailed discussion of the structural geology in the vicinity of
the site should be provided. Include in the discussion the relationship
of site structure to regional tectonics, with particular attention to
specific structural units of significance to the site such as fo!ds,
faults, cvnclines, anticlines, domes, and basins. Provide a large-scale
structurai geology map (1:24,000) of the site showing bedrock surf ace
contours a".d including tle !ccations of Seismic Category I structures.
A large acile geologie nmp (1:24,000) of the region witnin 5 miles of
the site that shows surface geology and that includes the locations of
major structures of the nuclear power plant, including all Seismic Cate-
gory I structures, should also be furnished. Areas of bedrock outcrop
from which geologic interpretation has been extrapolated should be
distirguished from areas in which bedrock is not exposed at the surface.
When the interpretation dif fers substantially f rom the published geologic
1iterature on the area, the dif f erences should be noted and documentation
for the new conclusions presented.

The geologic history of the site should be discusscd and related to
the regional geologic history.

Include an evaluation from an engineering-ceology standpoint of the
local geologic features that affect the plant structures. Geologic con-
ditions underlying all Seismic Category I structures, dams, dikes, and
p'pelines should be described in detail. The dynamic behavior of the
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site during prior earthquakes should be described. Deformational zones
such as shears, joints, fractures, and folds, or combinations of these
features should be identified and evaluated relative to structural founda-
tions. Describe and evaluate zones of alteration or irregular weathering
profiles, zones of structural weakness, unrelieved residual stresses in
bedrock, and all rocks or soils that might be unstable because of their
mineralogy or unstable physical or chemical properties. The effects of

man's activities in the area such as withdrawal or addition of subsurf ace
fluids or mineral extraction at the sita should be evaluated.

Site groundwater conditions should be described. Information included
in Section 2.4.13 may be re'erenced in this section.

2.5.2 Vibratory Ground '10 tion

This section is dir .ted toward establishing the seismic design basis
for vibratory grou..d mot ion. The presentation should r aimed at (1)
determining the Safe Shutdown Earthqua'Ke (SSE) and the Operating Basis
Earthquake (03E) for the site and (2) specifying the vibratory ground
motion corresponding to each of these events. Determination of the SSE
and the OBE should be based on the identification of tectonic p ovinces
or active geologic structures with wnich earthquake activity in the region
can be associated. The design vibratory ground motion for the SSi. and
OBE should then be determined by assessing the ef f ects at the site of

9 the SSE and OBE associated with the identified provinces or structures.

The presentation in the SAR should proceed from discussions of the
reb onal seismicity, geologic structures, and tectonic activity to a deter-i
mination of the relation betweer seismicity and geologic stru .tures.
Earthquake generating potential of tectonic provinces Jnd any aCliVe struC-
tures should be identified. Finally, the ground motion that would result
dt tre site from the maximum potential earthquakes associated with each
tectonic province or geologic structure should be assessed considering
any s'te amplification effects. The results should be used to establish
the vibratory ground motior design spctrum.

Information should be presented to describe how the design basis
1or vibratory ground motion (Safe Shutdown Earthquake) was determined.
The following specific inf ormation and determinations should also be
iacluded, as needed, to clearly establish the design basis for vibratory
ground motion. Information presented in other sections may be cross-
referenced and nr.ed not be repeated.

2 J ?.i Seismicity. A complete list of all historically reported
earthquakes that could have reasonably af fected the region .,urrounding
the site should be provided. The listing should include all earthquakes
of MM Intensity greater than IV or magnitude greater than 3.0 that have |
been reported in all tectonic provinces, any part of which is within
200 miles of the site. This account should be augmented by a regional-
scale map showing all listed earthquake epicenters and, in areas of high

.
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seismicity, by a larger-icale map showing earthquake epicenters within
50 miles of the site The following information desc.ibing each earth-
quake should be provided whenover it is available epicenter coordinat es,
depth of f ocus, origin time, highest intensity, magnitude, seismic moment,
sourre mechanism, source dimersions, source rise timr, rupture ve1ocity,
total dislocation, fractional stress drop, any strong-motion recordings,
and identification of references from which the specified information
was obtained. In addition, any earthquake-induced geologic hazarJs (e.g. ,
liquefaction, landsliding, landspreading, or lurching) that have been
reported should ue described completely, including the level of strong
motion that induced f ailure and the properties of the materials involved.

2.5.2.2 Geologic Structures and lectonic Activity. Identify the
regional gesiogic structures and tectonic activity that are -ignificant
in determining regional earthquake potentiai. All tectonis provinces
any part of which occur:, within 200 miles of the site should be identif ied.
The identification shouid include a description of those characteristics
of geologic structure, tectonic history, present and past stress regimes,
and seismicity that oistinguish the various tectonic provinces and parti-
colar areas within those provinces where historical ear thquakes have
occurred. niternative models of regional tectonic activity f rom available
literature sources should be di, cussed. The discussion in this section
should be augmented by a regic nal-scale map showing the tectonic provinces,
earthquake epicenters, Lt.e locations of geologic structures and other
f eatures that characteriz" the provinces, and the locations of any capable
faults.

2.5.9.3 Correlation ofprthquake Activity with Geologic Structt4res
or Iectonic Provinces. Provide a correlation betwor:n epicenters or regions,

ERIIUhest intensity of historically reported earthquM es and geologic
structures or tectonic piovinces. Whenever an earthquake epicenter or
concentration of earthquako epicenters can be reasonably correlated with
geologic structures, the rationaie f or the association should be developed.
Ihis discussion should ;nclude identification of the 1"thods used to locate

the earthquake epicenters and an estimate of their accuracy and si ould
provide a detailed account that compares and contrasts the geologic struc-
ture involved in the earthquake act.ivity with other areas within the
tectonic province. Wnen an earthquake epicenter cannot be reasonably
correlated with geologic structures, the epicenter should ne discussed
in relation to tectonic provinces. A subdivision of a tectonic province
should be corroborated on the basis of evaluations that consider, but
should not be litritcJ to, detailed seismicity studies, tectonic flux
reasurements, contrasting structural fabric, differences in geologic
history, and dif ferences in stress regime.

2.5.2.4 Maximum Earthquake Potential. The largest earthquakes asso-
ciated with each geologic structure or tectonic province should be identi-
fied. Where the earthquakes are associated with a geologic structure,
the largest earthquake that could occur on that structere should be evaluated
based on considerations such as the nature of faulting, fault length,
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fault displacement, and earthquake history. Where the earthquakes are
associated with a tectonic province, the largest historical earthquakes
within the province should be identified and, whenever reasonable, the
return period for the earthquakes should be determined. Isoseismal maps
should also be presented for the earthquakes.

Ground motion at the site should be determined assuming seismic energy
transmission ef fects are canstant over the region and assuming the largest
earthquake associated with each geologic structure or with each tectonic
province occurs at the point of closest approach of that structure or
province to the site. The set of conditions describing the occurrence
of the potential earthquake that would produce the largest vibratory ground
motion et the site should be defined. If dif ferent potential earthquakes
would produce the maximum around motion in different frequency bands,
die conditions describing ali such earthquakes should b? specified. The
descriptico of the potential earthquake occurrences should include the
maximum 1ncensity or magnitude and the di-tance from the assumed location
of the potential earthquake to the site.

2.5.2.5 Seismic Wave Transmission Characteristics of the Site.
The following material properties should be determined for each stratum
under the site: seismir, compressional and shear velocities, bulk densities,
soil properties and classification, shear mrJulus and its variation with
strain level, and water table elevation and its variation. The methods

i used to determine these properties should be oescribed. For each set or
conditions describing the occurrence of the maximum potential earthquakes,
determined in Section 2.5.2.4, the types of seismic waves producing the
maximum ground motion and the significant frequencies at the site should
be determined. For each set of conditions, an analysis should be perf ormed
to determine the ef fects of transmission in the site material for the
identified seismic wave types in the significant frequency bands.

2.5.2.6 Safe Shutdown Earthquake. The acceleration at the ground
surface, the ef f ective f requency range, and the duration correcnonding
to each a3ximum potential earthquake should be determined. Where the
earthqu Ke has been associated with a geologic structure, the acceleration
should be determined using a relation between acceleration, magnitude,
or fault length, earthquake history and other geologic information, and
the distance from the fault. Where the earthquake has be-n associated
with a tectonic province, the acceleration should be determined using
appropriate relations between acceleration, intensity, epicentral inten-
sity, and distance. Available ground motion time histories from earth-
qaakes of comparable magnitude, epicentral distance, and acceleration
level shou?d be p esented. The spectral content f rom each maximum poten-
tial earthquake should be described based on cons deration of the availablei

ground motion time histories and regional characteristics of seismic wave
transmission. The dominant frequency associated with the peak acceleration
should be de' ermined either from analysis of ground motion time histories
or by inference from descriptions of earthquake phenomenology, damage
reports, and regional characteristics of seismic wave transmission. Design
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response spectra corresponding to the SSE should be defined and their
conservatism assessed by comparing them to the ground motion expectec
f rom the potential earthquakes.

2.5.2.7 Operating Basis Earthquake. The vit . 3 ground motion
for the Operating Basis Earthquake should be describea and the probabil-
ity of exceeding t he OBE during the operating li f e of the plant should
be determined.

2.5.3 Surface Faul'.ing

Inf ormation shccid ba provided to describe whether or not there exists
a potential for sur7 ace faulting at the site. 1he following specific
inf ormation and deter <r,inations should also be inclu<Jed to the extent neces-

sarv to clearly +stabiish zones requiring detailed f aulting investigation.
Information presented in Section ?.5.1 may be cross referenced and need
not be repeated.

2.5.3.1 Geologic Jonditions of the Site. The lithologic, strati-
graphic, and s tr uc t.ura l geologic conditioes of the site and the area
surrcunding the site, including its geologic history, should be described.
Site and reginnal geo log'c maps and profiles illustrating the surface
and bedrock geolo;;/. structure geology, topography, and the relationship
of the safety-related fourdations of the nuclear power plant to these
features should be included

2.5.3.2 Evidence af Fault Offset. Determine the geologic evidence
of fault offset at er near the ground surfaco at or near the sit.e. If

faulting exists. it Enould be defined as to its attitudes, orientations,
wilth of shear zone, amount and sense of movement, and age of movements.
^ny topographic photo linears and Environmental Resources Technology
Satellite linears prepared as part of this study should be discussed.
Site surface and subsurface investigations to determine the absence of
faulting should be reported, including information on the detail and
areal extent of the investigation.

2.5.3.3 Earthquakes Associated with Capable Faults. List all histor-
ically reported earthquakes that can be reasonably associated with taults,
anu part of which is within 5 miles of the site. A plot of earthquake
epicenters superimposed on a map showing the local tectonic structures
should be prov ided.

2.5.3.4 Investigatian of Capaole Faults. Identified faults, any
part of which is within 5 miles of the site, should be investigated in
suf f icient detai1 and using geo!ogical and geophysical techniques of suf f i-
cient sensitivity to demo, trate the age of most recent movement on each.
The type and extent of investigation varies from one geologic province
to another and depends on site-specific conditions.

2.5 3.5 Correlation of Epi ~ nters with Capable Faults. 't he s tructure
and genetic relationship between site area f aulting and regional tectonic
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frameworP should be discussed. In regions of active tectonism, any
detailed geologic and geophysical investigations conducted to demonstrate
the structural relationships of site area faults with regional iaults
known to be seismically active should be discussed.

2.5.3.6 Description of Capable Faults. For capable faults more
than 1,000 feet long, any part of which is within 5 miles of the site,
determine for all offsets within the 'mmediate site vicinity the length
of th( fault; the relationship to regional tectonic structures; the nature,
amount, ar.d geologic displacement along the fault; and the outer limits
of the f ault zone established by detailed f aulting investigation.

2._i . 3. 7 Zone Requiring Detailed Faulting Investigation. Determine
the zone requiring detailed f aulting investigation as described in Appen-
dix A to 10 CFR Part 100.

2.5.. 8 Results of Faulting Investigation. Where the site is located
uitbin a z)ne reouiring detailed faulting iwestigation, details and the
r esults of investigations should be provided to substantiate that there

nc geolagic hazards that could affect the safety-related facilitiesare
of the plant. The information may be in the f orm of bor ing logs, detailed
gec logic maps , geophysical data, maps and logs of trenches, remote sensing
dati, and seit mic ref raction and r eflection data.

9- 2. 5.1 Stabili q_of Subsurface Materials and Foundations

Information should be presented tna' t.horoughly defines the condi-
tions and engineering properties of both soil and/or rock supporting
nuclear power plant foundations. The stability of the soils and rock
under plant structures should be evaluated both f or static and dynamic
loading conditions (including an evaluation of the abili ty of these
materials to perform their suoport function without incurring unexpected
or excessive subsidence and settlement due to their long-term consolida-
tion under load or ta their response to nateral phenomena). Both the

operating and safe shutdown earthquakes should be used in the dynarcic
stability e v ?. l u a t i o n. An evaluation of site conditions and geologic
features that may affect nuclear power plant structures or their
foundations should be presentcd. Information presented in otner sec-
tions should be cross-referenced rather than repeated.

2.5.4.1 Geologic Features. Describe geolop.ic f eaturcs , including
the following:

1. Areas of actual or potential surface or subsurface subsidence,
uplif t, or collapse and the causes af these conditions,

2. Previous loading history of the foundation materials, i.e.,

history of deposition and erosion, groundwater levels, and glacial or
other preloading influences on the soil,
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9
:. Rock jointin1 pattern and distribution, depth of weathering,

zcnes of alteration or irregular weathering, and zones oi structural weak
ness composed of crushed or disturbed materials such as slickensides,
shears, joints, fractures, faults, folds, or a combination of these

_

features. Especially note seams and lenses of weak materials such as
clays and weathered ; hales,

4. Unrelieved residual stresses in bedrock, and

5. Rocks or soi!s that may be hazardous, or may become hazardous,
to the plant because of their lack of cons iidation or induration, varia-
bility, high water conteat, solubility, or andesirable response to natural
or induced site conditions.

2.5.4.2 Properties of Subsurface Materials. Describe in detail
the static and dynamic engMeerino properties of the materials underlying
the site. The classification and engineering properties of soils and
rocks should be determined by tosting techniques defined by accepted
standards such as ASTM and AASHO, or in manuals of practice issued by
the Army Coos of Engineers and the Bureau of Reclamation. The m:termina-
tion of dynamic or special engineering properties should be by accepted
state-of-the-art methods such as those described in professional geotech-
nical journals. Reported properties of foundation materials should be
supported by field and laboratory test records. Furnish data to justify
and demonstrate the selection of design parameters. These data should
be sufficient to permit the staff to make an independent interpretation
and evaluation of design parameters. Furnish summaries of the physical
(static and dynamic), index, and chemical properties of materials. Infor-
mation provided should include grain-size distribution (graphic representa-
tion), consol;dation data, mineralogy, natural moisture content, Atterberg
limits, unit weights, shear strength, relative density, overconsolidation
ratio, ion exchange capacity, sensitivity, swelling, shear modulus, damping,
Poisson's ratio, bulk modulus, cyclic strength, and seismic wa"e velocities.

2.5.4.3 Exploration. Discuss the type, quantity, extent, and purpose
of all explorations. P,' ovide plot plans that graphically show the location
of all site explorations such as boring, trenches, borrow pits, seismic
lines, piezometers, wells, geologic profiles, and the limits of required
excavations. The 1 ations of the safety-related facilities should be
superimposed on the plot plan. Also, furnish selective geologic sections
and profiles that indicate the location of borings and other site explora-
tion features, groundwater elevations, and final foundation grades. The
location of safety-related foundations should be superimposed on these
sections and profi' s.

Logs o~ all borings and test pits should be provided. Furnish logs
and maps of exploratory trenches in the PSAR and geologic maps and photo-
graphs of the excavations for the facilities of the nuclear power plant
in the FSAR.
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2.5.4.4 Geophysical Surveys. Results of compressional and shear
wave velocity surveys perf ormed to evaluate the occurrence and character-
istics of the foundation soils and rocks should be provided in tables
and profiles. Discuss other geophysical methods used to define foundation
conditions.

2.5.4.5 Excavations and Back:i;i. The following data concerning
excavation, backfill, and earthwork at the site should be discussed:

1. The extent (harizontally and vertically) of all Seismic Cate-
gory I excavations, fills, and slopes. The locations and limits of excava-
tions, fills, and backfills should be snown on plot plans and on geologic
sections and profiles.

2. The dewatering and excavati'n methods to be used. Evaluate
how these will affect the quality and condition of foundation materials.
Discuss the need and proposed treasures for foundation protection and
treatment after excavation. Also discuss proposed quality control and
'uality assurance programs related to foundation excavation, and sub-
sequent protection and treatment. Discuss measures to monitor f oundation
rebound and heave.

3. The sources and quantities of backfill and borrow. Describe
exp'.; ration anc laboratory studies and the static and dynanic engineering
properties of these materials in the same fashion as described in Sec-
tions 2.5.4.2 and 2.5.4.3. Provide the plans for field test fills and
identify the material and placement specification proposed in the PSAR.
Include grain size bands, moistu'? control, and compaction requirements.
Results of test fiils should be included in the FSAR.

2.5.4.6 Groundwater Conditions- The analysis of groundwater -<

the site should include the f ollowing points:

1. A discussion of grour ater conditions relative to the stability
of the safety-related nuclear i plant facilities,

2. A discussion of design criteria for the control of groundwater
losels or collection and rontrol of seepage,

3. Requirerents for dewatering during construction and a discus-
sien of how dewate-ing will be accomplished,

4. Description and interpretation of actual groundwater conditions
experienced during construction (FS'R),

5. Records of fi aid and 1r ooratory permeability tests,

6. History of groundwater fluctuations, including those due to
flooding, and projected variances in the groundwater levels during the
life of the olant,
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7. Information related to the periodic monitoring of local wells
and piezometers,

8. Direction of groundwater flow, gradients, and velocities.

9. Discussion of 1r reference to the groundwater monitoring program
i dur:ng the lif e of the plant to assess the potential for subsidence.

2j .4.7 Pesponse of Soil and Rock to Dyr.amic Leading. Furnish analyses
of the responses of the soi' and rock to dynamic and seismic loading condi-
tions. Discuss the testing perf ormed and test results. Justify selected
design va:uts used for dynanic response analyses. Justify the methoJs
of analyses used and indicate the results of analyses. Identify computer
programs used and provide abstr acts. Soil-structure interaction ar.alyses
should be described in this saction or cross-referenced f rom So .: tion
3 7.2.4. Bur ed pipelines and earthworks should also be included in this
section.

2.5.4.8 Liquefaction Potential. If the foundation materials at
the site adjacent to and under safety related structures are saturated
scils or soils that hav2 a potential for becoming saturated, an appro-
priate state-of-the-art analysis of the potential for liq"ef action occur-
ring at the site should be provided. The method of ana.ysis should be
determined on the basis of actual site conditions, the properties of the
pla"t f acilities, and ti e earthquake and seismic design requirement.

2.5.4.9 Earthquake Design Basis. A summary should be pr^vided of
the dcrivation of the OBE and SSE, including references to Sections 2.5.2.6
and 2.5.2.7. A_ tif y the selection of earthquakes for liquefaction and
seismic response analysis of earthworks.

2.5.4.10 A 3 tic Stability. The stability of all safety-related
facilities should be analyzed for static loading conditions. Foundation
rebound, settlement, dif ferential settlement, and bearing capacity should
be analyzed under the design loads of fills and plant facilities. A

discussion and evaluation of lateral earth pressures and hydrostatic ground-
water loads acting on plant f acilities should be included in this section.
Field and labo:atory test results should be discussed. Design parameters
used in stability analyses should be discussed and justified. Sufficient
data and analyset should be provided so that the staff may make an inde-
pendent interpretation and evaluation. Results of stability analyses
should be presented in the PSAR and confirmed with as-built data in the
FSAR.

2.5.4.11 Design Criteria. Provide a brief discussion of the design
criteria and methods of design used in the stability studies of all safety-
related facilities. Identify required and computed f actors of safety,
assumptions, and conservatisms in each analysis. Provide references.

Explain and verify comput er analyses used.

@
2-36

142 352



Revisior, 3 Novembe. 1978

2.5.4.12 Techniques to Improve Subsurface Conditions. Discuss and
provide specifications for measures to improve f oundations such as grouting.
vibroflotation, dental work, rock bolting, and anchors. A verification
program designed to permit a thorough evaluation of the effectiveness of
foundation improvement measures should also be discussed.

2.5.4.13 Subsurface Instrumentation. Instrumentation for the surveil-
lance of f oundations f or saf ety-related structures shoulJ be presented
in this section. Indicate the type, location, and purpose of each instru-
ment and provide significant details of installation methods. Provide a
schedule for installing and reading all proposed instruments and for the
interpretation of the data obtained (PSAR). Results and analyses should
be presented in the FSAR.

2.5.4.14 Construction Notes. Significant construction problems
should be discussed. Discuss changes in design details or construction
procedures that became necessary during construction (FSAR).

2.5.5 Stability of Slopes

Information should be presented concerning the static and dynamic
stability of all soil or rock slopes, both natural and man-made, the
failure of which could adversely affect the safety of the nuclear power
plant. This information should include a thorough evaluation of site

9 conditions, geologic features, the engineering properties of the materials
comprising the slope and its foundation. The stability of slopes should
be evaluated using classic and contemporary methods of analyses. The
evaluation should include, whenever possible, comparative field performance
of similar slopes. All information related to defining site conditions,
geologic features, the engineering properties of materials, and design
criteria should be of the same scope as that provided under Section 2.5.4.
Cross-references may be used where appropriate. The stability evaluation
of man-made slopes should include summary data and a discussion of con-
struction procedures, record testing, and instrumentation monitoring to
ensure high quality earthwork.

2.5.5.1 Slope Characteristics. Describe anJ illustrate slopes and
related site features in detail. Provide a plan showing the limits of
cuts, fills, or natural undisturbed slopes and how their relation and
orientation relative to plant facilities. Benches, retaining walls, bulk-
heads, jetties, and slope protection should be clearly identified. Pro-
vide detailed cross sections and profiles of all slopes and their founda-
tions. Discuss exploration programs and local geologic features. Describe
the groundwater and seepage conditions that exist and those assumed for
analysis purposes. The type, quantity, extent, ani purpose of exploration
should be described and the location of borings, test pits, and trenches
should be shown on all drawings.

Discuss sampling methods used. Identify material types and the static
dnd dynamic engineering properties of the soil and rock materials comprising
the slopes and their foundations. Identify the presence of any weak zones,
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9
such as seams or lenses of clay, mylonites, or potentially liquetiable
meterials. Discuss and present results of the field and laboratory
testing programs and justi fy selected des ig ' strengths.

2.5.5.2 Design Criteria and Analyses. The design criteria t o' une
stabi;ity and design cf all safety related and Seismic Category I slope
should be described. Valid static and dynamic a,'alyses should be presented
to demonstrate the reliable performance of thesa slope, throughout the
lifetime of the plant. Describc the methods used for static and dyneic
analysea and indicate reasons for selecting them. Indicate a s s urrp t i o n s
and design cases analyzed with computed factors of safety. Present the

results of stability analyses in tables identif ying des ign cases ana i> zed,
strength assumptions f or materials, and type of failure surface As s uwd
failure surfaces should be graphically shown on cross sections and appi u-
priately identified on both the tables and sections Explain and ju ' i f y

computer analyses; provide ao abstract of tor puter prograrrs use 1.

2.a.5.3 Loos of Porinrg Present tne logs of borings, test uits
and t renches that were completed for the evaluation of slopes, founda-
tions, and borrow materials to be used for slopes. Logs should indicato
elevations, depths, soil and rock classit ication inf ormation, aroundwater
levels, exploration and sampling method, recovery, RQD, and blow rnunts
f rom standard penetration tests. Discuss drilling and sampling procedur e ,
and indicate where samples were taken on the logs.

2.5.5.4 Compacted Fill. In this section, provide information related
to materia l, p lace' rent, and compaction speci f ications for f ill (soil and/or
rock) required to construct slopes such as canal or channel slopes, break-
waters, and jetties. Planned construction procedures and controi of earth-
works should be thoroughly described. Information recessary is :imilar

to that outlined in Section 2.5.4.5. Quali ty control techniques and docu-

mentation during and fo!iowing construction should be discussed and ref er-
enced to quality assurance sections of the SAR.

? . 5. 6 Embankments and Dams

This section should include inf ormation related to + he inmt igat ion,

engineering design, proposed construction. and perf orr..ance o f all ea th,
rock, or earth and rock fill embankments used for pla t flood protection
or for impaunding cooling water required f or the operation of the nuclear
powm plant. The format given below may be used for both Seismic Cate-
gory and saf ety related embankments, the f ailure of which could threaten
the public health and safety. l' h e following information shuuld be

included: (1) the purpose and locMion of the embankment and apnurtenant
structures (spillways, outlet works, etc. ), (2) specif ic geclogic f eatur es
of the site, (3) engineering properties of the bedrock and f ounda tio-
and embankment soils , (4) design assumptions , data, analysr s , and d ;scus-
sions on foundation treatar nt and embankment design, (5) any special con-

struction requirements, and (6) proposed instrumentation and perf or, nance
monitoring systems and programs.
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Embankment design studies should include an evaluation of the perfor-
mance of the embankment on the basis of instrumentation monitored during
construction and during the initial reservoir filling. Information related
to th9 evaluation of embankment performance should be provided in the
FSAR.

Any significant event such as an earthquake or flood tnat occurs
during construction or during the initial reservoir filling should be
documented in the FSAR together with all information related to the per-
formance of the embankment and observed behavior within its foundation
and abutments during the event.

Photographs showing general views of damsite (before, during, and
af ter construction), foundation strippino and treatment (FSAR), construc-
tion equipment and activities (?SAR), instrumentation devices and instal-
lation work (FSAR), and special items should be provided.

Embankment zone placement quantities, a comparison of embankment
zone design placement requirements with a summary of field control test
data results (FSAR), and a comparison of embankment shear strength design
assumptions with a summary of record control shear strength test results
(FSAR) should be tabulated.

The following drawings should be provided:

1. General plan with vicinity map,

2. Large-scale embariment plan with boring and instrumentation
locations shown,

3. Geologic profile embankment axis, control structure axis, and
spillway axis,

4. Embankment cross sections with instrumentation shown,

5. Embankment details ,

6. Embankment foundation excavation plan,

7. Embankment and foundation design shear strength test data graphic
summaries with selected design values shown,

8. Embankment slope stability cross sections with design assumptions,
critical failure planes, and factors of safety shown,

9. Embankment slope stability reevaluation, if necessary (FSAR),

10. Embankment seepage cor. trol design with assumptions, section,
and selected design shown,
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9
11. Relief well profile with the quantities of flow measured at

various depths in the relief wells shown (FSAR),

12. Plot of pool elevation versus total relief well discharge
quantities (FSAR),

13. Distribution of field control test locations. For each zone
tested, plot a profila parallel to the axis with field control test data
plotted at the locations sampled.

14. Instrumentation installation details,

15. Interprei.ations of instrumentation data.

a. Settlement profile or contour plan,

b. Alignment profiles of measured movements,

c. Embankment section with embankment and foundation pore
pcessure contours. May be necessary to plot contour diagrams at various
dates.

d. Embankment sections showing phreatic surface through
foundatien,

e. Profile in relief well line showing well and piezometer
locatias and ,1.easured and design heads.

2.5.o.1 General. The purpose of the embankment, including natural
and se nre conditions under which it is to function, should be stated.

| I'lenti fy the reasons for selecting the proposed location within the site.
General design features, ins 'uding planned water control structures, should
be discucsed.

2.5.6.2 Exploration. Di scuss exploration and the local geologic
features of tt.e pro osed embankment site, and relate these features to
the plant site in gtnera. The type, quantity, extent, and purpose et
the underground explo;aticn program should be provided. Exploration and
sampling methods used M.1d ho discussed.

2.5.6.3 ioundation anu Abutment Treatment. Discuss the need for,
and justify the select'n of the types of f oundation and abutment treat-
ment such as grouting, cutof f trenches, and dental treatment. Evaluate
and report the effectiveness of the completed foundation and abutment
treatment programs in the FSAR. The areal extent and depth limits of
treatment should be shovn on p|ot nlans. Discuss the construction proce-
dures to be employed, and estimate the con.,t"uction quantities involved.

2.5.6.4 Embankment. Pcasent the genera embankment features,l

including height, slopes, zoning, material properties (including borrow
and foundation), sources of materials, and location and usage of materials

~*
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in the embankment. Slope protection design, material properties, and
nlacement methods should be presented. Discuss consolidation testing
results, embankment settlement, and ove* buila.

Compaction test results on laboratory test specimens and on test
fills in the field should be discussed, as well as field control to be
specified f or the f oundation preparation and protection and also for place-
ment of fill, including material requirements, placement conditions,
moisture control, and compaction. Also, discuss protection required uf
fill surfaces and stockpiles during construction, compaction equipment
to be used, and any special fill placement activities required. The FSAR
should document compliance wi th specifications related to foundation
preparation and also with material specifications and fili placement
requirements. Significant or unusual construction activities and problems
should also be documented in the FSAR.

2.5.6.5 Slope Stability. For both the foundation and embankment
materials, discuss the shear testing performed, shear test data results,
selected design strengthr, reasons f or selecting the r athod of slope stabil-
ity analysis used, and the results of design cases analyzed for the embank-
ment constructed.

2.5.6.6 Seepage Control. Exploratio -and test ;ng performed to deter-
mine assumptions sed for seepage analyses should be discussed. Present
design assumptions, results of design analyses, and reasons for the seepage
control design selected. Special construction requirements as well as
activities related to the final construction of slepage control features
should be discussed in the FSAR.

2.5.6.7 Diversion and Closure, Programs nueded for the care and
diversion of water during construction should be discussed, including
the need for cofferdams, techniques used to dewater excavations, and any
expected problems or difficulties. Discuss the proposed diversion and
closure construction sequence. Relate actual construction experiences
in the FSAR.

2.5.6.8 Performance Monitoring. The overall instrumentation plan
and the purpose of each set of instruments snould be discussed, as well
as the different kinds of instruments, special instruments, and significant |,

details for installation of instruments. Provide the program for periodic i
monitoring of instrumentation and periodic inspection of the embankment I
and appurtenant structures. |

2.5.6.9 Construction Notes (FSAR). Significant embankment construc-
tion history should be provided. Discuss changes in design details or
construction procedures that became necessary during construction.

M.6.10 Operational Notes. Embankment perf o:mance histo y since
completion of construction should be provided in the FSAR.
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3. DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

This chapter of the SAR should identify, describe, and u scuss the
principal architectural and eny neering design of those structures, com-
ponents, equipment, and systems important to safety.

3.1 Conformance with NRC General Design Criteria

This section should briefly discuss the extent to which the design
criteria for the plant structures, systems, and components important to
saf ety meet the NRC " General Design Criteria for Nuclear Power Plants"
specified in Appendix A to 10 CFR Part 50. For each criterion, a summary

should be provided to show how the principal design features meet the
criterion. Any exceptions to criteria should be identified and the
justification for each exceptica should be discussed. In the discussion
of each criterion, the sections of the SAR where more detailed informa-
tion is presented to demonstrate compliance with o exceptions to the

criterion should be referenceu

3.2 Classificaticn of Structures. Components, and_ Systems

3.2.1 Seismic Classification

This section should identify those structures, systems, and compo-9 nents important to safety that are designed to withstand the effects of
a Safe Shutdown Earthquake (see Section 2.5) and remain functional.
These plant features are those necessary to ensure:

1. The integrity of the reactor coolant pressure boundary,

2. The capability to shut down the reactor and maintain it in a
safe condition, or

3. The capabilit; to prevent or mitigate the consequences of
accidents that could result in potential offsite exposures comparable to
the guideline exposures of 10 CFR Part 100.

Guidance for determining the seismic classification of structures,
systems, avi components is provided in Regulatory Guide 129, " Seismic
Design Classification." These plant features, including their rounda-
tions and supports, designed to remain functional in the event of a Safe
Shutdown Earthquase are designated as Seismic Category 1. This section
should indicate if the recommendations of Regulatory Guide 1.29 are being
fcllowed and provide a list of all Seismic Category I items. If only

portions of structures and systems are Seismic Category I, they should
be listed and, where necessary for clarity, the boundaries of the Seismic
Category 1 portions should be shown on piping ar.d instrumentation diagrams.
Where there are dif ferences with Regulatory GJide 1.29, they should be
identified and a discussion of the proposed classification should be
in:luded.
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All structures, systems, and components or portions thereof, which
are intended to be designed for an Operating Basis Earthquake (OBE),
should be listed or otherwise clearly identified.

3.2.2 S gten Quality Group Classifications

This section should identify those fluid systems or oortions of fluid
systems important to saf ety and the industry codes and standards applicable
to each pressure-retaining component in the systems.

Section 50.55a of 10 CFR Pa. 50 specifies quality requirements for
the reactor coolant pressure boundary, and Regulatory Guide 1.26, " Quality
Group Classificaticns and Standards for Water , Steam , and Radioactive-
Waste-Containing Components of Nuclear Power Plants," describes a quality
group classification system and relates it to industry codes for w ter-
and steam containing fluid systems. The section should indicate the extent
to which the recommendations of Regulatory Guide 1.26 are f ollowad. Where
there are dif f erences, they should be identified and a discussion included
justifying each proposed quality group classification in terms of the
reliance placed on these s"st.ms:

1. To prevent or mitigate the consequences of accidents and mal-
functions originating within the reactor coolant pressure
boundary,

2. To permit shutdown of the reactor and maintenance in the safe
shutdown condition, and

3. To contain radioactise material.

In such cases, the proposed design features and measures that would
be applied to attain a quality level equivalent to the level of the above
classifications should be specified, including tt'e quality assurance pro-
grams that wouid be implemented. The secticn should contain group classi-
fication boundaries of each safety-relatod system. The classifications
should be noted at valves or other appropriate locations in each fluid
system where the respective classification changes in terms of the NRC
group classification letters, for example, from A to B, B to C, C to D
as well as other combinations, or alternately, in terms of corresponding
classification notations that can be referenced with those classification
groups in Regulatory Guide 1.26.

3. 3 Wind and Tornado Loadings

3.3.1 Wind Loadings

This section should discuss the design wind load on Seismic Cate-
gory I structures and, in particular, should include the information
identified below.
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3.3.1.1 Design Wind Velocity. The design wind velocity and its
recurrence interval, the vertical velocity profiles, and the applicable
gust factors, as described in Section 2.3, should be presented here for
information.

3.3.1.2 Determination of Applied Forces. The procedures used to
transf orm the wind velocity into an ef f ective pressure applied to exposed
surfaces of structures should be described. Wind force distribution and
shape coef ficients being applied should be included.

3.3.2 Tornado Loadings

This section should discuss the design basis tornado loadings on
structures that must be designed for tornadoes. It should include the
information identif ied below.

3.3.2.1 Applicable Design Parameters. The design parameters appli-
cable to the design basis tornado should be presented here f or inf ormation.
The translational velocity, the tangential velocity, the pressure dif fer-
ential and its associated time interval, and the spectrum and pertinent
characteristics of tornado generated missiles should be included. Material
coverea in Sections 2.3 and 3.5.1 may be incorporated by reference.

3. L 2. 2 Determination of Fceces on Structures. The procedures used

to transf orm the tornado loadings into ettective loads c,i structures should
be described. T he f ollowing inf ormation should be included:

1. The procedures used f or transf orming the tornado wind into an
ef f ective pressure on exposed surf aces of structures. Shape coef ficients
and ptessure distribution on flat surfaces and round structures such as
containments should also be included.

2. If venting of a structure is used, the procedures employed for
transforming the tornado generated differential pressure into an effec-
tive reduced pressure.

3. The procedures used for transforming the tornado generated
missile loadings, which are considered impactive dynamic loads, into
effective loads. Material included in Section 3.5.3 may be referenced
in this section.

4. lhe various combinations of the above individual loadings that

will produce the most adverse total tornado ef fect on structures.

3.3.2.3 Effect of Failure of Structures or Components Not Designed
for Tornado Loads. This section should present inf ormation to stTow that
the tailure of any structure or component not designed for tornado loads
will not af f ect the ability of other structures to perform their intended
saf ety f unctions- g9 7/n

r t_ JOU
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3.4 Water Level (Flood) Design

This section should discuss the f' cod and/or tt'e nighest ground water
level design for Seismic Category I structures and components including
the following information.

3.4.1 Flood Pratection

| 3.4.1.1 Flood Protection Measures for Seismic Category I Structures.
The flood protection measures for Seismic Category I structures, systems,
and components should be described and include the following:

1. Identify the safety-related systems and components that should
be protected against floods (see Regulatory Guide 1.59, " Design Basis
Floods for Nuclear Power Plants," and Regulatory Guide 1.102, " Flood Prc-
tection for Nuclear Power Plants"), and show the relationship to design
flood levels and conditions defined in Section 2.4 (include station
drawings).*

2. Describe tt'e structures that house safety-related equipment,
including an identification of exterior or access openir.gs and penetra-
tions that are below the design flood levels.*

3. If flood protection is required, discuss the means of providing
ilood protection (e.g., pumping systems, stoplogs, watertight doors, and
drainage systems) for equipment that may be vulnerable because of its
location and the protection provided to cope with potential inleakage
from such phenomena as cracks in structure walls, leakinp water stnps,
and ef fects of wind wave action (including spray). Identify on plant
layout drawings individual compartments or cubicles that house safety-
related equipment and that act 3s positive barrie s against possible
flooding.

I 4 Describe the procedures required (see regulatory positien 2 of
| Regulatory Guide 1.59 and regulatory position 2 of Regulatocy Guide 1.102)
and imple nentation times available to bring the reactor to a cold shutdown
for the flood c)nditions identified in Section 2.4.14. ~hese proce6eres
and times should be compared with the procedures and times required to
implement flood protection requirements identified in Section 2.4.14.

5. Identi fy those safety-related systems or components, if ar-
that are capable of normal function while completely or partia'
flooded.

3.4.1.2 Permanent Dewatering System. This section should descr
any permanent dewatering system provided to protect safety-rclated
structures, systems, or components from the et fects 01 grcand water.
The following information should be included:

* The details discussed nerein should be consistent with Sections 2.4.1.1,
2.4.2.2, and 2.4.10. -

3-4
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1. A summary description of the dewatering systam. All major sub-
systems such as the active discharge subsystem and the posive collection
and drainage subsystem should be described.

2. The design bases for the functional performance requirements
for each subsystem, along with the bases for selecting the system '

operating parameters.

3. A safety evauation demonstrating how the system satisfies the
design bases, the system's capability to withstand design basis events,
and its capability to perform its safety function assuming a single active
f ailure with the loss of of fsite power. Protection against single f ailure
should be evaluated in terms of pipir y art angement and layout, selection
of valve types and location, redundancy of various system components,
redundancy of power supplies, redundant sources of actuation signals,
and redundancy of instrumentation. The safety evaluation should also

'

domonstrate that the dewatering system is protected from the effects c;
pipe breaks and missiles.

4. The testing and inspection to be performed to verify that the j
system capability and reliability are met and t;1e instrumentation and |

control necessary for proper operation of the system. '

5. The information provided in this section of th SAR should be

consistent with the information provided in Sections 2./ and 2.5, which j
should be referenced as appropriate.

'

3.4.2 Analytical and Test Procedures

Describe the methods and procedures by which the static and dynamic
ef fects of the design basis flood conditions or design basis ground water
conditions ide.itified in Section 2.4 are applied to safety-related struc-
tures, systems, and components. Summarize for each safety related struc-
ture, system, and component that may be so affected, the design basis
static and dynamic loadings, including consideration of hydrostatic l aad-
ings, equivalent hydrostatic dynamically induced loadings, coincident
wind loadings, and the static and dynamic ef fects on foundation properties
(Section 2.5).

If physical models are used to predict prototype performance of
hydraulic structures and systems, information on such model testing should
be included herein (see Regulatory Guide 1.125, " Physical Models for
Design and Operation of Hydraulic Structures and Systems for Nuclear
Power Plants"). !

3.5 Missile Protection

3.5.1 Missile Selection and Description

3.5.1.1 Internally Generated Missiles (Outside Containment). The
design bases for the structures, systems (or portions of s stems), and

. nf '
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components that are to be protected against damage from internally gen-
erated missiles outside containment should be provided. Missiles asso-
ciated with overspeed failures of rotating components and with f ailures
of high pressure system components should be considered. The design bases
should consider the design features provided for either continued safe
operation or shutdown during all operating conditions, operational tran-
sients, and postulated accident conditions.

A tabulation showing the safety-related structures, systems, and
components outside "ntainment required for safe shutdown of the reactor
under all conditions of plant operation should be provided and, as a
minimum, should include the following:

1. Locations of the structures, rystems, or components.

2. Applicable seismic category and quality group classifications
(may be referenced f rom Section 3.2).

3. Sections in the SAR where descriptions of the items may be
found.

4. Reference drawings or piping and instrumentation diagrams where
applicable (may be referenced f rom other sections of the SAR).

5. Identification of missiles to be protected against, their source,
and the bases for selection.

6. Missile protection provided.

The ability of the structures, systems, and components to withstand
the effects of selected internally generated missiles should be evaluated.

3. 5.1. 2 Internally Genecated Missiles (Inside Containment). All

plant structures, systems, and ccmponents inside containment whose f ailure
could lead to offsite radiological consequences or that are required for
safe plant shutdown to a cold condition assuming an additional single
failure should be identified. The separation and independence of those
structures, systems, and components protected by redundancy rather than
physical barriers against very low probability missile strikes should be
clearly demonstrated. The structures, systems, and components protected
by physical barriers should be identified. Missiles associated with over-
speed failures of rotating components, with primar3 and secondary f ailures
of high pressure system components, and those due to gravitational ef fects
should be identified.

A tabulation showing the safety-related structures, systems, and
components inside containment required for safe shutdown of the reactor
under all conditions of the plant operation, including operational tran-
sients and postulated accident conditions, should be provided and, as a
minimum, should include the following:

9
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1. Location of the structure, system, or component.

2. Identification of missiles to be protected against, their source,
and the bases for selection.

3. Missile protection provided.

The ability of the structures, systems, and components to withstand
the effects of selected internally generated missiles should be
evaluated.

3.5.1.3 Turbine Missiles. Information should be provided on the
following topics:

1. Turbine Placement and Orientation. Plant layout drawings should
indicate clearly turbine placement and orientation. Plan and elevation
views should have aprmopriate indication of the + 25-degree low-trajectory

-

turbine missile ejection zone with respect to the low pressure turbine
wheels for each tur Dine unit "within reach" of the plant structures.
Target areas shoulc be indicated clearly on plan and elevation views with
respect to all systems identified in Section 3.5.2.

2. Missile Identification and Characteristics. Description of
postulated turbi te missiles should include missile properties such as
mass, shape, crr ss sectional areas, ranged turoine exit speeds, and range
of turbine exit angles. Mathematical models used in the analyc is of such
items as miss . le selection, turbine casing penetration, and missile
trajectories ,nould be included. A description of the analytical models
used to de+e mine the characteristics of the selected missiles, including
any assumptions, should be included.

3. T arget Description. Structures and equipment identified in
Section 3.t.2, if within the low-trajectory turbine missile strike zones
described in item 1, should be identified in dimensioned plan and eleva-
tion drawings. Safety-related equipment occupying small portions of a
room or a structure should be indicated individually (e.g. , batteries,
switchgear cabinets, isolation valves). Separation distances and/or
separation barriers should be indicated with respect to redundant
equipment.

4. Probability Analysis. An analysis of strike probabilities for

low-trajectory turbine missiles with respect to plant systems identifi d |e
in Section 3.5.2 should be provided. If the analyt, al methods are
described by referencing other documents, a brief summe outline of the
method, including sample calculations, should be provided. All assump-
tions used in the analysis should be identified, and the bases supporting
them should be discussed.

Numerical results of the analysis should be presented in tabular
form, listing the individual strike probabilities for each vital area
with respect to design and destructive overspeed turbine missiles. The
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data should be resolved into strike probability contributions from each
turbine unit (including nonnt. : lear units) on or in the vicinity of the

, site.

In the case of ( tive overspeed, an analysis should be presented
j us t i fy i ng the assumptica of only one disc failure. Turbine overspeed
acceleration characteristics, statistical distribut.on of destructive
overspeed failure speeds, and related information should be considered
in the evaluation at the probability of second wheel failure during the
interval of physical disassecDly caused by the first f ailure.

b. Turbine Overspeed Protection. A description of the turbine
overspeed protection system in terms of redundancy, diversity, component
reliability , and testing procedures should be provided.

6. Turbine Valve festing. A discussion of the turbine valve test-
ing environment should cover such items as test frequency, power level,

, pressure difference acron tne steam valve (s), and other parameters
pertinent to over3 peed protection.

/. s urbine Characteristics. Turbine c3ta p rtinent to the evalua-
tion of its failure characteristic., should include a description of its
overall configuration, major components (c.1 , steam valves, rr lea te rs ,
etc.), rotor materials and their properties, steam environment (e.g.,
pressure, temperature, qualite .emistry), in 1 other appropriate pro-
perties. T ur bine operationa and transient characteristics should be
described, including turbine startup and trip environments, as well as
its overspeed parameters (e g., time to lE0% overspeed from loss of 100%
power load).

3.5.1 4 Missiles Generatod by Naturai Phenomena. Identify all

dissiles generated as a result of natural phenomena (e.g. , tornadoes and
1ioods) in +he vicinity of the plant. For selected missiles, specify
the origin, dimensions, mass, energy, velocity, and any other parameters
required to determine missile penetration.

i
| The structures md/or barriers used for missile protection should
be tabulated. The table should contain the f ollowing inf ormation:

1. Systems or components that are protectee by the structure /
barrier.

2. Concrete thickness and strength for walls, roof s, and floors
,used for missile protection and the curing time on which the strength is

based.

3.5.1.5 Missiles Generated by Events Near the Site. Identify all
missile sources resulting from accidental explosions in the vicinity of
the site. The presence of and operatinns at nearby industrial, trans-
portation, and military f acilities should be considered. The following
missile sources should be considered with respect to the site:
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.
.

1. Train explosions (including rocket ef fects),

2. Truck explosions,

3. Ship or barge explosions,

4. Industrial facilities,

5. Pipeline explosions, and

6. Military facilities.

Missiles from each type of source should be characterized in terms
of dimensions, mass, energy, velocity, trajectory, ano energy density.
(Aircraf t crashes should be analyzed in Section 3.5. l.5. )

3. 5.1. 6 Aircraft Hazards. An aircraf t hazard analysis should be
provided for each of the following:

1. Federal airways or airport approaches passing within 2 miles
of the nuclear facility.

2. All airports located within 5 miles of the site.

2 movements3. Airports with projected operations greater than 500d
2 out-per year located within 10 miles of the site and greater than 1000d

side 10 miles, where d is the distance in miles from the site.

4. Military installations or any airspace usage that might present
a hazard to the site. For some uses such as practice combing ranges, it
may be necessary to evaluate uses as far as 20 miles from the site.

The analyses should provide an estimate of the probability of an
aircraft accident with consequences worse than those of the design basis
accident. Hazards to the plant may be divided into accidents resulting
in structural damage and accidents involving fire. These analyses should
be based on the projected traffic for the facilities, the a' rcraf t accident
statistics provided in Section 2.2, and the critical area, described in
Section 3. 5.2.

All the parameters used in these analyses should be e . licitly
justified. Wherever a range of values is obtained for a given parameter,
it should b2 plainly indicated and the trost conservative value used.
Justification for all assumptions made should also be clearly stated.

Conclusions on the aircraft, if any, that are to be selected as
design basis impact eventa should be stated and the rationale for the
choice clearly set forth. The whole aircraft or parts thereof should be
characterized in terms of dimensions, mass (including variations along
the length of the aircraf t), energy, velocity, trajectory, and energy

3-9
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9
density. Resultant m es on structures should be presented in*

Section 3.5.3.

3.5.2 Structures, Svstems, and Components To Be Protected from External'y
Generated Missiles

All plant structures, systems, and components whose tailure could
lead to offsite radiological consequences or that are required to shut
down the reactor and maintain it in a safe conditico assuming an adJi-
tional single failure should be identified. It should be demonstrated
that such saf ety-related structures, systems, and components are ade-
quately protected against very low probability missile strikes by physical
barriers or protective structures Missiles that should be considered
are identified in Secticn 3.S.1. Protective struct urcs and barriers
should be identified on plant e rangement and elesation dresings anu in

| the system and component cl assi t ication tablo.

3.5.3 Barrier Design Procedures

The procedures by which each structure or t>arrier will be desiuned
to resist the missilo hazards previously de< m ;oed should be presented;
the f ollowing should be included-

1. Procedures utiIized (a) to predict locai dcrage in the impact
area, including estimation of the depth of per,e t ra t i o n , (b) to estir' ate
carrier thickness required to prevent perforation, and (c) in the case
of concrete barriers to pre fict the potential for generating secondary
missiles by spalling and scabbing ef f ects, and

2. Procedures utilized for the prediction of the overall response
of the barrier and portions thereof to nissile impact. This includes
assumptions on acceptable ductility ratios and estimates of f orces , roments ,
and shears induced in the barrier by the inpact force of the missiie.

3.6 Protection A viist Dynamic Ettects, Associated-
,

with the Fostulated Rupture or n ping

This ection should desciibe design bases (PSA4) and design measures
(fSAR) to ensure that the containment vessel and all essential equipment
inside or outside the containment, includi, comparents or the reactor
coolant pressure boundary, have been adequately protected against the
ef fects of blowdawn jet and reactive forces and pipe whip resulting f rom
postulated rupture of piping located either inside er outside of contain-
ment. The following specific inf ormation should be included.

3.6.1 Postulated Pip _ing f ailures in Fluiu Systems Gutside of Containment

J.6.1.1 Design Bases (PSAR). Systems or components important to
plant safety or shutdown that are located proximate to high- or moderate-
energy piping systems and that are susceptible to the consequences of .

f ailares ci these piping systems should be identified. The identification
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should be related to predetermined piping failure locations in accordance
with Section 3.6.2. Typical piping runs wi'h failure points indicated
on drawings should be provided. The identification of af fected components
should also include limiting acceptable conditions, i.e. , those conditions
for which operation of the component will not be precluded. The design
approach taken to protect the systems and components identified above
should be indicated.

3.6.1.2 Description ("SAR). Provide a 1isting of high- and moderate-
energy lines. In the case w.,ere physical arrangement of the piping syster.i
provides the required protection, a description of the layout of all systems
should be submitted. In the case where the high- or moderate energy piping
systems have been enclosed in structures or compartments to protect nea-by
essential systems or components, descriptions and pressure rise analyses
should be provided to verify the structural adequacy of such enclou ares.
An analysis of the potential ef fects of secondary missiles on the como-
nents should also he provided. If failure of or leakage from high- or
moderate ent'gy lines affect nearby safety features or results in the
transport of a steam environment to other rooms ;r compartments in ne
facility, an analysis should be provided of the effects of the envirol-
ment on the operation of the affected equipment or systems. In the case
of the contro! room, analyses should be provided to verify that habitabil-
ity will be ensured.

3.6.1.3 Safey Evaluation (FSAR). The results of failure node and I
effects analyses should be provided to verify that the consequences of
failures of high- and roderate energy lines do not affect the ability to
safely shut the plant down. The analyses should include consideration
of single active component f ailures occuri ing in required systems concur-
rently with the postulated event.

3.6.2_ Determination of Ereak Locations and Dynamic Ef fects Asseciated
_with the Postulated Rupture of Piping

This section should describe the design bases for locating postu-
lated breaks and cracks in piping inside and outside of containment, the
procedures used to define the jet thrust 'eaction at the break or crack
location, and the jet impingement loading on adjacent safety related
structures, equipment, systems, and components.

3.6.2.1 Criteria Used to Define Break and Crack Location and
Conficuration (PSAR). The criteria should be provided for the location
and contiguration of postulated breaks and cracks in those high- and
moderate energy piping systems for which separation or enclosure cannot
be achieved. In the case of containment penetration piping, in addition
to the material requested above, the details of the containment penetra-
tion identifying all process pipe welds, access for inservice inspection
of welds, points of fixity, and points of geometric discontinuity should
be provided.

jj3 O J _/
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9
3.6.2.2 Analytical Methods to Define Forcing Functions and Response

Models (PSAR). The methods used to define the f orcing f unctions to be
used f or the pipe whip dynamic analyses should be described. The descrip-
tior. should include direction, thrust coef ficients, rise time, magnitude,
duration, and initial conditions that adequately represent the jet stream
dynamics and the system pressure dif ferences. Pipe restraint rebound
ef fects should be included if appropriate.

Diagrams of typical mathematical models used for the dynamic response
analysis should be provided. All dynamic amplification factors to be
usea snould be presented and justified.

3.6.2.3 Dynamic Analysis Methods to Verify Integrity and Operability
(PSAR). The method of analysis that will be used to evaluate the jet
impingement ef fects and loading ef fects applicable to components and systems
resulting from postulated pipe breaks and cracks should be provided. In
addition, provide the analytical methods used to verify the integrity of
mechanical components under pipe rupture loads. In the case of piping
systers where pipe whip restra nts are included, the loading combinations
and the design criteria for tiie restraints should be provided along with

typical of the restraint configuration to be used.a descript -

3.6.2.4 Guard Pipe Assembly Design Criteria (PSAR). The details
of protective assemblies or guard pipes (a guard pipe is a device to limit
pressurization of the space between dual barriers of certain containments
to acceptable levels) to be used for piping penetrations of containment
areas should be provided. Discuss whether such protective assemblies
serve to provide an extension of containment, prevent overpressurization,
or both.

The use of moment-limiting restraints at the extremities or within
the protective assembly should be indicated. The following should be
provided:

1. The criuria for the design of the process pipe within the protec-
tive assembly. Include type of material (seamless or welded), allowable
stress level, and loading combinations.

2. The design criteria to be used for flued heads and bellows expan-
sioi icints.

The des;gn criteria applicable to the guard pipe that is used,.

with the assembly.

4. A description of the method of providing access and the loca-
tion of such access openings to permit periodic examinations of all process
pip welds within the protective assembly as required by the plant inservice
inspection program (refer to Section 5.2.4 for ASME Class 1 systems and
Section 6.6 for ASME Class 2 anu 3 systems).

@
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3.6.?.5 Material To Be Submitted for the Operating License Review
(FSAR). A ;ummary of the dynamic analyses applicable to high- and moderate-
energy pir og systems and associated supports that determina the loadings
resulting .vom postulated pipe breaks and cracks should be presented.
The following sheuld be included:

1. The implementation of criteria for defining pipe break and crack
locations and configurations. Provide the locations and number of design

basis breaks and cracks on which the dynamic analyses are based. Also
provide the postulated rupture orientation, such as the circumferential
and/or longitudinal break (s), for each postulated design basis break
location.

2. The implementation of criteria dealing with special features
such as augmented inservice inspection program or the use of special protec-
tive devices such as pipe whip restraints, including diagrams showing
their 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 functions and the pipe whip cynamic ef fects.

4. The design adequacy of systems, components, and component supports
to ensure that their design-intended f unctions will not be impaired to
an unacceptable level of integrity or operability as a result of pipe
whip loading or jet impingenent loading.

5. The implementation of the criteria relating to protective
assembly design, including the final design, location of restraints, stress
levels for various plant operating conditions for the process pipe, flued
heads, bellows expansion joints, and guard pipes. Present the final design
and arrangement of the access openings that are used to examine all process
pipe welds within such protective assemblies to neet the requirements of
the plant inservice inspection program.

3.7 Seismic Design

3.7.1 Seismic Input

3.7.1.1 Design Response Spectra. Design response spectra (Operat-
ing Basis Earthquake (OBE) and Safe Shutdown Earthquake (SSE)) should be
provided to permit comparison with Regulatory Guide 1.60, " Design Response
Spectra for Seismic Design of Nuclea- Power P' ants," which provides accept-
able design response spectra. The basis for any response spectra that
dif fer f rom the spectra given in Regulatory Guide 1.60 should be included.
The response spectra applied at the finished grsJe in the free field or
at the various foundation locations of Seismic Category I structures
should be provided.

143 009
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3. 7.1. 2 Design Time History. For the time history analyses, the
response spectra derived from the actual or synthetic earthquake time-
motion records should be provided. A comparison of the response spectra
obtained in the free field at the fin;-hed grade level and the f ounda-
tion level (obtained f: om an appropriate time history at the base of the
soil / structure interaction system) with tne design response spectra shou'd
be submitted for each of the damping va'ues to be used in the design of
structures, systems , and components. Al ternatively, i f the design response
spectra for the OBE and SSE are applied at the f oundation levels of Seismic
Category I structures in the free field, a comparison of the free-field
response spectra at the f oundation level (derived f rom an actual or synthetic
time history) with the design response spectra should be provided for
each of the damping values to be used in the design. The period intervals
at which the spectra values were calculated should be identified.

3.7.1.3 Critical Damping Values. The specific percentage of crit-
ical damping values used for Seismic Category I structures, systems, and
components and soil should be provided f or both the OBE and SSE (e.g. ,
damping values for the type of construction or fabrication such as ,)re-
stressed concrete and welded pipe) to permit comparison with Regulatory
Guide 1.61, " Damping Values for Seismic Design of Nuclear Power Plants,"
which provides acceptable damping values. The basis for any proposed
damping values that dif fer from those given in Regulatory Guide 1.61 should
be included.

3.7.1.4 Supporting Media for 3eismic Category I Structures. A descrip-
tiol of the supporting media for each Seismic Category I structure should
be provided. Include in this description foundation embedment Jepth,
depth of soil over bedrock, soil layering characteristics, width of the
structural foundation, total structural "eight, and soil properties such
as shear wave velocity, shear modulus, ,d density. fhis information is
nec1ed to permit evaluation of the suitability of using either a finito
element or lumped spring approach for soil / structure interaction analysis.

3.7.2 Seismic System Analysis

This section should discuss the seismic system analyses applicable
to Seismic Category I structures, systems, and components. The specific
information identified in the following sections should be included.

3.7.2.1 Seismic Analysis Methods. The applicable methods of seismic
analysis (e.g. , modal analysis response spectra, moda, analysis time history,
equivalent static load) should be identified and d2 scribed. Descriptions
(sketches) of typical mathematical models used to determine the response
should be provided. Indicate how the dynamic system analysis method
includes in the model consideration of foundation torsion, rocking, and
translation. The method chosen for selection of significant modes and
adequate number of masses or degrees of freedom should be specified.
The manner in which consideration is given in the seismic dynamic analysis
to maximum relative displacement among supports should be indicated. In
addition, other significant ef fects that are accounted for in the dynamic
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seismic analys is (e.g. , hydrodynamic ef f ects and nonlinear response) should
be indicated. If tests or empirical methods are used in lieu of analysis,
the testing procedure, load levels, and acceptaace bases should also be
provided.

3.7.2.2 Natural Frequencies atd Response Loads (FSAR). For the
operating license review, significat.t natural frequencies and response
loads determined by seismic system anclyses should be provided for major
Seismic Category I structures. In aodition, the response spectra at
critical major Seismic Category I elevations and points of support should
be specifi d.e

3.7.2.3 Procedure Used for Modeling. The criteria and procedures
used for modeling in the seismic system analyses should be provided.
Include the criteria oases used to determine whether a component or
structure should be au zed as part of a system analysis or independently
as a sub system.

3.7.2.4 Soil /Structuie Interaction. As applicable, the methods of
soil / structure interaction analysi used in the seismic system analysis
and their bases should be provided. The following information should be
incleded: (1) the extent of embedment, (2) the depth of soil over rock,
and (3) the layering of the soil stratum. If the finite element approach
is used, the criteria for determining the location of the bottom boundary
and side boundary should be specified. The procedure by which strain-9 dependent soil preperties (e.g., damping and shear modulus) are incorpo-
rated in the analysis should also be specified. The material given in
Section 3.7.1.4 may be referenced in this section.

If lumped spring methods are used, the parameters used in the analysis
should be discussed. Describe the procedures by which strain-delendent
soil properties, layering, and variation of soil properties are incorporated
into the analysis. The suitability of a iumped spring method used for
the part:cular site conditions should also be discussed.

Any other methods used for soil / structure ir.teraction analysis or
the basis for not using soil /st ucture interact.on analysis should be
provided.

The procedures used to consider effects of adjacent structures on
structural response in soil / structure interaction analysis should be
provided.

3.7.2.5 Development of Floor Response aectra. The procedures forc

developing floor response spectra considering the three omponents of
earthquake motion should be described. If a modal response spectrum method
of analysis is used to develop floor response spectra, the basis for its
conservatism and equivalence to a time history method should be provided.

3.7.2.6 limee Components of Earthquake Motion. Indicate the extent
to which the procedures for considering the three components of earthquake
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motion in determining the seismic response of structures, systems, and
components follow the recommendations of Regulatory Gu de 1.92, " Combining
Modal Responses and Spatial Components in Seismic Response Analysis."

3.7.2.7 Combination of Modal Responses When a response spectra
method is used, a descript on of the procedure ior combining modal responses
(shears, moments, stresses, deflections, and acceleratio, should be'

provided. Indicate the extent to which the recommendations of Regulatory
Guide 1.a- ,re followed

3., 23 Interaction of Non-Cateuory I Structures with Seismic Cate-
gory I Strectures. Provide the design criteria used to account for the
seismic motion of non-Categery I structures or portions therecf in the
seismic design of Seismic Category I structures or portions thereof. In
addition, describe the deaign criteria that will be applied to ensure
protection of Seismic Ca.egory I structures f rom the structural failure
of non-Category I structures due to seismic ef f ects.

3.7.2.9 Effects of Parameter Variations on Floor Response Spectra.
The procedures that will be used to consider the et fects of expected vari 1-
tions of structural properties, dampings, soil pcoperties, and soil / structure
interaction on floor response spectra (e.g. , peak width and period coor-
dinates) and time histories shoulo be described.

3.7.2.10 Use of Constant Vertical Static Factors. WNre applicable,
identify and . justify the application of constant static f actors as vertical
response loads for the seismic design of Seismic Categorv I structures,
systems, and components in lieu of a vertical seismic-system dynamic
analysis method.

3.7.2.11 Method Used t) Account for Torsional Effects. The method
used to consider the torsional eftects in the seismic analyais of the
Seismic Category I structures should be described. Where applicable,
discuss and justify the use of static f actors or any other approximate
method in lieu of a combined vertical, horizontal, and torsional system
dynamic analysis to account for torsional accelerations in the seismic
design of Seismic Category I structures.

3.7.2.12 Comparison of Responses (FSAR). For the operating license
review where both modal response and time history nethods are applied,
the responses obtained f rom both methods at selected points in major
Seismic Category I structures should be provided, together with a compar-
ative discussion of the responses.

3.7.2.13 Methods for Seismic Analysis of Dams. A comprehensive
description of the analytical methods and procedures that will be used
for the seismic system analysis of Seismic Category I dams should be pro-
vided. The assumptions made, the boundary conditions used, and the proce-
dures by which strain-dependent soil properties are incorporated in the
analysis should be provided.
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3.7.2.14 Determination of Seismic Category I St. ucture Overturning
Moments. A description of the dynamic methods and procedures used to
determine Seismic Category I structure overturning moments should be
provided.

3.7.2.15 Analysis Procedure for Damping. The analvsis procedure
used to account for the damping in ditterent elements ut the model of a
coupled system should be described.

3.7.3 Seismic Subsystem Analysis

This section should discuss +he seismic subsystem analyses appli-
cable to Seismic Category I structures, subsystems, and components. The
specific information identified in the following sections should be
included.

3.7.3.1 Seismic Analysis Methods. Information should be provided
as requested in Section 3. /.2.1, but as applied to the Seismic Category I
subsystemt.

3.7.3.2 Determination of Number of Earthquake Cycles. Describe
criteria or procedures that are used to determine the nJmber of earth-
quake cycles during one seismic event. The maximum number of cycles for
which applicable Seismic Category I structures, subsystems, and components
are designeo should be specified.

3.7.3.3 Procedure Used for Modeling. The criteria and procedures
used for modeling for the seismic subsystem analysis should be provided.

3.7.3.4 Basis for Selection of Frequencies. Where applicable,
discuss the procedures and criteria used to separate the fundamental
f requencies of components and equipment f rom the forcing f requencies of
the support structures.

3.7.3.5 Use of Equivalent Static Load Method of Analysis. The basis
for the use of the equivalent static load method of analysis and the proce-
dures used for determining the equivalent static loads should be provided.

3.7.3.6 Three Components of Earthquake Motion. Information should
be provided as requested in Section 3. 7.2.6, but as applied to the Seismic
Category I subsystems.

3.7.3.7 Combination of Modal Responses. Inf ormation should be pro-
vided as requested in Section 3. /.2.7, but as applied to the Seismic Cate-
gory I subsystems.

3.7.3.8 Analytical Procedures for Piping. The aralytical proce-
dures applicable to seismic analysis piping should be described. Include
the methods used to consider dif ferential piping support movements at

6 dif ferent support points located within a structure and between structures.
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3.7.3.9 Multiply Suppocted Equipment Components with Distinct Inputs.
fhe criteria and orocedures f cr seismic analysis or equipment and compo-
nents supported at different elevacions within a building and between
buildings with distinct inputs should be described.

3.7.3.10 Use of Corstant Vertical Static Factors. Inf ormation should
be provided as requested in Section 3. 7.2.10, but as applied to the Seismic
Category I subsystems.

3./.3.11 Torcional Effects of Eccentric Masros. The criteria and
.

procedures that will be employed to account for the torsional effec.s of
valves and other eccentric masses (e.g., valve operators) in the seismic
subsystem analy :es should be provided.

3.7.3.12 Buried Seismic Category I Piping Systems and Turnels.
For buried Seismic Category I piping and tunnels, describe the seismic
criteria and methods for considering the compliance of soil media, the
s2ttlement due to the earthquake, and the dif ferential movement at support
points, penetrations, and entry points into other structures provided
with anchars.

3.7.3.13 Interaction of Other Piping with Seismic Category I Piping.
The analysis procedures used to account for the seismic motion of non-
Category I piping systems in the seismic design of Seismic Category I
piping should be described.

3.7.3.14 Seismic Analyses for Reactor Internals. The seismic sub-
system analyses that will oe used in establishing seismic design adequacy
of the reactor internals, including f uel elements, contrtl rod asse.ulies,
and control rod drive mechanisms, should be described. The follcwing
information should be included:

1. Typical diagrams of dynamic mathematical mode!ing of the
reactor internal structures to be used in the analysis,

2. Damping values and their justification,

3. A description of the methods anri procedures that will be used
to compute seismic responses,

4. A summary ef the results of the dynamic seismic analysis for
the operating 1icense review.

3.7.3.15 Analysis Procedure for Damoing. Information should be
provided as requested in Section 3./.2.15, but as applied tc the Seism ~c
Category I subsystems.
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3.7.4 Seismic Instrumentation

3 7.4.1 Comparison with Regu'atory Guide 1.12. The proposed seismic
instrumentation should oe discussea and compared with the seismic instru-
mentation )rogram recommended in Regu!atory Guide 1.12, " Instrumentation
for Earthc uakes." The bases for elemerts of the proposed program that
dif fer f rou Regulatory Guide 1.12 should be included.

3.7.4.c Location and Description of Instrumentation. Seismic instru-
mentation such as triaxial peak accelerographs, triaxial time history
accelerographs, and tr'axi'l response spectrum recorders that will be
installed in selected ',cismic Category I structures and on selected Seismic
Category I components should be described. The bases for selection of
these structures and components and the location of instrumentation, as
well as the extent to which this instrumentation will be employed to verify
the seismic analyses following a s 'ismic event, should be specified.

3.7.4.3 Control Room Operator Notification. The provisions that
will be used to inform the control room operator of the value of the peak
acceleration level and the input response spectra values shortly after
occurrence of an earthquake should be described, fhe bases for establish-
ing predetermined values for activating the readout of the seismic instru-
ment to the control room operator should bo included.

3.7.4.4 Comparison of Measured and Predicted Responses. Provide
the criteria and procedures that will be usea to compare measured responses
of Seismic Category I structures and selected components in the event of
an earthquake with the results of the seismic system and subsystem analyses.

3.8 Design of CategJry I Structures

3.8.1 Concrete Containment

This section should provide the following information on concrete
containments and on concrete portions of steel / concrete containments:

1. The physical description.

2. The ar iicable design codes, star.dards, and specifications.

3. The loading criteria, including loads and load combinations.

4. The design and analysis procedures.

5. The structural acceptance criteria.

6. The materials, quality control programs, and special construction
techniques.
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7. The testing and inservice inspection programs.

3.8.1.1 Description of the Containment. A physical description of
the concrete containment or concrete portions of steel / concrete contain-
ments should be provided and supplemented with plan and section views
sufficient to define the primary structural aspects and elements relied
upon to perform the containment f unction. The geometry of the concrete
containment or concrete portions of steel / concrete containments, including
plan views at various elevations and sections in at least two orthogonal
directions shoulci be provided. The arrangement of the containment and
the relationship and interaction of the shell with its surrounding struc-
tures and with its interior compartments and floors should be provided
to establish the effect that these structures could have upon the design
boundary conditions and expected structural behavior of the containment
when subjected to design loads.

General descriptive information should be provided for the following:

1. The base foundation slab, including the main reinforcement, the
floor liner plate anJ its anchorage and stif fening system, and the methods
by which the interior structures are anchored through the liner plate
and into the slab, if applicable.

2. The cylindrical wall, including the main reinforcemett and pre-
stressing tendons, if any; the wall liner plate and its anchorage and
stif fening system; the major penetrations and the reinforcement surround-
ing them, including the equipment and personnel 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.

3. The dome and the ring girder, if any, including the main rein-
forcement and prestressing tendons; the liner plate and its anchorage
and stiffening system; and any major attachments to the liner plate made
f rom the inside.

4. Steel components of concrete containments that resist pressure
and are not backed by structural concrete should be discussed in Section
3.8.2.

3. 8.1. 2 Applicable Codes, Standards, and Specifications. Informa-
tion pertaining to design codes, standards, specifications, regulations,
general design criteria, regulatory guides, and other industry standards
that are used in the design, fabrication, construction, testing, and
inservice inspection of the cor.tainment should be provided. The specific
edition, date, or addenda of each document should be identified.

3. 8.1. 3 Loads and Load Combinations. The loads and load combinations
that are utilized in the d3 sign of the containment should be discussed,
with emph' sis on the extent of compliance with Article CC-3000 of the -
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9
ASME Boiler and Pressure Vessel Code, Section III, Division 2, " Code for
Concrete Reactor Vessels and Containments," particularly with respect to
the following:

1. Those loads encountered during preoperational testing.

2. Those loads encountered during normal plant startup, operation,
and shutdown, including oead loads, live loads, thermal loads due to operating
temperature, hydrostatic loads such as those present in pressure-suppression
containments utilizing water, and localized transient pressure loads induced
by actuation of safety relief valves in BWRs.

3. Those loads that would be sustained in the event of severe environ-
mental conditions, including those that would be induced by the design
wind and the Operating Basis Earthquake.

4. Those loads that would be sustained during extreme environmental
conditions, including those that would be induced by the Design Basis
Tornado and -he Safe Shutdown Earthquake.

5. Those loads that would be sustained during abnormal r ant condi-
tions, including the design basis loss-of-cor' ant accident (LOCA). Loadr
generated by other postulated accidents involving varicus high-energy
pipe ruptures should also be discussed. Loads on the containment induced
by such accidents should include associated temperature effects and
pressure and localized loads such as jet impingement and associated
missile impact. Also, external pressure loads generated by events inside
or outside the containment should be discussed.

6. If applicable, those loads that would be e1 countered after
abnormal plant conditions, including flocding of the co itainment subsequent
to a loss-of-coolant accident for the purpose of fuel i ecovery.

The various combinations of the above loads that should be discussed
include 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 appli-
cable to most containments. Othe" site-related or plant-related design
loads may also be applicable. Such loads include those induced by floods,
potential aircraft crashes, explosive hazards in proximity to the site,
and missiles generated from activities of nearby military installations
or from plant-related accidents such as turbine failures. As appropriate,
these loads and load combinations should be discussed.

3.8.1.4 Design and Analysis Procedures. The design and analysic
procedures utilized for the containment should be described, with emphasis
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9
on the extent of compliance with Article CC-3000 of the ASME Code, Sec-
tion III, Division 2. The assumptions made on the boundary conditions
should be described. The treatment of loads, including those that may
be nonaxisymmetric, localized, or transient, should be provided. The
manner in which creep, shrinkage, and cracking of the concrete are
addressed in the analysis and design should be described. Computer pro-
grams utilized should be referenced to permit identification with avail-
able published programs. Proprietary computer programs should ae
described in suf ficient detail to establish the applicability of the pro-
grams and the measures taken to validate the programs with solutions
derived from other acceptable programs or with solutions of classical
problems. The treatment of the effects of tangential (membrane) shears
should be discussed. Information on the evaluation of the effects of
expected variation in assumptions and material properties on the analysis
results should be provided. The method of analyzing large thickened
penetration regions and their effect on the containment behavior should
be described. The analysis and design procedures for the liner plate
and its anchorage system shculd be described.

3.8.1.5 Structural Acceptance Criteria. The acceptance criteria
relating stresses, strains, gross def ormations, and other parameters that
identify quantitatively the margins of safety should be specified, with
emphasis on the extent of compliance with Article CC-3000 of the ASME
Code, Section III, Division 2. The information provided should address
the containment as an entire structure, and it should also address the
margins of safety related to the major important local areas of the con-
tainment, including openings, hatch penetrations, anchorage zones, and
other areas important to the safety f unction. The criteria addressing
the various loading combinations should be presented in ternis of allowahle
limits for at least the following major parameters:

1. Compressive stresses in concrete, including membrane, merrbrane
plus bending, and localized stresses.

2. Shear stresses in concrete.

3. Tensile stresses in reinforcement.

4. Tensile stresses in prestressing tendons.

5. Tensile or compressive stress / strain limits in the liner plate,
including membrane and membrane plus bending.

6. Force / displacement limits in the liner plate anchors, including
those induced by strains in the adjacent concrete.

3.8.1.6 Materials, Quality Control, and Special Construction Tech-
niques. The materials that are used in the construction of the containment
should be identified, with emphasis on the extent of compliance with Article
CC-2000 of the ASME Code, Section III, Division 2. A summary of the
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engineering properties of the materials should be presented. Among the
major materials of construction that should be indicated are the following:

1. The concrete ingredients,

2. The reinforcing bars and splices,

3. The prestressing system,

4. The liner plate,

5. The liner plate anchors and associated hardware,

6. The structural steel used for embedments, such as beam seats
and crane brackets, and

7. The corrosion-rotarding compounds used for the prestressing
tendons.

The quality cont rol program that is prnposed for the fabrication
and construction of the containment should be described with emphasis on
the extent of compliance with Articles CC-4000 and CC-5000 of the ASME
Code, Section III, Division 2. The description should shca the extent
to which the quality control program cover s the examination of materials,
including tests to determine the physical properties of concrete, rein + orc-
ing steel, mechanical splices, the liner plate and its anchors, and the
prestressing system, if any; piacement of concrete; and erection tolerances
of the liner plate, reinforcement, and prestressing system.

Special, new, or unique construction t(chniques, such as slip f orming.
if proposed, should be described, and the affects that these techniquos
may have on the structural integrity of tia completed containment should
be discussed.

The detailed program for the use of grouted tendons for the contain- ;

..:ent structure, if proposed, should be completely described in the PSAR ,

and should indicate the extent to which the recommendations of Regul atory
Guide 1.107, " Qualifications for Cement Grouting f or Prestressing iendons
in Containment Structures," are followed. At the time of submittal of
the FSAR, or earlier if desirable, information on the following subj. cts

,

should be included:

1. Deviations in the materials and methods from those prnposed in
the PSAR.

2. Grout prcperties f rom tests on the grout. !

3. Test results demonstrating the suitability of the sheathing i

and splices, et fective grouting of curved and vertical tendons, and accept- |
able grout under all bearing plate configurations. |
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3. 8.1. 7 Testing and Inservice Inspection Requirements. The testing

and inservice inspection program for the containment should be described
with emphasis on the extent of compliance with Articles CC-6000 and
CC-9000 of the ASME Code, Section III: Division 2, and the extent to which
the recommendations of Regulatory Guides 1.18, " Structural Acceptance
Test for Concrete Primary Reactor Containments;" 1.35, " Inservice Inspec-
tion of Ungrouted Tendons in Prestressed Concre.te Containment Structures;"
and 1.90, " Inservice Inspecti an of Prestressed Concrete Containment Struc-
tures with Grouted Tendons," are followed. Discussion of the initial
strut ural integrity testing, as well as those tests related to the
inservice inspection programs and requirements, should be provided. Irfor-
mation pertaining to the incorporation of inservice inspection programs
into the Technical Specifications should be provided. The objectives of
the tests, as well as the acceptance criteria for the results, should be
defined. If new or previously untried design approaches are used, the
extent of additional testing and inservice inspection should be discussed.

3.8.2 Steel Containment

This section should provide information similar to that requested
in Section 3.8.1, but for steel containments and for Class MC (see ASME
Code, Section III, Subsection NE) vessels, parts, or appurtenances of
steel or concrete containments. In particular, the irformation described
below should be provided.

3.8.2.1 Description of the Containment. A physical description of
the steel cutainment cnd ner Class MC components should be provided
and supplemented with plan md section views suf ficient to define the
primary structural aspects and elements relied upon to perform the con-
tainment or other Class MC component function.

The georetry of the containment or component, including plan views
at various elevations and sections in at least two orthogonal directions,
should be provided. The arrangement of the cor.tainment shell, particu-
larly the relationship and interaction of the shell with its surrounding
shield building and with its interior compartments and floors, should be
provided to establish the eff ect that these structures could have upon
the design boundary conditions and expected behavior of the shell when
subjected to the design loads.

General information related to cylindrical containment shells should
include the following:

1. The foundation of the steel containment.

a. If the bottom of the steel containment is continuous through

an inverted dome, the method by which this inverted dome and its supports
are anchored to the concrete foundation should be described. The founda-
tion, however, should be described in Section 3.8.5.

@
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b. If the bottom of the steel containment is not continuous,
and where a concrete base slab covered with a liner plate is t sed for a
foundation, the method of anchorage of the steel shell cylindrical walls
in the concrete base slab, particularly the connection between the floor
liner plate and the steel shell, should be described. The concr ete
foundation, however. should be described in Section 3.8.1.

2. The cylindrical portion of the shell, including major structural
attachments, such as beam seats, pipe restraints, crane brackets, and
shell st i f f ele s , i f any, in the hoop and vertica, ". rections.

3. The dome of the steel shell, including any reinforcement at
the do.me/ wail junction, penetrations or attachments on the inside such
as supports for containment spray piping, and any stif fening of the dome.

4. Major penetrations of steel or concrete containments, or por-
tions thereof, in particular, portions of the penetrations that are
intended to resist pressure but are not backed by concrete, including
sleeved and unsleeved piping penetrations, mechanical systems penetra-
tions such as fuel transfer tubes, electrical penetrations, and access
openings such as the equipment hatch and personnel locks.

Similar information should be provided for containments that are
not of the cylindrical type.

3.8.2.2 Acplicable Codes, Standards, and Specifications. This sec-
tion should provide information similar to that requested in Section
3.8.1.2 for concrete containment but as applicable to steel containments
or other Class "" components.

3.8.2.3 Loads and Load Combinations. The loads used in the design
of the steel containment or other Class MC components should be specified
with emphasis on the extent of compliance with Article NE-3000 of the
ASME Code, Section III, Division 1, and the extent to which the recommenda-
tiens of Regulatory Guide 1.57, " Design Limits and Loading Combinations
for Metal Primary Reactor Containment System Components," are followed.
The items listed below should be included.

1. Those loads encountered during preoperational testing.

2. Those loads encountered during normal plant startup, operation,
and shutdown, including dead loads, live loads, thermal loads due tc
operating temperature, hydrostatic loads such as those present in pressure-
suppression containments t..ilizing water, and localized transient pressure
loads such as those induced by actuation of safety relief valves in BWRs.

3. Those loads that would be sustained in the event of severe environ-
mental conditions, including those that would be induced by the design
wind (if the containment is not protected by a shield building) and the
Operating Basis Earthquake.
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4. Those loads that would be sustained in the event of extreme environ-

mental conditions, including those that would be induced by the Design
Basis Tornado (if the containmer.t is not protected by a shield building)
and the Safe Shutdown Earthquake.

5. Thase loads that would be sustained in the event of abnormal
plant conditions, including the design basis loss of-coolant accident.
Loads generated by other postulated accidents involving various high-
energy pipe ruptures should also be discussed. Loads induced on the con-
tainment by such accidents should include associated temperature ef fects,
pressures, and possible localized impact loads such as jet impingement
and associated missile impact. Also, external pressure loads generated
by events inside or outside the cortainment should be discussed.

6. If applicable, those loads that would be encountered, after
abnormal plant conditions, including flooding of the containment sub-
sequent to a postulated loss of-coolant accident for the purpose of fuel
recovery.

The various combinations of the above loads that should be discussed
include the following: testinq loads, normal operating loads, normal
operating loads with severe e~ ironmental loads, normal operating loads
with severe environmental loads and abnormal loads, normal operating loads
with extreme environmental loads and abnormal loads, and post-LOCA flooding
loads with severe environmental loads, if applicable.

Unless the steel containment is protected by a shield building, other
site related or plant related design loads may also be applicable, as
explained in Section 3.8.1.3, and should be addressed accordingly.

3.8.2.4 Design and Analysis Procedures. The procedures that will
be used in the design and analysis of the steel containment should be
described, with emphasis on the extent of compliance with Subsection NE
of the ASME Code, Section Ill, Division I. In particular, the following
subjects should be discussed: (1) the manner in which local buckling
ef fects are treated, (2) the expected behavior under loads, including
loads that may be ncnaxisymmetric and localized, and (3) the computer
programs utilized. These programs should be referenced to permit identi-
fication with available published programs. Proprietary computer programs
should be described in sufficient detail to establish the applicability
of the programs and the measures taken to validate the programs with
solutions derived from other acceptable programs or with solutions of
classical problems.

3.8.2.5 Structural Acceptance Criteria. The acceptance criteria
related to allowable stresses and other response characteristics that
identify quantitatively the structural behavior of the containment should
bt specified with emphasis on the extent of compliance with Subsection
NE of the ASME Code, Section III, Division 1, and the extent to which
the recommendations of Regulatory Guide 1.57 are followed. The criteria

3-26
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addressing the various loading combinations specified should be presented
in terms of allowable limits for at least the following major parameters:

1. Primary stresses , including general membrane, local membrane,
and bending plus local membrane stresses.

2. Primary and secondary stresses.

3. Peak s cesses.

4. Buckling criteria.

3.8.2.6 Materials, Quality Control, and Special Construction Tech-
niques. The materials that are to be used in the construction of the
steel containment should be identified with emphasis on the extent af
compliance with Article NE-2000 of Subsection NE of the ASME Code, Sec-
tion III, Division 1. Among the major materials that should be identi-
fied are the following:

1. Steel plates used as shell components.

2. Structural steel shapes used for stiffeners, beam seats, and
crane brackets. Corrosion protection procedures should be
described.

The quality control program that is proposed for the f abrication
and construction of the containment should be described with emphasis on
the extent of compliance with Article NE-5000 of the ASME Code, Section
III, Division 1, including the following:

1. Nondestructive examir an of the materials, including tests
to determine their physical properties.

2. Welding procedures.

3. Erection tolerances.

Special construction techniques, if proposed, should be described,
and potential effects on the structural integrity of the completed con-
tainment should be discussed.

3.8.2.7 Testing and Inservice Inspection Requirements. The testing
and inservice ir.spection programs f or the containment should be described
with emphasis on the extent of compliance with Article NE-6000 of Sub-
section NE of the ASME Code, Section III, Division 1. A discussion of
the proposed initial structural testing, including the objectives of the
test and the acceptance criteria for the results, should be prosided.
If new or previously untried design approaches are used, the extent of
additional testing and inservice inspection should be discussed. The
structural integrity testing criteria for components of the containment
such as personnel arid equipment locks should be provided. Test program
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criteria for any other components that are relied upon for containment
integri ty should be submitted. Programs f or inservict inspection in areas
subject to corrosion should be provided.

3.3.3 Concrete and Steel Internal Structures of Steel or Concrete Con-
tainments

This section should provide infornation ,imilar to that requested
in Section 3.8.1, but for internal >tructures of the containment. In
particular, the inf ormat ion described below sNuid !:e provided.

3.8.3.1 Description of the Internal Struc.turm. Descriptive inf orma-
tion, including plan and sect iun viem of tm "arious internal structures.
should be provided to define the priNri structural aspects and "'1,,encs
relied upon to perform tho safety reited f unctions of these strJCtures.

General arragerent diagram and principal teatures of major internal
structures should be prot:d."i Among the m tjo; structures that should
be described are:

1 For PWR dry containments

a. Reac tor support :.j s t er

b. Steam cenorator supgort c,tw

ReiiC to r C nu l a n t [? U~.p S upp J r l ; tem.C.

d. Frimary shiold odii and reac to r ca / i t:.

e Secnndars shield wails

f Other r' 1 j o r i n t e ,' i o r structure <, as appropri3te, and
including the pressurizer suppurtt , the ref ueling pcul walls, the operating
floor, intermediate f lanrs, and tb poir crar,e wpL Jrt ng olements

? Cor PWR ice-cu.dr nser contain' ents

3. $l} 'tructurer listed in iti R l 'bu.e 1s apprepriate.;

b. The div idor-barrier

c. T he ice-condenser elemont s.
k

3. F o r tT- , c o n t a i nm e n t s :

a. D ry we l l structure and appurtenances such as the drywell
head and major penetrations.

[y ) -
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b. Weir wall .

c. Refueling pool and operating floor.

d. Reactor and recirculation pump and motor support system.

e. Reactor pedestal.

f. Roactor shield wall.

g. Other major interior structures, as appropriate, including
the various platforms inside and outside the drywell and t'e polar crane
supporting elements.

3.8.3.2 Applicable Codes, Standards, and Specifications. This sec-
tion should provide inf armation similar to that requested in Section
3.8.1.2 for concrete containments, but as applicable to the internal struc-
tures of the containment as listed in Section 3.8.3.1.

3.8.3.3 Loads and Load Combinations. Among the loads used in the
design of tne containment internal structures listed in Section 3.8.3.1
that should be specified are the following:

1. Loads encountered during normal plant startup, operation, and
shutdown, including dead loads, live loads, thermal loads due to operatilig
temperature, and hydrostatic loads such as those present in refueling
and pressuru suppression pools.

2. Loads that would be sustained in the event of severe environ-
mental conditions, including those induced by the Operating Basis
Earthquake.

3. Loads that would be sustained in the event of extreme viron-
mental conditions, including those that would be induced by the Safe Shut-
down Earthquake.

4 Loads that would be sustained in the event of abnormal plant
conditions, including the design basis loss-of-coolant accident and other
high energy pipe rupture accidents. Loads that should be discussed include
compartment pressures, jet impingement and reacticn forces due to pipe
rupture, elevated temperatures, Hoact forces of associated missiles and
whipping pipes, and loads applicable to some structures such as pool swell
loads in the BWR Mark :11 containment and drag forces in the ice-condenser
PWR containment.

A

The structures listed are those of the BWR Mark III containment. For
other BWR containment concepts, the applicable major interior structures
should be described accordingly.
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O
The various combinations of the above leads that should be discussed

include, as a minimum, normal operating loads, normal operating loads
with severe environmental loads, normal ope"ating loads with extreme
environmental loads, normal operating loads with abnormal loads, normal
operating loads with severe environmental loac'.s and abnormal loads, and
normal operating loads with extreme environmental loads and abnormal
loads.

In addition, the following information should be provided:

1. The extent to which the applicant's criteria comply with
ACI-349, " Proposed ACI Standard: Code Requirements for Nuclear Sa fety
Related Concrete Structures," fcr concrete, cnd with the AI5C "Specifica-
tion for Design, ' abrication a.)d Erection of Structural Steel for Build-
ings ,"* f or steel, as applicab le.

2. For concrete pressure-r2sisting portions of the divider barrier
of the PWR ice-condenser contairrent and ' r concreto pressure-resisting
portions of the drywell of the Mark III BWR containment, the extent to
which the app'icant's criteria comply with Article CC-3000 of the ASME
Coda, Section III, Division 2.

3. For steel pressure-resisting pnrtions of the structures described
in item 2 above, the extent to which the applicant's criteria comply with
Article NE-3000 of Subsection NE of the ASMF Code, Section III, Division
1, and the extent to wnich the recommendations of regulatory Guide 1.57
are followed.

4. For steel linear supports of the reactor coolant system, the
extent to which the applicant'3 cri terla comply with Subsection NF of
the ASME Code, Section III, Division 1.

3.8.3.4 Desic,n and Analysis Procedures. The procedures that will
be used in the design and analysis of at least those internal structures
listed in Section 3.8.3.I should be described, including the assumptions
made and the identification of boundary conditions. The expected behavior
under l^ad and the mechanismc for load transfer to these structures and
then to the containment base slab should be provided. Corputer programs
that are utilized should be referenced to permit identification with
dvailabl3 pd shed programs. Proprietary computer programs should be
described to the maximum extent practical to establish the applicability
of the programs and the measures taken to valiJate the programs with
solutions derived from other acceptable programs or with solutions of
classical problems.

The extent to which the design and analysis procedures comply with
ACI-349 and with the AISC Specifications for concrete and steel structures,
respectively, should be provided as applicable.

Copies of the AIE'' Specifications may be obtained f rom American Institnc
for Steel Construction, 100 Park Ave., New York, New York 10017.
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For reactor coolant system linear supports, the design and analysis
procedures utilized, including the type of analysis (elastic or plastic),
the methods of load t ansfer, particularly seismic and accident loads,
and the assumptions on boundary conditions, should be provided. Specifi-
cally, the extent of compliance with design and analysis procedures
delineated in Subsection NF of the ASME Code, Section III, Division 1,
should be indicated.

For PWR primar: shie.d walls and BWR reactor pedestals and shield
walls, the design and analysis procedures utilized should be described,
including the manner by which the individual loads and load combinations
are transferred to the walls ano their foundations. In particular, the
description should cover the normal operating thermal gradient, if any,
seismic loads, and accident loads, particularly pipe rupture jet and
reaction forces and cavity pr',sures as they may act on the entire
cavity or on portions thereof.

For secondary shield walls and operating and intermediate floors,
th( desigr and analysis procedures utilized for these walls and floors,
including assumptions on structural f raming and beha';ior under loads,
should be described. Where elastopl astic behavior is assumed and the
ductility of the walls is relied upon to absorb the energy associated
with jet and missile loads, the procodures and assumptions should be
described with particular emphasis on modeling technioues, boundary cor-
ditions, force-tine f unctions, and assumed ductility. For the di f f orential
pressure, methods of ensuring elastic behavior should be described,
particularly in determining en equivalent static load for the impult ive
pressure load.

For concrete pressure-resic+ ing portions of tne divider barrier of
the PWR ice-condenser containmc. and for concrete pressure-resisting
portions of the drywell of the B4R Mark III containment, the extent to
wnich the applicant's criteria camply with Article CC-3000 of the ASME
Code, Section III, Division 2, should be provided. For steel pressure-
resisting portions of these two structures, discuss the extent to which
the applicant's criteria comply with Article NE-3000 of Subsection NE of
the ASME Code, Section III, Division 1. and the extent to which the
recommendations of Regulatory Guide 1.57 are followed.

3.8.3.5 Structural Acceptance Criteria. This section should provide
in formation sin 11ar to that requested in Section 3.8.1.5 for concrete
containments, but as applicable to the various containment internal struc-
tures listcd in Section 3.8.3.1.

For each applicable load combination listed in Sectien 3.8.3.3, the
allr T5le limits should be provided, as applicable, for stresses, strains,
deformation (particularly for the RCS linear supports), and f actors of
safety against structural failure. The extent of compliance with the
various applicable codes, as indicated in Section 3.8.3.3, should be

@ presented
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3.8.3.6 Materials, Quality Control, and Special Construction Tech-

niques. The materials, quality control programs, and any special construc-
tion techniques should be identified and described.

Among the major materials of construction that should be described
are the concrete ingredients, the reinforcing bars and splices, and the
structural steel and various supports and anchors.

The quality control program proposed for the f abrication and construc-
tion of the containment interior structures should be described, including
nondestructive examination of the materials to determine physical properties,
placement of concrete, and erection tolerances.

Special, new, or unique construction techniques should be de:cribed
to determine their effects on the structural integrity of the ccmpleted
interior structure.

In addition, the following information should be provided:

1. The extent to which the material and quality control require-
ments comply with ACI-349 for concrete, and wit!. the AISC Specifications
for steel, as applicable.

2. For steel linear supports of the reactor coolant system, the
extent to which the material and quality control requirements comply with
Subsection NF of the ASME Code, Section III, Division 1.

3. For quality control in general, the extent to which the applicant
complies with ANSI N45.2.5, and follows the recommendations of Regulatory
Guide 1.55, " Concrete Placement in Category ' Structures."

4. If welding of reinforcino bars is proposed, the extent to which
the design complies with the ASME Code, Section III, Division 2. Any
exceptions taken should be identified and justified.

3.8.3.7 Testing and Inservice Inspection Pequirements. The testing
and inservice inspection programs for the internal structures should be
described. Test requirements for internci structures related directly
and critically to the functioning of the containment concept such as the
drywell of the BWR Mark III containment should be specified. Inservice
inspection requirements, when needed, should also be described. The extent
of compliance with the applicabie odes as described in Section 3.8.3.6
should be indicated.

3.8.4 Other Seismic Category I Str uctures

Information should be provided in this section for all Seismic Cate-
gory I structures not covered by Sections 3.8.I, 3.8.2, 3.8.3, or 3.8.5
The information should be similar to that requested for Section 3.8.1.

In particular, the i.1 formation described below should be provided.

3-32 -
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3.8.4.1 Description of the Structures. Descriptive information,
including plan and section views of each structure, should be provided
to define the primary structural aspects and elements relied upon for
the structure to perform its safety-related function. The relationship
between adjacent structures, including any separation or structural ties,
should be described. Among the plant Seismic Category I structures that
should be described are the following:

1. Containment enclosure uuildings.

2. Auxiliary buildings.

3. Fuel storage buildings.

4. Control buildings.

5. Diesel generator buildings.

6. Other Seismic Category I structures, as applicable, including
such structures as pipe and electrical conduit tunnels, waste storage
facilities, stacks, intake strJCtures, pumping stations, water wells,
cooling towers, and concrete dams, embankments, and tunnels. Structures
that are safety related but because of other design provisions are not
classified as Seismic Category I should also be described.

3.8.4.2 Applicable Codes, Standards, and Specifications. Informa-
tion similar to that requested in Section 3.8.1.2 for concrete contain-
ments, but as applicable to all other Seismic Category I structures, should
be provided.

3.8.4.3 Loads and Load Combinations. The loads used in the design
of all other Seismic Category I structures should be specified, including:

1. Those loads encountered during normal plant startup, operation,
and shutdown, including dead loads, live loads, thermal loads oue to
operating temperature, and hydrostatic loads such as those in spent fuel
pools.

2. Those loads that would be sustained in the event of severe
environmental conditions, including those that would be induced by the
Operating Basis Earthquake (OBE) and the design wind specified for the
plant site.

3. Those loads that would be sustained in the event of extreme
environmental conditions, including those that would be induced by the
Safe Shutdown Earthquake (SSE) and the Design Basis Tornado specified
for the plant site.

4. Those loads that would be sustained in the event of abnormal
plant conditions. Such abnormal plant conditions include the postulated
rupture of high energy piping. Loads induced by such an accident include
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@
elevated temperatures and pressures within or across compartments and
possibly jet irpingement and impact forces usually associated with such
ruptures.

The various combinations of the above loads that should be discussed
include normal operating loads, normal operating loads with severe environ-
mental loads, normal operating loads with extreme environmental loads,
normal operating loads with abnormal loads, normal operating loads with
severe envirormontal loads and abnormal luads, and normal operating loads
with extreme ervironmental loads and abnormal loads.

The loads and load combinations described above are generally appli-
cable to most structures. However, other site related design loads might
also be applicable. Such loads include those induced by floods, potential
aircraft crashes, explosive hazards in proximity to the ,i te , and projec-
tiles and missiles generated from activities of nearby military
installations.

3.8.4.4 Design and Analvsis procedurg. The design and analysis
procedures should be de0cribed with empnasis en tha extent of ccmpliance
with ACI-349 and tne AISC Specit ications for carcrete and s teel structures ,
respectively, including the asstrptions mda en boundary conditions.
The expected Lehavior undst load and the nechan13e of load transfer to
t he f oundations should be providC tomputer prograr should be ref erenced
to permit idantification with available publ)shed programs h o p r i e t e r.,
computer progra"is should tn described to the maximum extent oractical to
estab1ish the applicability af i. h e progcam and the measures taken to
validate tne program with solut. ions der ~vi d from other acceptable pro-
grams or with solutions of classical problems.

3.8.4.5 Structural Acceptance Critei ia. The design criteria relating
to stresses, strains, gross deformations, factors of safety, and other
paramaters that identify quantitatively the margins of safety should be
specified with emphasis on the extent of compliance with ACI-349 for con-
crete and with the AISC 5pecifications f or steel.

3.8.4.6 Materials, quality Contro! gand Special Construction Tech-
__

nioues. The materials, quality control programs, and any new or special
construction techniques should be addressed as outlined in Section
3.8.3.6.

3.8.4.7 Tcsting and Inservice Inspection Requirements. The testing
and inservice inspection requirements, i f any, should be speci f ied.

3.3.5 Foundations

The information provided in this section should be similar to that
requested under Section 3.8.1 for concrete containments but as applicable
to foundations of all Seismic Category I structures. Concrete f oundations
of steel or concrete containments should he discussed in Section 3.8.1
and in this section appropriate.
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The information should address foundations for all Seismic Category

I structures constructed of materials other than soil for the purpose of
transferring loads and forces to the basic supporting media. In partic-

ular, the information described below should be provided.

3.8.5.I Description of the Foundations. Descriptive information,
including plan and section views of each foundation, should be provided
to define the primary structural aspects and elements relied upon to
perform the foundation function. The relationship between adjacent
foundatiano, including any separation provided and the reasons for such
separation, slould be described. In particular, the type of foundation
and its strJctural characteristics should be discussed. General arrange-
ment of each foundation should be provided with emphasis on the methods
of transferring horizontal shears, such as those seismically induced, to
the fcundation media. If shear keys are utilized for such purposes, the
general arrangement of the keys should be included. If waterproofing

mnbranes are utilized, their effect on tLe capability at the fcundItion
to transf er sheat s should be discussed.

Inf ormation should be provided to adequately describe other types
of foundation structures such as pile foundations, caisson foundations,
retaining walls, abutmots, and rock and soil anchorage systems.

Standards, and suecifications. Informa-
Apol icable Codes,Ii1

3.8.5.2
requested Section J.8.1.2, but as applicable totien similar to that

foundations of all Seismic Category I structures, should be provided.

3.6.5.3 Loads and Load Combinations. This section should provide
similar information to that requested in Section 3.8.4.3, but as applim
able to the foundations of all Seismic Category I structures.

3.8.5.4 Design and Analysis Procedures. This section should provide
information applicable to the f oundations of all Seismic Category I struc-

-

tures. The information should be similar to that requested in Section
3.8.4.4.

In particular, the assumptions made on boundary conditions and the
methods by which lateral loads and forces and overturning moments thereof
are transmitted f rom the structure to the foundation media s hould be
discussed, and the methods by which the effects of settlement are taken
into consideration should be described.

3.8.5.5 Structural Acceptance Criteria. This section should pro-

vide information applicable to f oundations of all Seismic Category I
structures. The information should be similar to that requested in

Section 3. 8. 4. 5.

11 particular, the design limits imposed on the various parameters
that serve to define the structural stability of W structure and its
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foundations should be indicated, including differential settlements and
f actors of safety against overturning and sliding.

3.8.5.6 Materials, Quality Control, and Special Construction Tech-
niques. This section should provide information for the foundations of
all seismic Category I structures. The information should be similar to
that requested in Section 3.8.4.6.

3. 8. 5. 7 lesting and Inservice Inspection Requirements. This section
should discuss into mation f or the f oundations of all Seismic Category I
structures. The information should be similar to that requested in Section
3.8.4.7.

If programs for continued surveillance and monitoring of foundations
are required, a discussion to define the various aspects of the program
should be provided.

3. 9 Mechanical Systems * and Comoonents

3.9.I Special Topics for Mechanical Components

3. 9.1.1 Design Transients. Provide a complete list of transients
to be used in the design and fatigue analysis of all ASME Code Class 1
and CS components, component supports, and reactor internal s. The number
of events for each transient should be included, along with assurance
that the number of load and stress cycles per event is properly taken
into accouat. All design transients that are contained in the ASME Code-
required " Design Specifications" for the components of the reactor coolant
pressure boundary should oe specified. Examples of such transients are
startup and shutdown operations, power level changes, emergency and recovery
conditions, switching operations (i.e., startup or shutdcwn of one or
more coolant loops), control system or other system malfunctions, component
malfunctions, transients resulting from single operator errors, inservice
hydrostatic tests, and seismic events. All transients or combinations
of transients should be classified with respect to the plant and system
operating condition categories identified as " normal," " upset," " emergency,"
"f aul ted," or " testing. "

3.9.1.2 Computer Programs Used in Analyses. Provide a list of compu-
ter programs that wil! be used in dynamic and static analyses to determine
structural and functional integrity of all Seismic Category I systems,
ccmponents, equipment, and supports. Include a brief description of nach
program, the extent or its application, and the desiqa control measuren,
required per Appendix B of 10 CFR Part 50, that will be employed to
demonstrate the applicability and validity of each program.

3.9.1.3 Experimental Stress Analysis. If experimental stress analysis
methods are used in lieu of analytical methods for Seismic Category I

M uel system design information is addressed in Section 4.2.
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@
ASME Code and non-Code items, sufficient information should be provided
to show the validity of the design.

3.9.1.4 Considerations for the Evaluation of the faulted Condition.
The analytical methods (e.g. , elastic or elastic plastic) used to evaluate '

stresses for Seismic Category I ASME Code and non-Code itemc should be
described, including a discussion of their compatibility with the type
of dynamic system analysis used. The stress-strain relationship and

ultimate strength used in the analysis for each component should be
shown to be valid. If the use of elastic, elastic plastic, or limit |
item analysis concurrently with elastic or elastic plastic system t

'

analysis is invoked, the t'as i s for these procedure, should provide
assurance that the calculated item or item support defornations and |
di< placements do not violate the corresponding limits and assumptions on

which the method used for the system analysis is based. When elastic-
plastic stress or deformation design limits are specified for AS9E Code
and non-Code items, the methods of analysis used to calculate the :, tresses
and/or deformations resulting from the faulted condition loadings should
ue provided. Describe the procedure for developing the loading function
on each component.

3.9.2 Dynamic Testing and Analysh

The criteria, tasting procedures, and dynamic analyses employed to
ensure structural ara functional integrity of piping systems, mechanical
equipment, and reactor internals under vibrator; loadings, including those
due to fluit flow and postulated seismic events, should be provided.

3.9.2.1 Piping Vibration, Thermal Expansion, and Dynamic Etfects.
-

Infornation should be procided concerning the piping v1bratlon, thermal j

expansion, and aynamic effects testing that will be conducted during
s t a r'.u p functional testing on (1) ASME Co e ".l m 1, 2, and 3 systems, !
(2) other high energy piping systems inside seismic Category I structures, |

'(3) high energy por tions of systems whose failure could reduce the f unc-
tioning of any Seismic Category i piant teature to an unacceptab;e level,
and (4) Seismic Category I portions of moderate-energy piping systems
located outside containment. The purpose of these tests is to confirm
that these piping systems, restraints, componentc and supports have been
designed adequately to withstand the flow-induced dynamic loadings under
operational transient and steady state conditions anticipated during service. |

'In addition, the thermal motions should be ronitored to ensure that adequate
clearances are provided to allow unrestrained normal thermal movement of '

systems, components, and supports. The program should include a list of
different flow modes, a list of selectec locations for visual inspection
and measurements, the acceptance criteria, and the possible corrective
actions if excessive vibration occurs.

3.9.2.2 Seismic Qualification Testing of Safety Related Mechanical
Equipment. Seismic qualification testing of saf ety-related mechanical
equipment is required to ensure its functional integrity and operability
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9
during and af ter a pcstulated seismic occurrence. The following informa-
tion should be provided in the PSAR:

1. The criteria for seismic qualification, such as the deciding
factors for choosing test and/or analysis, con:iderations in defining
the input motion at the equipment monitoring loca' ions, and the process
to demonstrate adequacy of the seismic qualificatior, orogram.

2. The methods and procedures used to test Seismic Category I
mechanical equipment operation during and af ter the Safe Shutdown Earth-
quake (SSE) and to ensure structural and functional integrity of the equip-
mant after several occurrences of the Operating Basis Earthquake (OBE)
in combination with normal operating loads. Included are mechanical equip-
ment such as fans, pmp drives, heat exchanger tube bundles, valve actuators,
battery and instrument racks, control coiisoles, cabinets, panels, and
cable trays. Broad-band seismic excitation, dynamic coupling, and multi-
directional loading effects should be considered in the development of
the seismic qualification program.

3. The methods and procedures of analys.s and for testing of the
supports for the above Seismic Category I mechanical equipment, and the
verification procedures used to account for the possible amplification
of design loads (amplitude and frequency content) under seismic
conditions.

There should be provided "n tra FSAR the results of tests and
analyses to ensure the proper implementation of the criteria accepted in
the construction permit (CP) review and to demonstrate adequate seismic
qualification.

3.9.2.3 Dynamic Response Analysis of Reactor Internals Under
Operational Flow Transients and Steaay-State Conditions. A description
of the dynamic system analysis of structural components within the reactor
vessel caused by the operational flow transients and steady-state condi-
tions should be provided in the PSAR. The purpose of this analysis is
to demonstrate the acceptability of the reactor internals design for
normal operating conditions und to predict the input forcing functions
and the vibratory response of the reactor internals prior to conducting
the preoperational vibration test of a prototype re~.ctor. Information
concerning the Whod of analysis, the specific locations for response
calculation, the considerations to define the mathematical model, and
the acceptance criteria should be provided in the PSAR.

3.9.2.4 Prcoperational Flow-Induced Vibration Testing of Reactor
Internals. Information should be provided in the PSAR describing the
extent to which the recommendations of preoperational flow-induced vibra-
tion testing of reactor internais during the startup functional test pro-
gram, as delineated in Regulatory Guide 1.20, " Comprehensive Vibration
Assessment Program for Reactor Internals During Preoperational and Initial
Startup Testing," will be implemented. The purpose of this test is to
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9
demonstrate that flow-induced vibrations experienced um. inq normal opera-
tion will not cause structural failure or degradation. For the prototype
reactor, information in the PSAR should include a list of flow modes, a
list of sensor types and locations, a description of test procedures,
methods used to process and interpret the measured data, and the proce-
dures for implementing the visual inspection. For a reactor internal
with the same design, size, configuration, and operation conditions as
an identified valid prototype rcactor internal, indicate the extent to
which the preoperational vibration test program follom the recommenda-
tions for non prototype testing presented in Regulatory Guide 1.20; pro-
vide justification for any alternative approach.

3.9.2.5 Dynamic System Analysis of the Reactor Internals Under
Faulted Condition. The following information should be inc!udeu in thc
discussion of the dynamic system analysis methods and procedures used to
confirm the structural design adequacy of the reactor internal, and the
unbroken loop of the reactor piping system to withstand dy;.ar.ic effects
with no loss of function under a simultaneous occurrence of LOCA or steam
line break and Safe Shutdown Earthquake (SSE):

1. Typical diagrams of the dynamic system matnematical modeling of
piping, pipe supports, and reactor internals, along with fuel element
assemblies and control rod assemblies and drives, t hat will be used in
the analysis, including a discussion of the bases ror any structural
partitinning and directional deccupling of components (PS;R).

2. A description of the methods useu to obtain the forcing func-
tions and a description of the forcing functions that will be used for
the dynamic analysis of the LOCA or steam line break and SSE event,
includir ; ytem pressure dif ferentials, direction, rise time, magnitude,
duration, initial conditions, spatial distribution, and loading combina-

tions (PSAR).

3. A description of the methods and procedures that will be used
to compute the total dynamic structural responscs, including the buckling
response, of those structures in compression (PSAR).

4. A summary of the results of the dynamic analysis (FSAR).

3.9.2.6 Correlations of Reactor Internals Vibration Tests with the
Ana 7tical Results (FSAR). A discussion should be provided that describes
the method to be used for correlating the results from the reactor inter-
nals:preoperational vibration test with the analytical results derived
fron dynamic analyses of reactor internals under operational flow tran-
sients and steady-state conditions. In addition, this discussion may
include procedures for verifying the mathematical model used in the
faulted condition (LOCA, steam line break, and SSE) by comparing certain
dynamic characteristics such as natural frequencies.
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9
3.9.3 ASME Code Class 1, 2, and 3 Components, Component Supports, and Core

Support Structures

The inf ormation requested in Sections 3.9.3.1 through 3.9.3.4 should
be provided for components and component supports constructed in accord-
ance with Division 1 of Section III of the ASME Code. Section 3.9.3
includes ASME Code Class 1, 2, and 3 components, core support (CS) struc-
tures, and component supports; Class MC is covered in Section 3.8.3.
The design information relative to component design for steam generators
as called for in Section 5.4.2 should be incorporated in this section.
This includes field run piping and internal parts of components.

3.9.3.1 Loading Combinations, Design Transients, and Stress Limits.
Provide the combination of loading conditions and the design transients
dppliCable to the design of cach maE Code constructed item f or eacn system.
Identify for each initiating event (i.e. , LOCA, SSE, pipe break, and other
tr ients) the appropriate plant operating condition and the appropriate
component operating condition used to establish the design stress limits

for the ASME Code constructed items (see Section 3.9.1.1).

The actual design condition (including test condition) stress limits
and deformation criteria selectea fer design (for the combination of loading
conditions and design transients established as described above) should
be presented. Desig, stress limits that allow inelastic deformation (compar-
able to faulted condition design limits) should be i d e r.t i f i e d , and a
description of the procedures tnat oil: 'v e uxo ior analysis or test should
be provided in thc PSAR (see Section 3.9.1.4).

The FSAR should include the following for AS"E Code Class 1 compo-
nents. CS structures, anJ ASME Code Class 1 component supports:

1. A summary description of mathematical or test models used,

2. Methods of calculation or test, including simplifying assumptions, s

identification of method of system and component analysis used and demonst ra-
tion of their compatibility (see Section 3.9.1.4) in the case of components
and supports designed to f aulted limits, and

A summary of the maximum total stress, deformation, and cumulat vea.

usage f actor values should be provided in the FSAR for each of the compo-
nent operating conditions for all ASME Code Class 1 components. Identify
those values that differ from the allowable limits by less than 10%, and
provide the contribution of each of the loading categories, such as
seismic, dead weig%, pressure, and thermal, to the total stress f or each
maximum stress value identified in this range.

The FSAR should include the following for all other classes of com-
ponants and their surports:
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1. A summary description of any test models used (see Section
3.9.1.'

2. A summary description of mathematical models or test models
used to evaluate the f aulted conditions, as appropriate, for components
and supports (see Sections 3.9.1.2 and 3.9.1.4).

3. Fce all ASME Code Class 2 and 3 components required to shut
down the reactor or mitigate the consequences of a postulated piping failure
without of f si'.e power, a summary of the maximum total stress and deformation
values shoul_ be provided in the FSAR for each of the component operating
conditions. Identify those values that differ from the allowable limits
by less than 10%.

The PSAR should include a listing of transients appropriate to ASME
Code Class 1, 2, and 3 components, CS structures, and component supports
and should be categorized on the basis of plant operating condition. In
addition, for ASME Code Class 1 components and CS and ASME Code Class I
component supports, include the number of cycles to be used in the fatigue
analysis appropriate to each transient (see Section 3.9.1.1).

3.9.3.2 Pump and Valve Operability Assurance. Provide a list that
identifies all active ASME Class 1, 2, and 3 pumps and valves. Present the

9 criteria to be employed in a test program, or program consisting of test
and analysis, to ensure the operability of pumps required to function and
valves required to open or close to perform a safety function during or
following the specified plant event. Di scuss the f eatures of the program,
and include conditions of test, scale ef fect - if appropriate, loadings
for specified plant event, transient loads, int.luding seismic component,
dynamic coupling to other systems, stress limits, deformation limits,
and other information considered pertinent to assurance of operability.
Design stress limits established as provided for in Section 3.9.3.1 should
be included in the program. All of the above should be included in the
PSAR.

The FSAR should include program results summarizing stress and defor-
mation levels and environmental qualification, as well as maximum test
envelope conditions for which the component qualifies, including end connec-
tico leads and operability results.

3.9.3.3 Design and Installation Details for Mounting of Pressure-
Relief Devices. The design and installatin -iteria applicable to the
mounting of the pressure-relieving devices (safety valves and relief valves)
for the overpressure protection of ASME Class 1 and 2 system components
should be described. Information pertaining to loading combir.ations should
identify the most severe combination of the applicable loads due to internal
fluid pressure, fluid states, dead weight of valves and piping, thermal
load under heatup, steady-state and transient valve operation, reaction
forces when valves are dische.rging (valve opening sequence and opening
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9
times), and seismic even'- (i.e., Operating Basis Earthquake and Safe
Shutdown Eerthquake).

The methoo ci ar.alysis and magnitude of any dynamic load factors
u:. J should be .1c l ud e d . Discharge piping effects (i.e., closed or open
ustem) sMuld L' scussed and included in the analysis. The PSAR should
in ude the cr. tria presented above, and the FSAR should present the
resu!is of the analysis

3.9.3 4 Component Support <. Lo 4 ding combi at ions , des ign transients ,
stress limits, and deformation ,imits should be provided as discussed in

, Sect ion 3. 9. 3.1.
i

| The supoorts for acti'.e components should be tested, analyzed, or
analyzed and tested, as discussed for components in Section 3.9.3.2, and
thcir effects on operability included in tht discussion provided in that
section.

The PSAR should present the crit oria to be used, and the FSAR should
present the results of analysis or test pecaram as discussed in Sections
3. 9. 3.1 and 3. 9. 3. 2.

3.9.4 Control Rod Drive Systems

Inf ormation on the control 'od drive systems (CRDs) should be provided
by the applicant in the SAR for review by the staf f For electronagnetic
systems, this includes the control rod drive achanism (CRDM) and extends
to the coupling interface with the reactivity control e l e T.e n t s . For
hydraulic systems , this includes the CRDM, the hydraulic control unit,
the condensate supply system, and the scram disch wge volume and extends
to the coupling interface with the reactivity cont rol elements. For both
types of systems, the CRDM housing shnuld be treated as part of the reactor
coolant pressure boundary (RCPB). Infora tion on CRDS materials should
be included in Section 4.5.1.

If other types of CRDS are proposed or if new features that are not
speci fically mentioned here are incorporated in current types of CRDS,
information should be supplied f or the new systems or new features.

3.9.4.1 Descriptive Information of CRDS. The descriptive nforca-i

tion, including design criteria, trting programs, dr 3 wings, ard a sur 'ary
of the method of operation of the control rod drives, .hould be provided
to permit en evaluation of the adequacy of the system to pr >perly perform
its design function.

3.9.4.2 Applicable CRDS Design Specifications. Inf ormation shou:a
be provided pertaining ta design codes, standards, specifications, and
standa ^d practices, as well as to NRC general design criteria, regulatory
guides, ar,d posit:ons that are applied in the design, fabrication, con-
struction, and operation of the CRDS.
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The various criteria should be supplied along with the names of the
apparatus to which they apply. Pressurized parts of the system should
be listed or referenced in Section 3.2.2 in order to determine the extent
to which the applicant complies with the Class 1 requirements of Section
111 of the ASME Code for those portions that are part of the reactor
coolant pressure boundary, and with other specified parts of Section III
or other sections of the ASME Code for pressurized portions that are not
part of the reactor coolant pressure boundary.

Information should be provided to evaluate the nonpress irized portions
of the control rod drive system to determine the acceptability of design
margins for allowable values of stress, deformation, and fatigue used in
the analyses. If an experimental testing program is used in lieu of
analysis, the program should be provided. Thn program description should
adequately cover the areas of concern in the determination and verifica-
tion of the stress, deformation, and fatigue in the CRDS.

3.9.4.3 Desiar. Loads, Stress Limits, and_ Allowable Deformations.
Information should be presented that 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 f ailure of movement could be postulated to occur and such movement
wou'd be necessary for a safety-related function.

If the applicant selects an experimental testing option in lieu of
establishing a set of stress allowables and deformation allowables, an
extensive description of the testing program should be provided. The
load combination, design stress limit, and allowable deformation
criteria should be provided in the PSAR.

The design limits and safety margins for those com.conents not designed
to the ASME Code should be specified in the FSAR, or alternatively a
commitment to provide tnis information prior to fuel loading should be
made in the FSAR. Information similar to that requested in Section 3.9.3
should be provided for those components designed to the ASME Code.

3.9.4.4 CRDS Performance Assurance Program. Plans for the conduct
of a perf ormance assurance program or plans that reference previous test
prcgrams or standard industry procedures for similar apparatus should be
provided. For example, the life cycle test program for the CRDS should
be presented. The design performance assurance program presented should
cover the following:

1. Life cycle test program,

2. Proper servico environment imposed during test,

3. Mechanism functional tests, and

6 4. Program results (FSAR).
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3.9.5 Reactor Pres'ure Vessel Internals

The information requested in Sections 3.9.5.1 through 3.9.5.3 should
be provided as part of an evaluation program to ensure the structural
and functional integrity of the reactor internals (includes ASME Class
CS (core supports) and non-ASME-Code-covered internals). Information on
reactor internals materials should be included in Section 4.5.2.

3.9.5.1 Design Arrangements. 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 chcnges due
to thermal and other effects. The functional requirements for each com-
ponent should be described. Verify that any significant changes in design
from those in previously licensed plants of similar design do not affect
the flow-induced vibration test results requested in Section 3.9.2.

3.9.5.2 Loading Conditions. The plant and system operating condi-
tions and design basis events that provide the basi for the design of

| the reactor internals to sustain normal operation, anticipated operational
I occurrences, postulated accidents, and seismic events should be specified

in accardance with the information requested in Section 3.9.1.1.

3.9.5.3 Design Bases. Provide the specific design and service
loading combinations applicable to reactor internals. These loading com-i

I binations should consider all the conditions in 3.9.5.2 above. Describe
the method of combination of these loads. For each specific loading com-
bination, provide the design or service limits to be applied to the reactor
internals. Provide the deflection, cycling, and fatigue limits. Verify
that the allowable deflections will not interfere with the functioning
of all related components (e.g. , control rods and standby cooling systems).
Indicate the extent to which the design and construction of the core support
structures is in accordance with Subsection NG of the ASME Code. Indicate
the extent to which the design of other reactor internals will be consistent
with Article NG-3000. A summary of the maximum calculated total stress,
deformation, and cumulative usage factor should be provided in the FSAR
for each designated design or service limit. Details of the dynamic
analyses should be presented in Section 3.9.2 of the SAR.

3.9.6 p service Testing of Pumps and Valves

A test program should be provided that includes baseline preservice
testing and a periodic inservice test program to ensure that all ASME
Code Class 1, 2, and 3 pumps provided with an emergency power source and
all ASME Code Class 1, 2, and 3 valves will be in a state of operational
readiness to perform their safety function throughout the life of the
plant.

@
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3.9.6.1 Inservice Testing of Pumps. Descriptive information in
the P5AR should cover the inservice test program of all ASME Code Class
1, 2, and 3 system pumps provided with an emergency power source. Refer- |
ence value* tests for speed, pressure, flow rate, vibration, lubrication,
and bearing temperature at normal pump operating conditions should be
presented. Methods for measuring the reference values and inservice
values for the pump parameters listed above should be presented. In
addition, the pump test plan and schedule should be provided and included
in the technical specifications.

3.9.6.2 Inservice Testing of Valves. Descriptive information in
the P1AR should cover the inservice test program of all ASME Code Class~

1, 2, and 3 valves. The test program should include preservice tests,
valve replacement, valve repair and maintenance, indication of valve
position; and inservice tests for all valve categories (as defined in i

IWV-2100 of the ASME Code). In addition, the valve test procedure and
schedule should be provided and included in the technical specifications.

3.9.6.3 Relief Requests. Paragraph 50.55a(g) of 10 CFR requires a
nuclear power f acility 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. Information orovided should describe

@ the specific area et relief requested, explain why compliance with Sec-
tion XI in this can_ is impractical, and describe any alternative test
procedures.

3.10 Seismic Qualification of Seismic Category I Instrumentatian
and Electrical Equipment

All Seismic Latcgory I instrumentation, electrical equipment, and
their supports should be identified. The seismic qualification criteria

applicable to the reactor protection system, engineered-safety-feature
Class 1E equipment, the emergency power system, and all auxiliary safety-
related systems and supports should be provided. Methods and procedures
used to qualif> electrical equipment, instrumentation, and their supports
should also be provided.

3.10.1 Seismic Qualification Criteria

The criteria for seismic qualification, including the decision
criteria for selecting a particular test or method of analysis, the con-
siderations defining the input motion, and the process to demor-t 7te
adequacy of the seismic qualification program, should be provi' The
extent to which guidance contained in Regulatory Guide 1.100, "aeismic
Qualification of Electric Equipment for Nuclear Power Plants," will be
used should be indicated.

*

Defined in IWP-3112 of the ASME Code.
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3.10.2 Methods and Procedures for Qualifying Electrical Equipment and
Instrumentation

The methods and procedures used to qualify by test or analysis Seismic
Category 1 instrumentation and electrical equipment for operation during
and af ter the Safe Shutdown Earthquake and to ensure structural and func-
tional integrity of the equipment af ter several occurrences of the Operating
Basis Earthquake ;hould be provided. Seismic Category I instrumentatior,
and electricai equis,aent include the reactor protection system, engineered-

| safety-feature Class lE equipment, emergency power system, aad all auxiliary
safety-related systems.

3.10.3 Methods and Procedures of Analysis or Testing of Supports of
Electrical Equipment and Instrumentation

The methods and procedures for analysis or testing of Seismic Cate-
gory I instrumentation and electrical equipment supports and the verifi-
cation procedures used to account for the possible amplification of design
loads (amplitude and frequency content) under seismic conditions should
be provided. Supports include items such as battery racks, instrument
racks, control consoles, cabinets, panels, and cable trays.

3.10.4 Operating License Review (FSAR)

The results of tests and analyses that ensure the proper implementa-
| tion of the criteria established in the construction permit review, and
that demonstrate adequate seismic qualification, should ne provided in
the FSAR.

3.11 Environmental Design of Mechanical and Electrical Equipment

The purpose of this section is to provide information on the environ-
mental conditions and design bases for which the mechanical, instrumenta-
tion, and electrical portions of the engineered safety features and reactor
protection systems are designed to ensure acceptable performance in all
environments (e.g. , normal, tests, and accident).

The following specific information should be included concerning
the design bases related to the capability of the mechanical, instrumenta-
tion, and electrical portions of the engineered safety features, and reactor
protection system to perform their intended functions in the combined
postaccident environment of temperature, pressure, humidity, chemistry,
and radiation.

3.11.1 Equioment Identification and Environmental Conditions

All safety-related equipment and components (e.g. , motors, cables,
filters, pump seals, shielding) located in the primary containment and
elsewhere that are required to function during and subsequent to any of
the design basis accidents should be identified and their locations
specified. For equipment inside containment, the location should specify
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whether inside or outside the missile shield (for PWRs) or whether inside
or outside the drywell (for BWRs).

Both the normal and accident environmental conditions should be explic-
itly defined for each item of equipment. These definitions should include
the following parameters: temperature, pressure, relative humidity, radia-
tion, chemicals, and vibration (nonseismic).

For the normal environment, including that due to loss of environ-
mental control systems, specific values should be provided. For the accident
environment, these parameters should be presented as functivns.of~t.ime,
anet the cause of the postulated environment (loss-of-coolant accident,
steam line break, or other) should be identified.

The length of time that each item of equipment is required i.o operate
in the accident environment should be provided.

3.11.2 Qualification Tests and Analyses

A description should be provided of the qualification tests and analyser
that have been or will be perf ormed on each of these items to ensure that
it will perform in the combined temperature, pressure, humidity, chemical,

" e specific values of temperature, pressure,and radiation environment. .

humidity, chemicals, and radiation should be included.

9 Indicate how the requirements of General Design Criteria 1, 4, 23,
and 50 of Appendix A to 10 CFR Part 50 and Criterion III of Appendix B
to 10 CFR Part 50 will be met. The extent to which the guidance contained
in the regulatory guides listed below will be utilized should be indicated:

Regulatory Guide 1.30 (Safetv Guide 30), " Quality Assurance Require-
ments for the Installation, Inspection, and Testing of Instrumentation
and Electric Equipment;"

Regulatory Guide 1.40, " Qualification Tests of Continuous-Duty Motors
Installed Inside the Containment of Water-Cooled Nuclear Power Plantt ;"

Regulatory Guide 1.63, " Electric Penetration Asscmblies in Contain-
ment Structures for Light-Water-Cooled Nuclear Power Plants;"

Regulatory Guiae 1.73, " Qualification Tests of Electric Valve Oper-
ators Installed Inside the Cortainment of Nuclear Power Plants;"

Regulatory Gu de 1.89, " Qualification of Class 1E Equipment fori

Nuclear Power Plants;" and

Regulatory Guice 1.131, " Qualification Tests of Electric Cables,
Field Solices, and Connections for Light-Water-Cooled Nuclear Power
Plants."
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3.11.3 Qualification Test Results

The results of the qualification tests f or each type of equipment
should be provided in the FSAR or should be referenced if previously
submitted.

3.11.4 Loss of Ventilation

Provide the bases that ensure that loss of the air conditioning or
ventilation system will not adversely af f ect the operability of safety-
related control and electrical equipment located in the co.itrol room and
other areas. The analyses performed to identity the worst case environ-
ment (e.g. , temperature, humidity) should be described, including identit i-
cation and determination of the limiting condition with regard to temper-
ature that would require reactor shutdown. Any testing (f actory or onsite)
that has been or will be performed to confirm satisfactory operability
of control and electrical equipment under extreme environmental conditions
should be described. The documentation of the successful completion of
qualification tests for each type of equinment should be specified in
the PSAR and supplied in the FSAR.

3.11.5 Estimated Chemical and Radiation Environment

For each engineered safety feature (ESF), the design source term
for the chemical and radiation environment both for "armal operation and
for the design basis accident environment should be identified. For
engineered safety features inside containment, the chemical composition
and resulting pH of the liquids in the reactor core and in the containment
sump should be identified. Indicate the extent to which estimates of
radiation exposures are based on a radiation source term that is consistent

with Regulatory Guides 1.3, " Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Boiling Water
Reactors," 1.4, "Assumntions Used for Evaluating the Potential Radiological
Consequences of a Loss-of-Coolant Accident for Pressurized Water Reactors,"
and 1. 7, "Contr : of Combustible Gas Concentrations in Containment Following
a Loss-of-Coolant Accident." Wherever alternative approaches are used,
demonstrate that an acceptable level of safety has been attained. Determina-
tions of the exposure of organic components on ESF systems should consider
both beta and gamna radiation. Beta and gamma exposures should be tabulated
separately and should list the average energy of each type of radiation.
For ESF systems outside containment, the radiation estimates should take
into account factors affecting the source tern such as containment leak
rate, meteorological dispersion (if appropriate), and operation of other
ESF systems. The engineered safety features considered and the correspond-
ing source terms and chemical environments should be presented in tabular
form. All assumptions used in the calculation should be listed.

@
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4. REACTOR

In this chapter of the SAR, the applicant should provide an evalua-
tion and supporting information to establish the capability of the reactor
to perform its safety functions throughout its design lifetime under all
normal operational modes, including both transient and steady state, and
accident conditions. This chapter snould also include information to
support the analyses presented in Chapter 15, " Accident Analys:s."

4.1 Summary Description

A summary description of the mechanical, nuclear, and thermal and
hydraulic designs of the various reactor components, including the fuel,
reactor vessel internals, and reactivity co . trol systems, should be given.
The description should indicate the indep?ndent and interrelated perform-
ance and safety fuactions of each component. Information on control rod
drive systems and reactor vessel internals presented in Sections 3.9.4
and 3. 9. 5 may be incorporated by reference. A summary table of the
important design and performance characteristics should be included. A
tabulation of analysis techniques used and load conditions considered,
including computer code names, should also be included.

4.2 Fuel System Design

The fuel system is defi. d as consisting of guide tubes or thimbles;
fuel rods with fuel pellets, :nsulator pellets, cladding, springs, end
closures, fill gas, and getters; water rods; burnable poison rods; spacer |
grids and springs; assembly end fittings and springs; channel boxes; and
the reactivity centrol assembly. 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. The design bases
for the mechanical, chemical, and thermal design of the fuel system that
can affect or limit the safe, reliable operation of the plant should be
presented. The description of the fuel system mechanical design should
include the following aspects: (1) mechanical design limits such as those
for allowable stresses, deflection, cycling, and fatigue, (2) capacity
for fuel fission gas inventory and pressure, (3) a listing of material
properties, and (4) considerations for radiation damage, cladding collapse
time, materials selection, and normal operational vibration. Details
for seismic loadings should be presented in Section 3.7.3; shock (LOCA)
loadings and the effects of combined shock and seismic loads should be
presented in this section. The chemical design should consider all
possible fuel-cladding-coolant interactions. The description of the
thermal design should include such items as maximum fuel and cladding
temperatures, clad-to-fuel gap conductance as a function of burnup and
operating conditions, and fuel cladding integrity criteria.

4.2.1 Design Bases

The applicant should explain and substantiate the selection of design
bases f rom the viewpoint of safety considerations. Where the limits selected
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are consistent with proven practice, a referenced statement to t lat ef fect
will suf fice; where the limits extend beyond present practice, an evalua-
tion and an explanation based on developmental work or analysis should
be provided. These bases may be expressed as explicit numbers or as general
conditions.

The discussion of design bases should include a ascription of the
functional characteristics in terms of desired performance under stated
conditions. This should relate systems, components, and materials per-
formance under normal operating, anticipated transient, and accident con-
ditions. The discussion should consider the following with respect to
performanca:

1. Cladding

a. The mechaaical properties of the cladding, e.g., Young's
modulus, Poisson's ratio, design dimensions, strength, ductility, and
creep rupture limits, and the effects of design temperature and irradia-
tion on the properties,

b. Stress-strain limits,

c. Vibration and f atigue,

d. The chen i .al properties of the cladding.

2. Fuel Material

a. The thermal physical properties of the f uel, e.g. , melting
point, thermal conductivity, density, and specific heat, and the effects
of design temperature and irradiation on the properties,

b. The effects of fuel densification and fission product
swelling,

c. The chemical properties of the fuel.

3. Fuel Rod Performance

a. Analytical models and the conservatism in the input data,

b. The ability of the models to predict experimental or
operating characteristics,

c. The standard deviation or statistical uncertainty asso-
ciated with the correlations or analytical models.

4. Spacer Grid and Channel Boxes

a. Mechanical, chenical, thermal, and irradiation properties
of the materials, -
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b. Vibration and f atigue,

Chemical compatibility with other core components, includingc.
coolant.

5. Fuel Assembly

a. Structural design,

b. Thermal-hydraulic des ign.

6. Reactivity Control Assembly and Burnable Poison Rods

The thormal physical properties of the absorber material,a.

b. The compatibility of the absorber and cladding materials,

c. Claddi g stress-strain limits,

d. Irradiation behavior of absorber material.

7. Surveillance Program

The requirements for surveillance and testing of irradiateda.
fuel rods, burnable poison rods, control rods, channel boxes, and instru-
ment tube / thimbles.

4.2.2 Description and Design Drawings

A description and preliminary (PSAR) or final (FSAR) design drawing
of the fuel rod components, burnable poison rods, fuel assemblies, and
reactivity control assembiies showing arrangement, dimens mns, crii.i u i
tolerances, sealing and handling features, methods of support, internal
pressurization, fi>sion gas spaces, burnable poison content, and internal
components should be provided. A discussion of design features that
prevent improper orientation or placement of fuel rods or assemblies within
tne core should be included.

4.2.3 Design Evaluation

An evaluation of the fuel system design should bo presented for the
physically feasible combinations of chemical, thermal, it'adiation,
mechanical, and hydraulic interaction. Evaluation of these i7teractions
should include the ef fects of normal reactor operations, antic aated tran-
sients without scram, and postulated accidents. The fuel system design
evaluation should include the following:

1. Cladding

a. Vibration analysis, 43 047
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b. Fuel element internal and external pressure and cladding
stresses during normal and accident conditions with particular emphasis
on temperature transients or depressurization accidents,

c. Potential for chemical reaction, including hydriding,
fission product attack, and crud deposition,

d. Fretting and crevice corrosion,

e. Stress accelerated corrosion,

t. Cycling and fatigue,

g. Material wastage due to mass transf er,

h. Ro1 bowing due to thermal, irradiation, and creep dimen-
sional changes,

i. Consequences of power-coolant mismatch,

j. Irradiation stability of the cladding,

k. Creep collapse and creepdown.

2. Fuel

a. Dimensional stability of the fuel,

b. Potential for chemical interaction, including possible
waterlogging rupture,

c. Thorral stability of the fuel, including densification,
phase changes, and thermal expansion,

d. Irradiat. ion staoility of the fuel, including fission product
swelling and fission gas release.

3. Fuel Rod Perf ormance

a. Fuel cladding mechanical interaction,

b. Failura and burnup experience, including the thermai condi-
tions for which t he experience was obtained for a given type of fuel and
the results of long-term irradiation testing of production fuel and test
specimens,

c. Fuel and cladding temperatures, both local and gross, with
an indication of the correlation used for thermal conductivity, gap conduct-
ance as a function of burnup and power level, and the method of employing
peaking f actors,

4-4
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d. An analysis of the potential effect of sudden temperature

transients on waterlogged elements or elements with high internal gas
pressure,

An analysis of temperature ef fects during anticipated opera-e.
tional transients that may cause bowing or other damage to fuel, control
rods, or structure,

f. An analysis of the energy release and potential for a
chemical reaction should physical burnout of f uel elements occur,*

g. An analysis of the energy release and resulting press 're
pulse should waterlogged elements rupture and spill fuel into the coolano,*

h. An analysis of the behavior of fuel rods in the event coolant
flow blockage is predicted.*

4. Spacer Grid and Channel Boxes

a. Dimensional stability considering thermal, chemical, and
irradiation ef fects,

b. Spring loads for grids.

5. Fuel Assembly

a. Loads applied by core restraint system,

b. Analysis of combined shock (including LOCA) and seismic
loading,

c. Loads applied in fuel handling, including misaligned
handling tools.

6. Reactivity Control Assembly and Burnable Poison Rods

a. Internal pressure and cladding stresses during normal,
transient, and accident conditions,

b. Thermal stability of the absarber material, including phase
changes and thermal expansion,

c. Irradiation stability of tne absorber material, taking |into consideration gas release and swelling, i

d. Potential for chemical interaction, including possible
waterlogging rupture.

t
If this information is included in Chapter 15, it may be incorporated in
this section by reference.
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4.2.4 Testing and Inspection Plan

The testing and inspections to be perf ormed to verify the design
characteristics of the fuel system components, including clad integrity,
dimensions, f uel enrichment, hurnable poison concentration, absorber com-
position, and characteristics of tt'e fuel, absorber, and poison pellets,
should be describc a. Descriptions of radiographic inspections, destruc-
tive tests, f uel assembly dimens ional checks, and the program for inspec-
tion of new fuel assemblies and new control rods to ensure mechanical
integrity after shipment should be included. Where testing and inspec-
tion programs are essentially the same as for previously accepted plants,
a referenced statement to that e , fect with an identification of the
fabricator and a sunmary table of the important design and performance
characteristics should be provided.

4.1 Nuclear Design

4.3.1 Design Bases

The design bases for the nuclear design of the fuel and reactivity
control systems should be provided and discussed, including nuclear and
reactivity control limits such as excess reactivity, fuel burnup, ncga-
Live reactivity feedback, core design lifetime, fuel replacement program,
reactivity coefficients, stability criteria, maximum controlled reactiv-
ity insertion rates, control of power distribution, shutdown margins,
stuck rod criteria, rod speeds, chemical and mechanical shim control,
burnable poison requirements, and backup and emergency shutdown
provisions.

4 2.2 r,e,cription

A description of the nuclear characteristics of the design shouid
be ;rovided and should include the information indicated in the follow-
ing sections.

4.3.? 1 Nuclear Design Description. Features of the nuclear design
not (fiTcussed in specific subsections shou'd be listed, described, or
illustrated for approp 'iate times in the fuel cycle. These should include
such areas as fuel enrichment distributions, burnable poison distributions,
other physical features of the lattice or assemblies relevant to nuclear

design parameters, delayed neutron fraction and neutron lifetimes, core
lifetime and burnup, plutonium buildup, soluble poison insertion rates,
and the relationship to cooldown or xenon burnout or other transient
requirements.

4.3.2.2 Power Distribution. Full quantitative information on calcu-
lated'" normal" r ower distrIljutions, including distributions within typical
assemblies, axial disi.ributions, gross radial distributions (XY assembly
patterns), and nonseparable aspects of radial and axial distributions
should be presented.

143 050
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A full range of both representative and limiting power density
patterns related to representative and limiting conditions of such relevant
parameters as power, flow, flow distribution, rod patterns, time in cycle
(burnup and possible burnup distributions), cycle, burnable poison, and
xenon should be covered in sufficient detcil to ensure that normally
anticipated distributions are fully desr. ibed and that the effects of
all parameters important in affecting distributions are displayed. This
should include details of transient power shapes and magnitudes accom-
pdnying normal trarsients such as load tollowing, xenon buildun, decay
or redistribution, and xenon oscillation control. Describe the radial

a fuel pin and its variation with burnup ifpower distribution within
use is made of this in ther mal calculations.

Discuss and assign specific magnitudes to errors or uncertainties
that may be associated with these calculated distributions and present
the everincntal data, including results from both critical experiments
and operating reactors that hark up the analysis, likely distribution
limits, and assigned uncertainty magnitudes. Experimental checks to be
made on this reactor ann the criteria for satisfactory results should he

discussed.

ihe design power distributions (shapes and magnitudes) and the design
peaking f actors to be used in steady-state limit statement s and transient
analysis initial conditions should be given in detail. Include all relevant

ccmponents and such variables as maximum allowable peaking f actors vs.
axial position or changes over the fuel cycle. Justify the selections
by a discussion of the relationship of these design assumptions to the
, oviously presented expected and limiting distributions and uncertainty
analysis.

Describe the relationship of these distributions to the monitoring
instrumentation, discussing in detail the adequacy of the number of instru-
ments and their spatial deployment (including allowed tailures); equired
correlations between readings and peaking f actors, calibrations and errors,
operational procedures and specific operational limits; axial and azimuthal
asymmetry limi ts ; limits for alarms, rod blocks, scrams, etc., to demon-
strate that sufficient information is available to determine, monitor,
and limit distributions associated with normal operation to within proper
limits. Describe in detail all calculations, computer codes, and computers
used in the course of operations that are involved in translating power-
distribution-related measurements into calculated power distribution infor-
mation. Give the f requency with which the calculations are normally
performed and execution times of the calculations. Describe the input

data required for the codes. Present a full quantitative analysis of
the uncertainties associated with the sources and processing of informa-
tion used to produce operational power distribution results. This should
include consideration of allowed instrumentation f ailures.

4.3.2.3 Reactivity Coefficients Full quantitative infomation on
calculated reactivity coef ficients, including fuel Doppler coefficient,
moderator coef ficients (density, temperature, pressure, void), and power

4-7
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coefficient should be presented. The precise definitions or assumpticos
relating to parameters involved, e.g., effective fuel temperature for
Doppler, distinction between intra and interassembly moderator coeffi-
c:ents, parameters held constant in power coefficient, spatial variation
of parameter, and flux weighting used, should be stated. The information
should be primarily in the form of curves covering the full applicable
range of the parameters (density, temperature, pressure, void, power)
from cold startup through limiting values used in accident analyses.
Quantitative discussions of both spatially uniform parameter changes and
these nonuniform parameter and flux weighting changes appropriate to
operational and accident analyses and " e methods used to treat nonunif orm
changes in transient analysis should t,c included.

Sufficient information should be presented to illustrate the normal
and limiting values of parameters appropriate to operational and accident
states, considering cycle, time in cycle, control rod insertions, baron
content, burnable poisons, power distribution, moderator density, etc.
Potential uncertainties in the results cf the calculations and experi-
mental results that back up the analysis and assigned uncertainty magni-
tudes and experimental checks to be made in this reactor should be
discussed. Where limits on coefficients are especially important, e.g.,
positive moderator coef ficients in the power range, experimental checks
on these limits should be fully detailed.

Present the coef ficients actually used in transient analyses and
show by reference to the previously discussed information and uncertainty
analysis that suitably conservative values are used (1) for both beginning
of life (BOL) and end of life (EOL) analyses, (2) where most negative or
most positive (or least negative) coef ficients are appropriate, and (3)
where spatially nonuniform changes are involved.

4.3.2.4 Control Requirements. Tables and discussions relating to
core reactivity balances f or BOL, EOL, and, where appropriate, interme-
diate conditions should be provided. This should include consideration
of such reactivity influences as control bank requirements and expected
and minimum worths, burnable poison worths, soluble boron amounts and
unit worths for various operating st'tes, " stuck rod" allowance, moder-
ator and fuel temperature and void detects, burnup and easion products,
xenon and samarium poisoning, pH effects, permitted rod insertions at
power and error allowances. Required and expected shutdown margin as a
function of time in cycle, along with uncertainties in the shutdown margin
and experimental confirmations from operating reactors should be presented
and discussed.

Methods, paths, and limits for normal operational control involving
such areas as soluble poison concentration and changes, control rod motion,
power shaping rod (e.g., part length rod) motion, and flow change should
be described fully. This should include consideration of cold, hot, and
peak xenon startup, load following and xenon reactivity control, power
shaping (e.g. , xenon redistribution or oscillation control), and burnup.

xw4-8
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4.3.2.5 Control Rod Patterns and Reactivity Worths. Full inf orma-

tion An cont ol rod patterns expected to be used throughout a fuel cycle
should be presented. This should include details on separation into groups
or banks if applicable, order and extent of withdrawal of individual rods
or banks, limits, with justification, to be imposed on rod or bank posi-
tions as a fuaction of power level and/or time in cycle or for any other
reason, expected positions of rods or banks for cold critical, hot standby
critical, and for full power for both BOL and EOL. Describe allowable
deviations from these patterns for misaligned or stuck rods or for any
other reason such as special power shaping. For the allowable patterns,
including allouable deviations, indicate f or various power and EOL and
bOL conditions, the maximum worth of rods that might be postulated to be
rem ivod from the core in an ejection or drop accident and rods or rod
baM s that could ba removed in rod withdrawal accidents, and give the
worths of these rods as a function of position. Describe any experimental
confirmation of thes worths. Present maximum reactivity increase rates
associated with those withdrawals. Describe fully and give the methods
for calculating the scram reactivity as a f unction of time af ter scram
signal, including consideration for Technical Specification scram times,
a uck rods, power 11sel and shape, time in cycle, and any other parameter
H portant f or had reactivity warth and axial reactivity shape functions.
Far EWRs, provide criteria for control rod velocity limiters and cortrol
rod worth mi .imi zers.

4.3.2.6 ( ~i tica l i ty of Reactor During Refueling. The maximum value
of k 7, for the reactor auring refueling should be stated. Describe the
basis for a3sumir,q that this maximum value will not be exceeded.

4.3.2./ Stability. Information defining the degree of predicted
stability with regard to xenon oscillations in both the axial direction
and in the horizontal plane should be provided. If any form of xenon
instability is predicted, include evaluations of higher mode oscillations.
Indicate in detail the analytic and experimental bases for the predictions.
Include an assessment of potential error in the predictions. Also, show
hew unexpected oscillations would be detectable before safety limits are
exceeded.

Unambiguous positions regarding stabii;ty or lack thereof should be
provided. lhat is, where stability is claimed, provide corroborating
data from suf ficiently similar power plants or provide commitments to
demonstrate stability. Indicate criteria for determining whether the
reactor will be stable or not. Where instability or marginal stability
is predicted, provide details of how oscillations will be detected and
controlled and provisions f or protection against exceeding safety limits.

Analyses of the overall reacto'r stability against power oscillations
#(other than xenon) should be proviJed.

4.3.2.8 Vessel Irradiation. The neutron flux distribution and spectrum

in the core, at core boundaries, and at the pressure vessel wall for appro-

priate times in the reactor lif e for WT determinations,shguhJLhe provided.143 O
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4.3.3 Analytical Methods

A detailed description of the analytical methods used in the nuclear
design, including those for predicting criticality, reactivity coef ficients,
and burnup ef fects should be provided. Computer codes used should be
described in detail as to the name and the type of coce, how it is used,
and its validity based on critical expeiiments or confirmed predictions
of operating plants. Code descriptions should include methods of obtain-
ing parameters such as cross sections. Estimates of the accuracy of the
analytical methods ahould be included.

4.3.4 Changes

Any changes in reactor core design features, calculational methods,
ua i.a , or information relevant to determining important nuclear design
parameters that depart from prior practice of the reacter designs should
L- listed along with af fected parameters. Details of the nature and
ef fect of the changes should be treated in appropriate subsections.

4.4 Thermal and Hydraulic Design

4.4.1 Design Bases

The desigr. bases f or the thermal and hydraulic design of the reactor
should be provided, including such items as maximum fuel and clad tempera-
tures and cladding-to-fuel gap characteristics as a f unction of burnup
(at rated power, at design overpower, and during transients), critical
heat flux ratio (at rated power, at design overpower, and during trans-
ients), flow velocities and distribution control, coolant and moderator
voids, hydraulic stability, transient limits, fuel cladding integrity
criteria, and fuel assembly integrity criteria.

4.4.2 Description of Thermal and Hydraulic Dasign of the Reactor Core

A description of the thermal and hydraulic characteristics of the
ieactor design should be provided and should include information indi-
cated in the following sections.

4. 4. 2. l_ Summary Compari son. A summary comparison of the thermal
and hydraulic design parameters of the reactor with previously approved
reactors of s;milar design should be provided. This should include, for
example, primary coolant temperatures, fuel temperatures, maximum and
average linear heat generation rates, critical heat flux ratios, critical
heat flux correlations used, coolant velocities, surfas heat fluxes,
power densities, specific powers, surf ace areas, and flow areas.

4.4.2.2 Critical Heat Flux Ratios. The critical heat flux ratios
for the core hot spot at normal full power and at design overpower con-
ditions should be provided. State the critical heat flux correlation
used, analysis techniques, method of use, method of employirg peaking
f actors, and comparison with other correlations. -
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4.4.2.3 Linear Heat Generation Rate. The core-average linear heat
generation rate (LHGk) and the maximum LHGR anywhere in the core shauld
be provided. The method of utilizing hot channel factors and power
distribution information to determine the maximum LHGR should be indicated.

4.4.2.4 Void Fraction Distribution. Curves showing the predicted
radial and axial dist ribution of sti.am quality aiid steam void f raction
in the core should be provided. Statc the predicted core average void
f raction and the maximum void f raction anywhere in the core.

4.4.2.5 Core Coolant Flow Distribution. Coolant flow distribution
and orificing and the basis on which oriticirig is designed relative to
shifts in power production during core life should be described and
d i scus ss rl.

4.4.2.6 Core Pressure Drops and Hydraulic Loads. Core pressure
drops and hydraulic loads during normal and accident conditions that are
not addressed in Chapter 15 should be provided.

4.4.2.7 Correlation and Physical Data. The correlations and physical
data employed in determining important characteristics such as beat transfer
coef ficients and pressure drop should be discussed.

4.4.2.8 Thermal Effects of Operational Transients. The capability
of the core to withstand the thermal effects resulting from anticipated
operational transients should be evaluated.

4.4.2.9 Uncertainties in Estimates. The uncertainties associated
with estimating the peak or limiting conditions for thermal and hydraulic
analysis (e.g. , fuel temperature, clad temperature, pressur e drops, and
o-ificing ef fects) should be discussed.

4.4.2.10 Flux Tilt Considerations. Discuss the margin provided in
the peaking factor to account for flux tilts to ensure that flux limits
are not exceeded during operation. Describe plans for power reduction
in the event of flux tilts and provide criteria for selection of a safe
operating power level.

4.4.3 Descriptior. of the Thermal and Hydraulic Design of the Reactor
Coolant System

The thermal and hydraulic design of the reactor coolant system should
be described in this section. The information indicated in the following
sections shot ld be inciudad.

4.4.3.1 Plant Configuration Data. The following information on
plant configuration and operation should be providec:

1. A description of the reactor coolant system, including isometric
drawings that show the configuration and approximate dimensions of the
reactor coolant system piping,

4-
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2. A listing of all valves and pipe tittings (elbows. tees, etc.)

in the reactor coolant system,

3. Total coolant flow through each t lowpath (total loop flow, core
f low, bypass f low, etc. ),

4. lotal volume of each plant component , including ECCS compc .ents
with sufficient detail in reactor vessel and the st m generator (for
PWRs) to d':t ine each part (downcomer, lower plenum, upper head, etc. ),

5. The t iowpath lengt h through each volume,

6. The height and liquid level of each volme,

/. ihe elevation of the bottom of each voluw with respect to some
ref erence elevation, pref erably the centet line of the outer piping,

b. The line lengths and sizes of al! s tiety injec tion lines,

J. M i n i rr u: f 10 arer, of each compor ont ,

10 iteady state pressure and tempe~a< re distribution throughout
the syster

4 . 4 . 3 . ') Querating Restrictions on Pu g . The operating restrictions
that will be impo md on the coolant steps to meet net positi w suction
head requirements should be E tated.

_4 . 4 . 3 . a Po er-Flow Operating Map (BWR ). P or tm i l i ng wa ter reactors ,
a power-f low operat ing map indicatiag tw .:r..tsof reactor coolant system
operation shou.d be provided. This map :.hould indicate the permissible
coerating range as bcunded by minimuJ. flow, M ign flow, maximum p u<! p
speed, and natural circulation.

4.1. 3. 4 Temp 3ratore-Power Operating M w (FWR). For pressurized
wate; reactors, a temperature power operating map should be previded.
The effects of reduced core flow due to irmpr atise purps, including
system capability during natural circulatior, coni t ions , should be
ind1Cale'}.

4.4.3.5 Load 4 llowing Characteristics. T he lead- f ollowing charac-
teristics of toe reactor coolant system and the techniques employed to
provide this capability Ehoul0 be described.

4.4.3.6 Thermal and Hydraulic Ch aracter i stics 9 1ry Table . A

table surwariz ing the therma l and hydrau l ic character 1st.i. _ of the reactor
coolant system should be provided.

@
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4.4.4 Evaluation

An evaluation of the thermal and hydraulic design of the reactor
and the reactor coolant system should be provided. It should include
the information indicated in the following sections.

4.4.4.1 Critical Heat Flux. The critical heat flux, departure f rcm

nucleate boiling, or critical power ratio correlation utilized in the
core thermal and hydraulic analysis should be identified. The experi-
mental basis for the correlation should be described, preferably by refer-
ence to documents available to the NRC. The applicability of the correla-
tion to the proposed design should be discussed in the SAR. Particular

emphasis should be placed on the ef fect of the grid spacer design, the
calculational technique used to determine coolant mixing, and the effect
of axial power distribution.

4.4.4.2 Core Hydraulics. The core hydraulics evaluation should
include (1) a discussion of the results of flow model tests (with respect
to pressure drop for the various flowpaths through the reactor and flow
distributions at the core inlet), (2) the empirical correlation selectod
for use in analyses for both single phase and two phase flow condition;
and the applicability over the range of anticipated reactor conditions,
and (3) the ef f ect of partial or total isolation of a loop.

4.4.4.3 Influence of Power Distribution. The influence of axial
and radicl power distributions on the thermal and hydraulic design should
be discussed. An analysis to determine which fuel rods control the
thermal limits of the reactor should be ir.cluded.

4.4.4.4 Core Thermal Response. The thermal response of the core
should be evaluated at rated power, at design overpower, and for expected
transient conditions.

4.4.4.5 Analytical Methods. The analytical methods and data used
to determine the reactor coolant system flow rate should be described.
This should include classical fluid mechanics relationships and empirical
correlations. The description should include both single phase and two-
phase fluid tlcw, as applicable. Estimates of the uncertainties in the
calculations and the resultant unce-tainty in reactor coolant system f low
rate should be provided.

A comprehensive discussion of the analytical techniques used in evalu-
ating the core thermal-hydrau'ics, including estimates of uncertainties,
should be provided. This discussion should include such items as hydraulic
instability, the application of hot spot factors and hot channel f actors, ,

subchannel hydraulic analysis , effects of crud (in the core and in the
reactor coolant system), and operation with one or more loops isolated.
Descriptions of computer codes may be included by reference to documents
available to the NRC.
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4.4.5 Testing and Verification

The testing and verification techniques to be used to ensure that
the planned thermal and hydraulic design characteristics of the core and
the reactor coolant system have been provided and will remain within
required limits throughout core lifetime snould be discussed. This discus-
sion should address the applicable portions of Regulatory Guide 1.68,
" Initial Test Program for Water-Cooled Reactor Power Plants. " References
to the appropriate portions of Chapter 14 are acceptable.

4.4.6 Instrumentation Requirements

The functional requirements for the instrumentation to be employed
in monitoring and measuring those thermal-hydraulic parameters important
to safety should be discussed. The requirements for in core instrumenta-
tion to confirm predicted power density distribution and moderator tempe-
rature distributions, for example, should be included. Details of the
instrumentation design and logic should be discussed in Chapter 7 of the
SAR.

The vibration and loose parts monitoring equipment to be provided
in the plant should be described. The procedures to be used to detect
excessive vibration and the occurrence of loose parts should be discussed.

4.5 Reactor Materials

'4.5.1 Control Rod Drive System Structural Materials

For the purpose of this section, the control rod drive system includes
the control rod drive mechanism (CRDM) and extends to the coupling inter-
f ace with the reactivity control (poison) elements in the reactor vessel.
It does not include the electrical and hydraulic systems necessary for
actuating the CRCMs. The information described below should be provided.

1. Materials Specifications

a. Provide a list of the materials and their specifications
for each component of the control rcd drive mechanism. Furnish informa-
tion regardinc the mechanical properties of any material not included in
Appendix I to St . ion III of the ASME B&PV Code or Regulatory Guide 1.85,
" Materials Code Case Acceptability - ASME Section III Division 1," and
provide justification for the use of such material.

b. State whether any of the f ollowing materials that have a
yield strength greater than 90,000 psi are being used: cold-worked
austenitic stainless steeis, precipitation hardenable stainless steels,
or hardenable martensitic stainless steels. If such materials are employed,
identify their usage and provide evidence that stress-corrosion cracking
will not occur during service life in components f abricated f rom the
materials.

4-14
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2. Austenitic Stainless Steel Components i
i

a. Provide a description of the processes, inspections, and
tests on austenitic stainless steel components to ensure f reedom f rom
increased susceptit ility to intergranular stress-corrosion cracking caused
by sensitization. If special processing or fabrication methods subject i

the materials to temperatures between 800 and 1500 F, or involve slow
cooling f rom temperatures over 1500 F, describe the processing or f abrica-
tion methods and provide justification to show that such treatment will
not cause susceptibility to intergranular stress-corrosion cracking. 1

Indicate the degree of conformance to the recommendations of Regulatory
Guide 1.44, " Control of the Use of Sensitized Stainless Steel." Previde
justification for any deviations f rom these recommendations.

b. State the procedures and requirements that will be applied
to prevent hot cracking in austenitic stainless steel welds, especially
those procedures and requirements to control the delta ferrite content
in weld filler metal and in completed welds. Indicate tne degree of con-

,

formance to the recommendations of Regulatory Guide 1.31, " Control of +

Ferrite Content in Stainless Steel Weld Meta l . " Provide justification :

for any deviations f rom these recommendations.

3. Other Materials |
1

The tempering temperature of hardenable martensitic stainless
steels and the aging temperature and aging time of precipitation-ho, jening '

stainless steels should be described. The processing and treatment of
other special purpose materials such as cobalt-base alloys (Stellites), |

Inconels, Colmonoys, and Graphitars should be described. |

4. Cleaning and Cleanliness Contr 01 |

Provide details of the steps that will be taken in protecting
austenitic stainless steel materials and parts of these systems during
fabrication, shipping, and onsite storage to ensure that all cleaning
solutions, processing compounds, degreasing agents, and detrimental con-
taminants are completely removed and that all parts are driea and properly
protected following any flushing treatment with water. Indicate the degree
of conformance to the recommendations of Regulatory Guide 1.37, " Quality
Assurance Requirements for Cleaning of Fluid Systems and Associated Compo-
nents of Water-Cooled Nuclear Power Plants." Provide justification for
any deviations from these recommendations.

4.5.2 Reactor Internals Materials

Tnis section should discuss the materials used for reactor internals
and should include the information described below.

4.5.2.1 Materials Specifications. Provide a list of the materials
and their specifications for major components of the reactor internals.
Include materials treated to enhance corrosion resistance, strength, and
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hardness. Furnish information regarding the mechanical properties of
any material not included in Appendix 1 to Section III o! the ASME B&PV
Code and provide justification for the use of such material.

4.5.2.2 Controls on Welding. Indicate the controls that will be
used when welding reactor internals components, and provide assurance
that such welds will meet the acceptance criteria of Article NC-5000 of
ASME B&PV Code Section III or alternative acceptance criteria that provide
an acceptable level of safety.

! 4.5.2.3 Nondestructive Examination of Tubular Products and Fitting.
! Indicate that the nondestructive examination procedures used for the examina-
! tion of tubular products conform to the requirenents of the A5ME B&PV
ICode. Provide justification for any deviations f rom these requirements.

4.5.2.4 Fabrication and Processin.g ef Austenitic Stainless Steel
Components. Indicate the degree of conformance with the recommendat ions

{ of Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless
+ Steel;" Regulatory Guide 1. 31, " Control of Ferrite Content in Stainless
| Steel Weld Metal;" and Regulatory Guide 1. 3/ , " Quality Assurance Require-
ments for Cleaning of Fluid Systems and Associated Components of Water-

; Cooled Nuclear Power Plants." It alternative measures are used, show
i that they will provide the same assurance of component integrity as would
be achieved by following the recommendations of the guides. Indicate
the maximum yield strength of all cold worked stainless steels used in

| the reactor internals.

| 4.5.2.5 Other Materials. The tempering tegerature of hardenable
' martensitic stainless steels and the aging trmperatures and aging time
' of precipitation-hardening stainless steels should be oescribed. The
, processing and treatment of other special purpose mterials such ac cobalt-
base alloys (Stellites), Inconels, and Colmonays should be described.

4.6 Functional Design of Reactivity Control Systems

Inf ormat ion should be presented to estaolish that the control rod
drive system (CRDS), which includes the e%,ntial ancillary equipment
and hydraulic systems, is designed and installed to prnvide the required
functional performar.ce and is properly isolated from other equipment
Additionally, information should be presented to :stablish the bases for
assessing the combined functional performance of all the reactivity con-
trol systems to mitigate the consequences of anticipated transients :1d
postulated accidents.

These reactivity control systems include, in addit. ion to the CRD5
and the emargency core cooling system (ECCS), the chemical and volume
control system (CVCS) and the emergency boration system (EBS) fer pres-
surized water reactors and the standby liquid control system (SLC5) and
t.he recirculation flow control system (RFCS) f or boiling water reactors.

9
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4.6.1 Information for CRDS

Information submitted should include drawings of the rod drive mechanism,
layout drawings of the collective rod drive system, process flow diagrams,
piping and instrumentation diagrams, component descriptions and character-
istics, and a description of the functions of all related ancillary equip-
ment and hydraulic systems. This information may be presented in conjunc-
tion with the information requested for Section 3.9.4.

4.6.2 Evaluations of the CRDS

Failure mode and ef fects analyses of the CRDS should be presented
in tabular form with supporting discussion to delineate the logic e-' ployed.

_

The failure analysis should demonstrate that the CRDS, which for purposes
of these evaluations includes all essential ancillary equipment and hydraulic
systems, can perform the intended safety functions with the loss of any
single active component.

These evaluations and assessments should establish that all essential
elements of the CRDS are identified and provisions made for isolation
from nonessential CRDS elements. It should be established that all
essential equipment is amply protected from common mode failures such as
f ailure of moderate- and high energy lines.

4.6.3 Testing and Verification of the CRDS

A functional testing program should be presented. This should include
rod insertion and withdrawal tests, thermal and fluid dynamic tests simulat-
ing postulated operating and accident conditions, and test verification
of the CRDS with imposed single f ailures, as appropriate.

Preoperational and initial startup test programs should be presented.
The objectives, test methods, and acceptance criteria should be included.

4.6.4 Information for Combined Perforrance of Reactivity Systems

Information consisting of piping and instrumentation diagrams, lay-
out drawings, process diagrams, failure analyses, descriptive material,
and performance evaluations related to specific evaluations of the CVCS,
the SLCS, and the RFCS is presented in other sections of the safety analysis
report, e.g., 9.3.4 and 9.3.3. This section should include sufficient
plan and elevation layout drawings to provide bases for establishing that
the reactivity control systems (CRDS, ECCS, CVCS, SLCS, RFCS, EBS) when
used in single or multiple redundant modes are not vulnerable to common
mode f ailures.

Evaluations pertaining to the response of the plant to postulated
process disturbances ar.d to postulated malfunctions or f ailures of equip-
ment are presented in Chapter 15, " Accident Analyses." This section should
include a list of all the postulated accidents evaluated in Chapter 15
that take credit for two or more reactivity control systems for preventing
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or mitigating each accident. The related reactivity systems should also
be tabulated.

4.6.5 Evaluations of Combined Perf or mance

Evaluations of the combined functional performance for accidents
where two or more reactivity systems are used should be presented. The
neutronic, fluid dynamic, instrumentation, controls, time sequencing,
and other process parameter-related features are presented primarily in
Chapters 4, 7, and 15 of the safety analysis report. This section should
include f ailure analyses to demonstrate that the reactivity control systems
used redundantly are not susceptible to cor.. mon made failures. These failure
analyses should consider failures originating within each reactivity control
system and from plant equipment other than reactivity systems and should
be presented in tabu.ar f orm with supporting discussion and logic.

O
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5. REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

This chapter of the SAR should provide information regarding the
reactor coolant system and systems connected to it. Special considera-
tion should be given to the reactor coolant system and pressure containing
appendages out to and including isolation valving which is the " reactor
coolant pressure botv'ry" (RCPB), as defined in paragraph 50.2(v) of 10
CFR Part 50.

Evaluations, together with the necessary supporting material, should
be submitted to show that the reactor coolant system is adequate to
accomplish its intended objective and to maintain its integrity under
conditions imposed by all foreseeable reactor behavior, either normal or
dCCident Conditions. The information should permit a determination of
the adequacy of the evaluations; that is, assurance that the evaluations
included are correct and complete and all the evaluations needed have
been made. Evaluations included in other chapters that have a bearing
on the reactor coolant system should be referenced.

5.1 Summary Description

A summary description of the reactor coolant system and its various
components should be provided. The description should indicate the inde-
pendent and interrelated performance and safety functions of each compo-
nent. Include a tabulation of important design and performance
characteristics.

5.1.1 Schematic Flow Diagram

A schematic flow diagram of the reactor coolant system denoting all
major components, principal pressures, temperatures, flow rates, and coolant
volume under normal steady-state full power operating conditions should
be provided.

5.1.2 Piping and Instrumentation Diagram

Provide a piping and instrumentation diagram of the reactor coolant
system and connected systems delineating the following:

1. The extent of the systems located within the containment,

2. The points of separation between the reactor coolant (heat
transport) system and the secondary (heat utilization or removal) system,
and

3. The extent of isolability of any fluid system as provided by
the use of isolatian valves between the radioactive and nonradioactive
sections of the system, isolation valves between the RCPB and connected
systems, and passive barriers between the RCPB and other systems.

5-1
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5.1.3 Elevation Drawing

Provide an elevation drawing showing principal dimensions of the
reactor coolant system in relation to the supporting or surrounding con-
crete structures from which a measure of the protection afforded by the
arrangement and the safety considerations incorporated in the layout can
be gained.

5.2 Integrity of Reactor Coolant Pressure Boundary

This section should present discussions of the measures to be
employed to provide and maintain the integrity of the reactor coolant
pressure boundary (RCPB) for the plant design lifetime.

5.2.1 Compliance with Codes and Code Cases

5.2.1.1 Compliance with 10 LFR 650.55a. A table showing compliance
with the regulations of 10 CFR s50.55a, " Codes and Standards," should be
provided. This table should identify pressure vessel components, piping,
pumps, and valves. The applicable component code, code edition, code
addenda, and, when required, the component order date of each ASME Sec-
tion III, Class 1 component within the reactor coolant pressure boundary
may be identified by reference to the table of structures, systems, and
components in Section 3.2 of the SAR; alternatively, they may be included

| in this section of the SAR. In the event there are cases wherein conform-
ance to the regulations of S50.55a would result in hardships or unusual
difficulties without a compensating increase in the level of safety and
quality, a complete description of the circumstances resulting in such
cases and the basis for proposed alternative requirements should be
provided. Describe how an acceptable level of safety and quality will
be provided by the proposed alternative requirements.

5.2.1.2 Applicable Code Cases. Provide a list of ASME Code Case
interpretations that will be applied to components within the reactor
coolant pressure boundary. Each component to which a Code Case has been
applied should be identified by Code Case number, revision, and title.

| Caution is advised in the use of Code Cases to ensure that the applicablerevision of a Code Case is identified for each component application.
Regulatory Guides 1.84, " Design and Fabrication Code Case Acceptability -
ASME Section III Division 1," and 1.85, " Materials Code Case Acceptabil-
ity - ASME Section III Division 1," list those Section III, Division 1,
ASME Code Cases that arc generally acceptable. The section should indicate
the extent of conformance with the recommendations of Regulatory Guides
1.84 and 1.85. If Code Cases other than those listed are used, show that
their use will result in as acceptable a level of cuality and safety for
the component as would be achieved by following tne recommendation of
the guides.

143 064
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5.2.2 Overpressurization Protection

The information cited below should be provided to accommodate an
evaluation of the systems that protect the RCPB and the secondary side
of steam generators f rom overpressurization. These systems include all
pressure-relieving devices (safety and relief valves) for:

1. The reactor coolant system,

2. The primary side of auxiliary or emergency systems connected
to the reactor coolant system,

3. Any blowdown or heat dissipation systems connected to the
discharge of these pressure relieving devices, and

4. The secondary side of steam generators.

5.2.2.1 Design Bases. Provide the design bases on which the func-
tional design of the overpressure protection system was established.
Identify tre postulai.ed events or transients on which the design require-
ments are based, including:

1. The extent of simultaneous cccurrences,

2. The assumptions regarding initial plant conditions and system
parameters , and

3. A list of all systems that could initiate during the postulated
event and the initidting and trip signals.

5.2.2.2 Design Evaluation. An evaluation of the functional design
of the overpressurization system should be provided. Present an analysis
of the capability of the system to perform its function. Describe the
analytical model used in the analysis and discuss the bases for its
validity. Discuss and justify the assumptions used in the analysis,
including the plant initial conditions and system parameters. List the

systems and equipment assumed to ope ate and describe their performance
characteristics. Provide studies that show the sensitivity of the perform-
ance of the system to variations in these conditions, parameters, and
performance.

5.2.2.3 Piping and Instrumentation Diagrams. Provide piping and
instrumentation diagrams for the overpressure protection system showing
the number and location of all conponents, including valves, piping, tanks,
instrumentation, and v ntrols. Connections and other ir,terf aces with

other systems should be indicated.

5.2.2.4 Equipment and Component Description. Describe the equip-
ment and components of the overpressure protection system, including
schematic drawings of the safety and relief valves and a discussion of
how the valves operate. Identify the significant design parameters for
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each component, including the design, throat area, capacity, and set point
of the valves and the diameter, length, and routing of piping. List the
design parameters (e.g., pressure and temperature) for each component.
Snecify the number and type of operating cycles for which each component
is designed. The environmental conditions (e.g. , temperature and humidity)
for which the components are designed should also be specified.

5.2.2.5 Mounting of Pressure-Relief Devices. Describe the design
and installation details of the mounting of the pressure-relief devices
within the reactor coolant pressure boundary and the secondary side of
steam generators. Specify the design bases for the assumed loads (i.e.,
thrust, bending, and torsion) imposed on the valves, nozzles, and con-
nected piping in the event cll valves discharge. Describe how these
loads can be accommodated; include a listing of these loads and result-
ing stresses. Material contained in Section 3.9.3.3 may be incorporated
by reference.

-5.2.2.6 Aoplicable Codes and Classification. Identify the appli-
cable Industry codes and classifications applied to the system.

5.2.2.7 Material Specification. The material specifications for
each component should be identitied.

5.2.2.8 Process Instrumentation. Identify all process in3trumen-
tation.

5.2.2.9 System Reliability. The reliability of the system and the
consequences of f ailures should be discussed.

5.2.2.10 Testing and Inspection. Identify the tests and inspec-
tions to be perf ormed (1) prior to operation and during startup which
demonstrate the functional performance and (2) as inservice surveillance
to ensure continued reliability.

5.2.3 Reactor Coolant Pressure Boundary Materials

5.2.3.1 Material Specifications. Provide a list of specifications
for the principal territic materials, austenitic stainless steels, and
nonferrous metals, including bolting and weld materials, to be used in
fabricating and assembling each component (e.g., vessels, piping, pumps,
and valves) that is part of the reactor coolant pressure boundary (RCPB),
excluding the reactor pressure vessel. Identify the grade or type and
final metallurgical condition of the material placed in service.

5.2.3.2 Compatibility with Reactor Coolant. Provice the following
information relative to compatibility of the reactor coolant with the
materials of construction and the external insulation of the RCPB:

1. PWR reactor coolant chemistry (for PWRs only). Provide a descrip-
tion of the chemistry of the reactor coolant and the additives (such as
inhibitors). Describe water chemistry, including maximum allowable content
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of chloride, fluoride, and oxygen i permissible content of hydrogen
and soluble poisons. Discuss methods o control water chemistry, including
pH.

2. BWR reactor coolant chemistry (for BWRs only). Describe the
chemistry of the reactor coolant and the methods for maintaining coolant
chemistry. h ovide suf ficient information about allowable range and maxi-
mum allowable chloride and fluoride contents, maximum allowable conductiv-
i ty, pH range, location of conductivity meters, performance monitoring,
and other details of the coolant chemistry program to indicate whether
coolant chemistry will be maintained at a level comparable to the recom-
mendations in Regulatory Guide 1.56, " Maintenance of Water Purity in
Boiling Water Reactors."

3. Compatibility of construction materials with reactor coolant.
Provide a list of the materials of construction exposed to the reactor
coolant and a description of material compatibility with the cooiant,
contaminants, and radiolytic products to which the materials may be
exposed. If nonmetallics are exposed to the reactor coolant, include a
description of the compatibility of these materials with the coolant.

4. Compatibility of construction materials with external insula-
tion and reactor coolant. Provide a list of the materials of construction
of the RCPB and a description of their compatibility with the external
insulation, especially in the event of a coolant leakage. Provide suffi-
cient information about the selection, procurement, testing, storage,
and installation of any nonmetallic thermal insulation for austenitic
stainless steel to indicate whether the concentrations of chloride, fluoride,
sodium, and silicate in thermal insulation will be within the ranges recom-
mended in Regulatory Guide 1.36, " Nonmetallic Thermal Insulation for Aus-
tenitic Stainless Steel. " Provide information on the leachable contaminants ,:
in insulation on nonaustenitic piping. |

5.2.3.3 Fabrication and Processing of Ferritic Materials. Provide
the fo! lowing inf ormation relative to f abrication and processing of ferritic
materials used for components of the RCPB:

1. Fracture toughness. In regard to f ractur e toughness of the
ferritic materials, including bolting materials for components (e.g. ,
vessels, piping, pumps, and valves) of the RCPB, indicate how compliance
with the test and acceptance requirements of Appendix G to 10 CFR Part
50 and with Section NB-2300 and Appendix G of the ASME Code, Section III,
is achieved. Submit the f racture toughness data in tabular form, including
information regarding the calibration of instruments and equipment (FSAR).

2. Control of welding. Provide the following information relative
to control of welding of ferritic materials used for components of the
RCPB:

a. Sufficient information regarding the avoidance of cold
cracking during welding of low-alloy steel components of the RCPB to
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indicate whether the degree of weld integrity and quality will be com-
parable to that obtainable by following the recommendations of Regulatory
Guides 1.50, " Control of Preheat Temperature for Welding of Low-Alloy
Steel," and 1.43, "Centrol of Stainless Steel Weld Cladding of Low-Alloy
Steel Components." Provide details on proposed minimum preheat tempera-
ttre and maximum interpass temperature during procedure qualification

|ar.dproductionwelding. Provide information on the moisture control for
| low-hydrogen, covered-arc welding electrodes.

b. Suf ficient information for electroslag welds in the lcw-alloy
steel compenents of the RCPB to indicate whether the degree of weld integ-
rity and quality will be comparable to that obtainable by following the
recommendations of Regulatory Guide 1.34, " Control of Electroslag Weld
Properties." Providt details on the control of welding variables and
the metallurgical tests required during procedure qualification ana pro-
ductica welding.

c. In regaru to welding and weld repair during f abrication
and assembly of ferritic steel components of the RCPB, provide suffi-
cient details for welder qualification for areas of limited accessibil-
ity, requaiit ication, and monitoring of production welding for adherence
to welding qualification requirements to indicate whether the degree of
weld integrity and quality will be comparable to that obtainable by
following the recommendations of Regulatory Guide 1.71, " Welder Qualifi-
cation for Areas of Limited Accessibility."

3. Nondestructive examination. Provide sufficient information on
nondestructive examination of ferritic steel tubular products (pipe,
tubing, flanges, and fittings) for components or the RCPB to indicate
whether detection of unacceptable defects (regardless of defect shape,

| orientation, or location in the product) will be in conformance with the
j require.ments of the ASME Code.

5.2.3.4 Fabrication and Processing of Auste _itic Stairless Steels.
Provide the following information relative to fab . cation and processing
of austenitic stainless steels for components of the RCPB:

1. Avoidance of stress-corrosion cracking. Provide the following
inf ormation relative to avoidance of stress-corrosion cracking of aus-
tenitic stainless steels for corponents of the RCf'B during all stages of
component manuf acture and reactor construction:

a. Sufficient details about the avoidance of sensitization
during fabrication ana assembly of austenitic stainless steel components
of the RCPB to indicate whether the degree of freedom from sensitization
will be comparable to that obtainable by following the recommendations
of Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless
Steel." Provide a description of materials (including provision for 5%
minimum delta ferrite when required), welding and heat treating processes,
in>pections, and tests.
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b. Sufficient details about the process controls to minimize
exposure to contaminants capable of causing stress corrosion cracking of
austenitic stainless steel components of the RCPB to show whether the
process controls will provide, during all stages of component manufacture
and reactor construction, a degree of surface cleanliness comparable to
that obtainable by following the recommendations of Regulatory Guide 1.44
and Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of
Fluid Systems and Associated Comporents of Water-Cooled Nuclear Power
Plants."

c. Characteristics and mechanical properties of cold-worked
austenitic stainless steels for components of the RCPB. If such steels

are employed at yield strength levels greater than 90,000 psi, provide
assurance that they will be compatible with the reactor coolant.

2. Control of welding. Provide the following information relative
to the control of welding of austenitic stainless steels for components
of the RCPB:

a. Sufficient information about the avoidance of hot cracking
(fissuring) during weld fabrication and assembly of austenitic stainless
steel components of the RCPB to indicate whether the degree of weld integ-
rity and quality will be comparable to that obtainable by following the
recommendations of Regulatory Guide 1.31, " Control of Ferrite Content in
Stainless Steel Weld Metal." Describe the requirements regarding welding
procedures and the amount of and method of determining delta ferrite in
weld filler metals and in qualification welds.

b. Sufficient information about electroslag welds in aus-
tenitic stainless steel components of the RCPB to indicate whether the
degree of weld integrity and quality will be comparable to that obtain-
able by following the recommendations of Regulatory Guide 1.34. Provide
details on the control of welding variables and the metallurgical tests
required during procedure qualification and production welding.

c. In regard to welding and weld repair during fabrication
and assembly of austenitic stainless steel components of the RCPB, pro-
vide sufficient details about welder qualification for areas of limited
accessibility, requalification, and monitoring of production welding for
adherence to welding qualification requirements to indicate whether the
degree of weld integrity and quality will be comparable to that obtain-
able by following the recommendations of Regulatory Guide 1.71.

3. Nondestructive examination. Provide sufficient information
about the program for nondestructive examination of austenitic stainless
steel tubular products (pipe, tubing, flanges, and fittings) for compo-
nents of the RCPB to indicate whether detection of unacceptable defects
(regardless of defect shape, orientation, or location in the product)
will be in conformance with the requirement of the ASME Code.
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5.2.4 Inservice Inspection and Testing of Reactor Coolant Pressure Boundary

This section should discuss the inservice inspection and testing
program for the NRC Quality Group A components (ASME Boiler and Pressure
Vessel Code, Section III, Class 1 components). Provide sufficient detail
to show that the inservice inspection program meets the requirements of
Section XI of the ASME Code. Areas to be discussed should include:

1. System boundary subject to inspection, including associa -d:
component supports, structures, and bolting,

2. Arrangement of systems and corrponents to provide accessibility,

3. Examination techniques and procedures, including any special
techniques and procedures that might be used to meet the Code requirement,

4. Inspection intervals,

5. Inservice inspection prograr categories and requirements,

6. Evaluation of examination results, and

7. System leakage and hydrostatic pressure tests

In the FSAR, a detailed inservice inspection progran, including infor-
mation on areas subject to examination, method of exami iation, and extent
and f requency of examination, should be provided in Chap ter 16, " Technical
Specifications."

5.2.5 Detection of Leakage Through Reactor Coolant Pressure Boundary

The program should be described and suf ficient leak detection system
inf ormation should be furnished to indicate the extent to which the recom-
mendations of Regulatory Guide 1.45, " Reactor Coolant Pressure Boundary
leakage Detection Systems," have been followed.

Specifically, provide information that will permit comparison with
the regulatory positions of the guide, giving a detailed description of
the systems employed, their sensitivity and response time, and the reli-
ance placed on their proper functioning. Also, the limiting leakage con-
ditions that will be included in the technical specifications should be
provided.

Identify the leakage detection systems that are designed to meet
the sensitivity and response guidelines of Regulatory Guide 1.45. Describe
these systems as discussed in Section 7.5, " Safety-Related Display Instru-
rentation." Also, identify those systems that are used for alarm as an
indirect indication of leakage, and provide the design criteria.

@
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Describe how signals from the various leakage detection systems are
correlated to provide information to the plant operators on conditions
of quantitative leakage flow rate.

Discuss the provisions f or testing and calibration of the leak detec-
tion systems.

5.3 Reactor Vessels

5.3.1 Reactor Vessel Materials

This section should contain pertinent data in enough detail tn provide
assurance that the materials, fabrication methods, and inspection techniques
used for the reactor vessel conform to all applicable regulations.

The PSAR should describe the specifications and criteria to be applied,
whereas the FSAR should demonstrate that these requirements have been
met.

5.3.1.1 Material Specifications. List all materials in the reattor
vessel and its appurtenances and provide the applicable material specifi-
cations, making appropriate ref erences to Section 5.2.3. If any materials
other than those listed in Appendix I to the ASME Boiler and Pressure
Vessel Code, Section III, are used, provide the data called for under
Appendix IV for approval of the new material. Infermation provided in
Section 5.2.3.1 may be incorporated by ref erence.

5.3.1.2 Special Processes Used for Manufacturing and Fabrication.
Describe the manuf acture of the product forms and the methods used to
f abricate the vessel. Discuss any special or unusual processes used,
and show that they will not compromise the integrity of the reactor vessel.

5.3.1.3 Special Methods for Nondestructive Examination. Describe
in detail all special prucedures for detecting surf ace and internal disconti-
nuities with emphasis on procedures that differ from those in Section
III of the Code. Pay particu!ar attention to calibration methods, instrumen-
tation, method of application, sensitivity, reliability, reproducibility,
and acceptance standards.

5.3.1.4 Special Controls for Ferritic and Austenitic Stainless Steels.
Making appropriate ref erences to Section 5.2.3, describe controls on weld-
ing, composition, heat treatments, and similar processes covered by regu-
latory guides to verify that these recommendations or equivalent controls
are employed. The following regulatory quides should be add:essed:

Regulatory Guide 1.31, " Control of Ferrite Content in Stainless Steel
Weld Metal;"

- - _

Regulatory Guide 1.34, " Control of Electroslag Weld Properties;"

5-9



Revision 3 November 1978

9
Regulatory Guide 1.43, " Control of Stainless Steel Weld Cladding of

Low-Alloy Steel Components;"

Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless
Steel;"

Regulatory Guide 1.50, " Control of Preheat Temperature for Welding
of Low- Alloy Steel ;"

Regulatory Guide 1. 71, " Welder Qualification for Areas of Limited
Accessibility;" and

Regulatory Guide 1.99, "E f fects of Residual Elements on Predicted
Radiation Damage to Reactor Vessel Materials."

5.3.1.5 Fracture Toughness. Describe the f racture testing and accept-
ance criteria specified for materials of the reactor vessel. In particular,
describe how the toughness requirements of Appendix G to 10 CFR Part 50
will be met.

In the FSAR, report the results of fracture toughness tests on all
ferritic materials of the reactor vessel, and demonstrate that the mate-
rial toughness meets all requirements.

5.3.1.6 Material Surveillance. Describe the material surveillance
program in detail. Provide assurance that the program meets the require-
ments of Appendix H to 10 CFR Part 50. In particular, consider the follow-
ingsubjects:

1. Basis for selection of material in the program,

2. Number and type of specimens in each capsule,

3. Number of capsules and proposed withdrawal schedule,

4. Neutron flux and fluence calculations for the vessel wall and
surveillance specimens,

5. Expected effects of radiation on the vessel wall materials and
the basis for this estimation, and

6. Location of capsules, method of attachment, and provisions to
ensure that capsules will be retained in position throughout the life-
time of the vessel.

5.3.1.7 Reactor Vessel Fasteners. Describe the materials and design
of fasteners for the reactor vessel closure. Include enough detail regarding
materials property requirenents , nondestructive evaluation procedures,
lubricants or surface treatments, and protection provisions to show that
the recommendations of Regulatory Guide 1.65, " Materials and Inspections
for Reactor Vessel Closure Studs," or equivalent measures, are followed.

07'2
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In the FSAR, include the results of mechanical property and tough-
ness tests to demonstrate that the material conforms to these recommen-
dations or their equivalent.

5.3.2 Pressure-Temperature Limits

This section should describe the bases for setting operational limits
on pressure and temperature for normal, upset, and test conditions. It

should provide detailed assurance that Appendices G and H to 10 CFR Part
50 will be complied with throughout the life of the plant.

5.3.2.1 Limit Curves. Provide limits on pressure and temperature
for the following conditions:

1. Preservice system hydrostatic tests,

2. Inservice leak and hydrostatic tests,

3. Normal operation, including heatup and cooldown, and

4. Reactor core operation.

If procedures or criteria other than those reconmended in the ASME
Boiler and Pressure Vessel Code are used, show that equivalent safety
margins are provided.

In the PSAR, describe the bases used to determine these limits, and
provide typical curves with temperatures relative

'.o the RT[4be(as definedin paragr aph NB-2331 of Section III of the ASME Code) o limiting

material.

In the FSAR and technical specifications, include the actual material
toughness test results, and provide limits based on these properties and
the predicted ef fects of irradiation. Describe the bases used for the
prediction, and indicate the extent to which the recommendations of Regu-
latory Guide 1.99 are followed.

Describe the procedures that will be used to update these limits
during service, taking into account radiation ef fects.

5.3.2.2 Operating Procedures. Compare the pressure-temperature
limits in Section 5.3.2.1 with intended normal operating procedures, and
show that the limits will not be exceeded during any foreseeable upset

condition.

5.3.3 Reactor Vessel Integrity

This section should contain any important information about vessel
integrity not covered in other sections. In addition, it should summarize
the major considerations in achieving reactor vessel safety and describe
the f actors contributing to the vessel's integrity.

5-11
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The introductory material should identify the reactor vessel designer
and manuf acturer and should describe their experience.

5.3.3.1 Design. Include a brief description of the basic design,
preferably with a simple schematic showing materials, construction features,
and fabrication methods. Summarize applicable design codes and bases.
Ref erence other sections of the SAR as appropriate.

5.3.3.2 Materials of Construction. Note briefly the materials used
and describe any special requirements to improve their properties or quality.
Emphasize the reasons for selection and provide assurance of suitability.

5.3.3.3 Fabrication Methods. Summarize the fabrication methods.
Describe the service history of vessels constructed using these methods
and the vessel supplier's experience with the procedures.

5.3.3.4 Inspection Reauirements. Summarize the inspection require-
ments, paying particular attention to the level of initial integrity.
Describe any examination methods used that are in addition to the minimum
requirements of Section III of the ASME Code.

5.3.3.5 Shipment and Installation. Summarize the means used to
protect the vessel so that its as-manufactured integrity will be main-
tained during shipment and installation. Reference other sections of
the SAR as appropriate.

5.3.3.6 Dperating Conditions. Summarize the operational limits
that will be specified to ensure vessel safety. Provide a basis for con-
cluding that vessel integrity will be maintained during the most severe
postulated transients, or reference other appropriate SAR sections.

5.3.3.7 Inservice Surveillance. Making appropriate reference to
Section 5.2.4, summarize the inservice inspection and material surveil-
lance programs and explain why they are adequate.

5.4 Component and Subsystem Design

This section should present discussions of the performance require-
ments and design features to ensure overall safety of the various compo-
nents within the reactor coolant system and subsystems closely allied
with the reactor coolant system.

Because these components and subsystems dif fer for variou types
and designs of reactors, the Standard Format does not assign spccific
subsection numbers to each of these components or subsystems. The appli-
cant should provide separate subsections (numbered 5.4.1 through 5.1.X)
for each principal component or subsystem. The discussion in each sub-
section should present the design bases, description, evaluation, and
necessary tests and inspections for the component or subsystem, including
a discussion of the radiological considerations for each subsystem f rom
a viewpoint of how radiation affects the operation of the subsystem and

5-12
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f rom a viewpoint of how radiation levels af f ect the operators and capa-
bilities of operation and maintenance. Appropriate details of the

mechanical design should be described in Sections 3. /, 3.9, and 5.2.

The following paragraphs provide exain les of components and subsys-
tems th< t should be discussed as appropriat e to the individual plant and
identify some speci fic information that should be provided in addition
to the items identified above.

5.4.1 Reactor Ccolant Pumps

In addition to the discussion of design bases, description, evalua-
tions, and tests and inspections, the provisions taken to preclude rotor
overspeeding of the reactor coolant pumos in the event of a design basis
LOCA should be discussed.

5. 4.1.1 Pump Flywheel Integrity (PWR). The applicant should provide
explicit information to indicate the extent to which the recommendations
of Regulatory Guide 1.14, " Reactor Coolant Pump Flywheel Integrity," are
followed in the design, testing, and inservice inspection of the reactor
coolant pump flywheels.

5.4.2 Steam Generators (PWR)

The information provided should include estimates of design limits
f or radioactivi ty levels in the secondary side of the steam generators
during normal operation and the bases for these estimates. The potential
ef f ects of tube ruptures should be discussed.

Provide the steam generator design criteria used to prevent unaccept-
able tube damage f rom flow-induced vibration and cavitation. Information
included in Section 3.9. 3 should be referenced in this section. The fol-
lowing specific information should be included:

1. The design conditions and transients that will be specified in
the design of the steam generator tubes and the operating condition cate-
gor, selected (e.g. , upset, emergency , or f aulted) that defines the allow-
able stress intensity limits to be used and the justification for this
selection.

2. The extent of tube wall thinning that could be tolerated without
exceeding the allowable stress intensity limits cefined above under the
postulated condition of a design basis pipe break in the reactor coolant
pressure boundary or a break. in the secondary piping during reactor |

!operation.

5.4.2.1 Steam Generator Materials. This section should contain
information on the selectioo and fabrication of Code Class 1 and 2 steam
generator materials (including those that are part of the reactor coolant
pressure boundary), the dm ign aspects of the steam generator that af fect

@
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materials performance, and the compatibility of the steam generator
materials with the primary and secondary coolant.

1. Selection and Fabrication of Haterials. Making appropriate
references to Section 5.2.3, provide information on the selection and
fabrication of materials for Code Class 1 and 2 components of the steam
generators, including tubing, tube sheet, channel head casting or plate,
tube sheet and chanr el head cladding, f orged nozzles, snell pressure plates,
access plates (manway and handhole), and bolting. Indicate the method
used to f asten tubes to the tube sheet and show that it meets the require-
ments of Sections III and IX of the ASME Code. Include the extent of
tube expansion and the methods of expansion used. Describe onsite cleaning
and cleanliness control provisions, and show that they produce results
equivalent to those obtained by following the recommendations of Regula-
tory Guide 1.37 and ANSI Standard N45.21-1973, " Cleaning of Fluid Systems
and Associated Components for Nuclear Power Plants." For steam generators
that are shipped partially assembled, include a discussion of the tech-
niques used to maintain cleanliness during shipment and final assembly.
List the Code Cases used in material selection. Technical justification
for any Code Cases not listed in Regulatory Guide 1.85, " Materials Code
Case Acceptability - ASME Section III Division 1," should be provided.

j Provide information on the fracture toughness properties of ferritic
' materials, making appropriate references to Section 5.2.3. Sufficient

information on materials for Class 1 components should be given to show
that they meet the requirements of Artit.le NS-2300 and Appendix G of Sec-
tion III of the ASME Code. Sufficient information on Class 2 materials
should be provided to show the extent to which they meet the requirements
of Article NC-2300 of Section III of the Code.

2. Steam Generator Design. Provide information on those aspects
of steam generator design that may affect the performance of steam
generator materials. Describe the methods used to avoid extensive crevice
areas where the tubes pass through the tube sheet and tubing supports.

3. Compatibility of the Steam Generator Tubing with the Primary
and Secondary Coolant. Provide information on the compatibility of the
steam generator tubing with both the primary and secondary coolant.

4. Cleanup of Secondary Side. Describe the procedures and methods
used to remove surface deposits, sludge, and excessive corrosion products
in the secondary side.

5.4.2.2 Steam Generator Inservice Inspection. In this section,
the PSAR should describe the provisions in the design of the steam gener-
ators to permit inservice inspection of all Code Class 1 and 2 components,
including individual steam generator tubes. The FSAR should describe
detailed plans for baseline and inservice inspections of all Code Class

| 1 and 2 components making appropriate references to Section 5.2.4.

m ., m.) ,
,
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1. Compliance with Section XI of the ASME Code. Provide suf ficient
information on the proposed inservice inspection program for Code Class
1 and 2 components of the steam generators to show that it complies with
the edition of Section XI of the ASME Code, Division 1, " Rules for Inspec-
tion and Testing of Components of Light-Water-Cooled Piants ," requi red
by 10 CFR 50. 55a, paragraph g.

2. Program for Inservice Inspection of Steam Generator Tubing.
Provide sufficient information in the FSAR on the inservice inspection
program for steam generator tubing to show that it will be at least as
et fective as the program recommended in Regulatory Guide 1.83, " Inservice
Inspection of Pressurized Water Reactor Steam Generator Tubes." The
information provided should include a description of the equipment, pro-
cedures, sensitivity of the examination, and recording methods; criteria
used to select tubes for examination; inspection intervals; and actions
that will be taken if defects are found (including criteria for plugging

defective tubes).

5.4.3 Reactor Coolant Piping

The section on reactor coolant piping should present an overall
description of this system, making appropriate references to detailed
information on criteria, methods, and materials provided in Chapter 3
and Section 5.2.3. The discussion should include the provisions taken
during design, fabrication, and operation to control those factors that
contribute to stress corrosion cracking.

5.4.4 Main Steam Line Flow Restrictions

5.4.5 Main Steam Line Isolation System

Include discussion of provisions, such as seal systems, taken to
reduce the potential leakage of radioactivity to the environment in the
event of a main steam line break.

5.4.6 Reactor Core Isolation Cooling System

5. 4. 6.1 Design Bases. A summary description of the reactor core
isolation cooling (RCIC) system should be provided. The RCIC system design
bases and criteria for both the steamside and pumpside should be specified,
and in particular discuss:

1. The design bases with respect to General Design Criteria 34,
55, 56, and 57.

2. Design bases concerned with reliability and operability require-
ments. The design bases for the manual operations required to operate
the system should be described.

3. Design bases for RCIC operation following a loss of offsite
power event.
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4. The design bases established for the purpose of protecting the
RCIC system from physical damage. This discussion should include the
design bases for the RCIC system support structure and for protection
against incidents that could fail RCIC and high pressure core spray (HPCS)
jointly.

5.4.6.2 System Design. This section should include:

1. Schematic Piping and Instrumentation Diagrams. Provide a descrip-
tion of the RCIC system. Provide piping and instrumentation diagrams
showir.g all components, piping, points where connecting systems and sub-
systems tie together, and instrumentation and controls associated with
subsystem and component actuation. Provide a complete description of
component interlocks. Provide a diagram showing temperatures, pressures,
and flow rates for RCIC operation.

?- Equipment and Ccmponent Descriptions. Describe each component
of the system. Identify the significant design parameters for eacn com-
ponent. State the design pressure and temperature of components for
various portions of the system and explain the bases for their selection.

3. Applicable Codes and Classifications. Identify the applicable
industry codes and classifications for the system design.

4. System Reliability Consideratinns. Discuss the provisions
incorporated in the design to ensure that the system will operate when
needed and will deliver the required flow rates.

5. Manual Actions. Discuss all manual actions renuired to be taken
by an operator in order for the ~CIC system to operate properly, assuming
all components are operable. Identi fy any actions that are requireu to
be taken from outside the control roca. Repeat this discussion for the
most limiting single f ailure in the combined RCIC and HPCS system.

5.4.6.3 Performance Evaluation. Provide an evaluation of the aoi i ity
of the RCIC system to pecform its f unction. Describe the analytical ~mt hcds
usnd and clearly state all assumptions.

M .G.4 Preoperational Testing. The proposed preoperat1ional test
program should be discussed. Ihe discussion should ident !'y test objec-
tives, m# 5cd of testing, and test acceptanc.e criteri'

5.1. 7 Residual " eat Removal System

5. 4. /.1 Design Bases. A summary description of the residual heat
removal ( RiiR ) system shnuld be orovided. Nuclear plants empleying the
same RHR system design that are operating or have been licensea shouid
be referenced. The design basis should be specified, including:

1. Functional design bases, including the time required to reduce
the reactor coolant system (RCS) tenperature to approximately 212 F, and
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to a temperature that would permit refueling. The design basis times
should be presented for the case where the entire RHR system is operable
and for the case with the most limiting single f ailure in the RHR system.

2. The design bases for the isolation of the RHR system from the
RCS. These isolation design bases should include any interlocks that
are provided. The design bases regarding prevention of RHR pump damage
in event of closure of the isolation valves should be discussed.

3. The design basis for the pressure relief capacity of the RHR
system. These design bases should consider lir iting transients, equip-
ment malfunctions, and possible operator errors Juring plant startup and
cooldown when the RHR system is not isolated f rom the RCS.

4. The design hases with respect to bensral Design Criterion 5.

5. Design bases concerned with reliability and operability require-
ments. The design bases regarding the nanual operations required to operate
the system should be described with emphas is on any operations that cannot
be performed from the control roen in tb event of a single failure.
Protection against single f ailure in terms 01 piping arrangement and lajout,
selection of valve types and locaticos, redundancy of various system com-
ponents, redundancy of power supplies, and redundancy of instrumentation
should be described. Protection against valve motor flooding and spurious
single f ailures should be described.

6. The design basos established for the purpose of protecting the
RHR system f rom physical damago This discussion should include the design
bases f or the RHR systen support structure and for protection against
incidents and accidents that wuld rendr redundant components inoperative
(e.g., fires, pipe whip, internally cenurated missiles, loss-of-coolant
accident loads, seismic events).

5. 4. 7. 2 System Design.

1. Schematic Piping and Instrumentation Diagrams. Provide a
description of the RHR systm , including piping and instrumentation dia-
grams showing all componentc, piping, points where connecting systems
anc subsystems tie together, and instrumentation and controls associated
with subsystem and component actuation Provide a complete description
of component interlocks. Provide a ede aiugram showing temperatures,
pressures, and flow rates for each mode of RHR cperation (for example,
in a BWR, the RCIC condensing mode).

2. Equipment and Component Desciiptions. Describe each component
of the system. Identify the significant design paraneters for each com-
ponent. 5 tate the design pressure amJ temperatur e of components for
various portions of the system, and explain the bases f or their selection.
Provide pump characteristic curves and pump pow-. reouirements. Specify
the available and required net positive suction head for the RHR pumps.

O- Describe heat exchanger characteristics, including dasign flow rates,

143 0/9
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inlet and outlet temperatures for the cooling fluid and for the fluid
being cooled, the overall heat transfer coefficient, and the heat trans-
fer area. Identify each component of the RHR system that is also a
portion of some other system (e.g. , ECCS).

3. Control. State the RHR system relief valve capacity and settings,
and state the method of collection of fluids discharged through the relief
valve. Describe provisions with respect to the control circuits for motor-
operated isolation valves in the RHR system, including consideration or
inadvertent actuation. This description should include discussions of
'the controls and interlocks for these values (e.g. , intent of IEEE Std 279-
1971), considerations for automatic valve closure (e.g., RCS pressure
exceeds design pressure of residual heat removal system), valve position
indications, and valve interlocks and alarms.

4. Applicable Codes and Classifications. Identify the applicable
industry codes and classificati ons for the system design.

5. System Reliabiity Considerations. Discuss the provisions incor-
porated in the design to ensure that the system will operate when needed
and will deliver the required flow rates (e.g. , redundancy and separation
of components and power sources).

6. Manual Actions. Discuss all manual actions required to be taken
by an operator in order for the RHR system to operate properly with all
components assumed to be operable. Identify any actions that are required
to be taken from outside the control room Repeat this discussion for
the most limiting single failure in the RHR system.

5.4.7.3 Performance Evaluation. Provide an evaluation of the ability
of the HHR system co reduce the temperature of the reactor coolant at a
rate consistent with the design basis (5.4.7.1, item 1).

Describe the analytical methods used and clearly state m|1 assump-
tions. Provide curves showir; the reactor coolant temperature as a function
of time for the following cases;

1. All RHR system components are operable.

2. The most limiting single f ailure has occurred in the RHR system.

5.4.7.4 Preoperational Testing. The proposed preoperational test
program should be discussed. The discussion should identify test objec-
tives, method of testing, and test acceptance criteria.

5.4.8 Reactor Water Cleanup System (BWRs)

This section should describe the processing capabilities and the
safety-related functions of the reactor water cleanup system of a BWR.

. O
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5. 4. 8.1 Design Bases. The PSAR should provide the design objec-
tives and design criteria for the reactor water cleanup system in terms
of (1) maintaining reactor water purity within the guidelines of Regula-
tory Guide 1.56, " Maintenance of Water Purity in Boiling Water Reactors,"
(2) providing system isolation capabilities to maintain the integrity of
the reactor pressure boundary, and (3) precluding liquid poison removal
when the poison M required for reactor shutdown. The PSAR should describe
how the requirements of 10 CFR Part 50 will be implemented and should
indicate the extent to which the recommendations of Regulatory Guide 1.25,
" Quality Group Classifications and Standards for Water , Steam , and
Radioactive-Waste-Containing Components of Nuclear Power Plants," and
Regulatory Guide 1.29, " Seismic Design Classification," will be followed.

5.4.8.2 System Description. In the PSAR, each component should be
described and its capacity provided. The processing routes and the
expected and design flow rates should be indicated. Describe the instru-
mentation and controls provided to (3) isolate the system to maintain
the reactor coolant pressure boundary, (2) isolate the system in the event
the liquid poison system is needed for reactor shutdown, and (3) monitor,
control, and annunciate abnormal conditions concerning the system temper-
ature and differential pressure across filter /demineralizer units and
resin strainers. Indicate the means to be used for " holding" filter /
demineralizer beds intact if system flow is reduced or lost. Any control
features to prevent inadvertent opening of the filter /demineralizer back-
wash valves during normal operation should be described. Descrioe the
resin transfer system and indicate the provisions taken to ensure that
transfers are complete and that crud traps in transfer lines are elim.n-
ated. For systems using other than filter /demineralizer units, appro-
priate information should be provided. The routing and termination points
of system vents should be indicated. Provide piping and instrumentation
diagrams indicating system interconnections and seismic and quality group
interfaces. The FSAR should provide any additional information required
to update the PSAR to the final design conditions.

5.4.8.3 System Evaluation. The PSAR should provide the design bases
for the system capacity and should discuss the system's capability to
maintain acceptable reactor water purity for normal operation, including
anticipated operational occurrences (e.g. , reactor startup, shutdown refuel-
ing, condensate demineralizer breakthrough, equipment downtime). Any
reliance on other plant systems to meet the design objectives (e.g. , liquid
radwaste system) should be indicated. The design criteria for components
and piping should be presented in terms of temperature, pressure, flow,
or volume capacity. The seismic design and quality group classifications
for components and piping should be provided. Discuss the capability of
the nonregenerative heat exchanger to reduce the process temperature to
a level low enough to be compatible with the cleanup demineralizer resins
in the event that there is no flow return to the reactor system. The
FSAR should provide any additional information required to update the
PSAR to the final design conditions.

143 081
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5.4.9 Main Steam Line and Feedwater Piping

5.4.10 Pressurizer

5.4.11 Pressurizer Relief Discharge System (PWR)

5. 4. '.1.1 Design Bases. The design bases for the pressurizer relief
discharge system should include the maximum step load and the consequent
steam volume that the pressurizer relief tank must absorb and also the
maximum heat input that the volume of water in the tank must absorb under
any plant condition. This should be provided for (1) the relief valve
discharge to the tank only and (2) the combined relief and safety valve
discharge to the tank. The method of supporting the tank and the system
should be verified.

5.4.11.2 System Description. Provide a description of the aystem,
includino the tank, the piping connections f rom the tank to the loop seals
of the pressurizer relief and safety valves, the relief tank spray system
and associated piping, the nitrogen supply piping, and the piping from
the tank to the cover gas analyzer and to the r 2 actor coolant drain tank.
A piping and instrumentation diagram and a drawing of the pre nurizer

_

relief tank should be presentea.

5.4.11.3 Safety Evaluation. The sr..'ety evaluation should demon-
strate that the system, including the <3nk, is designed to handle the
maximum heat load. The adequacy of t',e tank design pressure and tempar-
ature should be stated and justifieu. The results of a failure moda and
ef fects analysis should be preser ted to demonstrate that the auxiliary
systems serving the tank can meet the single-failure criterion without
compromising safe plant shutdown. The tank rupture disk and rei jef valve
capacities should be given, and it should be shown that their relief
capacity is at least equal to the combined capacity of the pressurizer
safety valves. Compliance of the system with General Design Criteria 14
and 15 should be demonstrated. The extent to which the recommendations
of applicable regulatory guides such as Regulatory Guide 1.46, "Protec-
tion Against Pipe Whip Inside ,inment," and Regulatory Guide 1.67,
" Installation of Overpressure F ction Devices," are followed should
be indicated.

5.4.11.4 Instrumentation Requirements. The instrumentation and
control requirements for the pressurizer relief tank and associated piping
should be stated.

5.4.11.5 Inspection and Testing Requirements. The inspection and
testing requirements f or the pressurizer relief tank and associated piping
should be described. Chapter 14 of the SAR should include a description
of the preoperational and startup testing to demonstrate pressurizer relief
discharge system response to step loads and transient, that it is expected
to accommodate during operation. Such material may be incorporated into
this section by reference.
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5.4.12 Valves

5.4.13 Safety and Relief Valves

5.4.14 Component Supports
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6. ENGINEERED SAFETY FEATURES

Engineered safety features are provided to mitigate the consequence
of postulated accidents in spite of the fact that these accidents are
very unlike!y. This chapter of the SAR should present information on
the engineered safety features provided in the plant in sufficiert detail
to permit an adequate evaluation of the performance capability of these
features. The information should include:

1. Descriptions of the experience, tests at s:... Mtcd accident
conditions, or conservative extrapolations from existing knowledge that
supports the concept selection upon which the operation of the feature
is based;

2. Considerations of component reliability, system interdependency,
redundancy, uiversity, and separation of components or portions of systems,
etc. , associated with ensuring that the feature will accomplish its intended
purtrose and will function for the period requ red;

3. Provisions for test, inspection, and surveillance to ensure
that the f eature will be dependable and er fective upon demand;

4. Evidence that the material used will wi t hc t , nn tho nnctolatoa

accident environment, including radiation levels, and that radiolytic
decomposition products that nay occur will not interf ere with it or other
engineered safety features.

The engineered safety features included ia plant designs vary. ihe
engineered safety features explicitly discussed in the sections of this
chapter are those that are commonly used to limit the consequences of
postulated accidents in light water cooled power reactors. They should
be treated as illustrative of the engineered safety features that should
be treated in this chapter of the SAR and of the kind of informative
material that is needed. Where additional or uif ferent types of engi-
neered safety f eaturcs are used, they should be covered in a similar
rr.anner in separate adde i sections (see Section 6.X).

This section shoul0 identify and provide a brief summary of the types
of engineered safety features provided in the plant. List each system
of the plant t'at is considered to be an engineered safety feature.

6.1 Engineered Safcty reature Materials

This section should provide a discussion of the materials used in
engineered safety feature (ESF) compeaents and the material inte actions
that potential e could impair operation of ESF.

143 084
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6.1.1 Metallic Materials

6.1.1.1 Materials Selection and Fabrication. Information on the
selection and fabrication of the materials in the engineered safety fea-
tures (ESF) of the plant, such as the emergency core cooling system, the
containment heat removal systems, and the containment air purification
and cleanup systems should be provided. Include materials treated to
enhance corrosion resistance, strength, hardness, etc. Materials fer
use in ESF should be selected for their compatibility with core and con-
tainment spray solutions as described in Section III of the ASME Boiler
and Pressure Vessel Code, Articles NC-2160 and NC-3120.

1. List the specifications for the principal pressure retaining
ferritic materials, austenitic stainless steels, and nonferrous metals,
including bclting and welding materials, in each component (e.g. , vessels,
piping, pumps, and valves) that is oart of the ESF.

2. List the ESF construction materials that would be exposed to
the core cooling water and containment sprays in the event of a loss-
of-coolant accident. Show that the construction materials are compatible
with the cooling and spray solutions.

3. Provide the following information to demonstrate that the integ-
rity of the safety related components of the ESF will be maintained during
all stages of component manufacture and reactor construction:

a. Enough details on means for avoiding significant sensitiza-
tion during fabrication and assembly of austenitic stainless steel components
of the ESF to demonstrate that the degree of freedom from sensitization
will be comparable to that obtainable by following the recommendations
of Regulatory Guide 1.44, " Control of the Use of Sensitized Stainless
Steel."

b. Enough details on process controls for limiting exposure
of austenitic stainless steel components of the ESF to contaminants capable
of causing stress-corrosion cracking to show that the degree of surface
cleanliness during all stages of component me.,ufacture and reactor con-
struction will be comparable to that obtainable by following the recommen-
dations of Regulatory Guide 1.44 and Regulatory Guide 1.37, " Quality
Assurance Requirements for Cleaning of Fluid Systems and Associated Com-
ponents of Water-Cooled Nuclear Power Plants."

c. Details on the use of cold-worked austenitic stainless
steels. If such steels have yield strengths greater than 90,000 psi,
provide assurance that they will be compatible with the core cooling water
and the containment sprays in the event of a loss-of-coolant accident.

d. Enough information on the selection, procurement, testing,
:torace, and installation of nonmetallic thermal insulation to demonstrate
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that the leachable concentrat ions of chloride, fluoride, sodium, and sili-
cate are comparable to the recommendations of Regulatory Guide 1.36, "Non-
metallic Thermal Insulation for Austenitic Stainless Steel."

4 Provide enough inf ormation concerning avoidance of hot cracking
(fissuring) during weld fabrication and assembly of austenitic stainless
steel components of the ESF to show that the degree of weld integrity
and quality will be comparable to that resulting f rom f ollowing the recom-
mendations of Regulatory Guide 1.31, " Control of Ferrite Content in Stain-
less Steel Weld Metal." Describe plant requirements for welding proce-
dures and amount and method of determination of delta ferrite in weld
filler metals and in production welds, etc.

6.1.1.2 Composition, Compatibility, and Stability of Containment
and Core Spray Coolants. The following nf ormation relative to the compo-
sition, compatibility, and stability of the core cooling water and the
containment sprays of the ESF should be provided:

1. A description of the method used for establishing and controlling
the pH of the coolants of the ESF during a loss-of-coolant accident to avoid
stress-corrosion cracking of the austenitic stainless steel components and
to avoid excessive generation of hydrogen by corrosion of containment
metals. For all postulated design basis accidents involving release of
water into the containment building, estimate the time-history of the pH
of the aqueous phase in each drainage area of the building. Identify
and quantify all soluble acids and bases within the containment.

2. A description of the methods used for storing ESF coolants.
Oomonstrate that the coolants can be stored for extended periods without
significant corrosive attack on the storage vessel.

6.1.2 Organic Materials

Identify and quantify all organic materials that exist within the con-
tainment building in significant amounts. Such organic materials include
wood, plastics, lubricants, paint or coatings, insulation, and asphalt.
Plastics should be classified by ANSI Standard N4.1-1973, " Classification
System for Polymeric Materials for Services in Ionizing Radiation" (also
designated ASTM D2953-71) and paints and other coatings by Regulatory
Guide 1.54, " Quality Assurance Requirements for Protective Coatings Applied
to Water-Cooled Nuclear Power Plants." Coatings not intended for 40 year
service without overcoating should include total coating thicknesses
expected to be accumulated over the service life of the substrate surface.

6.2 Containment Systems
6.2.i Containment Functional Design

6.2.1.1 Containment Structure

1. Design Bases. This section should discuss the design bases
for the containment, including the following information:
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O
a. The postulated accident conditions arid the extent of simul-

taneous occurrences (e. , seismic event, loss of of f site power, and single
active f ailures) that cetermine the containment design pressure requirements
(including both internal and external design pressure requirements) should
be discussed. The maximum calculated accident pressure should be stated,
and the bases for establishing the margin between this pressure and the
design pressure should be discussed.

b. The postulated accident conditions and the extent of simul-
taneous occurrences (e.g. , seismic event, loss of of fsite power, and single
active failures) that determine the design pressure requirements for the
containment intern 31 structures (i.e., containment subcomnartnents with
referencc to the design evaluation in Section 6.2.1.2) should be discussed.
The max 1,um calcalated accident pressures should be stated, and the bases
f or estabiishing the margin between this pressure and the design pressure
shcald be discussed.

The postulated accident conditions and the extent of simul-c.
taneous occurrences (e.g. , seismic event, loss of of f site p%er, and single
active failures) that determine the design pressure requirements for the
internal structures of pressure suppression-type contaircents with ref erence
to the design evaluation in item 3.c of this section should be discussed

d. The sources and amounts of mass and energy that mignt be
released into the containment and the postaccident time dependence of
the mass and energy release should be discussed with reference to the
des ign eval uations i n Sections 6. 2.1. 3 and 6. 2.1. 4.

The ef fects nf the engineered safety features as energy-e.
remova' systems in the containment should be discussed.

f. The capability for postaccident pressure reduction under
various postulated single-failure conditions in the engineered safety
feature equipment should be discussed.

g. The capability for energy removal from the containment
under various postulated single-failure conditions in the engineered
safety feature should be discussed.

h. The bases for establishing the containnent depressariza-
tion rate should be discussed and justified with reference to the assump-
tions used in the analysis of the of f site radiological consequences of
the accident.

i. The bases for the analysis of the minimum containment
pressure used in the emergency core cooling system performance studies
for PWR reactor systems should be discussed with reference to the design
evaluation in Section 6.2.1. 5.

143 087
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j. Other design bases peculiar to pressure-suppression-type
containments should be discussed with reference to the design evaluation
in item 3.c of this section.

2. Design Features. This section should describe the design features
of the containment structure and internal structures and should include
appropriate general arrangement drawings. The following information should
be included:

a. The design provisions to protect the containment structure
and engineered safety feature systems against loss of function from dynamic
ef fects (e.g. , missiles and pipe whip) that could occur following postulated
accidents should be discussed. Reference should be made to the detailed
discussions of Chapter 3.

b. With reference to Chapter 3, the codes, standards, and
guides applied in the design of the containment structure and internal
structures should be identified.

c. For pressure-suppression-type containments, describe the
qualification tests that are intended to demonstrate the functional cap-
ability of the structures, systems, and components (PSAR). Discuss the
status of any developmental test programs that are not complete (FSAR).

d. The design provisions to protect the containment structure
against loss of integrity under external pressure loading conditions result-
ing from inadvertent operation of containment heat removal systems or
other possible modes of plant operation that could result in significant
external structural loadings should be described and the functional cap-
ability of these provisions discussed. The external design prussure of
the containment and the margin between the design value and the lowest
expected internal pressure should be specified.

e. Identify the locations in the containment where water may
be trapped and prevented f rom returning to the containment sump. The
quantity of water involved should be specified. Discuss how the static
head for reci culation pucps may be affected. Discuss the provisions
that permit the water entering such regions as the refueling canal or
the upper compartoont of an ice condenser containment to be drained to
the containment sump.

f. Discuss the functional capability and frequency of opera-
tions of the systems provided to maintain the containment and subcompart-
ment atmospheres within prescribed pressure, temperature, and humidity
limits during normal plant operation (e.g., containment penetration
cooling systems, containment internal ventilation systems, and containment
purge systems).

3. Design Evaluation. This section should provide evaluations of
the functional capability of the containment design. The information to
be included depends on the type of containment being considered (i.e. ,
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9
dry containments, ice condenser containments, or BWR water pressure-
suppression-type containments) as indicated below. For new types of con-
tainment designs, information of a similar nature should be provided.

a. PWR Drv Containment (Including Subatmospheric-Type Con-
tainment). Provide analyses of the pressuri response of the containment
to a spectrum of postulated reactor coolant system pipe ruptures (e.g.,
hot leg, cold leg (pump suction), and cold leg (pump discharge) breaks).
The break size and location of each postulated loss-of-coolant accident
analyzed should be specified. The pressure and temperature response of
the containment and the sump water temperature response as functions of
time for each accident analyzed should be graphically presented up to at
least 100 second3 after the accident, or it should be demonstrated that
a lesser time includes all important aspects of the transient.

Describe the method of analysis and identify the containment
computer codes used to determine the pressure and temperature response.

Refer to the mass and energy release rate data in Section
6.2.1. 3 used in the analyses.

The conservatisms in the issumptions made in the analyses
regarding initial containment conditions" (pressure, temperature, free
volume, and humidity), containment heat removal, and emergency core cooling
system operability should be discussed and derronstrated.

Provide the results of a f ailure roode and ef f ects analysis
of the emergency core cooling systems and containment cooling systems to
determine the single active failure that maximizes the energy release to
the centainment and minimizes containment heat removal.

Provide the types of information described in Tables 6-1
and 6-2.

Summarize and tabulate the results of each loss-of coolant
accident analyzed as shosn in Table 6-3.

| Provide analyses of the temperature and pressure response
of the containment to postulated secondary system pipe ruptures (e.g. ,
steam and feedwater line breaks). The break size and location of each
postulated break analyzed should be specified. Describe the riethod of
analysis and identify the computer codes used. (Detailed mass and energy
release analyses should be presented in Section 6. 2.1. 4. ) Discuss and
justify the assumptions made regarding the operating condition of the
reactor, the closure times of secondary system isolation valves, and single
active failures. The results of each accident analyzed should be tabulated

as shown in Table 6-3.

*Best estimate at PSAR stage, more detailed listing at FSAR stage.

O
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Provide a tabulation of the structural heat sirks within
the containment in accordance with Tables 6-4A through 6-4D.* With respect
to the modeling of heat sinks for heat transfer calculations, provide
and justify the computer mesh spacing used for the concrete, steel, and
steel-lined concrete heat sinks. Provide justification for the steel-
concrete interf ace resistance used for the steel-lined concrete heat sinks.
Provide justification for the heat transfer correlations used in the heat
transfer calculations. Graphically show the condensing heat transfer
coef ficient as a f unction of time for the most severe hot leg. cold leg
(pump suction), cold leg (pump discharge), and steam or feedvater line
pipe breaks.

Discuss the provisions for protecting the integrity of
the containment structure against the consequences of inadvertent opera-
tion of the containment heat removal systems or other systems that could
result in pressures lower than the external design pressure of the con-
tainment structure. For example, if a containment vacuum relief system
is provided, describe the system and show the extent to which the require-
ments of paragraph NE-7116 of Section III of the ASME Boiler and Pressure
Vessel Code are satisfied; discuss the functional capability of the vacuum
rel iof system. Also, discuss the administrative controls and/or electrical
int- acks that would prevent such occurrences. Identify the worst single
f ailm e that could result in the inadvertent operation of the containment
heat removal systems. Discuss the analytical methods and assumptions
used to determine the pressure response of the containment and provide
the results of analyses performed. Specify the external design pressure
of the containment and setpoint for actuation of the vacuum relief system.

For the most severe reactor coolant system hot leg, cold
leg (pump suction), and cold leg (pump discharge) pipe breaks, provide
accident chronologies. Indicate the time of occurrence (in seconds af ter
the break occurs) of events such as the beginning of core flood tank
injection, the beginning of the ECCS injection phase, the peak containment
pressure during the blowdown phase, the end of the blowdown phase, the
beginning of fan cooler operation, the beginning of the containment spray
injection phase (specify the water level in the water storage tank), the
peak containment pressure subsequent to the end of the blowdown phase,
the end of the core reflood phase, the end of the ECCS injection phasa
and beginning of the recirculation phase (specify the water level in the
water storage tank), the end of the containment spray injection phase
(specify the water level in the water storage tank), the beginning of
the containment spray recirculation phase (specify the water level in
the water storage tank), the end of steam generator energy release for
the post-reflood phase, and the depressurization of the containment (0
psig for subatmospheric containments, 50% of containment design pressure
for conventional dry containments).

*At the PSAR stage, the information requested may be provided on the basis
of conservative estimates; however, at the FSAR stage, the information
should be more definitive to complete the listing requested.

6-7
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O
For the most severe reactor coolant system pipe breaks

(i.e. , the most severe pipe break in the hot leg, cold leg pump discharge,
and cold leg pump suction lines) and the most severe secondary coolant
system pipe break, provide energy inventories that show the distribution
of energy prior to the accident, at the time of peak pressure, at the
end of the blowdown phase, at the end of the core reflood phase (for loss-
of-coolant accidents), and steam generator energy release during the post-
reflood phase (for loss of-coolant accidents).

The long-term performance of the containment should be
described, and the capability to depressurize and maintain a low pressure
(or subatmospheric pressure) within the containment should be evaluated.

Provide an evaluation of the functional capability of the
normal containment ventilation system to maintain the temperature, pressure,
and humidity in the containment and subcompartments within prescribed
limits, assuming various single-f ailure conditions. Specify the limiting
containment conditions for normal plant operation. Discuss the action
that will be taken if these conditions are exceeded in the containment
or locally, within a subcompartment.

Describe the instrumentation provided to monitor and record
the containment pressure and temperature and sump temperature during the
course of an accident within the containment. Discuss the range, accuracy,
and response of the instrumentation and the tests conducted to qualify
the instruments for use in the postaccident containment environment.
Describe the recording system provided for these instruments and the
accessibility of the recorders to control room personnel during a loss-
of-coolant accident. Material included in Chapter 7 may be incorporated
by reference.

b. Ice Condenser Containments. Provide an analysis of the
pressure response of the containment to double-ended ruptures of the fol-
lowing high-energy lines for each control volume containing one of these
lines: hot leg of reactor coolant system, cold leg of reactor coolant
system, main steam line, and main feedwater line. The following infor-

mation should be provided for these analyses:

(1) A graph showing the pressure response of the control
volumes as f unctions of time for each postulated pipe break accident.

(2) A schematic diagram of the transient mass distribution
(TMD) code flow network, showing all control volumes and vent flow paths
used for the analysis of the particular plant design under review. Describe
and justify any revisions made to the IMD code since it was reported in
WCAP 8078, " ice Condenser Containment Pressure Transient Analysis Methods,"
(1973).* Indicate whether the unaugmented critical flow correlation,
compressibility factor "Y," and the heat transfer correlation developed

*Available for inspection and copying for a fee at the NRC Public Document
Room, 1717 H Street, N.W., Washington, D.C.
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f rom the 1974 full scale ice condenser tests reported in WCAP 8110, Supple-
ments 6 and 7, " Test Plans and Results for the Ice Condenser System,"
are used in the IMD analysis.

(3) A table itemizing the volume of each control volume,
the area of each vent flow path, the initial conditions for each control
volume, the length of each vent flow path, the vent flow path resistances
and loss coefficients, and the mass of ice, ice bed heat transfer area,
and ELJAC number (condensate layer length) for each ice condenser control
volume.

(4) A table comparing the maximum calculated dif ferential
pressure with the design pressure for each control volume or subcompart-
ment. Identify the pipe break that yields the maximum calculated dif ferent-
ial pressure f or each control volume or subcompartment.

(5) The moment of inertia of the ice condenser lower inlet
door, intermediate deck door, and top deck door, as well as a curve showing
the flow proportioning spring force of the lower inlet door vs the door
position.

(6) The types of information identified in Tables 6-2,
6-4, and 6-5, as appropriate.

Describe the ice conder.cer components and discuss the test
programs that have t'een conducted to qualify the components for use in
the ice condenser. If the design of components has not changed from those
previously reported and accepted by the staf f, the documents containing
the appropriate information should be referenced. Identify all components
whose designs have been changed from the design found acceptable by the
staff. Describe and document the results of tests and analyses performed
to qualify the new design for use in the ice condenser.

Provide an analysis of the expected reduction in the mass
of ice due to sublimation during normal plant operttion. Discuss the
ef fects on the ice condenser condensing capability during a loss-of coolant
accident.

Describe the computer code (LOTIC or equivalent) used for
long-term containment response analysis. Discuss and justify any changes
in the mathematical models and assumptions utilized in the code relative
to those utilized in previous analysis.

For the design basis accident long-term containment transient
response, provide graphs from the LOTIC analysis showing the follcwing
containment parameters as functions of time:

(1) Containmer pressure

(2) Temperatu: es of the atmosphere in the upper and lower
compartments
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9
(3) Temperatures in the active and inactive sumps

(4) Containment spray temperature

Also provide energy distribution tables for the following events:

(1) Energy distribution at initiation

(2) End of blowdown

(3) f.nd of reflood

(4) Completion of post-reflood steam generator energy
release

(5) Completion of ice meltout

(6) fime of peak containment pressure

The tables should include the following energy sources: reactor
coolant, accumulators, core stored energy, thick metal of reactor coolant
system, thin metal of reactor coolant system, steam generator secondary-side
fluid, and steam geqerator metal and the following sinks (best estimate
at PSAR stage; more detailed assessment at FSAP, stage): ice, structural
heat sinks, spray heat exchangers, active sump, and inactive sump.

A surp model that incorporates active and inactive volumes has been
utilized in the LOTIC computer code to simulate sump level and temperature
history following an accident. To ensure that sufficient cooling water
may be retained in the active containment sump for long-term cooling of
the core and cperation of the containment spray system, the following
information should be provided:

(1) The capacities of the active and inactive sumps;

(2) The methods and accuracy with which the capacities
of the sumps are calculated; and

(3) The time required to fill the active sump following
a LOCA.

Provide analyses of the temperature and pressure response
of the containment to postulated secondary system pipe ruptures (e.g. ,
steam and feedwater line breaks). The break size and location of each
postulated break analyzed should be specified. Describe the method of
analysis and identify the computer codes used. (Detailed mass and energy
release analyses should be presented in Section 6.2.1.4. ) Discuss and
justify the assumptions made regarding the operating condition of the
reactor, the closure times of secondary system isolation valves, and single
active failures. The results of each accident analyzed should be tabulated
as shown in Table 6-3.

6-10
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Discuss the manner whereby containment spray water will
be returned f rom the upper containment to the lower compartment following
a LOCA. The following information should be provided:

(1) A detailed description of the flow path by which the
spray water will be able to drain back to the sump;

(2) The number and size of the drain holes;

(3) An analysis demonstrating that the drain holes are
adequately sized;

(4) Drawings to show the arrangement cf the drain holes;
and

(5) The aaminstrative control to ensure that the drain
holes are open during normal operation (FSAR).

Describe the air return f an systen, and provide the follow-
ing inf ormation:

(1) The initiating time and the basis for sizing the air
return fans;

(2) An analysis or test to demonstrate that the back draf t
dampers provided at the air return f an discharges have been adequately
designed to withstand the dynamic f orce and the dif ferential pressure
across the divider deck;

(3) Fan performance curves;

(4) Analyses to show that the air return tans have suf fi-
cient head to overcome the divider barrier dif ferential pressure;

(5) Process and instrumentation diagrams of the system;
and

(6) The safety class of the system.

Describe the hydrogen skimmer system, and provide the follow-
ing information:

(1) Bases and assumptions used for establishing the com-
partment flow rates and initiating time for the hydrogen skimmer fans;

(2) Process and instrumentation diagrams of the system;

(3) Safety class of the system;
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(4) Fan performance curves; and

(5) An analysis to demonstrate that the components and
ducting have been adequately designed to withstand the dynamic forces
and diff erential pressures resulting f rom a LOCA.

Describe the containment vacuum relief system by providing
the following information:

(1) A description of the system proposed to mitigate the
consequences of inadvertent operation of the containment sprays and return
air fans. Show the extent to which the requirements of paragraph NE-7116
of Section III of the ASME Boiler and Pressure Vessel Code (at least two
independent relief devices) are satisfied.

(2) The worst single failure that could result in
inadvertent operation of the sprays and f ans.

(3) The maximum external design press .re of the containment
shell.

(4) The analytical methods and assumptions used to determine
the containment response to inadvertent operation of the sprays and fans.

(5) The results of analyses performed to determine the
response of the containment to inadvertent operation of the sprays and
fans both with and without operation of the vacuum relief system.

Describe the analytical methods and results used to establish
the " external" design pressure of the internal structures (e.g., reverse
pressure differentials on the operating deck and crane wall). Assumed
depressurization rates in the lower compartment should be identified and
justified.

Provide a table of maximum allowable operating deck bypass
area as a function of reactor coolant system break size for a spectrum
of break sizes up to a double ended rupture of the largest reacto, coolant
system pipe. Describe the analytical methods used to determine these
areas and demonstrate the conservatism in the assumptions used in the
analyses. Identify all potential steam bypass leak paths and describe
the design provisions taken to limit steam bypass leakage.

Discuss the potential for maldistribution of flew through
the ice condenser (i.e., flow " channeling" through the ice condense-)
and the ef fect on containment pressure response.

Discuss the design provisions made to preclude the direct
impingement of a stream of fluid from high-energy lines in the lower com-
partment upon the ice condenser lower inlet doors.

9
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Provide an evaluation of the functional capability of the

normal containment ventilation system to maintain the temperature, pressure,
and humidity in the containment and subcompartments within prescribed
limits, assuming various single-failure conditions. Specify the maximum
allowable containment conditions for normal plant operation. Discuss
the action that will be taken if these conditions are exceeded in the
containment or locally, within a subcompartment.

Provide a curve that shows the minimum containment pressure
transient used in the analysis of the emergency core cooling system.
Show that the containment pressure is conservatively lun by describing
the conservatism in the assumptions of initial containment conditions,
in the medeling of the containment heat sinks, heat transfer coef ficients
to the heat sinks, and eny other input parameter used in the containment
pressure analysis. Discuss the effect of ice condenser drain water as
an additional heat sink in the lower compartment and hos this effect is
considered in the containment pressure calculation. Identify the computer
code and/or other analytical methods used to determine the minimum contain-
ment pressure transient and describe any code revisions made after the
1975 staff review of the Westinghouse ECCS evaluation model. Provide
graphs showing, as functions of time, (a) the pressure, temperature, and
stean condensation rates in the containment upper and lower compartments,
(b) the mass and energy release rates to the containment lower compartment,
(c) the containment sump temperature, and (d) the air (or vapor) flow
rate between upper and lower compartments and the direction of flow.

Describe the instrumentation provided to nonitor and record
the containnent pressure and temperature and sump temperature during the
course of an accident within the containment. Discuss the range accuracy,
and response of the instrumentation and the tests conducted te qualify
the instruments for use in the postaccident containment environment.
Describe the recording system provided for these instruments and the
accessibility of the recorders to control room personnel during a loss of-
coolant accident. Material included in Chapter 7 may be incorporated by
reference.

Discuss the design provisions for monitoring the status
of the ice condenser during plant operation. Discuss the ice concenser
design provisions that will allow inspection and f unctional testing of
such ice condenser components as the ice bed temperature instrumentation
system; lower inlet door position monitoring system; lower, intermediate,
and top deck doors; floor drains; ice condenser flow passages; divider
barrier seals; refueling canal drains; and operating deck access hatches.
Describe the design provisions and equipment provided to allow weighing
of each ice basket.

c. 8WR Containments. Provide the types of containment design
information identified in Tables 6-6 and 6-7.
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For Mark II containments, provide the results of analyses
of the pressure response of the drywell and suppression chamber to a postu-
lated rupture of the recirculation line. For Mark III containment , provide
the results of analy wa vf tne pressure response of the drywell, letwell
(that volume betweer the suppression pool surface and hydraulic control
unit flear in the containment), and containment to postulated ruptures
of the main steam line and recirculation line. Specify and justify the
assurrptions used in the analyses regarding the initial containment condi-
tions, initial reactor operating conditions, energy sot ces, mass and
energy release rates, and break areas. Graphically show the drywell
pressur e, wetwell pressure (Mark III), containment pressure, and deck
differential pressure (Mark II) as functions of time and energy addition
(e.g., blowdown, decay heat, sensible heat, pump heat) and energy removal
(e.g , the RHR system, heat sinks) as a function of time.

For Mark III containments, provide the results of anal; as
of the pressure response of the cantainment and drywell to postulated
ruptures cf unguardea high-energy lines located in the containment.
Specify and justify the assumptions used in the analyses. Describe the
provisions for orificing and/or leak detection and isolation to limit
the mass and energy released. Discuss the f anctional capability of these
provisions. Graphically show the containment and drywell pressure and
temperature as functions of time. Tabula'e the blowdown data (time, mass
flow, ana enthalpy) for each pipe break at alyzed.

The following tables should be provided:

(1) The initial reactor coolant system and containment
conditions as identified in Table 6-8.

(2) Energy source information as identified in Table G-9.

(3) The mass and energy release data in the format giver
in Table 6-10 for each pipe break accident analyzed.

(4) The information identified in Table 6-11 on the passive
heat sinks * that may have been used.

(5) The results of the postulated pipe break accidents
for each postulated line break in the format given in Table 6-12.

Provide the res';lts of analyses of ti,e transients that could
lead to external pressure loads on the drywell and containment (suppression
chanber). In addition, for Mark II containments provide the results of
analy ses of the transients that could lead to upward dif ferential pressure
lcads on the drywell deck. Show that the transient used for design purposes
A

Provide best estimate of heat sink data at the PSAR stage; provide a
more detailed listing of the "as built" heat sinks at the FSAR stage.

6-14
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in each case is the controlling event for external pressure loading.
Discuss and demonstrate the conservatism in the assumptions used in the
analysis. Graphically show the containment (suppression chamber) and
drywell pressures as functions of time. If a vacuum relief system is
provided, describe the system and show the extent to which the requirements
of paragraph NE-7116 of Section III of the ASME Boiler and Pressure Vessel
Code are satisfied. Discuss the f t.nctional capability of the system.

Provide the design and performance parameters for the vacuum relief devices.

Provide the results of analyses of the capability of the
containment to tolerate direct steam bypass of the suppression pool for
the spectrum of potential reactor coolant system break sizes. Discuss
what measures are planned to minimi e the potential for steam bypassing,
and describe any systems provided .o ritigate the consequences of steam
bypass. Discuss and demonstrate thy conservatism in the assumptions used
in the analysis.

Describe the manner in which suppression pool dynamic loads
resultir am postulated loss-of-coolant accidents, transients (e.g.,
relit' ..ve actuation), and seismic events have been integrated into
the affected containment structures Provide large-size plan and section
drawings of the containment illustrating all equipment and structural
surf aces that could be subjected to pool dynamic loads. For each structure
or group of structures, specify the dynamic loads as a function of time,
and specify the r-lative magnitude of the pool dynamic load compared to
the design basis load for each structure. Provide justification for each
of the dynamic load histories by the use of appropriate experimental data
and/or analyses.

Describe the manner by which potential asymmetric loads
were considered in the containment design. Characterize the type and
magnitude of possible asymmetric loads and the capabilities of the affected
structures to withstand such a loading profile. Include consideration
of seismically induced pool motion that could lead to locally deeper sub-
mergences for certain drywell to wetwell vents.

Discuss in detail the analytical models that were used to
evaluate the containment and drywell responses to the postulated accidents
and transients identified above. Discuss the conservatism in the models
and the assumptions used. Refer to applicable test data to support the
selected analytical methods. Discuss the sensitivity of the analyses to
changes in key parameters.

Provide an evaluation of the functional capability of the
normal containment ventilation system to maintain the temperature, pressure,
and humidity in the containment and subt mpartments within prescribed
limits, for various assumed single-failure conditions. Specify the maximum
allowable containment conditions for normal plant operation. Discuss
the action that will be taken if these conditions are exceeded in the
containment or locally, within a subcompartment.
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Describe the instrumentation provided to monitor and record

the containment pressure and temperature and sump temperature during the
course of an accident within the containment. Discuss the range, accuracy,
and response of the instrumentation and the tests conducted to qualify
the instruments for use in the postaccident containment environment.
Describe the recording system provided for these instruments and the acces-
sibility of the recorders to control room personnel during a loss-of-coolant
accident. Material included in Chapter 7 may be incorporated by reference.

6.2.1.2 Containment Subcompartments

1. Design Bases. This section should discuss the bases for the
design of the containment subcr partments. The following information
should be included:

a. A synopsis of the pipe break analyses performed and a
justification for the selection of the design basis accident (Dreak size
and location) for each containment subcompartment,

b. The extent to which pipe restraints are used to limit the
break area of pipe ruptures, and

c. The margin applied to calculated dif f erential pressures
for cse in the structural design of the subcompartment walls and equipment
supports.

2, Design Features. This section should provide descriptions of
each subcompartment analyzed, including plan and elevation drawings showing
component and equipment locations, the routing of high energy lines, and
the vent locations and configurations. The subcompartment free volumes
and vent areas should be tabulated (best estimate at PSAR stage, more
detailed listing at FSAR stage). In addition, vent areas that become
available only after the occurrence of a postulated pipe break accident
(o.g. , as a result of insulation collapsing or blowing out, blowout panels
being blown out, or hinged doors swinging open) should be identified and
the manner in which they are treated described. The availability of these
vent areas should be justified. Dynamic analyses of the available vent
area as a function of time should be provided and supported by appropriate
test data.

3. Design Evaluation. This section should identify the computer
program (s) used, and/or shoulJ present a detailed description of the ana-
lytical model, for subcompartment pressure response analyses. The results
of the analyses should also be presented. The following information
should be included:

a. A description of the computer program used to calculate
the mass and energy release f rom a postulated pipe break. Provide the
nodalization scheme for the system model, and specify the assumed initial
operating conditions of the system. Discuss the conservatism of the blow-
down model with respect to the pressure response of the subcompartment.
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If the computer code beinc, used has not been previously reviewed by the
staff, provide a comparison of the blowdown to that predicted by an
accepted code as justification of its acceptability.

b. The assumed initial operating conditions of the plant such
as reactor power level and subcompartment pressure, temperature, and humidity.

A description of and justification of the subsonic andc.
sonic flow models used in vent flow calculations. The degree of entrainment
assumed for the vent mixture should also be discussed and justified.

d. The piping system within a subcompartment that is assumed
to rupture, the location of the break within the subcompartment, and the
break size. Give the inside diameter of the rupture of line and the location
and size of any flow restrictions within the line postulated to f ail.

The subcompartment nodalization information in accordance |e.
with the formats of Figure 6-1 and Tables 6-13 and 6-14. Demonstrate

'

that the selected nodalization maximizes the differential pressures as a
basis for establishing the design pressures for the structures and component
supports.

f. Graphs of the pressure responses of all subnodes within a
subcompartment as functions of time to permit evaluations of the effect
on structures and component supports.

g. The mass and energy release data for the postulated pipe
breaks in tabular form, with time in seconds, mass release rate in lbm/sec,
enthalpy of mass released in Btu /lbm, and energy release rate in Clu/sec.
A minimum of 20 data points should be used from time zero to the time of
peak pressure. The mass and energy release data should ha ;;i,en for at
least the first three seconds.

h. For all vent flow paths, the flow conditions (subsonic or
sonic) up to the time of peak pressure.

i. A detailed description of the method used to determine
vent loss coefficients. Provide a tabulation of the vent paths for each
subcompartment and the loss coef ficients.

6. 2.1. 3 Mass and Energy Release Analyses for Postulated Loss-of-
Coolant Accidents. This section should identify the computer codes used
and/or present a detailed description of the analytical models employed
to calculate the mass and energy released following a postulated loss-of-
coolant accident. Various reactor coolant system pipo braak locations
(e.g., hot leg, cold leg pump suction, and cold leg pump discharge) and
a spectrum of pipe break sizes at each location should be analyzed to
ensure that the most severe pipe break location and size (i.e. , the design
basis loss-of-coolant accident) has been identified. The discussion should
be divided into the accident phases in which dif ferent physical processes
occur, as follows:
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1. The blowdown phase (i.e., when the primary coolant is being

rapidly injected into the containment);

2. The core reflood phase (i.e. , when the core is being re-covered
with water); and -

3. The long-tern cooling phase (i.e., when core decay heat and
he remaining stored energy in the primary and secondary systems are being
added to the containment).

ihe following information should be included:

1. Mass and Energy Release Data. For each break location, mass
and energy releaso data should be provided for the most severe break size

! during the first 21 hours following the accident. (If a shorter time
| period is selected for some accidents, justification should be provided. )
This inf ormation should be presented in tabular forn. with time in seconds,
mass release rate in 'bm/second, and enthalpy of mass released in Btu /lbm.
The table format is shown in Table 6-15. The saf ety injection fluid that
is assumed to spill f rom the break directly to the containment floor should
also be tabulated as a function of timo.

2. Energy Sources. The sources of generated and stored energy in
* he reactor coolant system e.nd secondary coolant system that are considered
in analyses of !oss-of-coolant accidents should be identified, and the
methcds tsed and assumptions made in calculaLions of the energy available
for release from these sources should be described. The conservatism in
the calculation of the available energy for each source should he addressed.
The stored energy sources and the amounts of stored energy should be tabu-
lated. For the sources of generated energy, curves showing the energy
ielease rates and integrated energy released should be provided.

3. Descript.on of Blowdown Model. The calculational procedure
for deterdning the mass and energy released f rom the reactor coolant
system during the blowdown phase of a loss of-coolant accident should be
described in detail or referenced as appropriale. The description should
include all significant tquat'ons and correlations used in the analysis.
The conservatism in the mass and enei gy release calculation; fron the
stendpoint of predict ing the highest containment pressure response should
be discussed and c' monstrated. For example, calculations of the energy
transferreo to the primary ceolant from heated surfaces and the release
of primary coo ant to the containment during blowdown shculd be describedl

and justified. Also, the heat transfer correlations used should be
presented and their application justi fied.

4. Description of Core Reflood Model. The calculational procedure
for determining the mass and energy released to the containment during
the core reflood phase of a loss-of-coolant accident should be described
or ref tered to ac op ropriate. The description should include all signif-
icant equations and correlations used in the analysis. The conservatism -

in the mass and energy release caiculations from the standpoint of predicting
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the highest containment pressure response should be discussed and justified.
For example, the methods of calculating the energy transferred to the
emergency core cooling injection water from primary system metal surf aces
and the core, the core inlet flow rate, the core exit flow rate, and the
energy transferred from the steam generators should be discussed and
justified. The carryout fraction used to predict the mass flow rate out
of the core should be justified by comparison to experimental data such
as that from the FLECHT experiments. Any assumptions made regarding the
quenching of steam by ECCS injection water should be justified by com-
parison to appropriate experimental data. The carryout fractions, core
inlet flow rate, and core inlet temperature should be provided as a f unc-
tion of time.

5. Description of Long-Term Cooling Model. The calculational proce-
dure for det armining the mass and energy released to the containment during
the long-term cooling (or post reflood) phase of a loss-of-coolant accident
should be described or referenced as appropriate. The description should
include all significant equations and correlations used in the analysis.
The conservatism in the mass and eaergy release calculations from the
standpoint of predicting the highest containment pressure response should
be discussed and justified. For example, the methods of calculating (1)
the core inlet and exit flow rates and (2) the removal of all sensible
heat from primary system metal surfaces and the steam generators should
be discussed and justified. Heat transfer correlations used should be
described and their application justified. Liquid entrainment correlations
for fluid leaving the core and entering the steam generators should be
described and justified by comparison with experimental data. Experimental
data should be provided to justify any assumptions made regarding steam
quenching by ECCS water.

6. Single Failure Analysis. Provide a failure mode and effects
analysis of the emergency core cooling systems to determine the single
active failure that results in maximizing the energy release to the con-
tainment following a loss-of-coolant accident. This analysis should be
done for each postulated break location.

7. Metal-Water Reaction. Discuss the potential for additional
energy being added to the containment as a result of metal water reaction
within the core. Provide a conservative analysis of the containment
pressure as a function of metal water reaction energy addition, and
demonstrate that the metal water reaction time is conservative. |

8. Energy Inventories. For the worst hot leg, cold leg pump suc-
tion, and cold leg pump discharge pipe breaks, provide inventories of
the energy transferred f rom the primary and secondary systems to the con-
tainment and the energy remaining in the primary and secondary systems.
The table format is shown in Table 6-16.

9. Additional Information Required for Confirmatory Analysis. To
permit confirmatory analyses to be performed, the following information
should be tabulated: the elevations, flow areas, and f riction coef ficients
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within the primary system that are used for the containment analyses and
the safety injection flow rate as a function of time. Representative
values with justification should be provided for empirical correlations
(such as those used to predict heat transfer and liquid entrainment) that
are signit icant to the analysis.

6.2.1.4 Mass and Energy Release Analysis for Postulated Secondary
System Pipe Ruptures Inside Containment (PWR) This section should identify
the computer code used and/or present a detailed description of the ana-
lytical model used to calculate the mass and energy released following a
secondary system steam or feedwater line break. A spectrum of break sizes
and various reactor operating conditions should be analyzed to ensure
that the most severe secondary system pipe rupture has Deen identified.
Smaller and smaller break areas of steem line breaks should be considered
starting with the double ended rupture, until no liquid entrainment is
calculated to occur. The following information should be included:

1. Mass and Energy Release Data. Mass and energy release data
for the most severe secondary system pipe rupture with regard to break
size and location and operating power level of the reactor should be
presented in tabular form with time in seconds, mass flow rate in lt.m/sec,
and corresponding enthalpy in Stu/lbm. Separate tables should be provided
for the mass and energy released f rom each side of a double ended break.

2. Single-Failure Analysis. A failure mode and ef fects analysis
should be performed to determine the most severe single active failure
for each break location for the purpose of maximizing the mass and energy
released to the containment and the containment pressure response. The
analysis should consider, for example, the f ailure of a steam or feedwater
line isolation valve, the feedwater pump to trip, and containment heat
removal equipment.

3. Initial Conditions. The analysis, including assumptions, to
determine the fluid mass available for release into the containment should
be described. In general, the analysis should be done in a manner that
is conservative from a containment response standpoint (i.e., that maxi-
mizes the fluid mass available for release).

4. Description of Blowdown Model. The computer code used should
be identified, and the calculational procedure should be described in
detail or referenced to the appropriate topical report. All signifi t

equations solved should be provided. Calculations of the energy trans-
ferred f rom the primary system to the secondary system, the stored energy
removed from the secondary system metal, the break flow, and the steam water
separation should be conservative for containment analysis. This conserv-
atism should be discussed and justified. The heat transfer correlations
usee to calculate the heat transferred from the steam generator tubes
and shell should be presented and their application justified. If liquid
entrainment is assumed in the break flow, appropriate experimental data
should be provided.

6-20 143 103



Revision 3 November 1978

5. Energy Inventories. For the most severe secondary system pipe
rupture, inventories of the energy transferred from the primary and
secondary systems to the containment should be provided. The distribution
of the mass and energy released and available for release and the fluid
and component temperatures within the primary and secondary systems and
the containment should be given. Values should be provided for prerupture
conditions, for the time of peak pressure, for the end of blowdown, and
for any time a different computer code or calculational method is used
in the analysis.

6. Additional Information Required for Confirmatory Analyses. To
permit confirmatory analyses to be performea, the following information
should be tabulated: the elevations, flow areas, and friction coefficients
within the secondary system and the feedsater flow rate as a function of
time. Representative values with justification should be provided for
empirical correlations (such as those used to predict heat transfer and
liquid entrainment) that are significant to the analysis.

6.2.l.5 Minimum Containment Pressure Analysis for Performance Capa-
bility Studies on Emergency Core Cooling System (PWR). This section should
identify the computer codes used or present detailed descriptions of the ^

analytical models usea to calculate (1) the mass and energy released f rom
the reactor coolant system following a postulated loss of-coolant accident
and (2) the containment pressure response for the purpose of determining
the minimum containment pressure that should be used in analyzing the
effectiveness of the emergency core cooling system. The response of the
containment pressure and temperature and the sump water temperature should
be plotted as f unctions of time. The information provided at the PSAR
stage should be based on conservative values; however, as the design and
construction of the f acility nears completion (FSAR), more definitive
dat. should be provided. The following information should be presented:

1. Mass and Energy Release Data. For the most severe break, state
the size of the break and provide the mass and energy release data used
f or the minimum containment pressure analysis. This information should
be presented in tabular form, with time in seconos, mass release rate in
Ibm /sec, and enthalpy of mass released in 8tu/lbm. The quantity of safety
injection fluid that is assumed to spill from the break directly to the
containment floor should also be tabulated as a function of time. Discuss
the conservatism in the mass and energy release analysis with regard to
minimizing the containment pressure.

2. Initial Containment Internal Conditions. Specify the initial
containment conditions assumed in the analysis (i.e., temperature,
pressure, and humidity). Show that the initial conditions selected are
conservative with respect to minimizing tha containment pressure.

3. Containment Volume. Specify the assumed containment net f ree
volume. Show that the estimated free volume of the containment has been
maximized to ensure a conservative prediction of the minimum containment
pressure. Discuss the uncertainty in determining the volume of the
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intcroal structures and equipment that should be subtracted f rom the gross
containment volume to arrive at the net f ree volume.

4. Active Heat Sinks. Identify the containment heat removal system
and emergency core cooling system equipment that is assumed to be operative
for the containment analysis. Discuss the conservatism of this assumption
with respect to minimizi the containment pressure. The heat removal
capacity of the engineered safeguards should be maximized by using the
minimum temperature of stored water and cooling water and minimum delay
times in bringing the equipment into service. Provide a figure or table
showing the heat removal rate of fan cooling units as a function of con-
tainment temperature. State the containment spray flow rate and temperature
assumed for the containment minimum pressure analysis. State the assumptions
used in establishing the actuation times for the active heat removal systems.

5. Steam-Water Mixing. Discuss the potential for the mixing and
condensation of containment steam with any spilled ECCS water during blowdown
and core reflood. Comparisons with appropriate experimental data should
be presented.

6. Passive Heat Sinks. With regard to the heat sink data given
in Table 6-4A, 6-48, 6-4C, and 6-4D, the uncertainty in accounting for
heat sinks and in determining tne heat sink parameters (such as mass,
surf ace area, thickness, volumetric heat capacity, and thermal conductiv-
ity) should be discussed.

7. Heat Transfer To Passive Heat Sinks. The condensing heat transfer
coefficients between the contiinment atmosphere and passive heat sinks
should be discussed and justified. Comparisons with appropriate experimental
data should be presented. Graphically show the condensing heat transfer
coef ficient as a function of time for the passive heat sinks.

8. Other Parameters. Identify any other parameters that may have
a substantial effect on the minimum containment pressure analysis, and
discuss how they af fect the analysis. If the containment purge system
is used during plant power operations, discuss the ef fect of a LOCA during
the plant purge operation on the minimum containment pressure analysis.
The radiological consequences of a LOCA during containment purge should
be discussed in Chapter 15.

6. 2.1. 6 Testing and Inspection. This section should provide inf orma-
tion about the containment testing and inspection program, with regard
to preoperational testing and periodic inservice surveillance to ensure
the functional capability of the containment and associated structures,
systems, and components. Emphasis should be given to those tests and
inspections considered essential to a determination that performance
objectives have been achieved and performance capability is being
maintained throughout the plant lifetime above preestablished limits.
Sech tests may include, for example, tests to d 3termine that the ice con-
denser or suppression pool bypass leakage area is within allowable limits.
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cperability tests of the air return f an system of an ice condenser contain-
ment. inspection for serviceability of the drain holes provided in the
operating deck of an ice condenser containment for returning spray water
in the upper compartment to the lower compartment, inspection of the ice
condenser (including the condition of the ice beds and operability tests
of components important to the ice condenser functionai capability), and
operability tests of vacuum relief systems and of mechanical devices that
are required to open f ollowing a pipe break accident within a subcompartment
to provide vent area. The information provided in this section should
include, for example (FSAR):

1. The planned tests and inspections, including a discussion of
the need and purpose of each test and inspection,

2. The selected f requency for performing each test and inspection,
including justification,

3. A description of the manner in which tests and inspections will
be conducted,

4. The requirements and bases for acceptability, and

5. The action to be taken in the event acceptability requirements
are not met.

Particular emphasis should be given to those surveillance type tests
that are of such importance to safety that they may become a part of the
technical specifications of an operating license. The bases for such
surveillance requirements should be discussed.

6. 2.1. 7 Instrumentation Requirements. This section should discuss
the instrumentation to be employed for monitoring the containment condi-
tions and actuating those systems and components having a safety function.
Design details and logic of the instrumentation should be discussed in
Chapter 7 of the SAR.

6.2.2 Containment Heat Removal Systems.

General Design Criterion 38, " Containment Heat Removal," of Appen-
dix A, " General Design Criteria for Nuclear Power Plants," to 10 CFR
Part 50 requires that systens to remove heat from the reactor containment
be provided to rapidly reduce (consistent with the functioning of other
associated systems) the containment pressure and temperature following a
loss-of-coolant accident and to maintain them at acceptably low levels.
General Design Criteria 39 and 40 require that the containment heat removal
systems be designed to permit appropriate periodic inspection and testing
to ensure the integrity and operability of the systems. The systems provided
for containment heat removal include fan cooler and spray systems. The
design and functional capability of these systems should be considered in
this section. The design and heat removal cacability of the pressure-

9 suppression containments should be considered in Section 6.2.1.
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General Design Criterion 41 requires that systems to control fission
products that may be released to la containment be provided as necessary
to reduce, consistent with the functioning of other associated systems,
the concentration and quantity of fission products released to the environs
following postulated accidents. The systems designed for containment
heat removal may also possess the capability to meet this requirement.
The fission product removal ef fectiveness of the contlinment heat removal
systems should be considered in Section 6.5.2 of the SAR.

6.2.2.1 Design Bases. Discuss the design bases for the contain: rent
heat removal systems (i.e., the functional and mechanical and electrical
design requirements of the systems). The design bases should include
such consideratice as:

1. The sources of energy, the enere release rates as a function
of time, and the integrated energy releasi f ollowing pos tulated loss-of-
coolant accidents for sizing each heat rer system;

2. The extent to which operation of the heat removal systems is
reiied upon to attenuate the postaccident conditions imposed on the con-
tainment (i.e., the minimum required availability of the containment heat
removal systems);

3. The required containment depressurization time;

4. The capability to remain operable in the accident environment;

5. The capability to remain operable assuming a single f ailure;

6. The capahility to withstand the Safe Shutdown Earthquake without
loss of function;

7. The capability to withstand dynamic ef fects; and

8. The capability for periodic inspection and testing of the systems
and/or system components.

6.2.2.2 System Design. Describe the design features, and provide
piping and instrumentation diagrams of the containment heat removal sys-
tems. Provide a tabulation of the design and performance data for each
containment heat removal system and its components.

Discuss system design requirements f or redundancy and independence
to ensure single-f ailure protection.

Discuss the system design provisions that f acilitate periodic inspec-
tion and operability testing of the systems and systen components.

Identify the codes, standards, and guides applied in the design of
the containment neat removal systems and system components.
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Specify the plant protection system signals and setpoints that
actuate the containment heat removal system; alternatively, reference
the section in the SAR where this information is tabulated. Provide the
rationale for selecting the actuation signals and establishing the
setpoints.

Specify the times following postulated accidents that the containment
heat removal systems are assumed to be fully operational. Discuss the
delay times fol'owing receip of the system actuation signals that are
inherent in bringing the syste ns into service.

Discuss the extent to which the containment heat removal systems
and system componeni.s are required to be remote manually operated f rom
the main control room and the extent of operator intervention in the
operation of the systems.

Describe the qualification tests that have been or will be performed
on system components, such as spray nozzles, fan cooler heat exchangers,
recirculation heat exchangers, pump and f an motors, valves, valve operators,
and instrumentation. Discuss the test results. Demonstrate that the
environmental test conditions (temperature, pressure, humidity, radiation,
water pH) are representative of postaccident conditions that the equipment
would be expected to be exposed to. Graphically show the environmental
test conditions as a function of time or refer to the section in the SAR
where this inf ormation can be found.

With respect to the fan systems, provide the following additional
information:

1. Identify the ductwork and equipment housings that must remain
intact following a loss-of-coolant accident;

2. Discuss the design provisions (e.g. , pressure relief devices,
conservative structural design) that ensure that the ductwork and equipment
housings will remain intact; and

3. Provide plan and elevation drawings of the containment showing
the routing of airflow guidance ductwork.

Describe the design features of the recirculation intake structures
(sumps). Provide plan and elevation drawings of the structures; show
the level of water in the containment following a loss-of-coolant accident
in relation to the structures. Compare the design of the recirculation
intake structures to the positions in Regulatory Guide 1.82, " Sumps for
Emergency Core Cooling and Containment Spray Systems."

Specify the mesh size of each stage of screening and the maximum
particle size that could be drawn into the recirculation piping. Of the
systems that receive or may receive water from the recirculation intake
structures under postaccident conditions, identify the system component
that places the limiting requirement on the maximum particle size of debris
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that nay be allowed to pass through the intake structure screening and
specify the limiting particle size that the component can circulate without
impairing system performance. Describe how the screening is attached to
the intake structures to preclude the possibility of debris bypassiag
the screening.

Discuss the potential for the intake structure screening to become
clogged with debris; e.g. insulation, in the light of the ef f ective flow
area of the screening and approach velocity of the water Identify and
discuss the kinds of debris that might be developed following a loss-of-
coolant accident. Consider the following potential sources of debris:

1. Piping and equipment insulation,

2. Sand plug materiais,

3. All structures displaced by accident pressure to provide vent area,

4. Loose insulation in the containment,

5. beoria gene"ated by f ailure of non-safety-related equipment.
Describe the precautions made to minimize the potential f or debris clogging
the screens.

Discuss the type 3 of insulation used inside the containment and identi-
fy where and in what quantities each type is used. List the materials of
construction used for the identifi d insulation and describe the behaviore

of the insulation during and af ter a loss-of-coolant accident. Describe
the tests perf ormed or ref erence test reports available to the Commission
that deterninad tho behavior of the insulation under simulated 10CA condi-
tions. Describe the methods of attaching the insulation to piping 'nd
components.

p. 2. 2. 3 Desi rL valuation. Describe and present the results of the3 E
spray nozz la test program to determine the drap size spectrum and runo
drop size emitted f rom each type of nozzle as a f unction of pressure drop
across the rozzies. Cescribe the analytical rnethod mployed tu deteroino
t he mean spray drop ,ize.

Provide plan and elevation drawings of the containment showing the
expected spray p1tterns Specify the volume of the containment covered
by the sprays and the extent of overlapping of the sprays. Provide an
analysis of the heat renoval ef f ectivenes s of the sprays. Provide justifi-
cation for the values of parameters used in the analysis (e g., spray
system flow rate as a f unction of time and rrean spray drop a ze) for both
f ull and partial spray system operation.

Graphically show the heat removal rate of the fan cooler as a function
of the containment atmosphere temperature under loss of coolant accident
conditions. Provide a figure showing the fan cooler heat removal rate
as a function of the degrees of superheat for a family of curves that
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0 bound the expected containment steam-to air ratio for the main steam line
break accident. Describe the test pro.iram conducted to Jetermine t.h e
heat removal capability of a f an cooler t eat exchanger, Discuss the poten-
tial f or surf ace fouling on the secencary side of the fen coo!er heat
exchanger by the cooling water and the e fect on the heat removal capabil-
ity of the f an cooler.

Provide analyses of the net positive suction head (NPSH) available
to the recirculation pumps in accordance with the recommendations of NRC
Regulatory Guide 1.1 'Saf ety Guide 1), ' Net Positive Suction Head for
Emergency Core Cooli % and Containment Feat Removal System Pumps." Provide
a tabulation of the values of containm(nt pressure head, vapor pressure
head of pumped fluid, suction head, and f riction head used in the analyses.
Discuss the uncertainty in determininc the suction head. Compare the
Cdlculated values of available NPSH f ar the recirculation pumps to the

required NPSH of the pur ps. Demonstrate the conservatism of the analyses
by assuming, for the postulated loss-of-coolant accident, conditions that
maximize the sump temperature and minimize the containmcnt pressure.

Provide failure mode and effects analyses of the containment heat
removal systems.

Graphically show the integrated energy co"ttnt of the containment
atmosphere and recirculation water as f unt t ior,s ' of time following the
postulated design basis l os s-of-coolan t a._c ident. Graphically show the
integrated energy absorbed by the structural heat sinks and removed by
the f an cooler and/or recirculation heat exc!"ngers.

Provide an estimate of the amount of aehris that could be generated
during a loss-of coolant accident and of the amount of debris to which
sump inlet screens may be subjected during postulated pipe break accidents.

6.2.2.4 Tests and Insnections. Describe the program for the initial
performance testing af ter installation and for subsequent periodic operabil-
ity testing of the containment heat removal systems and system component-
Discuss the scope and limitations of the tests. Describe the pereudic
inspection program for the systems and system components. The results
of tests performed and a detailed, updated testing program should be
provided in the FSAR.

6.2.2.5 Instrumentation Requirermnts. Descr ibe the instrumentatior
provisions for actuating and manitoring the performance of the containment
heat removal systems and syste' components. Identify the plant conditions
and system operating parameters to be monitored and justify the selection
of the setpoints for system actuation or alarm annunciation. Specify
the locations outside the containment for instrumentation readout and
alarm. The design details and logic of the instrumentation should be
discussed in Chapter 7 of the SAR.
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6.2.3 Secondary Containment functional Design

The secondary containment system includes the secondary containment
structure and the saf ety-related systems provided to control the ventila-
tion and cleanup of potertially cuntaminated volumes (exclusive of the
primary containment) following a design basis accident. This section
will discuss the ocondary containment f unctional design. The ventilation
systems (i.e , systs.ns used to depressurize ar,d clear the secondary con-
tainment atmosphere) should be discussed in Section 6.5. 3, " Fission Product
Control Systems," and Chapter 15, " Accident Analyses."

6.2.3.1 Design Bases. This section should discuss the design bases
(i.m, the functional c' sign requirements) of the secondary containment
system, including the following considerations:

1 The conditions that establish the need for controlling the
leakage from the primary containment structure to the secondary contain-
ment structure;

2. The functional capability of the second Fy containment system
to depressurize and/or maintain a negative pressure throughout the
secondary containment structure and to resist the maximum potential f or
exfiltration under all wind loading conditions characteristic of the site;

3. The seisc.ic design, leak tightness, and internal and external
design pressures of the secondary containment structure;

4. The capability for perindic inspection and f unctional testing
of the secondary containment structure.

6.2.3.2 System Design. Describe the design features of the secondary
containment structure and provide plan and elevat un drawings of the olant
showing the boundary of the structure.

Provide a tabulation of the design and performance data for the
secondary containment structure. Provide the types of information indi-
cated in Table 6-17.

Discuss the performance objectives of the secondary containment struc-
ture. Identify the codes, standards, and guides applied in the design
of the secondary containment structure.

Describe the valve isolation features used in support of the secondary
containment. Specify the plant protection system signals that isolate
and/or activate the secondary containment isolation systems or reference
the section in the SAR where this information can be found.

Discuss the design provisions that prevent primary containmert leakage
from bypassing the secondary containment filtration systems and escaping
directly to the environment. Include a tabulation of potential bypass
leakage paths, including the types of information indicated in Table 6-18. -
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Provide an evaluation to potential bypass leakage paths considering realistic
equipment design limitations and test sensitivities. The following leakage
barriers in paths that do not terminate within the secondary containment
should be considered potential bypass leakage paths around the leakage
collection and filtration systems of the secondary containment:

1. Isolation valves in piping that penetrates both the primary
and secondary containment barriers,

2. Seals and gaskets on penetrations that pass through both the
primary and secondary containment barriers, and

3. Welded joints on penetrations (e.g. , guard pipes) that pass
through both the primary and secondary containment carriers.

Specify and justify the maximum allowable f raction of primary contain-
ment leakage that may bypass the secondary containment structure. Technical
Specificatons for the identification and testing of bypass leakage paths
and determination of the bypass leakage fraction should be provided in
Chapter 16 of the SAR.

6.2.3.3 Design Evaluation. Provide analyses of the functional capa-
bility of the ventilation and/or cleanup systems to depressurize and/or
maintain a uniform negative pressure throughout the secondary containment
structure following the design basis loss-of-coolant accident. These
analyses should include the effect of single active failures that could
compromise the performance objective of the secondary containment system.
For example, for containment purge lines that have three isolation valves
in series and a leakof f valve that can be opened to the secondary contain-
ment voluma between the two outboard valves, show that the failure of
the outboard isolation valve to close will not prevent a negative pressure
f rom being maintait-ed in the secondary containment structure or result
in leakage from the prima:'y containment across the inboard valve to the
environment.

If the secondary containment design leakage rate is in excess of
100%/ day, ar svaluation .T the secondary containment system's ability to
function as intended under adverse wind loading conditions characteristic
of the plant site should be provided.

For analyses of the secundary containment system, provide the
following information for each secondary containment volume:

1. Pressure and temperature as functions of time.

2. Primary containment wall temperature as a function of ti/.e.

3. Purge flow rate and r 2 circulation flow rate as a function of
fan dif ferential pressure.
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4. Discussion of the manner in which heat transfer from the primary

containment atmosphere to the secondary containment atmosphere
is calculated, including a description of the heat transfer
coef ficients and material properties.

5. Initial conditions assumed for the secondary containment struc-
ture and atmospher e and justification therefor.

6. Onner in which equipment heat loads within the secondary contain-
ment are considered.

7. The decrease in the secondary containment volume due to thermal
and pressure expansion of the primary containment structure,
and a oescription and justification cf the methods used to
calculate the volume reduction.

Identify all high energy lines within the secondary cortainment struc-
ture, and provide analyses or line ruptures for any of these lines that
are not provided with guard pipes.

6.2.3.4 Tests and Inspections. Describe the program for the initial
performance testing and subsequent periodic functional testing of the
secondary containmen+ structures and secondary containment isolation systo
and system components. Discuss the scope and limitations of the tests.
Describe the inspection program for the systems and system components.
Results of tests performed and a detailed updated program should be provided
in the FSAR. Subsequent test results should be provided as they become
available.

6.2.3.5 Instrumentation Requirements. This section should describe
the instrumentation to be employed for the monitoring and actuation of
the ventilation and cleanup systems. Design details and logic of the
instrumentation should be discussed in Chapter 7 of the SAR.

6.2.4 Containment Isolation System

General Design Criteria 54, 55, 56, and 57 address design and isolation
requirements for piping systems penetrating primary reactor containment.
The design and functional capability of the containment isolation system
should be considered in this section.

6.2.4.1 Design Bases. Discuss the bases for the design of the con-
tainment isolation system, including:

1. The governing conditions under which containment isolation becomes
mandatory;

2. The criteria used to establish the isolation provisions for
fluid syste:s penetrating the containment;
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3. The criteria used to establish the isolation provisions for
fluid instrument lines penetrating the containment; and

4. The design requirements for containment isolation barriers.

6.2.4.2 System Design. Provide a table of design inf ormation regarding
the containment isolation provisions for fiuid system lines and fluid
instrument lines penetrating the containment. Include the f ollowing infor-
mation in this table:

1. Containment penetration number,

2. General design criteria or regulatory guide recommendations
that have been met or other defined bases for acceptability;

3. System name;

4. Fluid contained;

5. Line size (inches);

6. Engineered safety-feature system (yes or no);

7. Through-line leakage classification (dual containments);

8. Ref erence to figure in SAR showing arrangement of containment
isolation barriers;

9. Isolation valve number;

10. Location of valve (inside or outside containment);

11. Type C leakage test (yes or no);

12. Length of pipe from containment to outermost isolation valve I
(or the maximum length that will not be exceeded); |

13. Valve type and operator;

14. Primary mode of valve actuation;

15. Secondary mode of valve actuation;

16. Normal valve position;

17. Shutdown valve position;

18. Postaccident valve position;

19. Power failure valve position;
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20. Containment isolation signals;

21. Valve closure time; and

22. Power source.

Specify the plant protection system signals that initiate closure
of the containment isolation valves or refer to the section in the SAR
where this information can be found.

Provide justification for any containment isolation provisions that
differ from the explicit requirements of General Design Criteria 55, 56,
and 57.

Discuss the bases for the containment isolation valve ciosure times
and, in particular, the closure times of isolation valves in system lines
that can provide an open path from the containment to the environs (e.g. ,
containment purge system).

Describe the extent to which the containment isolation provisions
for fluid instrument lines meet the recommendations of Regulatory Guide
1.11 (Safety Guide 11), " Instrument Lines Penetrating Primary Reactor
Containment."

Discuss the design requirements for the containment isolation barriers,
including the following:

1. The extent to which the quality standards and seismic design
classification of the containment isolation provisions follow the recom-
mendations of Regulatory Guides 1.26, " Quality Group Classifications and
Standards for Water , Steam , and Radioactive-Waste-Containing Components
of Nuclear Power Plants," and 1.29, " Seismic Design Classi fication;"

2. Assurance of protection against loss of function from missiles,
jet forces, pipe whip, and earthquakes. Describe the provisions made to
ensure that closure of the isolation valves will not be prevented by debris
that could become entwined in the escaping fluid;

3. Assurance of the operability of valves and valve operators in
the containment atmosphere under normal plant operating conditions and
postulated accident conditions;

4. Qualification of closed systems inside and outside the contain-
ment as isolation barriers;

5. Qualification of a valve as an isolation barrier;

6. Required isolation valve closure times;

7. Mechanical and electrical redundancy to preclude common mode
failures;
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8. Primary and seconaary modes of valve actuation.

Discuss the provisions for detecting leakage from a remote manually
controlled system (such as an engineered-safety-feature system) f or the
purpose of determining when to isolate the af fected system or system train.

Discuss the design provisions for testing the operability of the
isolation valves and the leakage rate of the containment isolation barr iers
Show on system drawings the design provisions for testing the leakage
rate of the containment isolation barriers. Discuss the design and f unc-
tional capability of associated containment isolation systems (such as
isolation valve seal systems) that provide a sealing fluid or vacuum between
isolation barriers and of fluid-filled systems that serve as seal systems.

Describe the environmental qualification tests that have been or
will be performed on the mechanical and electrical components that may
be exposed to the accident environment inside the containment. Discuss
the test results. Demonstrate that the environmental test conditions
(temperature, pressure, humidity, and radiation) are representative of
conditions that would be expected to prevail inside the containment follow-
ing an accident. Graphically show the environmental test conditions as
f unctions of time or refer to the rection in the SAR where this information
can be f ound.

Identify the codes, standards, and guides applied in the design of
the system and system components.

6.2.4.3 Design Evaluation. Provide an evaluation of the functional

capability of the containment isolation system in conjunction with a
f ailure mode and ef fects analysis of the system.

Provide evaluations of the functional capability of isolation valve
seal systems and of fluid-filled systems that serve as seal systems.

6.2.4.4 Tests and Inspections. Describe the program for the initial
functional testing and subsequent periodic operability testing of the
containment isolation system and associated isolation valve seal systems
if they are provided. Discuss the scope and limitations of the tests.
Describe the inspection program f or the isolation system and system compo-
nents. The results of tests perf ormed and a detailed updated testing
and inspection program should be provided in the FSAR.

6.2.5 Combustible Gas Control in Containment

General Design Criterion 41 requires that systems be provided, as
necessary, to control the concentrations of hydrogen and oxygen that may
be released into the containment following postulated accid + nts to ensurc
that containment integrity is maintained.

The systems provided for combustible gas control include systems to
mix the containment atmosphere, monitor combustible gas concentrations
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within containment regn s, and reduce ccmbustible gas concentrations
within the containment. The design and functional capability of these
systems should be considered in this secticn.

6.2.5.1 Design Bases. Discuss the bases for the design of the com-
bt.stible gas control systems (i.e. , the conditions under which combustible
gas control may be necessary) and the functional and mechanical design
requirements of the systems. The desig's bases should include such considera-
tions as:

1. The generation and accumulation of combustible gases within
the containment;

2. The capability to uniformly mix the containment atmosphere for
as long as accident conditions require and to prevent high concentrations
of combustible gases from forming locally;

3. The capability to monitor combustible gas concentrations within
containment regions and to alert the operator in the main control room
of the need to activate systems to reduce combustible gas concentrations;

4. The capability to prevent combustible gas concentrations within
the conta:nment from exceeding the concentration limits given in Regu-
latory Guide 1.7 (Safety Guide 7), " Control of Combustible Gas Concentra-
tions in Containment Following a Loss-of-Coolant Accident;"

5. The capability to remain operable, assuming a single failure;

6. The capability to withstand dynamic effects;

7. The capability to withstand the Safe Shutdown Earthquake without
loss of function;

8. The capability to remain operable in the accident environment;

9. The capability to periodically inspect and test systems and/or
system components;

10. The sharing of combustible gas control equipment between nuclear
units at multi unit sites;

11. The capability to transport portable hydrogen recombiner units
af ter a loss-of-coolant accident;

1; The protection of personnel from radiation in the vicinity of
the oper ing hydrogen recombiner units;

13. The capability to purge the containment as a backup means for
combustible gas control.
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6.2.5.2 System Design. Describe the design features and provide

piping and instrumentation diagrams of the systems or portions of systems
that comprise the combustible gas control systems and the backup purge
system.

Provide a tabulation of the design and performance data for each
system and its components.

Discuss system design requirements for redundancy and independence.
Discuss the design provisions that facilitate periodic inspection and
operability testing of the systems and system components. Identify the
codes, standards, and guides applied in the design of the systems and
system components.

Specify the plant protection system signals that actuate the systems
and components of the combustible gas control systems and the backup purge
system or refer to the section in the SAR where this information can be
found.

Discuss the extent to which systems or system components are required
to be manually operated from the main control room or from another point
outside the containment that is accessible following an accident.

Describe the environmental qualification tests that have been or
will be performed on systems (or portions thereof) and system components
that may be exposed to the accident environment. Describe the test results
and their applicability to the system design. Demonstrate that the environ-
mental test conditions (temperature, pressure, humidity, and radiation)
are representative of conditions that would be expected to prevail inside
the containment following a loss-of-coolant accident. Graphically show
the environmental test conditions as functions of time or refer to the
section in the SAR where this information can be found.

With regard to the fan systems that are relied on to mix the coatain-
ment atmosphere, provide the following additional information:

1. Identify the ductwork that must remain intact following a loss-of-
coolant accident,

2. Discuss the design provisions (e.g. , pressure relief devices,
conservative structural design) that ensure that the ductwork and equip-
ment housings will remain intact, and

3. Provide plan and elevation drawings of the containment showing
the routing of the airflow guidance ductwork.

Describe the design features of the containment internal structures
that promote and permit mixing of gases within the containment and sub-
compartments. Identify the subcompartments that are dead-ended or would
not be positively ventilated following a loss-of-coolant accident and
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provide analyses, assumptions, and mathematical models that ensure that
combustible gases will not accumulate within them.

With regard to the system provided to continuousiy monitor the combus-
tible gas concentrations within the containment f ollowing a LOCA, provide
the following information:

1. n discussion of the operating principlo and accuracy of the
conbus t. ible gas analyzers;

2. a description of the tests conducted to demonstrate the perf orm-
ance tapability ot' the analyzers or a reference to the report where such
inf ormation ma:, be f ound;

3. The locations of the multiple scpling points within the
containmont,

4. A discu,sion of the capabilit:, tu mni tor cc chustible gas con-
centrations within the containment independent of tho operation of the
cctbu:>tilsie g h control systems; and

S. F ailure mode and ef f ects analysea ut the conta inment combust ible
gas concentration monitoring systems.

With regard to the rectabiner system provided to reduce combustible
<,as concentrations within the containment, prov ide the f ollowing addi tional
information:

1. The operating princip e at the splem;

2. A description of the developmental program conducted to demon-
strate tha performance capability of the system and a discussion of the
program re,ults at a reference to the report where this intornation can-

be f ound;

1 A discun ion of any di f f er ences between the r ecombiner system
on which the quali t ication t.ests were conducted and the recombiner system
that is proposed; and

4. n discussion or the extent to wh:ch equipnent will be shared
between nuclear power units at a multi unit site, and the availability
of the shared "quipment.

analysis of the production6. c. 5. 3 Design Lvaluation. Prov:de an
and accumulltlcn at comDustible gases wit.hin the containment following a
postulated loss-of-coolant accident, including tho f ollowing inf ormation:

1. The assumed cor:osion rate of alum num plotted as a function
of time

9
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2. The assumod corrosion rate of zinc plotted as a function of
time.

3. An inventory of aluminum inside the containment with the mass
and surf ace area of each item.

4. An loventory of zinc inside the containment with the total mass
and surf ace area.

5. The mass of Zircaloy fuel cladding.

6. The quantities of hydrogen and oxygen contained in the reactor
coolant system.

7. The total fission product decay power as a fraction of operating
power ple aed versus time after shutdown with a comparison to the decay
power cutve shown in Figure 6-2. Specify the reactor core thermal power
rating and the assumed operating history of the reactor core. |

8. The beta, gamma, and beta plus gamma energy release rates and
integrated energy releases plotted as functions of time for the fission
product distribution model based on the thermal power rating and operating
history of the reactor core assumed in item 7 above. Indicate the extent
to which the model presented in Table 1 of Regulatory Guide 1.7 is utilized.

9. The integrated production of combustible gas within the contain-
ment plotted as a function of time for each source and the concentration
of combustible gas in the centainment plotted as a function of time far
all sources.

10. The combustible gas concentration in the containment plotted
as a function of time with operaticn of the combustible gas reduction
system assumed at full and partial capacity. Also plot the combustible
gas concentration in the containment as a function of time with operation
of the backup purge system assumed.

11. The basis (time or combustible gas concentrations) for activation
of the ccmbustible gas reduction and backup purge systems. Specify the
design flow rates and the flow rates used in the analysis for both systems.

12. Analyses of the functional capability of the spray and/or fan
systems to mix tne containment atmosphere and prevent the accumulation
of combustible gases within containment subcompartments. Provide plan
and elevation drawings of the containment showing the airflow patterns
that would be expected to result from op2 ration of the spray and/or fan
systems with a single f ailure assumed.

13. Analyses or test results that demonstrate the capability of
the airflow guidance ductwork and equipment housings to withstand, without
loss of function, the external dif ferential pressures and inte nal pressure
surges that may be imposed on them following a loss-of-coolant accident.
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Provide failure mode and effects analyses of the combustible gas

control systems.

6.2.5.4 Tests and Inspections. Describe the program for the initial
performance testing and subsequent periodic operability testing of the
combustible gas control systems and system components. Discuss the scope
and limitations of the tests. Describe the inspection programs for the
systems and system components. For those equipments that will be shared
between nuclear power units at multi unit sites, descrioe the program
that will be conducted to ensure that the equipment can be transported
within the allotted time safely and by qualified personnr.l. The results
of tests performed and a detailed updated testing and inspection prcgram
should be provided in the FSAR.

6.2.5.6 Instrumentation Requirements. Discuss the instrumentation
provisions for actuating the combustible gas control systems and backup
purge system (e.g., automatically or remote manually) and monitoring the
performance of the systems and system components. Identify the plant
conditions and system operating parameters to be monitored and justify
the selection of the setpoints for system actuation or alarm annunciation.
Specify the instrumentation readout and alarm location (s) outside the
containment. Design details and logic of the instrumentation should be
discussed in Chapter 7 of the SAR.

6.2.6 Containment Leakage Testing

General Design Criteria 52, 53, and 54 require that the reactor con-
tainment, containment penetrations, and containment isolation barriers
be designed to permit periodic leakage rate testing.

Appendix J, " Primary Reactor Containment Leakage Testing for Water-
Cooled Power Reactors," to 10 CFR Part 50 specifies the leakage testing
requirements for the reactor containment, containment penetrations, and
containment isolation barriers.

This section should present a proposed testing program that complies
with the requirements of the General Design Criteria and Appendix J to
10 CFR Part SD. All exceptions to the explicit requirements of the General
Design Criteria and Appendix J should be identified and justif ied.

6.2.6.1 Containment Integrated Leakage Rate Tast. Specify the maximum
allowab;e containment integrated leakage rate. Describe the testing sequence
for the containment structural integrity test and the containment leakage
rate test.

Discuss the pretest requirements, including the requirements for
inspecting the containment, taking corrective action and retesting in
the event that structural deterioration of the containment is found, and

reprting. Also discuss the criteria for positioning isolation valves,
the manner in which isolation valves will be positioned, and the require-
ments for venting or draining of fluid systems prior to containment testing.
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Fluid systems that will be vented or opened to the containment atmosphere
during testing should be listed; the systems that will not be vented should
be identified and justification given.

Describe the measures that will be taken to ensure the stabilization
of containment conditions (temperature, pressure, humidity) prior to con-
tainment leakage rate testing.

Describe the test methods and procedures to be used during containment
leakage rate testing, including local leakage testing methods, test equip-
ment and facilities, period of testing, and verification of leak test
accuracy.

Identify the acceptance criteria for containment leakage rate tests
and for verification tests.

Discuss the provisions for additional testing in the event acceptance
criteria cannot be met.

6.2.6.2 Containment Penetration Leakage Rate Test. Provide a listing
of all containment penet. rations. Identity the contdinment penetrations
that are exempt f rom leakage rate testing and give the reasons.

Describe the test methods that will be used to determine containment
penetration leakage rates. Specify the test pressure to be used.

Provide the acceptance criteria for containment pe.etration leakage
rate testing. Specify the leakage rate limits for the containment
penetrations.

6.2.6.3 Containment Isolation Valve Leakage Rate Test. Provide a
listing of all containment isolation valves. Identify the containment
isolation valves that are not included in the leakage rate testing and
provide justif ication.

Describe the test methods that will be used to determine isolation
valve leakage rates. Specify the test pressure to be used.

Provide the acceptance criteria 'or leakage rate testing of the cor.-
tainment isolation valves. Specify the leakage rate limits for the isola-
tion valves.

6.2.6.4 Scheduling and Reporting of Periodic Tests. Provide the
proposed schedule for performing preoperational and periodic leakage rate
tests for each of the following:

1. Containment integrated leakage rate;

2. Containment penetrations; and
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3. Containment isolation valves.

Describe the test reports that will be prepared and include provi-
sions for reporting test results that f ail to meet acceptance criteria.

6.2.o.5 Special Testing Requirements. Specify the maximum allowable
leakage rate f or the following:

1. Inleakage to subatmospheric containment, and

2. Inleakage to the secondary containment of dual containments.

Describe the test procedures for determining the above inleakage
rates. Describe the leakage rate testing that will be done to determine
the leakage f rom the primary containment that bypasses the secondary coa-
tainment and other plant areas maintained at a negative pressure following
a loss-of-coolant accident. Specify the maximum allowable bypass leakage.

Describe the test procedures for determining the effectiveness
following postulated accidents of isolation valve seal systems and of
f luid-filled systems that serve as seal systems.

6.3 Emergenty Core Coo ing System

6.3.I Design Bases

A summary description of the emergency core ccJ ing system (ECCS)
should be provided. All major subsystems of the ECCS such as active high-
and low pressure safety injection systems and passive safety injection
tanks should be identified. Nuclear plants that employ the same ECCS
design and that are operating or have been licensed should be referenced.
The purpose of the ECCS should be described and e ch accident or transient
for which the required protection includes actuation of the ECCS should
be listed.

The design bases for selecting the functional requirements for each
subsystem of the ECCS should be specified. Bases for selecting such system
parameters as operating pressure, ECC flow delivery rate, ECC storage
capacity, boron concentration, and hydraulic flow resistance of ECCS piping
and valves should be discussed.

Design bases concerned with reliability requirements should be speci-
fied. Protection against single failure in terms of piping arrangement
and layout, selection of valve types and locations, redundancy of various
system components, redundancy of power supplies, redundant sources of
actuation signals, and redundancy of instrumentation should be described.
Protection against valve motor flooding and spurious single failures
should be described.

Requirements established for the purpose of protecting the ECCS from
physical damage should be specified. This discussion should include design
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bases for ECCS support structure design, for pipe whip protection, for
missile protection, and for protection against such accident loads as
loss-of-coolant accident or seismic loads.

Environmental design bases concerned with the high-temperature steam
atmosphere and containment sump water level that might exist in the con-
tainment during ECCS operation should be specified.

6.3.2 System Design

6.3.2.1 Schematic Piping and Instrumentation Diagrams. Piping and
instrumentation diagrams showing the location of all components, piping,
storage facilities, points where connecting systems and subsystems tie
together and into the reactor system, and instrumentation and controls
associated with subsystem and component actuation should be provided for
all modes of ECCS operation along with a complete description of component
interlocks.

6.3.2.2 Fquipment and Component Descriptions. Each component of
the system should be described. The significant design parameters for
each component should be identified. The design pressure and temperature
of components for various portions of the system should be stated along
with an explanation of the bases for their selection. State the quantity
of coolant available (e.g. , in each safety injection tank, refueling water
storage tank, condensate storage tank, torus). Provide pump characteristic
curves and pump power requirements. Specify the available and required
net positive suction head for the ECCS pumps and identify any exceptions
to the regulatory position stated in Regulatory Guide No. 1.1 (Safety
Guide 1), " Net Positive Suction Head for Emergency Coce Cooling and
Containment Heat Removal System Pumps." Describe heat exchanger charac-
teristics, including design flow rates, inlet and outlet temperatures
for the cooling fluid and for the fluid being cooled, the overall heat
transfer coef ficient, and the heat transfer area.

The relief valve capacity and settings or venting provisions included
in the system should be stated. Specify design requirements for ECC deliv-
ery lag times. Describe provisions with respect to the control circuits
for motor-operated isolation valves in the ECCS, including consideration
of inadvc tent actuation prior to or during an accident. This description
should incluae discussions of the controls and interlocks for these valves
(e.g. , intent of IEEE Std 279-1971) and considerations for automatic valve
closure (e.g., reac+or coolant system pressure exceeds design pressure
of residual heat remova' system), automatic valve opening (e.g. , preselected
reactor coolant system pressure or ECCS signal), valve position indications,
valve interlocks, and alarms.

6.3.2.3 Ap31icable Codes and Classifications. The applicable indus-
try codes and c assifications for the design of the system should be
identified.
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6.3.2.4 Material Spacifications and Compatibility. Identify the

material specifications for the EPCR and discuss material compatibility
and chemical of fects of all sur ts. List tne materials used in or on the
ECCS by commercial name, quantity (estimate where necessary), and chemical
composition. Show that the radiolytic or pyrolytic decomposition products,
if any, of each material vill not interfere with the safe operation of
this or any other engineeced safety feature.

6.3.2.5 System Reliability. Discuss the reliability considerations
incorporated in the design to ensure that the system will start when needed
and will deliver the required quantity of coolant within specified lag
timts (e.g. , redundancy and separation of components, transmission lines,
and power sources). Provide a failure mode and effects analysis of the
ECCS. Identify the functional consequences of each possible single failure,
including the ef fects of any single f ailure or operator error that causes
any manually controlled electrically operated valve to move to a position
that could adversely affect the ECCS. The potential for passive failures
of fluid systems during long-term cooling should be considered as well
as single failures of active components. For PWR plants, the single-
f ailure analysis should consider the potential boron precipitation problem
as an integral part of the requirement for providing for long-term core
cooling.

Identify the specific equipment arrangement for the plant design
and provide an evaluation to ensure that valve motor operators located
within containment will not become submerged following a LOCA. Include
all equipment in the ECCS or any other system that may be needed to limit
boric acid precipitation in the reactor vessel during long-term cooling
or that may be required for containment isolation.

6.3.2.6 Protection Provisions. Describe the provisions for protect-
ing the system (including connections to the reactor coolant system or
other connecting systems) against damage tt'at might result from movement
(between components within the system and conr.ecting systems), from mis-
siles, from thermal stresses, or from ether causes (LOCA, seismic events).

6.3.2.7 Drovisions for Performance Testing. The provisions to
facilitate performance v ting of components (e.g. , bypasses around pumps,s
sampling lines, etc. ) '.d be described.

6.3.2.8 fianual Actions. Ide tify all manual actions required to
be taken by an operator in order for the ECCS to operate properly. Identi fy
dll process instrumentation available te the operator in the control room
to assist in assessing postaccident conditions. Discuss the information
available to the operator, the time delay during which his failure to
act properly will have no unsafe consequences, and tae consequences if
the action is not performed at all.
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6.3.3 Performance Evaluation

ECCS performance is evaluated through the safety analyses of a
spectrum of postulated accidents. These analyses should be included in
Chapter 15, " Accident Analyses." This section should list the accidents
discussed in Chapter 15 that result in ECCS operation. The conclusions
of the accident analyses should be summarized. The bases for any opera-
tional restrictions such as minimum functional capacity or testing require-
ments that might be appropriate for inclusion in the Technical Specifica-
tions of the license should be provided. All existing criteria that are
used to judge the adequacy of ECCS performance, including those contained
in 50.46, " Acceptance Criteria for Emergency Core Cooling Systems for
Light-Water-Cooled Nuclear Power Reactors," of 10 CFR Part 50 should be
mentioned. ECCS cooling performance evaluation should include an evalua-
tion of single failures, potential boron precipitation (PWRs), submerged
valve motors, and containment pressure assumptions (PWRs) used to evaluate
the ECCS performance capability.

Simplified functional flow diagrams showing the alignment of valves,
flow rates in the system, and the capacity of the ECC water supply should
be provided for typical accident conditions (e.g. , small- and large-break
loss of-coolant accident, steam line break). Typical flow delivery curves
as a function of time should also be given for the various accidents.
The time sequence of ECC5 ob ration for short-term and long-term cooling
should be discussed. Analysis supporting the selection of lag times (e.g. ,
the period between the time an accident has occurred and the time ECC is
discharged into the core) should include valve opening time, pump starting
time, and other pertinent parameters. Credit for operator action should
be specified.

Discuss the extent to which components or portions of the ECCS are
required for operation of other systems and the extent to which components
or portions of other systems are required for operation of the ECCS. An

analysis of how these dependent systems would f unction should include
system priority (which system takes preference) and conditions when various
components or portions of one system function as part of another system
[for example, when the water level in the reactor is below a limiting
value, the recirculation pumps (i.e. , residual or decay heat remcval pumps)
or feed pumps will supply water to the ECCS and not to the containment
spray system]. Delineate any limitations on operation or maincenance
included to ensure minimum capability (e.g., the storage facility common
to both core cooling and containment spray systems should have provisions
whereby the quantity available for core cooling will not be less than
some specified quantity).

State the bounds within which principal system parameters must be
maintained in the interests of constant standby readiness, e.g. , such
things as the minimum poison concentrations in the coolant, mirimum coolant
eserve in storage volumes, maximum number of inoperable components, and

_

maximum allowable time period for which a component can be out of service.
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9
1he failure mode and effects analysis p esented in Section 6.3.2.5

identifies possible degraded ECCS performances caused by single component
failures. The accident analyses presented in Chapter 15 considered each
of the degraded ECCS cases in the selection of the worst single failure
to be analyzed. The conclusions of the various accident analyses should
be discussed to show that the ECCS is adequate to perform its intended
function.

6.3.4 Tests and Inspections

6.3.4.1 ECCS Performance Tests rovide a description or reference
the description of the preoperational test program performed on the ECCS.
The program should provide for testing of each train of the ECCS under
both ambient and simulated hot operatin0 conditions. The tests should
demonstrate that the flow rates delivered through each injection flow
path using all pump combinations are within the design specifications.
The adequacy of the electric power supply should be verified by testing
under maximum startup loading conditions. Recirculation tests should be
included in the program to demonstrate system capability to realign valves
and injection pumps to recirculate coolant from the containment sump.
Justify any exceptions to the regulatory position stated in Regulatory
Guide 1.79, "Preoperational Testing of Emergency Core Cooling Systems for
Pressurized Water Reactors."

6.3.4.2 Reliability Tests and Inspections. The emergency core cooling
system is a standby system that is not normally operating. Consequently,
a measure of the readiness of the system to operate in the event of an
accident must be achieved by tests and inspections. The periodic tests
and inspections program should be identified and reasons explained as to
why the program of testing planned is believed to be appropriate. The
information should include:

1. Description of tests planned.

2. Considerations that led to periodic testing and the selected
test frequency.

3. Test methods to be used.

4. Requirements set for acceptability of observed performance and
the bases for them.

5. A description of the program for inservice inspection, including
items to be inspected, accessibility requirements, and the types and
frequency of inspection.

Information presented elsewhere in the SAR for the tests planned
need not be repeated but only cross-referenced.

9
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Particular emphasis should be given to those surveillance-type tests
that are of such importance to safety that they may become a part of the
Technical Specifications of an operating license. The bases for such
surveillance requirements should be developed as a part of the SAR.

6.3.5 Instrumentation Reauirements

This section should discuss the instrumentation provisions for various
methods of actuation (e.g., automatic, manual, different locations).
The conditions requiring system actuation together with the bases for
the celection (e.g., during periods when the system is to be available,
whenever the reactor coolant system pressure is less than some specified
pressure, the core spray system should be actuated automatically using
equipment designed to IEEE Std 279 requirements) should be included in
the discussion. Design details and logic of the instrumentation should
be discussed in Chapter 7 of the SAR.

6.4 Habitability Systems

The term " habitability systems" refers to the equipment, supplies,
and procedures provided to ensure that control room operators can remain
in the control room and take actions to operate the nuclear power unit
safely under normal conditions and to maintain it in a safe condition
under accident conditions, including loss-of-coolant accidents, as required
by General Design Criterion 19 cf Appendix A to 10 CFR Part 50. The
habitability systems should include systems and equipment to protect the
control room operators against such postulated releases as radicactive
materials, toxic gases, smoke, and steam and should provide materials
and facilities to permit them to remain in the control room for an extended
period.

Tne term "cuntrol room" typically includes the main control room,
areas adjacent to the main control room containing plant information and
equipment that iny be needed during an emergency, and kitchen and sanitary
facilities. It is also the entire zone serviced by the control room
ventilation system.

The habitability systems for the control room should include shielding,
air purification systems, control of climatic conditions, storage capacity
for feod and water, and kitchen and sanitary f acilities. Detailed desc -

tions of these systems should be included in the SAR together with
evaluation of their performance. The evaluation should provide assurance
that the systems will operate under all postulated conditions to permit
the control room operators to remain in the control room and to take appro-
priate actions as required by General Design Criterion 19. Sufficient
information should be provided to permit an independent evaluation of the
adequacy of the systems. Information and evaluations in other sections of
the SAR that relate to the adequacy of the habitability systems should be
referenced (see Sections 6. 5.1, 9. 4.1, and 15. X. X , paragraph 5).
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6.4.1 Design Basis

This section should summarize the bases on which the functional design
of the habitability system and their f eatures were ertablished. For example,
the criteria used to establish the following should be provided:

1. Control room envelope

2. Period of habitability

3. Capacity (number of paople)

4. Food, water, medical supplies, and sanitary facilities

5. Radiation protection

| 6. Toxic or noxicus gas protection

7. Respiratory, eye, and skin protection for emergencies

8. Habitability system operation during emergencies

9. Emergency monitors and control equipn.ent

6.4.2 System Design

6.4.2.1 Definition of Control Room Envelope. The areas, equipment,
and materials to which the control room operator could require access
during an emergency should be identified. Those spaces requiring con-
tinuous or f requent operator occupancy should be listed. The selection
of those spaces included in the control room envalope should be based on
need during postulated emergencies. This information should be summarized
in this section.

6.4.2.2 Ventilation System Design. This section should present
the design features and fission product removal and protection capability
of the control room ventilation system. Although emphasis should be placed
on the emergency ventilation portion of the system, the normal ventilation
system and its components also should be discussed insofar as they may
affect the habitability of the control room during a design basis accident.
Specifically, the following information is pertinent to the evaluation
of the control room ventilation system and should be included in this
section: *

1. A schematic of the control room ventilation system, including
equipment, ducting, dampers, and instrumentation, and air flows for both
normal and emergency mooes should be noted. All dampers and valves should

A

If portions of this information appear elsewhere in the SAR, they
may be referenced here by section number. .
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be indicated with appropriate labeling (e.g. , normally open or closed,
manually or motor operated, fail closed or fail open).

2. A listing of major components giving their flow rates, capacities,
and major design parameters. Isolation dampers should also be included
in this list. Their leakage characteristics and closure times should be
given.

3. The seismic classifications of components, instrumentation, and
ducting. Components that are protected against missiles should be iden-
tified.

4. Layout drawings of the control room showing doors, corridors,
stairwells, shielded walls, and the placement and type of equipment within
the control room.

5. Elevation and plan views showing building dimensions and locations,
the location of potential radiological and toxic gas releases, and the
location of control room air inlets.

6. A description and placement of ventilation system controls and
instruments, including the instruments that monitor the control room for
radiation and toxic gases.

7. A description of the charcoal filter train, including design
specifications, flow parameters, and charcoal type, weight, and distribu-
tion; HEPA filter type and specifications; and specifications of any
additional components. The degree to which the recommendations of Regula-
tory Guide 1.52, " Design, Testing, and Maintenance Criteria for Postaccident
Engineered-Safety-Feature Atmosphere Cleanup System Air Filtration and
Adsorption Units of Light-Water-Cooled Nuclear Power Plants," are followed
should be indicated and claimed filter efficiencies listed. (Reference
may be made to Section 6.5.1. )

6.4.2.3 Leak Tightness. This section should summarize the exfil-
tration and infiltration analyses performed to determine unfiltered in-
leakage or pressurization air flow requirements. Include a listing of
all potential leak paths (such as cable, pipe, and ducting penetrations,
doors, dampers, construction joints, and construction materials) and their
approp'iate leakage characteristics. Describe the precautions and methods
used to limit leakage out of or into the control room. If pressurization
flow rates of less than 0.25 volume change per hour or infiltration rates
of less than 0.06 volume change per hour are used, periodic leakage rate
testing is normally rcquired, and a summary of the test procedures should
be included in Section 6.4.5.

6.4.2.4 Interaction With Other Zones and Pressure-Containing Equip-
ment. A sufficiently datailed discussion should be included to indicate
that the following have been taken into consideration:
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1. Potential adverse interactions between the control room venti-
lation zone and adjacent zones that may enhance the transfer of toxic or

! radioactive gases into the control room, Identification should be made
of any other HVAC equipment (e.g., ducts, air handling units) that may
service other ventilation zones (e.g. , cable spreading room, battery room)

' but that may be physically located within the control room habitability
zone. A description should be provided of any leak paths with respect
to such equipment (e.g. , pilot traverse holes, hatch covers in ducts).i

|Thedirectionandmagnitudeofthepressuredifferenceacrosstheseleak
| paths should be provided.

2. Isolation from the control room of all pressure-containing tanks,

equipment, or piping (e.g. , CO, firefighting containers, steam lines)
that, upon failure, could causb transfer of hazardous material to the
control room.

6.4.2.5 Shielding Design. Design basi s accident sources of radiation
other than that due to airborne contaminants within the control room should
also be considered. Principal examples include fission products released
to the reactor containment atmosphere, airborne radioactive contaminants
surrounding the control room, and sources of radiation due to potentially
contaminated equipment (e.g., control room charcoal filters and steam
lines) in the vicinity of the control room The SAR should include infor-
mation describing radiation attenuation by shielding and separation.
The corresponding evaluation of design basis accident doses to control
room operators should be presented in Section 15.X.X, paragraph 5.
Specifically, the description of the radiation shielding for the control
room in a design basis accident should include the following information:

1. Accident radiation source description in terms of its origin,
strength, geometry, radiation type, energy, and dose conversion factors.
(Sources should include primary and secondary containments, ventilation
system, esternal cloud, and adjacent building air spaces,)

2. Radietion attenuation parameters (i.e. , shield thickness, separa-
tion distances, and decay considerations) with respect to each source.

3. Description of potential sources of radiation streaming that
may af fect control room operators and the measures taken to reduce stream-
ing to acceptable levels.

4. An isometric drawing of the control room and associated structures
identifying distances and shield thicknesses with respect to each radiation
source identified in 1. above.

Information pertinent to this section appearing elsewhere in the
SAR should be referenced here.

@
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6.4.3 System Operational Procedures

Discuss the method of operation during normal and emergency condi-
tions. Discuss the automatic actions and manual procedures required to
ensure ef fective operation of the system. If more than one emergency

mode of operation is possible, indicate how the optimum mode is selected
for a given condition.

6.4.4 Design Evaluations

6.4.4.1 Radiological Protection. Section 15.X.X, paragraph 5, "Radi-
ological consequences," sets forth the documentation requirements for
the evaluation of radiological exposures to plant operators f rom design
basis accidents. The information presented in Chapter 15 should be refer-
enced here.

6.4.4.2 Toxic Gas Protection. A hazards analysis should be performed
as recommended in Regulatory Guide 1.78, " Assumptions for Evaluating the
Habitability of a Nuclear Power Plant Control Room During a Postulated
Hazardous Chemical Release," for each toxic material identified in Section
2.2. For any of these materials that are used in the operation of the
nuclear power plant, the container types and the methods of connection
to the system serviced should be described. The distances between the
storage locations and the air intakes to the control room should be listed
along with the storage quantities. An analysis of the severity of postu-
lated accidents involving these materials should be provided, and the
steps to mitigate accident consequences should be discussed. Include
descriptions of the following:

1. Principal toxic gas detector characteristics such as sensitivity,
response time, principle of operation, testing and maintenance procedures,
environmental qualificar.ons, and physical location relative to the outside
air intake.

2. Isolation damper transient characteristics (time to open and
close) and leakage.

3. Description of the number and type of individual respiratory
devices, the type of operator training for respirator use, the estinated
time for deploying or donning of the equipment, the length of time the
equipment can be used, and the testing and maintenance procedures.

4. Description of special ventilation system operation modes, if
any, provided specifically for toxic or noxious gas conditions (e.g. ,
bottled air pressurization, manually selected control room air purge
periods).

The description of the analyses should clearly list all assumptions.
Regulatory Guide 1.78 describes acceptable calculatier.al methods. If

chlorine has been identified as a potential hazard to the operator, speci-
fic guidance is provided by Regulatory Guide 1.95, " Protection of Nuclear
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Power Plant Control Room Operators Against an Accidental Chlorine
Release."

6.4.5 Testinq and Inspection

This section should provide information about the program of testing
and inspection applicable to (1) preoperational testing and (2) inservice
surveillance to ensure continued integrity.

Emphasis should be given to those tests and inspection.; considered
essential to a determination that performance objectives have been achieved
and that a performance capability is being maintained above some preestab-
lished limits throughout the plant lifetime. The information provided
in this section should include, f or example:

1. The planned tests and their purposes;

2. The considerations that led to the selected test frequency;

3. The test methods to be used, including a sensitivity analysis;

4. The requirements for acceptability of observed performance and
the bases for them; anf

5. The actior. to be +.aken if acceptability requirements are not
met.

Results of any tests performed to support the specification of the
I test program and a detailed update of the program should be provided in
i the FSAR.

6.4.6 Instrumentation Requirement

This section should describe the instrumentation to be used to monitor
and actuate the habitsbility systems. Design details and logic of the
instrumentation should be discussed in Chapter 7 of the SAR.

6.5 Fission Product Removal and Control Systems

This section should provide information in suf ficient detail to permit
the NRC staf f to evaluate the performance capability of the fission product
removal and control systems. Design criteria for other safety functions
of the systems should be provided in other appropriate sections of this
chapter. Fission product removal and control systems are considered to
be those systems for which credit is taken in reducing accidental release
of fission products.

The filter systems and containment spray systems for fission product
removal are discussed in Sections 6.5.1 and 6.5.2, the fission product
control systems in Section 6.5.3, and the ice cor. denser for fission product
cleanup in Section 6.5.4.

,?),
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6.5.1 Engineered Safety Feature (ESF) Filter Systems

All filter systems that are required to perform a safety-related func-
tion following a design basis accident should be discussed in this section.
This could include filter systems internal to the primary containment, con-
trol room filters, filters on secondary confinement volumes, fuel-handling-
building filters, and filters for areas containing engineered-safety-feature
components. (It should be indicated in Chapter 15 which of these filters
are used in mitigating the consequences of accidents. ) The type of infor-
mation outlined below should be provided for each of the systems. Some

systems may be described in detail in other sections such as Section 9.4,
but they should be listed in this section and specific reference made to
the location of the information requested in each of the following sections.

6.5 1.1 Design Bases. This section should provide the design bases
for each filter including the following, for exampie:

1. The conditions that establish the need for the filters,

2. The bases employed for sizing the filters, f ans, and associated
ducting. and

3. The bases for the fission product removal capability of the
filters.

6. 5.1. 2 System Design. This section should compare the design fea-
tures and fission product removal capability of each filter system to each
position detailed in Regulatory Guide 1.52, " Design, Testing, and Mainte-
nance Criteria for Postaccident Engineered- Safety- Feature Atmosphere
Cleanup System Air Filtration and Adsorption Units of Light-Water-Cooled
Nuclear Power Plants." For each ESF atmasphere cleanup system, there
should be presented in tabular form a comparison between the features of j
the proposed system and the appror riate acceptable methods and/or charac-
teristics presented in Regulate.y Guide 1.52. For each design item for
which an exception is taken, the acceptability of the proposed design
should be justified in detail.

6. 5.1. 3 Design Evaluation. This section should provide evaluations
of the filter systems to demonstrate their capability to attain the claimed
filter ef ficiencies under the relevant accident conditions.

6.5.1.4 Tests and Inspections. Provide information concerning the
program of testing and inspection applicable to preoperat1 oral testing

, ,

and inservice surveillance to ensure a continued state of r eadiness
required to reduce the radiological consequences of an accicent as
discussed in Regulatory Guide 1.52.

6. 5.1. 5 Instrumentation Requirements. Describe the instrumentation
to be employed for monitoring and actuating the filter system, including
the extent to which the recommendations of Regulatory Guide 1.52 are
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O
followed. Design details and logic of the instrumentation should be
discussed in Chapter 7 of the SAR.

6.5.1.6 Materials. List by commercial name, quantity (estimate
where necessary), and chemical composition the materials used in or on
the filter system. Show that the radiolytic or pyrolytic decomposition
products, if any, of each material will not interfere with the safe opera-
tion of this or any other engineered safety feature.

6.5.2 Containment Spray Systems

A detailed description of the fission product removal function of
the containment spray system should be provided in this section if the
system is relied on to perform this function following a design basis
accident.

6.5.2.1 Design Bases. This section should provide the design bases
for the tission product removal f unction of the containment spray system,
including the following, for example:

1. The postulated accident conditions that determine the design
requirements for fission product scrubbing of the containment atmosphere,

2. A list of the fission products (including the species of iodine)
that the system is designed to remove and the extent to which credit is
taken for the cleanup function in the analyses of the radiological con-
sequences of the accidents discussed in Chapter 15 of the SAR, and

3. The bases employed for sizing the spray system and any compo-
nents required for the execution of the atmosphere cleanup function of
the system.

6.5.2.2 System Design (for Fission Product Removal). This section
should provide a description of systems and components employed to carry
out the fission product removal function of the spray system, including
the method of additive injection (if any) and delivery to the containment.
Detailed information should be provided concerning:

1. Methods and equipment used to ensure adequate delivery and
mixing cf the spray additive (where applicable);

2. Source of water supply during all phases of spray system
operation;

3. Spray header design, including the number of nozzles per header,
noz?le spacing, and nozzle orientation (a plan view of the spray headers,
showing nozzle location and orientation, should be included);

4. Spray nozzle design, including information on the drop size
spectrum produced by the nozzles. This information should include a
histogram of the observed drop size frequency for the spatial drop size

1T}6-52
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distribution. If a mean diameter is used in the calculation of the spray

ef fectiveness, all assumptions used for the conversion to a temporal drop
size mean should be stated;

5. The operating modes of the system, including the time of system
initiation, time of first additive delivery through the nozzles, length
of injection period, time of initiation of recirculation (if applicable),
and length of recirculation operation. Spray and spray additive flow
rates should be supplied for each period of operation, assuming minimum
spray operation coincident with maximum and minimum saf ety injection flow
rates, and vice versa; and

6. The regions of the containment covered by the spray. List the

containment volumes not covered by the spray and estimate t.he forced or
convective postaccident ventilation of these unsprayed volumes. Indicate
the extent to which credit is taken for the operability of ductwork,

dampers , etc.

6.5.2.3 Design Evaluation. Provide an evaluation of the fission
product removal f unction of the containment spray system. The system
should be evaluated for fully ef fective and minimum safeguards operation,
including the condition of a single failure of any active component. If

the calculation of the spray effectiveness is performed for a single set
of postaccident conditions, attention sMuld be given to the ef fects of

. such parameters as temperature, spray and sump pH (and the resulting change
in iodine partition), drop size, and pressure drop across the nozzle in
order to ascertain whether the evaluation has been performed for a con-
servative set of these parameters.

6.5.2.4 Tests and Inspections. Provide a description of provisions
made for testing all essential functions required for the iodine-removal
ef fectiveness of the system. In particular, this section should include:

1. A description of the tests to be performed to verify the capa-
bility of the systems, as installed, to deliver the spray solution with
the required concentration of spray additives to be used for iodine removal.
If the test fluids are not the actual spray additives, describe the liquids
of similar density and viscosity to be employed. Discuss the correlation
of the test data with the design requirements;

2. A description of the provisions made for testing the containment
spray nozzles; and

3. The provisions made for periodic testing and surveillance of
any of the spray additives to verify their continued state of readiness.

Provide the bases for surveillance, test procedures, and test
intervals deemed appropriate for the system.

6.5.2.5 Instrumentation Requirements. This section should include
a description of any instrumentation of the spray system required for
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actuation of the system and monitoring the fission product removal function
of the system. Design details and logic of the instrumentation should
be discussed in Chapter 7 of the SAR.

6.5.2.6 Materials. Specify and discuss the chemical composition,
concentrations In storage, susceptibility to radiolytic or pyrolytic aecompo-
sition, corrosion properties, etc., of the spray additives (if any), the
spray solution, and the containment sump solution.

6.5.3 Fission Product Control Systems

This section should include a detailed discussion of the operation
of all fission product control systems following a design basis accident.
Both anticipated and conservative operation should be described. Reference
should be made to other SAR sections when appropriate. Fission product
control systems are considered to be those systems whose perf ormance controls
the release of fission products following a design basis accident. These
systems are exclusive of the containment isolation system and any fission
product removal system, although they may operate in conjunction with
fission product removal systems.

6.5.3.1 Primary Containment. This section should summarize informa-
tion about the primary containment that pertains to its ability to control
fission product releases followir.g a design basis accident. This should
include information such as that presented in Table 6-19. Layout drawings
of the primary containment and the hydro. en purge system should be included.

Operation of containment purge systems prior to and during the accident
should be discussed. Operation of the primary contairment (e.g. , anticipated
and conservative leak rates as a function of time after initiation of
the accident) should be described as applies to fission product control
following a design basis accident. Where applicable, indicate when fission
product removal systems are effective relative to the time sequence for
operation of the primary containment following a design basis accident.

6.5.3.2 Secondary Containments. A discussion of the operatinn of
each system used to control the release of fission products leaking from
the primary containment following a design basis accident should be pro-
vided. Include the time sequence of events as5Joed in performin9 the
dose estimates. Provide a table of events related to time following the
design basis accident, including various parameters such as those in
Table 6-2. For each time interval, indicate which fission product removal
systems are ef fective.

Indicate both anticipated and conservative assumptions. Provide
drawings that show each secondary containment volume and the ventilation
system associated with that volume. Indicate the location of intake and
return headers for recirculation systems and the location of exhaust intakes
for once-through ventilation systems. Reference should be made to non-ESF
systems that are used to control pressure in the volume.
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6.5.4 Ice Condenser as a Fission Product Cleanuo System

The fission product cleanup function of the ice condenser system
should be considered separately from its heat removal aspects; it should
be described in this section only if credit is taken for this function
in the accident analyses of Chapter 15.

6.5.4.1 Design Bases. Provide the design bases for the fission
product remova'. function of the ice condenser system, including the
following, for example:

1. The postulated accident conditions and the extent of simultaneous
occurrences that determine the design requirements for fission, and

2. A list of the fission products (including the species of iodine)
that the system is designed to remove and the extent to which credit is
taken for the cleanup function in the analyses of the radiological con-
sequences of the accidents discussed in Chapter 15 of the SAR.

6.5.4.2 System Design (for the Fission Product Remcval). This section
should describe those aspects of the ice condenser design that significantly
affect the fission product removal function of the ice condenser system.
The information provided should include, for example:

1. The steam and air flow rates through the ice condenser as a
f unction of time following the accident,

2. The concentrations of all additives to the ice and the pH of
the ice melt and the c ontainment sump solution following an accident,
and

3. A description of the methnds and equipment to be used to produce
the ice with the proper additive content.

6.5.4.3 Design Evaluation. Provide an evaluation of the fission
product removal function of the ice condenser system. The system should
be evaluated for fully ef fective and minimum safeguards operation, includ-
ing the condition of a single failure of any active ccmponert If the
calculation of the ef fectiveness is performed for a single set of post-
accident conditions, attention should be given to the ef fects of such
parameters as recirculation fan flow rate, temperature, pressure, and
sump pH (and the resulting change in iodine partition) in order to
ascertain that the evaluation has been performed for a conservative set
of taese parameters.

6.5.4.4 Tests and Inspections. Provide a description of provisions
made for testing all essential functions required for the iodine-removal
effectiveness of the ice condenser system and for surveillance of the
system. In particular, this section should describe the provisions made
for sampling the ice to verify the proper additive content.
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9
6.5.4.5 Materials. Specify the conccntrations of all additives in

the ice. The etfects of the additives on the long-term storage of the
ice should be discussed. Address any possible reactions (e.g., slow
oxidations) of the chemical additives in the ice.

6.6 Inservice Inspection of Class 2 and 3 Components

This section should discuss the inservice inspection program for
Quality Group B and C components (i.e., Class 2 and 3 components in Sec-
tion III af the ASME B&PV Code).

6.6.1 Components Subject to Examination

Indicate that all Quality Group B components, including those listed
in Table IWC-2600 of Section XI will be examined in accordance with Code
requirements. Indicate the extent to which Quality Group C components,
including those listed in Subarticle IWD-2600 of Section XI, will be
examined in accordance with the Code.

A detailed inservice inspection program, including information on
areas subject to examination, method of examination, and extent and fre-
quency of examination, should be provided in the technical specifications.

6.6.2 Accessibility

Indicate that the design and arrangement of Class 2 system components
will provide adequate clearances to conduct the required examinations at
the Code required inspection interval, and whether the design and arrange-
ment of Class 3 system components will also provide adequate clearances.
Describe any special design arrangements made for those components that
are to be examined during normal reactor operation.

6.6.3 Examination Techniques and Procedures

Indicate the extent to which the examinaticn techniques and procedures
described in Section XI of the Code will be used. Describe any special
examination techniques and procedures that might be used to meet the Code
requirements.

6.6.4 Inspection Intervals

Indicate that an inspection schedule for Class 2 system components
will be developed in accordance with Lhe guidance of Section XI, Sub-
article IWC-2400, and whether a schedule for Class 3 system components
will be developed according to Subarticle IWD-2400.

6.6.5 Examination Categories and Requirements

Indicate that the inservice inspection categor.'s and requirements
for Class 2 components are in agreement with Section XI, Subarticles
IWC-2520 and IWC-2600. Indicate the extent to which inservice inspection

_
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categories and requirements for Class 3 components are in agreement with
Section XI, Subarticle IWD-2600.

6.6.G Evaluation of Examinaticn Results

Indicate that the evaluation of Class 2 compcnent examination results
will comply with the requirements of Article IWA-3000 of Section XI.
Describe tne method to be utilized in the evaluation of examination results
for Class 3 components and, until the publication of IWD-3000, indi ate
the extent to which these methods are concistent aith the requirements

of Article IWA-3000 of Section XI. In addition, indicate that repair
procedures for Class 2 components will comply with the requirements of
Article IWC-4000 of Section XI. Describe the procedures to be utilizea
for repair of Class 3 components and indicate the extent to which these
proceduti are in agreement with Article IWD-4000 of Section XI.

6.6.7 System Pressure Tests

Indicate that the program for Class 2 system pressure testing will
comply with the criteria of Code Section XI, Article IWC-5000. Indicate
the extent to which the program for Class 3 system pressure tests will
comply with the criteria of Article IWD-5000.

6.6.8 Augmented Inservice Inspection to Protect Against Postulatea
Piping Failures

Provide an augmented inservice inspection progr am for high-energy
fluid system piping uetseen containment isolat ion valves or, where no
isalation valve is used inside containment, between the first rigid pipe
connection to the containment penetration or the first pipe whip restraint
inside containment and the outside isolation valve. This program should
contain information concerning areas sub,iect to examination, method of
examinFiion, and extent and frequency of examination.

6. 7 Main Steam Line Isolation Valve Leakage Control System (BWRs)

The PSAR should describe the design bases and criteria to be applied
and the preliminary system design and operation. The FSAR should describe
how these requirements have been met.

6.7.1 Design Basy

This section should provide design bases for the main steam i mla-
tion valve leakage control system (MSIVLCS) in terms of:

1. The saf ety-related function of the system;

2. The system functional performance requirements, including the
ability to function following a postulated loss of of fsite power;

3. The seismic and quality group classification of the system;
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4. The requirements for protection f rom missiles, pipe whip, and
jet forces and for its ability to withstand adverse environments associated
with a postulated loss-of-coolant accident (LOCA);

5. The requirements of the M5IVLCS to function following an assumed
single active failure;

6. The system ca7 abilities to provide suf ficient capacity, diversity,
reliability, and redundancy to perform its safety f unction consistent
with the need for maintaining containment integrity for as long as postu-
lated LOCA conditions require;

/. The requirements for the system to prevent or control radioactive
leakage f rom component parts or subsystems, including methods of processing,
diluting, and discharging any leakage to minimize contriouting to site
radioactive releases;

8. The requirements for initiation and actuation of the system
consistent with the requirements for instrumentation, controls, and
interlocks provided for engineered safety systems; and

9. The requirements for inspection and testing during and subsequent
to power operations.

The extent to which the design guidelines of Regulatory Guide 1.96,
" Design of Main Steam Isolation Valve Leakage Control Systems f or Boiling
Water Reactor Nuclear Power Plants," will be followed should be indicated.

6.7.2 S_ystem Description

A detailed description of the MSIVLCS should be provided, including
piping and instrtrentation diagrams, system drawings, and location of
components in the station complex. fhe description and drawings should
also include subsystern, system operation (function), cystem interactions,
components utilized, connection points, and instrumentation and controls
utilizod.

6. /. 3 System Evaluation

An esaluation of the capability of the MSIVLCS to prevent or control
the release of radioactivity f rom the main steam lines during and following
a LOCA shnuld be providea. The evaluation should include:

1. The ability of the system to maintain its safety function when
subjected to missiles, pipe whip, jet forces, adverse environmental con-
ditions, and loss of offsite power coincident with the LOCA;

2. The ability of the system to withstand the effects of a single
active failure (including the failure of any one MSIV to close);

@
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3. The protection afforded the system from the effects of failure
of any non-Seismic Category I system or component;

4. The capability of the systen to provide effective isolation of
components and nonessential systems or equipment;

5. The capability of the system to detect and to orevent or control
leakage of radioactive material to the environment. The quantity of mate-
rial that could be released and the time release for each release path
should be presented. ( An analysis of the radiological consequences asso-
ciated with the perf ormar.ce of this system f ollowing a design basis loss-
of-coolant accident should be presented in Chapter 15. )

6. A failure mode and ef fects analysis to demonstrate that appro-
pricte safety grade instrumentation, controls, and interlocks will provide
safe operating conditions, ensure system actuation following a LOCA, and
preclude inadvertent system actuation; and

7. Assurance that a system malfunction or inadvertent operation will
not have an adverse effect on athor safety-related systems, components,
or f unctions.

6.7.4 Instrumentation Requirements

The system instrumentation and controls should be described. The
adequacy of safety-related interlocks to meet the single-f ailure criterion
should be demonstrated.

6.7.5 Inspection and Testing

The inspection and testing requirements for the MSIVLCS should be
provided. The provisions made to accomplish such inspections and testing
should be described.

6.X Other Engineered Safety Features

The engineered safety features included in reactor plant designs vary
f rom plant to plant. Accordingly, for each engineered safety feature, compo-
nent, or system proviaed in a plant and not already referred to in this chap-
ter of the Standard Format, the SAR should include separate sections (numbered
6.5 through 6.X) patterned af ter the above and providing information on:

6.X.1 Design Bases

6.X.2 System Design

6.X.3 Design Evaluation

6.X.4 Tests and Inspections

6.X.5 Instrumentation Requirements } }(}
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@
FABLE 6-1

INFORMATION TO BE PROVIDED FOR PWR DRY CONTAINMENTS
(INCLUDING SUBAIMOSPHERIC CONTAINMEN15)

I. General Information

A. External Design Pressure, psig
B. Internal Design Pressure, psig
C. Design Temperature, F

D. Free Volume, ft3
E. Design Leak Rate, %/ day 0 psig

II. Initial Conditions

A. Reactor Coolant System (at design overpower of 102% and at
normal liquid lesels)

1. Reactor Power level, MWt
2. Average Coolant Temperature, "F
3. Mass of Reactor Coolant System Liquid, lbm
4. Mass of Reactor Coolant System Steam, lbm
5. Liquid plus Steam Energy,* Btu

B. Containment

1. Pressure, psig
2. Temperature, F

3. Relative Humidity, 't
4. Service Water Temperature, F

5. Refueling Water Temperature, F

6. Outside Temperature, F

C. Stored Water (as applicable)

31. Barated-Water Storage Tank, ft
2. All Accumulators (safety injection tanks), ft3
3. Condensate Storage fanks, ft 3

-

All energies are relative to 32 F.

O
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TABLE 6-2

PWR ENGINE _(RED SAFETY FEATURE SYSTEMS INFORMATION

Ac indicated below, Lis information should be provided for two condi-
tions: (1) full-car .ity cperation and (2) the capacities used in the
containment analysi

Full Value Used for
Capacity Containment Analysis

A. Passive Safety Injection
System

1. Number of Accumulators
(Safety Injection Tanks)

2. Pressure Setpoint, psig

B. Active Safety Injection
Systems

1. High-Pressure Safety
Injection

a. Number of Lines
b. Number of Pumps
c. Flow Rate, gpm

2. Low-Pressure Salety
Injection

a. Number of Lines
b. Number of Pumps
c. Flow Rate, gpm

L Containment Spray System

1. Injection Spray

a. Number of Lines
b. Number of Pumps
c. Nu:cber of Headers
d. Flow Rate, gpm

2. Recirculation Spray

a. Number of Lines
b. Numbe, of Pumps
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O
TABLE 6-2 (Continued)

Full Value Used for
Capacity Containment Analysis

c. Number of Headers
d. Flow Rate, gpm

D. Containment Fan Cooler
System

1. Number of Units
2. Air-Side Flow Rate, cfm
3. Heat Removal Rate at

Design Temperature, 106
Btu /hr

4. Overall Heat Transfer
2Coefficient, Btu /hr-ft - F

E. Heat Exchangers

1. Recirculation Systems

a. System
b. Type
c. Number

2d. Heat Transfer Area, ft

e. Overall Heat Transfer
Coef ficit.*t, Btu /hr-

2ft "F
f. Flow Rates:

(1) Recirculation Side,
gpm

(2) Exterior Side, gpm

g. Source of Cooling Water
h. Flow Begins, sec

F. Others

O
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TABLE 6-3

SUMMARY Of CALCL' LATED CONTAINMENT PRESSURE AND TEMPERATURES

Pipe Break Locati on
and Break Area, tt2 Calculated Value

Peak Pressure, psig

Peak Temperature, "f

Time of Peak Pressure, sec

Energy Released to Containment
up to the End of Blowdown,

610 Blu
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TABLE 6-4

PASSIVE HEAT SINKS
s

A. LISTING OF PASSIVE HEAT SINKS

The following structures, components, and equipment are examples of passive
heat sinks that should be included in the submittal, as appropriate:

Containment Building

1. Building / liner
2. External concrete walls
3. Building liner steel anchors
4. Building floor and sump
5. Personnel hatches
6. Equipment hatches

Internal Structures

7. Internal separation walls anc floors
8. Refueling pool and fuel transfer pit walls and floors
9. Crane wall

10. Primary shield walls
11. Secondary shield walls
12. Piping tunnel
13. Pressurizer room
14. Reheat exchanger room
15. Valve room
16. Fuel canal shielding
17. Jet impingement deflectors
18. Regenerative heat exchanger shield
19. Other

Lifting Devices

20. Lifting rig
21. Refueling machine
22. Vessel head lifting rig
23. Polar crane
24. Manipulator crane
25. Other

Supports

26. Reactor vessel supports
27. Steam generator supports

* Provide best estimates of these heat sinks in the PSAR stage and a
detailed listing in the FSAR.
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@ TABLE 6-4 (Continued)

28. Fuel canal support
29. Reactor coolant pump supports
30. Safety injection tank supports
31. Pressure relief tank supports
32. Drain tank supports
33. Fan cooler sooport
34. Other

Storage Racks

35. Fuel storage
36. Head storage
37. Other

Gratings, Ladders, etc.

38. Ladders, stairways
39. Floor plates
40. Steel handrails and platform railings
41. Steel gratings
42. Steel risers
43. Steel tread and stringers

Electrical Equipment

44. Cables, conduits
45. Cable trays
46. Instrumentation and control equipment, electrical boxes
47. Electric penetrations

Piping Support Equipment

48. Restraints
49. Hangers
50. Piping penetrations

Components

51. Reactor heat removal pumps and motors
52. Reactor coolant pump motors
53. Hydrogen recombiners
54. Fan coolers
55. Reactor cavity and support cooling units
56. Air filter units
57. Air blowers
58. Air heating equipment

}43 k
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O
TABLE 6-4 (Continued)

59. Safety injection tanks
60. Pressurizer quench tank
61. Reactor drain tank
62. Other

Uninsulated Ccid-Water-Filled Piping and Fittings

63. Reactor heat removal systen
64. Service w'ater system
65. Component cooling water system
66. Other

Drained Piping and Fittings

67. Cont?inment soray piping and headers
68. Other

Heating, Ventilation, and Air Conditioning

69. Ducting
70. Duct dampers

@
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TABLE 6-4 PASSIVE HEAT SINKS (Continued) f

B. MODELING OF PASSIVE iiEAT SINKS "-

u

The following data should be provided for the passive heat sinks listed in Table 6-4A (best estimates in the PSAR
stage and a detailed listing in the FSAR stage):

--.

Unpainted Material
Concrete

Painted Metal Exposed Surface Area
Material Exposed Surface Area Total By Thickness Group,* Total

Thickness By Thickness Group * Mass, ft2 Surface
Passive Heat Sink ft Material 1 2 .6, ft2 lb a b ft2

m

h 1. Vessel steel
plate

2. External
concrete walls

3. Vessel liner
steel anchors

-

-p-

Cri

=-
-10TALS S
U? 8
N Painted Surfaces g

Unpainted Surfaces '

G
* See Table 6-4C s
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@
TABLE 6-4 PASSIVE HEAT SINKS (Continued)

C. THICKNESS GROUPS

Group Thickness R;inge,
Material Designation in.

Metal 1 0 0.125

2 0.125-0.25

3 0.25-0.5

4 0.50-1.00

5 1.00-2.50

6 >2.50

Concrete a 0-3.0

b >3.0

9

mmO
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TABLE 6-4 PASSIVE HEAT SINKS (Continued]

D. THERM 0 PHYSICAL PROPERTIES OF PASSIVE HEAT SINK MATERIALS

Specific Thermal
Density' Heat, Conductivity,

Material lb/ft3 Btu /lb- F Btu /hi -ft- F

@
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O
TABLE 6-5

INFORMATION TO BE PROVIDED FOR ICE CONDENSER CONTAINMENTS

I. Lower Compartment

3A. Free Volume, ft
B. Design Pressure, psig
C. Design Temperature, F
D. Peak Pressure, DBA, psig
E. Pressure Margin, %
F. Normal Operating Temperature, F
G. Normal Operating Pressure, psia
H. Normal Operating Relative Humidity, %

II. Upper Compartment

A. Free Volume, ft
B. Design Pressure, psig
C. Design Temperature, F
D. Peak Pressure, DBA, psig
E. Pressure Margin, %
F. Normal Operating Temperature, F
G. Normal Operating Pressure, psia
H. Normal Operating Relative Humidity, %

III. Ice Condenser

A Ice Weight,1b
2B. Flow Area, f t

C. Length / Hydraulic Diameter
2D. Channel Surface Area, f t

E. Ice Basket Dim. .er, f t
2F. Inlet Door Area, f t

2G. Ice Condenser Flow Area, ft
3H. Volume, ft

I. Ice Bed Height, f t
J. Inlet Door Opening Pressure, psf
K. Ice Boron Concentration, ppm
L. 0. D. , f t
M. I.D., ft

IV. Refrigeration Cooling Capacity

A. Cooling Capacity for Compartment, tons
B Number of Fan Coolers per Unit
C. Air Temperature to Insulated Panels, F

O
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TABLE 6-5 (Continued)

V. General Information

A. External Design Pressure, psig
B. Internal Design Pressure, psig
C. Design Leak Rate, %/ day 0 osig

VI. Initial Conditions

A. Reactor Coolant System (at design overpower of 102% and at
normal liquid levels)

1. Reactor Power Level, Kdt
2. Average Coolant Temperature, F
3. Mass of Reactor Crolant System L.yuid, ',bm
4. Mass of Reactor Coolant System Steam, lbm
5. Liqr d plus Steam Energy,* Btu

8. Containment

1. Pressure, psig
2. Temperature, F (upper compartment, lower compartment,

and ice condenser)
3. Relative Humidity, % (upper compartment, lower compart-

ment, and ice condenser)
4. Service Water Temperature, F
5. Refueling Water Temperature, F
6. Outside Temperature, F

C. Stored Water (as applicable)

3
1. Borated Water Storage Tank, f t

32. All Accumulators (safety injection tanks), f t
3. Condensate Storage Tanks, fta

* All energies are relative to 32 F.
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@
TABLE 6-6

INFORMATION TO BE PROVIDED FOR WATER POOL
PRESSURE-SUPPRESSION CONTAINMENTS

A. Drywell

1. Internal Design Pressure, psig (Mark II)
2. Drywell Deck Design Dif ferential Pressure, psid (Mark II)
3. Drywell Design Dif ferential Pressure, psid (Mark III)
4. External Design Pressure, psig
5. Design Temperature, F
6. Free Volume, f t3
7. Design Leak Rate, %/ day @ psig

B. Containment (Wetwel')

1. Internal Design Pressure, psig
2. External Design Pressure, psig
3. Design Temperature, ''F
4. Air Volume (min / max), f t3
5. Wetwell Air Volume, f t3 (Mark III)

36. Pool Volume (min / max), f t
7. Suppression Pool Makeup Volume, f t3 (Mark III)
8. Pool Surface Area, ft2
9. Pool Depth (min / max), f t

10. Design Leak Rate, %/ day @ psig
11. Hydraulic Control Unit Floor Flow Restriction, % restricted

(Mark III)

C. Vent System

1. Number of Vents
2. Vent Diameter, f t
3, Net Free Vent Area, f t2
4 Vent Submergence (s) (min / max), f t
5. Vent System Loss Factors
6. Drywell Wall to Weir Wall Distance, f t (Mark III)
7. Net Weir Annulus Cross-Sectional Area, f t2 (Mark III)

@
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9
TABLE 6-7

ENGINEERED SAFETY FEATURE SisfEMS INFORMATION FOR WATER-PCOL PRESSURE-
SUPPRESSION CONTAINMENTS

This information should be provided for two conditions: (1) fuil-
capacity operation and (2) the capacities used in the containment
analysis.

A. Containment Spray System

1. Number of Spray Pum.ps
2. Capacity per Pump, gpm
3. Number of Spray Headers
4. Spray Flow Rate - Drywell, lb/hr
S. Spray Flow Rate - Wetwell, lb/hr
6. Spray Thermal Ef ficiency, %

B. Containment Cooling System

1. Number of Pumps
2. Capacity per Pump, gpm
3. Numt]er of Heat Exchangers
4. Heat Exchanger Type

25. Heat Transfer Area per Exchanger, f t
6. Overall Heat-Transfer Coef ficient, Btu /hr f t2 op
7. Secondary Coolant Flow Rate per Exchanger, Ib/hr
8. Design Service Water Temperature (min / max), "F

143 158
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O
JABLE 6-8

INITIAL CONDITIONS FOR ANALYSIS OF WALER-PML ppt SSURE-
SUPPRESSION CONTAINMENTS

A. Reactor Coolant System (at design overpower of 10?% and at normal
liquid levels)

1. Reactor Power Level, HWt
2. Average Coolant Pressure, psig
3. Average Coolant Temperature, F
4. Mass of Reactor Coolant System Liquid, lb
5. Mass of Reactor Coolant System Steam, lb
6. Volume of Water in Reactor Vessel, f ta
7. Volume of Steam in Reactor Vessel, f t3
8. Volume of Water in Recirculation Loops, f t3

B. Drywell

1. Pressure, psi
Temperature,g2. F

3. Relative Humidity, %

C. Containment (suppression chamber)

1. Pressure, psig
2. Air Temperature, F
3. Water Temperature, F
4.

Water Volume, f ty, %
Relative Humidit

5.
6. Vent Submergence, f t
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TABLE 6-9

ENERGY SOURCES FOR WATER-P0OL PRESSURE-SUPPRESSION
CONTAlhMENT ACCIDENI ANALYSES

1. Decay heat rate, Btu /sec, as a function of time
2. Primary system sensible heat release to containment, Btu /sec, as a

function of time
3. Metal water reaction heat rate, Btu /sec, as a function of time
4. Heat release rate f rom other sources, Btu /sec, as a function of

time
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TABLE 6-10

MASS AND ENERGY RELEASE DATA FOR ANALYS.lS OF WATER-POOL
PRESSURE-SUPPRESSION CONTAINMENI ACCIDENIS

A. Recirculation Line Break

1. Pipe f.D., in.
22. Ef f ective Total Break Area, f t , versus time

3. Name of Blowdown Code
4. Blowdown Table

Reactor Vessel
Time, sec Flow, lb/sec Enthalpy, Btu /lb Pressure, psig

0

t)
'2
t -BLOWDOWN COMPLETED-

n

B. Main Steam Line break

1. Pipe I.D. , in.
22. Ef fective Totai Break Area, f t , versus time

3. Name of Blowdown Code
4. Blowdown Table

Reactor Vessel
Time, sec Flow, lb/sec Enthalpy, Btu /lb Pressure, psig

0

t)

2

n

O
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9 TABLE 6-11

PASSIVE HEAT SINKS USED IN THE ANALYSIS OF BWR PRESSURE-
SUPPRESSION CONTAINMENTS

(If Applicable)

A. Listing of Passive Heat Sinks

Provide a listing cf all structures, components, and equipment
used as passive heat sinks (see Table 6-4A).

B. Detailed Passive Heat Sink Data

The information to be provided and the format are given in Table 6-4B,
6-4C, and 6-4D.

C. Heat Transfer Coef ficients

Graphically show the condensing heat transfer coefficients as
functions of time for the design basis accident.
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TABIE 6-12

RESULTS OF WATER-POOL PRESSURE-SUPPRESSION
CONTAlhMENI ACCIDENI ANALYSES

The inf ormation presented below should De t)ased on the values used
for containment analysis presented in Table 6-7.

A. Accident Parameters

Recirculation Steam Line
Line Break Break

1. Peak Drywell Pressure, psig (Mark II)
2. Peak Drywel1 Deck Di f f erential Pressure,

psid (Mark II)
3. Peak Drywell Differential Pressure,

psid (Mark III)
4. Time (s) of Peak Pressures, sec
5. Peak Drywell Temperature, F

6. Peak Containment (Suppression Chamber)
Pressure, psig

7. Time of Peak Containment Pressure, sec
8. Peak Wetwell Pressure, psig
9. Iime of Peak Wetwell Pressure, sec

10. Peak Containment Atmospheric Temperature,
op

11. Peak Suppression Pool Temperature, F

The above tabulation should be supplemented by plots of containment and
drywell pressure and temperature, vent flow rate, energy release rate,
and energy removal rate as functions of time to at least 106 seconds.

O
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O
TABLE 6-12 (Continued)

B. Energy Balance of Sources and Sinks
Time, sec

Drywel l Long-Term
Peak End of Peak

Initial Pressure Blowdown Pressure

0 |

Energy, 10' Btu IC

1. Reactor Coolant
2. Fuel and Cladding
3. Core Interr.als
4. Reactor Vessel Metal
5. Reactor Coolant System

Piping, Pumps, and Valves
6. Blowdown Enthalpy
7. Decay Heat
8. Metal-Water Reaction Heat
9. Drywell Structures

Crywell Air

@
10.
11. Drywell Steam
12. Containment Air
13. Containment Steam
14. Suppression Pool Water
15. Heat Transferred by Heat |

Exchangers |
16. Passive Heat Sinks

us 164
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..

SUBCOMPARTMENT VENT PATH DESCRIPTION -

w

FROM TO DESCRIPIl0N
VENT VOL. VOL. OF HYDRAULIC HEAD LOSS, K
PATH NODE NODE VENT PATH FLOW AREA LENGTH DIAMETER FRICTION TURNING EXPAN- CONTRAC-
NO. NO. NO. CHOKED UNCHOCKED ft2 ft ft K, ft/d LOSS, K SION, 4 TION, K TOTAL
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O
TABLE 6-15

MASS AND ENERGY RELEASE RATE DATA
FOR POSTULATED LOSS-OF-COOLANT ACCIDENTS

Pipe I.D., in.

2
Break Area, f t

Reactor Vessel
Time, Mass Release Rate, Enthalpy, Pressure,

sec lbm/sec Btu /lbm psig

0

l l
t,
'

_ R' ,wdown Phase

t End of Blowdown

Core Reflood Phase

t End of Core Reflood
I

!
t End of Post-Reflood ! Post-Reflood Phase

i

i

i

st-PosHeflood (or Decay HeaO Nase
End of Problem

lkb lb
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TABLE 6-16 8
w

REACTOR CONTAINMENT BUILDING ENERGY DISTRIBUTION
PIPE BREAK LOCATION AND PIPE BREAK AREA

Note: The datum temperature is 32 F unless otherwise noted.-

P
''4 Energy, 106 Btu

..t Peak At Peak^

, _ ,

Pres re Pressure
c7s

Prior after End One
c)3

Prior to End End End of of Core Day into
to LOCA of Blowdown of llowdown Glowdown Reflood Recirc.

_

Reactor Coolant
Internal Energy

Core Flood Tank Coolantm
so Internal Energy
w

Energy Stored in Core

Energy Stored in RV
Internals

Energy Stored in RV Metal

Energy Generated During
Shutdown from Decay Heat

Energy Stored in Pressurizer, s
Primary Piping, Valves, and Pumps g

Energy Stored in Steam
Generator Metal -

$
ooSecondary Coolant Internal

Energy (in Steam Generators)

Energy Content of RCB
Atmosphere *
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TABLE 6-17

ADDITIONAL INFORMATION TO BE PROVIDED FOR
DUAL-CONTAINMENT PLANTS

I. Secondary Containment Design

For each volume comprising the secondary containment, provide the
following information:

3A. Free Volume, ft

B. Pressure, inches of water, gauge

1. Normal Operation

2. Postaccident

C. Leak Rate at Postaccident Pressure (%/ day)

D. Exhaust Fans

1. Number

2. Type

E. Filters

1. Number

2. Type

II. Transient Analysis

A. Initial Conditions (provide for each volume if different)

1. Pressure, psia

2. Temperature, F

3. Outside Air Temperature, F

4. Thickness of Secondary Containment Wall, in

5. Thickness of Primary Containment Wall, in

i43 i/06-87
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O
TABi_E 6-17 (Continued)

B. Thermal Characteristics

1. Primary Containment Wall

a. Coefficient of 1.inear Expansion, in/in- F (if applicable)
b. Modulus of Elasticity, psi (if applicable)
c. Thermal Conductivity, Btu /hr-f t- F

3d. Thermal Capacitance, Btu /ft - F

2. Secondary Containment Wall

a. Thermal Conductivity, Btu /hr-ft- F
3b. Thermal Capacitance, Btu /ft - F

3. Heat Transfer Coefficients

a. Primary Containment Atmosphere to Primary Containment Wall,
2Btu /hr-ft _op

b. Primary Containment Wall to Secondary Containment
2Atmosphere, Btu /hr-ft _op

c. Secondary Containment Wall to Secondary Containment
2Atmosphere, Btu /hr-ft _op

2d. Primary Containment Emissivity, Btu /hr-f t _op
2e. Secondary Containment Emissivity, Btu /hr-ft _op

9
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TABLE 6-18 {

EVALUATION OF POTENTIAL BYPASS LEAKAGE PATHS $-
3

FOR DUAL-CONTAINMENT PLANTS
w

Termination Bypass Potential
System W e Size Region Leakage Barriers Bypass Path

List all primary Key to a list of (Yes or No)
containment penetrations leakage barriers

by system or line and (e.g., valves,

penetration designation collection systems,
closed systems)

T
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O
TABLE 6-19

PRIMARY CONTAINMENT OPERATION
FOLLOWING A DESIGN BASIS ACCIDENT

General

Type of Structure
Appropriate Internal Fission Product Removal Systems
Free Volume of Primary Containment
Mode of Hydrogen Purge (e.g., direct to environs, to recirculation

system, to annulus)

Time-Dependent Parameters Anticipated Conservative

Leak Rate of Primary Containment
Leakage Fractions to Volumes

Outside the Primary Contain-
ment (including the
environment).

Effectiveness of Fission Product
Reinoval Systems

Initiation of H';rogen Furge
Hydrogen Purge Rate

@
6-90
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TABLE 6-20

SECONDARY CONTAINMENT OPERATION
FOLLOWING A DESIGN BASIS ACCIDENT *

General

Type of Structure
Free Volume
Annulus Width (where applicable)
Location of Fission Product Removal Systems

Time-Dependent Parameters Anticipated Conservative

Mixing Fraction
Leak Rate
Total Recirculation Flow
Exhaust Flow
Pressure
Effectiveness of Fission Product

Removal Systems

.

A

There should be a table stch as this for each secondary containment
volume.

6-91
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7. INSTRUMENTATION AND CONTROLS

Thc reactor instrumentation senses the various reactor parameters
and transmits appropriate signals to the regulating systems during normal
operation, and to the reactor trip and engineered-safety-feature systems
during abnormal and accident conditions. The information provided in
this chapter should emphasize those instruments and associated equipment
which constitute the protection system (as defined in IEEE Std 279-1971,
" Criteria for Protection Systems for Nuclear Power Generating Stations").
The analysis of regulating systems and instrumentation should be provided,
particularly considerations of regulating system-induced transients which,
if not terminated in a timely manner, could result in fuel damage, radia-
tion release, or other public hazard. Details of seismic design and testing
should be provided in Section 3.10.

7.1 Introduction

7.1.1 Identification of Safety-Related Systems

List all instrumentation, control, and supporting systems that are
safety related, including alarm, communication, and display irstrumen-
tation. Distinguish between those systems designed and built by the nuclear
steam system supplier and those designed or built by others. Identify

the systems that are identical to those of a nuclear power plant of similar
design that has recently received a construction permit or an operating
license; identify those that are different and discuss the differences
and their ef fects on safety-related systems.

7.1.2 Identification of Safety Criteria

List all design bases (including considerations of instrument errors),
criteria, regulatory guides, standards, and other documents that will be
implemented in the design of the systems listed in Section 7.1.1.

The specific information identified below should be included in this
section of the SAR when it applies equally to all safety-related instru-
mentation and control systems; otherwise it should be in the section of
this chapter that discusses the system to which the information applies.

Provide a description of the technical design bases for all the various
functions of the protection system (e.g., scram if reactor vessel water
level is this is needed because ; it is required to operate,

within ). In addition to the reactor scram function, bases should

be given for all other protection system functions, including engineered
safety features, emergency power, interlocks, bypasses, and equipment pro-
tection. Diversity requirements should be stated (see IEEE Std 279-1971).

Describe the extent to which the recommendations of the regulatorv
guides listed below are followed. Wherever alternative approaches are
used, demonstrate that an acceptable level of safety has been attained.

f43 17r7-1
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@
Regulatory Guide 1.11 (Safety Guide 11), " Instrument Lines Penetrat-

ing Primary Reactor Containment;"

Regr nory Guide 1.22 (Safety Guide 22), " Periodic Testing of Protec-
tion System Actuation Functions;"

Regulatory Guide 1.29, " Seismic Design Classification;"

Regulatory Guide 1.30 (Safety Guide 30), " Quality Assurance Require-
ments for the Installation, Inspection, and Testing of Instrumentation
and Electric Equipment;"

Regulatory Guide 1.40, " Qualification Tests of Continuous-Duty Motors
Installed Inside the Containment of Water-Cooled Nuclear Power Plants;"

Regulatcry Guide 1.47, " Bypassed and Inoperable Status Indication
f or Nuclear Power Plant Safety Systems;"

Regulatory Guide 1.53, " Application of the Single-Failure Criterion
to Nuclear Power Plant Protection Systems;"

Regulatory Guide 1.62, " Manual Initiation of Protective Actions;"

Regulatory Guide 1.63, " Electric Penetration Assemblies in Contain-
ment Structures for Light-Water-Cooled Nuclear Power Plants;" -

Regulatory Guide 1.68, " Initial Test Program for Water-Cooled Reactor
Power Plants;"

Regulatory Guide 1.73, " Qualification Tests of Electric Valve Operators
Installed Inside the Containment of Nuclear Power Plants;"

Regulatory Guide 1. 75, " Physical Independence of Electric Systems."
The physical identification of safety-related equipment should also be
addressed in this section;

Regulatory Guide 1.80, "Preoperational Testing of Instrument Air
Systems;"

Regulatory Guide 1.89, " Qualification of Class lE Equipment for
Nuclear Power Plants;"

Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled Nuclear
Power Plants to Assess Plant Conditions During and Following an Accident;"

Regulatory Guide 1.100, " Seismic Qualification of Electric Equipment
I f or Nuclear Power Plants;"

Regulatory Guide 1.105, " Instrument Setpoints;" and

143 3/O
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Regulatory Guide 1.118, " Periodic Testing of Electric Power and Pro-
tection Systems. "

7.2 Reactor Trip System

For standardized systems, it is preferred that the information listed
be supplied in a topical report and that the topical report be referenced
in the appropriate place in the SAR.

7.2.1 Description

7.2.1.1 System Description. Provide a description of the reactor
trip system to include initiating circuits, logic, bypasses, interlocks,
redundancy, diversity, and actuatec devices. Any supporting systems
should be identified and described. Those parts of any system not required
for safety should be identified.

7.2.1.2 Design Basis Information. Provide the design basis infor-
mation required by Section 3 of IEEE Std 279-1971. Provide preliminary
logic diagrams, piping and instrumentation diagrams, and location layout
drawings of all reactor trip systems and supporting systems in the PSAR.

7.2.1.3 Final System Drawings. In the FSAR, provide electrical
schematic diagrams for all reactor trip systems and supporting systems,
final logic diagrams, piping and instrumentation diagrams, and location
layout drawings. Describe the differences, if any, between the logic
diagrams and schematics submitted in the PSAR and those in the FSAR and
the effects on safety-related systems.

7.2.2 Analysis

Provide analyses, including a failure mode and effects analysis, to
demonstrate how the requirements of the General Design Criteria, IEEE
Std 279-1971, applicable regulatory guides, and other appropriate cri-
teria and standards are satisfied. In addition to postulated accidents
and failures, these analyses should include, but not be limited to, con-
siderations of instrumentation installad to prevent or mitigate the con-
sequences of:

1. Spurious control rod withdrawals,

2. Loss of plant instrument air systems,

3. Loss of cooling water to vital equipment,

4. Plant load rejection, and

5. Turbine trip.

7-3 ]4} }[[
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The analyses should also discuss the need for and method of changing
to more restrictive trip setpoints during abnormal operating conditions
such as operation with fewer than all reactor coolant loops operating.
Reference may be made to other sections of the SAR for supporting systems.

7.3 Engineered-Safety-Feature Syst g

For standardized systems, it is preferred that the information listed
be supplied in a topical report and that the topical report be referenced
in the appropriate place in the SAR.

7.3.1 Description

7.3.1.1 System Description. Provide a description of the instru-
inentation and controls associated with the engineered safety f eat 'res
sESF), including initiating circuits, logic, bypasses, interloc i,
sequencing, redundancy, diversity, and actuated devices. Any suppoicing
systems should be identified and described. Those parts of any system
not required for safety should be identified.

7.3.1.2 Design Basis Information. Provide the design basis infor-
mation required by Section 3 of IEEE Std 279-1971. For the PSAR review,

| provide preliminary electrical schematic diagrams, logic diagrams, piping
and instrumentation diagrams, and location layout drawings of all engineered-
safety-feature instrumentation, control systems, and supporting systems.

7.3.1.3 Final System Drawings. In the FSAR, provide electrical
' schematic diagrams for all ESF circuits and supporting systems, and final
logic diagrams, piping and instrumentation diagrams, and location layout
drawings. Describe the differences, if any, between the logic diagrams
and schematics submitted in the PSAR and those in the FSAR and the et fects
on safety-related systems.

7.3.2 Analysis

Provide analyses, including a failure mode and effects analysis, to
demonstrate how the requirements of the General Design Criteria and IEEE
Std 279-1971 are satisfied and the extent to which applicable regulatory
guides and other appropriate criteria and standards are satisfied. In
addition to postulated accidents and failures, these analyses should
include considerations of (1) loss of plant instrument air systems and
(2) loss of cooling water to vital equipment. The method for periodic
testing of engineered-safety-feature instrumentation and control equip-
ment and the ef fects on system integrity during testing should be
described.

7.4 Systems Required for Safe Shutdown

For stanuardized systems, it is preferred that the information listed
bo supplied in a topical report and that the topical report be referenced
in the appropriate place in the SAR.

1-4 .
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9
7.4.1 Description

Provide a description of the systems that are needed for safe shut-
down of the plant, including initiating circuits, logic, bypasses, inter-
locks, redundincy, diversity, and actuated devices. Any supporting sys-
tems should be identified and described. Prc eide the design basis infor-
mation required by Section 3 of IEEE Std 279-1971. Provide logic diagrams,
piping and instrumentation diagrams, and location layout drawings for
these systems. In the FSAR, provide electrical schematic diagrams.

Describe the provisions taken in accordance with NRC General Design
Criterion 19 to provide the required equipment outside the control room
for hot and cold shutdown.

7.4.2 Analysis

Provide analyses that demonstrate how the requirements of the General
Design Criteria, IEEE Std 279-1971, applicable regulatory guides, and
other appropriate criteria and standards are satisfied. These analyses
should include considerations of instrumentation installed to permit a
safe shutdown in the event of:

1. Loss of plant instrument air systems

2. Loss of cooling water to vital equipment,

3. Plant load rejection, and

4. Turbine trip.

7. 5 Safety-Related Display Instrumentation

7.5.1 Description

Include a description of the instrumentation systems (including con-
trol rod position indicating systems) that provides information to enable
the operator to perform required safety functions.

7.5.2 Analysis

Provide an analysis to demonstrate that the operator has sufficient
information to perforn required manual safety functions (e.g. , ensuring
safe control rod patterns, manual engineered safety-feature operations,
porsible unanticipated postaccident operations, and monitoring the status
of safety equipment) and suf ficient time to make reasoned judgments and
take action where operator action is essential. Identify appropriate
safety criteria in the PSAR and demonstrate compliance with these criteria
in the FSAR.

k ![h
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O
Information should be provided to identify the information readouts

or indications provided to the operator for monitoring conditions in the
reactor, the reactor ccolant system, and in the containment and safety-
related process systems, including engineered safety features, throughout
all operating conditions of the plant, including anticipated operational
occurrences and accident and postaccident conditions (including instru-
mentation to follow the course of accidents). The information should
include the design criteria, the type of readout, number of channels
provided, their range, accuracy, and location, and a discussion of the
adequacy of the design.

7. 6 All Other Instrumentation Systems Required for Safety

This section should contain information on all other instrumentation
systems required for safety that are not included under reactor trip,
engineered safety features, safe shutdown, safety-related display instru-
mentation systems, or any of their supporting systems (e.g. , fire protec-
tion instrumentation and detection systems, cold water slug interlocks,
refueling interlocks, and interlocks that prevent overpressurization 'of
low pressure systems).

7.6.1 Description

Provide a description of all systems required for safety not already
discussed, including initiating circuits, logic, bypasses, interlocks,
redundancy, diversity, and actuated devices Any supporting systems should
be identified and described (reference may be made to other sections of
the SAR). Provide the design basis information required by Section 3 of
IEEE Std 279-1971. For an FSAR, sufficient schematic diagrams should be
provided to permit an independent evaluation of compliance with the safety
criteria.

7.6.2 Analysis

Provide analyses to demonstrate how the requirements of the Ger eral
Design Criteria, IEEE Std ?79-1971, applicable regulatory guides, and
other appropriate criteria and standards are satisfied. These analyses
should include, but not be limited to, considerations of instrumentation
installed to prevent or mitigate the consequences of:

1. Cold water slug :njections,

2. Refueling accidents,
3. Overpressurization of low pressure systems, and

4. Fires.

Reference may be made to other sections of the SAR for supporting systems
and analyses.

9
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7. 7 Control Systems Not Required for Safety

For standardized systems, it ir preferred that the information listed
be supplied in a topical report and that the topical report be referenced
in the appropriate place in the SAR.

7.7.1 Description

The following informaticn should be provided with regard to the control
systems not required for safety:

1. Identification of the major plant control systems (e.g. , primary
temperature control, primary water level control, steam generator water
level control) that are identical to those in a nuclear power plant of
similar design by the same nuclear steam system supplier that has recently
received a construction permit or an operating license; and

2. A list and discussion of the design differences in those systems
not identical to those used in the reference nuclear power plant. This
discussion should include an evaluation of the safety significance of
each design dif ference.

7.7.2 Analysis

Provide analyses to demonstrate that these systems are not required
for safety. The analyses should demonstrate that the protection systems
are capable of coping with all (including gross) failure modes of the
control systems.

)hb \b
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8. ELECTRIC POWER

The electric power system is the source of power for the reactor
coolant pumps and other auxiliaries during normal operation and for the
protection system and engineered safety features during abnormal and
accident conditions. The information in this chapter should be directed
toward establishing the functional adequacy of the safety-rel:.ted elec-
tric power systems and ensuring that these systems have adequate redun-
dancy, independence, and testability in conformance with current criteria.
Details of seismic design and testing should be provided in Section 3.10.

8.1 Introduction

A brief description of the utility grid and its interconnection to
other grids should be included, and the onsite electric system should be
described briefly in general term- The safety loads (i.e., the systems
and devices that require electric power to perform their safety functions)
should be identified; the safety f unctions performed (e.g. , emergency
core cooling, containment cooling) and the type of electric power (a.c.
or d.c. ) required by each safety load should be indicated. The design

bases, criteria, regulatory guides, standards, and other documents that
will be implemented in the design of the safety-related electric systems
should be presented and discussed.

Describe the extent to which the recommendations of the regulatory

guides listed below are followed. Wherever alternative approaches are
used, demonstrate that an acceptable level of safety has been attained.

Regulatory Guide 1.6 (Safety Guide 6), " Independence Between Redundant
Standby (Onsite) Power Sources and Between Their Distribution Systems;"

Regulatory Guide 1.9 (Safety Guide 9), " Selection of Diesel Generator
Set Capacity for Standby Power Supplies;"

Regulatory Guide 1.22 (Safety Guide 22), " Periodic Testing of Protec-
tion System Actuation Functions;"

Regulatory Guide 1.29, " Seismic Design Classification;"

Regulatory Guide 1.30 (Safety Guide 30), " Quality Assurance Require-
_nts for the Installation, Inspection, and Testing of Instrumentation

and Electric Equipment;"

Regulatory Guide 1.32, " Criteria for Safety-Related Electric Power
Systems for Nuclear Power Plants;"

Regulatory Guide 1.40, " Qualification Tests of Continuous-Duty Motors
Installed Inside the Containment of Water-Cooled Nuclear Power Plants;"

Regulatory Guide 1.41, "Preoperational Testing of Redundant Onsite
Electric Power Systems to Verify Proper Load Group Assignments;"

143 182o-1
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9
Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication

for Nuclear Power Plant Safety Systems;"

Regulatory Guide 1.53, " Application of the Single-Failure Criterion
to Nuclear Power Plant Protection Systems;"

Regulatory Guide 1.62, " Manual Initiation of Protective Actions;"

Regulatory Guide 1.63, " Electric Penetration Assemblies in Contain-
ment Structures f or Light-Water-Cooled Nuclear Power Plants;"

Regulatory Guide 1. /3, " Qualification Tests of Llectric Valve Operators
Installed Inside the Containment of Nuclear Power Plants;"

Regulatory Guide 1.75, " Physical Independence of Electric Systems;"

Regulatory Guide 1.81, " Shared Emergency and Shutdown Electric Systems
for Multi-Unit Nuclear Power Plants;"

Regulatory Guide 1.89, "Quali fication of Class 1E Equipment for Nuclear
Power Plants;"

Regulatory Guide 1.93, " Availability of Electric Power Sources;"

Regulatory Guide 1.100, " Seismic Qualification of Electric Equipment
f or Nuclear Power Plants;"

| Motors on Motor-Operated Valves;"
Regulatory Guide 1.106, " Thermal Overload Protection for Electric

j
l

| Regulatory Guide 1.108, " Periodic Testing of Diesel Generator Units
Used As Onsite Electric Power Systems at Nuclear Power Plants;"

Regulatory Guide 1.118, " Periodic Testing of Electric Power and Protec-
tion Systems;"

Regulatory Guide 1.128, " Installation Design and Installation of
Large Lead Storage Batteries for Nuclear Power Plants;"

Regulatory Guide 1.129, " Maintenance, Testing, and Replacement of
Large Lead Storage Batteries for Nuclear Power Plants;" and

Regulatory Guide 1.131, " Qualification Tests of Electric Cables,
Field Splices, and Connections for Light-Water-Cooled Nuclear Power Plants."

Indicate whether IEEE Std 387, " Criteria for Diesel Generator Unit s
Appliea as Standby Power Supplies for Nuclear Power Stations," is followed.
If an alternative approach is used, demonstrate that an acceptable level
of saf ety has been attained.

O
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8.2 Offsite Power System

8.2.1 Description

A system description and an am lysis sufficient to demonstrate com-
pliance with 10 CFR Part 50 and the Commission's General Design Criteria
(GDC) in Appendix A to 10 CFR Part 50 should be provided. In addition,

the SAR should indicate the extent to which the applicant has followed
the recommendations of regulatory guides and other applicable standards
and criteria (e.g., industry standards normally used by the applicant in
the installation of safety systems and internal standards and criteria).
In particular, the circuits that supply power for safety loads from the
transmission network should be identified and shown to meet GDC 17 and
18. Voltage level and length of each transmission line from the site to
the first major substation that connects the line to the grid should be
provided. All unusual features of these transmiscion lines should be
described (e.g., crossovers or proximity of other lines, rugged terrain,
vibration or galloping conductor problems, icing or other heavy loading
conditions, and high thunderstorm occurrence rate). Describe and provide
layout drawings of the circuits that connect the onsite distribution system
to the preferred power supply; include transmission lines, switchyard
arrangement, rights-of-way, etc.

8.2.2 Analysis

The results of steady-state and transient stability analyses should
be provided to demonstrate compliance with the final paragraph of GDC
17. In determining the most critical transmission line, consider lines
that use a common tower to be a single line. Provide information and a
discussion of grid availability, including the frequency, dur& Lion, and
causes of outages.

8.3 Onsite Power Systems

8.3.1 A.C. Power Systems

8.3.1.1 Description. Describe the onsite a.c. power systems with
emphasis placed on those portions of the systems that are safety related.
Those portions that are not related to safety need only be described in
sufficient detail to permit an understanding of their interactions with
the safety-related portions. The description of the safety-related por-
tions should include:

1. Power supply feeders (i.e. , network configuration),

2. Busing ar. angements,

3. Loads supplied from each bus,

4. Manual and automatic interconnections between buses, buses and
loads, and buses and supplies,

143 184
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9
5. Interconnecticos between safety-related and non-safety-related

buses,

6. Redundant bus separation,

7. Equipment capacities,

8. Automatic loading and stripping of buses,

9. Safety-related equipment identification,

10. Instrumentation and control systems for the applicable power
systems with the assigned power supply identified,

11. Electric circuit protection system network (e.g., selective
trip), including setting criteria,

12. The scheme for testing these systems during power operation,
and

13. Any systems and equipment shared between units.

The basis for the power required for each safety load (e.g., motor
nameplate rating, pump runout condition, or estimated load under expected
flow and pressure) should be given. The continuous and short-term ratings
for the onsite power source should be provided. In some cases, the basis
for the requested information is engineering judgment or correlation with
other similar plants; nevertheless, the information requested should be
submitted and all limitations cited. The FSAR should completely update
all previously transmitted information and should verify that all systems
are adequately sized and that all pertinent criteria are met.

The following design aspects of the onsite emergency electric power
sources (e.g. , diesel generators) should be described in preliminary form
in the PSAR:

1. Starting initiating circuits,

2. Starting mechanism and system,

3. Tripping devices,

4. Interlocks,

5. Permissives,

6. Load shedding circuits,

7. Testability,

O
8-4
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8. Fuel oil storage and transfer system,

9. Cooling and heating systems,

10. Instrumentation and control systems, including status alarms
and indications, with assigned power supply, and

11. Prototype qualification program.

This description should be complete in the FSAR. Any features or
components not previously used in similar applications in nuclear generating
stations should be identified. Provide single-line diagrams of the onsite
a.c. distribution systems, including identification of all safety loads.
The physical arrangement of the components of the system should be described
in sufficient detail to permit independent verification that single events
and accidents will not disable redundant features. Sufficient plant layout

drawings should be provided to permit evaluation of the physical separation
and isolation of redundant portions of the system. The PSAR should provide
a table that illustrates the automatic and manual loading and unloading
of each standby power supply. The FSAR should provide an updated table
reflecting any changes or revisions. Include the time (sequence) of each
event, size of load, inrush current or starting kVA, identification of
redundant equipment, and length of time each load is required. For the
safety-related systems, describe the bases and provide the design criteria
that establish:

1. Motor size,

2. Minimum motor accelerating voltage,

3. Motor starting torque,

4. Minimum motor torque margin over pump torque through accelerating
pericd,

5. Motor insulation,

6. Temperature monitoring devices provided in large horsepower
motors,

7. Interrupting capacity of switchgear, load centers, control centers,
and distribution panels,

8. Electric circuit protect. ion, and

9. Grounding requirements.

The FSAR should identify all deviations from these criteria as
described in the PSAR and provide justification for any deviations. Suffi-

@.
cient logic and schematic diagrams should be provided to permit an inde-
pendent evaluation of compliarce with the safety criteria.

/
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8
8.3.1.2 Analysis. Provide analyses to demonstrate compliance with

the Commission's General Design Criteria and to indicate the extent to
which the recommerdations of regulatory guides and other applicable cri-
teria are followed. Especially important are the analyses to demonstrate
compliance with GDC 17 and 18 and the discussion to indicate the extent

to which the recommendations of Regulctory Guides 1. 6 and 1.9 (Safety
Guides 6 and 9) and of Regulatory Guide 1.32 are followed. The discussion
should identify all aspects of the onsite power system that do not conform
to Regulatory Guides 1.6,1.9, and 1.32 and should explain why such dev a-i

tions are not in conflict with applicable General Design Criteria.

Identify all safety related equipment that must operate in a hostile
environment (e.g., radiation, temperature, pressure, humidity) during
and/or subsequent to a postulated ac .ident (e.g. , loss of-coolant accident,
steam line break). All the condi'.ioi s under which the equipment must
operate should be tabulated. Provide bases, criteria, and analyses of
the potential ef fects of (1) radiation (i.e. , radiation due to accident
conditions superimposed on that for long-term normal operation) on safety-
related electric equipment throughout the plant and (2) loss-of-coolant
accidents or steam line breaks ( i all saf ety-related electric equipment
within primary reactor containment (e.g. , motors, cables) that must operate
during andh r subsequent to such an accident. The successful completion
of any applicable qualification tests for the above cases shnuld be docu-
mented. Where such tests have not been previously completed, plans and
schedules of the qualification tests proposed should be documented. The
FSAR should document the results of these tests.

8.3.1.3 Physical Identification of Safety-Related Equipment. Describe
the means proposed to identify physically the onsite power system equipment
as safety-related equipment in the plant tc ensure appropriate treatment,
particularly during maintenance and testing operations. The description
should include the method used to readily (without the necessity for con-
sulting reference material) distinguish between redundant Class 1E systems,
associated circuits assigned to redundant Class lE divisions, and non-Class
1E systems.

8.3.1.4 17 dependence of Redundant Systems. Present the criteria
and their bases that establish the minimum requirements for preserving
the independence of redundant Class 1E electric systems * through physi-
cal arrangement and separation and for ensuring the minimum required equir
ment availability during any design basis event.* A discussion should
be included of the administrative responsibility and control to be provided
to ensure compliance with these criteria during the design and installation
of these systems. The criteria and bases for the installation of electrical

cable for these systems should, as a minimum, include a description of
the extent to which the recommendations of Regulatory Guide 1.75, " Physical
Independence of Electric Systems," are followed.

A

Class 1E electric systems and design basis events are defined in
IEEE Std 308-1971.

.
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8.3.2 D.C. Power Systems

8.3.2.1 Descript icn. A description of the d.c. power systems clearly
delineating the safety-related portions should be provided. The non-safety-
related portion need only be described in suf ficient detail to permit an
understanding of its interaction with the safety-related portions. The

description of the safety-related portion should include requirements
for separation, capacity, charging, ventilation, loading, redundancy,
and testing. e safety loads should be clearly identified, and the length
of time they would De operable in the event of loss of all a.c. power
should be stated. Suf ficient schematic diagrams should be provided in
the FSAR to permit an independent evaluation of compliance with the safety
criteria.

8.3.2.2 Analysis. Provide an analysis to demonstrate compliance
with the Commission's General Design Criteria, and describe the extent
to which reccmmendations of regulatory guides and other applicable cri-
teria are followed. The same information described in Sections 8.3.1.2
and 8. 3.1. 3, as applicable, should be provided.

8.3.3 Fire Protection for Cable Systems

The measures employed for the prevention of and protection against
'

fires in electrical cables should be described in Section 9.5.1. The

@ following should be described in Sections 8.3.1 and 8.3.2:

1. Cable derating and cable tray fill, and

2. Fire barriers and separation between redundant trays.

\45 188
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9. AUXILIARY SYSTEMS

*lhis chapter should provide inf ormation concerning the auxiliary
systems included in this facility. The information in the PSAR should
reflect the preliminary design of the auxiliary systems, and the FSAR
information should reflect the final design.

Those systems that are essential for the safe shutdown of the plant
or the protection of the health and safety of the public should be iden-
tified. The description of each system, the design bases for the system
and for critical components, a safety evaluation demonstrating how the
system satisfies the design bases, the testing and inspection to be per-
formed to verify system capability and reliability, and the required instru-
mentation and controls should be provided. There may be aspects of the
auxiliary systems that have little or no relationship to protection of
the public against exposure to radiation. In such cases, enough informa-
tion should be provided to allow understanding of the auxiliary system
design and function with emphasis on those aspects of design and operation
that might affect the reactor and its safety features or contribute to
the control of radioactivity.

The capability of the system to function without compromising the
safe operation of the plant under both normal operating or transient situa-
tions should be clearly shown by the inf ormation provided,1.e. , a failure
analysis.

Seismic design classifications should be stated with reference to
detailed information provided in Chapter 3, where appropriate. Radio-
logical considerations associated with operation of each system under
normal and accident conditions, where applicable, should be summarized
and reference made to detailed information in Chapters 11 or 12 as
appropriate.

9.1 Fuel Storage and Handling

9.1.1 New Fuel Storage

9.1.1.1 Design Bases. The design bases for new fuel storage facil-
ities should be provided and should include such considerations as quan-
tity of fuel to be stored, means for maintaining a subcritical array,
and the degree of subcriticality provided for the most reactive condi-
tion possible together with the assumptions used in this calculation and
design loadings to be withstood.

9.1.1.2 Facilities Description. A description of the new fuel storage
f acilities, including drawings, and location in the station complex should
be provided.

9.1.1. 3 Safety Evaluation. An evaluation of the capability of the
new fuel storage f acilities to reduce the probability of occurrence of
unsafe conditions should be presented and should include the degree of
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subcriticality, governing codes for design, ability to withstand external
loads and forces, ad safety implications related to sharing (for multi-
unit facilities). * tails of the seismic design and testing should be
presented in Sectiel 3 7.

9.1. 2 Spent Fuel Storage

9.1. 2.1 Design Bases. The design bases for the spent fuel storage
f acilities should be provided and should include such considerations as
quantity of fuel to be stored, means for maintaining a subcritical array,
degree of subtriticality provided together with the assumptions used in
this calculation, shielding requirements, and design loadings to be
withstood.

9.1.2.2 Facilities Description. A description of the spent fuel
storage f acilities, including drawings, arid location in the station complex
should be provided.

9.1.2.3 Safety Evaluation. An evaluation of the protection of the
spent fuel storage facilities against unsafe conditions should be pre-
sented and should incluc2 the degree of subcriticality, governing codes
for design, ability to withstand external loads and forces, ability to
ensure continuous cooling, provisions to avoid accidental dropping of
heavy objects on spent fuel, material compatibility requirements, radio-
logical considerations (details should be presented in Chapter 12),
ability of the fuel storage racks to withstand lifting forces if a fuel
assembly accidentally engages a rack while being lif ted, and safety implica-
tions related to sharing (for multi-unit facilities). Additional guidance
regarding acceptable design of the spent fuel storage facilities is given
in Pegulatory Guide 1.13, " Spent Fuel Storage Facility Design Basis."

9.1. 3 Spent Fuel Pool Cooling and Cle nup System

9.1.3.1 Design Bases. The design bases for the cooling and cleanup
system for the spent fuel facilities should be provided and should include
the requirements for continuous or intermittent cooling, the quantity of
spent fuel to be cooled, the requirements for pool water temperature and
cleanliness from fission and corrosion products, makeup requirements,
and level and radiation shielding requirements.

9.1.3.2 System Description. A description of the cooling and cleanup
system, including a description of the instrumentation utilized, should
be provided. The FSAR should include a detailed updated description and
drawings.

9.1.3.3 Safety Evaluation. An evaluation of the cooling system,
including the capability for spent fuel cooling during normal and abnormal
conditions, provisions to ensure that pool water will not be lost at a
rate greater than the makeup capability, and ability to maintain accept-
able pool water conditions, should be provided. The radiological evaluation

m m
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of the cleanup system should be presented in Chapters 11 and 12. Addi-
tional guidance regarding acceptable coolant makeup requirements is given
in Regulatary Guide 1.13.

9.1.3.4 Inspection and Testing Requirements. The inspection and
testing requirements f or the cooling and cleanup system should be described.

9.1.4 Fuel Handling System

9.1.4.1 Design Bases. The design bases for the fuel handling system
(FHS) should be provided; the performance and load handling requirements,
handling control features, and provisions to prevent fuel handling and
cask drop accidents should be included.

9.1.4.2 System Description. A description of the FHS, including
all components f or transporting and handling fuel f rom the time it reaches
the plant until it leaves tne plant, should be provided. Descriptions
of the containment polar crane and spent fuel cask handling crane should
be included. An outline for the procedures used in new fuel receipt and
storage, reactor refueling operations, and spent fuel storage and shipment
should be provided. Component drawings, building layouts, and illustra-
tions of the fuel handling procedures should also be provided. Detailed
descriptions and drawings should be included in the FSAR. Design data,
seismic category, and quality class should be provided for all principal
components. The design codes and standards used for design, manuf at.+ure,
testing, maintenance and operation, and seismic design aspects shoulo be
enumerated.

9.1.4.3 Safety Evaluation. The safety evaluation should demonstrate
that the system design meets the applicable redundancy and diversity require-
ments. It should be demonstrated that the FHS design precludes inadvertent
operations or equipment malfunctions or failures that could prevent safe
shutdown of the reactor or cause a release of radioactivity. The results
of a failure moda and effects analysis should be presented to demonstrate
that the individual subsystems and components, including controls and
interlocks, are designed to meet the single-failure criterion without
compromising the capability of the system to perform its safety functions.

Compliance of the system with applicable General Design Criteria
should be demonstrated. The extent to which the recommendations of appli-
cable regulatory guides are followed should be indicated. It should be
shown that the seismic design of the individual components will preclude
system malfunctions that could prevent safe shutdown of the reactor or
cause a release of radioactivity in the event of the Safe Shutdown Earth-
quake (SSE). It should also be shown that the corrponent design standards
and safety factors are adequate.

It should be demonstrated that failure of any part of the spent fuel
cask handling crane will not cause any damage to spent fuel and safety-
related equipment. This could be accomplished by using a crane design
that will prohibit cask drop in the event of a single failure or by adequate
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facility design that prevents damaging the spent fuel and safety-related
equipment f or any manner of cask drop, including arop of a tilted cask.

9.1.4.4 Inspection and Testing Requirements. The inspection and test-
ing requirements f or the FHS subsystems and components should be described,
including shop tests, preoperational tests, and periodic operational tests.

9_.1. 4. 5 Instrumentation Requirements. The system instrumentation
and controls should be described. The adequacy of safety-related inter-
locks to meet the single-f ailure criterion should be demonstrated.

9.2 Water Systems

This section of tne SAR should provide discussions of each of the
water systems associated with the plant. Because these auxiliary water
systema vary in number, type, and nomenclature for various plant designs,
the Standard format does not assign specific subsection numbers to these
systems. The applicant should provide separate subsections (numbered
9.2.1 through 9.2.X) for each of the systems. As they apply to a partic-
ular plant, these subsections should provide the following information:

1. Design bases,

2. System description, including drawings,

3. Safety evaluation,

4. Testing and inspection requirements, and

5. Instrumentation requirements for each system.

The following paragraphs provide examples of systems that should be
discussed, as appropriate to the individual plant, and identi fy some
specific information that should be provided in addition to the items
identified above. The examples are not intended to be a complete list of
systems to be discussed in this section.

9.2.1 Station Service Water System

Describe the capability of the service water system to meet the single-
f ailure criterion (when this system is safety ~related), the ability to with-
stand adverse environmental occurrences, requirements for normal operation
dId for operating during and subsequent to postulated accident conditions,
including loss of of f site power, provisions for reactor compartment flooding
during the post-LOCA period, if required, and the ability of the system
to detect and prevent excessive leakage of radioactive material to the
environment. Include a failure analysis to demonstrate that a single
f ailure will not result in the loss of all or an unacceptable portion
of the cooling function (considering failures of active and passive
components and diverse sources of electric power for pumps, valves, and -

control purposes), capability of the system to function during abnormaljy
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high and low water levels, prevention of long-term corrosion and organic
fouling that may degrade system performance, and safety implications
related to sharing (for multi-unit facilities). Reference Section 3.6
with respect to the analysis of postulated cracks in moderate-energy piping
systems and Sections 2.4. 1. 5, 2. 4.11. 6, and 2. 4.12 where appl icable.

9.2.2 Cooling System for Reactor Auxiliaries

Discuss the capability of the reactor system auxiliaries to meet
the single-f ailure criterion when required, the ability to withstand adverse
environmental occurrences, requirements for normal operation and for oper-
ating during and subsequent to postulated accident conditions, including
loss of offsite power, and requirements for leakage detection and con-
tainment of leakage. Include a failure analysis to demonstrate that a
single failure will not result in the loss of all, or an unacceptable
portion of, the cooling function (considering failures of active und
passive components, and diverse sources of electric power for pumps. valves,
and control purposes), the means for preventing or controlling leakage
of activity to the outside environment, leakage detection provisions,
prevention of long-term corrosion that may degrade system performance,
and safety implications related to sharing (for multi-unit facilities).
Reference Section 3.6 with respect to the analysis of postulatoJ cracks
in moderate-energy piping systems.

9.2.3 Demineralized Water Makeup System

9.2.4 P_otable and Sanitary Water Systems

A description of the potable and sanitary water systens should be
provided. System desian criteria should provide for prevention of connec-
tions to systems having the potential for containing radioactive material.
An evaluation of radiological contamination, including accidental, and
safety implications of sharing (for multi unit facilities) should be
described.

9.2.5 Ultimate Heat Sink

A description of the ultimate heat sink to be used to dissipate waste
heat from the plant during normal, shutdown, and accident conditions should
be provided. Additional guidance regarding acceptable features of the
ultimate heat sink is given in Regulatory Guide 1.27, " Ultimate Heat Sink
for Nuclear Power Plants." Reference Sections 2.3.1.2 and 2.4.11 where
applicable.

9.2.6 Condensate Storage Facilities

A discussion of the environmental design considerations, requiremer.ts
for leakage control (includng mitigation of environmental ef fects), limits
for radioactivity concentration, code Asign requirements, and material
compatibility and corrosion control should be given. An analysis of storage
f acility failure and provisions for mitigating environmental ef fects should
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9
be provided. The evaluation of radiological considerations should be
presented in Chapter 12.

9.3 Process Auxiliariei

This section of the SAR should provide discussiom of each of the
auxiliary systems associated with the reactor process system. Because
these auxiliary systems vary in number, typ , and nomenclature fer various
plant designs, the Standard Format does not assign specific subsection
numbers to these systems. The applicant should provide separate subsec-
tions (numbered 9.3.1 through 9.3.X) f or each of the systems. These sub-
sect. ions should provide the following inf ormation:

1. Design bases,

2. System de< cription,

3. Saf ety eva luation,

4. Tes,. ing and inspection requirement <,, and

5. Instrumentation requirements f or each system.

The following paragraphs provide examplet of systems that should be
discussed, as appropriate to the individual plait, and identify sone
specific infermation that should be provided in addition to the items
ident; f ied above. Ihe examples are not intended to be a complete list
of systems to be discussed in this section. For example, the boron
recovery system and the failed fuel detection sustem should both be
discussed in this section.

9.3.1 Compressed Air Systens

Describe the compressed air systems that provide station air for
service and maintenance uses, and include discussion of provisions for
meeting the single-failure criterion for safety related coTpressed air
systems, air cleanliness and quality requirements, and environmental design
requirements. The evaluation of the compressed air systen should include
a failure analysis (including diverse sources of electric power), mainte-
nance of ai, cleanliness to ensure system reliability, the capability to
isolate if required, and saf ety implications related to sharing (f or multi-
unit plants).

9.3.2 Process Sampling System

Describe the sampling system for the /arious plant fluids. The design
bases should include consideration of sample size and handling to ensure
that a representative sample is obtained; provisions for isolation of
the system and the means to limit react e coolant losses; requirements
to minimize, to the extent practical, hazards to plant personnel, and
system pressure, t enip e ra tu re , and code requirements. The points from
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which samples will be obtained shculd De delineated. The evaluation of
the sampling system should provide assurance that representative samples
will be obtained and that sharing (for multi-unit f acilities) will not
adversely af fect plant safety.

9.3.3 Equipment and Floor Drainage System

Describe the drainage systems for collecting the effluent from high
activity and low activity liquid drains from various specified equipment
items and buildings. Design consideratians for precluding backflooding
of equipment in safety-related compartments should be discussed. Areas I

where the drainage system is used to detect leakage from safety systems
should be identified. Design considerations for preventing transfer of .

contaminated fluids to noncontaminated drainage systems should be discussed.I
An evaluation of radiological considerations for normal operation and
postulated spills and accidents, including the ef fects of sharing (for
multi unit plants), should be presented in Chapters 11 and 12.

9.3.4 Chemical and Volume Control System (PWRs)
(Jncluding Boron Recovery System)

9.3.4.1 Design Bases. The u . sign bases for the chemical and volume
control system (CVCS) and the boron recovery system (BRS) should include
consideration of (I) the capability to vary coolant chemistry for control
of reactivity and corrosion and (2) the capability for maintaining the
required reactor coolant system inventory ,d the reactor coolant pump
seal water requirements. Items to be considered include the maximum and
nornal letdown flow rates, charging rates for both normal operation and
maximum leakage conditions, boric acid storage requirements for reactivity
control, water chemistry requirements, and boric acid and primary water
storage requirements in terms of maximum number of startup and shutdown
cycles.

9.3.4.2 System Description. A complete descriptior of the system
and components, including piping and instrumentation diagrams, should be
provided. Design data, seismic category, and quality class should be
provided for all components. The principles of system operation, both
automatic and manual, should be provided for steady-state, transient,
startup, shutdown, and accident conditions. A discussion on reactor cool-
ant water chemi3try requirements should be provided. Temperature control
provisions for line heat tracing and tank heating, including provision
for alarm failures, should be described. Tabulations of system design
parameters and component design data should be previded.

9.3.4.3 Safety Evaluation. The safety evaluation should demonstrate
that the system is designed to provide for safe operation and shutdown
and to prevent or mitigate certain postulateo accidents. This includes !

'demonstration that the system boron inventory is adequate for the most
stringent cold shutdown requirements, including anticioated operational

@
occurrences. Provisions to prevent loss of solubility of boric acid
solutions should also be discussed. This section should also include

"
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demonstration that the system has the pumping capability to supply reactor
coolant makeup for protection against smalI pipe or component f ailures.
The safety evaluation should demonstrate that the system is designed to
limit radioactive releases to the environment to allowable limits for
both normal operation and accident conditions. The adequacy of the com-
ponent and piping seismic design category and quality class should be
justified. The results of a failure mode and effects analysis should be
presented to demonstrate that the system can meet the single-f ailure cri-
terion without compromising safe plant shutdown and the ability to prevent

! or mitigate post ulated accidents.

Compliance of the system with applicable General Design Criteria
should be demonstrated. The extent to which the recommendations of appli-
cable regulatory guides are followed should be indicated. It should be
shown that the essential portions of the system will be protected from
failure of non-Seismic Category I equipm'nt and piping and also from
flooding, tornadoes, internally and externally generated missiles, and
the ef f ects of high and moderate energy line f ailures.

9.3.4.4 Inspection and Testing Requirements. The inspection and
testing requirements f or the CVCS snould be described.

9.3.4.5 Instrumentation Requirements. The system instrumentation
and controls shculd be described. The adequacy of safety-related instru-
mentation and controls to fulfill their functions should be demonstrated.

9.3.5 Standby Liquid Control System (BWRs)

9.3.5.1 Des _ign Bases. The design bases for the standby liquid control
system (5LCS) should include consideration of the capability for reactor
shutdown independent of the normal reactivity control system with a reason-
able shutdown margin at any time in core life, system redundancy, and
ability to periodically verify functiona? performance capability.

9.3.5.2 System Description. A description of the syntem and compo-
nents, complete with piping and instrumentation diagrams, should be pro-
vided. Temperature control provisions for line heat tracing and tank
heating, including provisions for alarm failures, should be described.
Design data, seismic category, and quality class should be provided for
all components. The principles of system operation and testing should
be provided.

9.3.5.3 Safety Evaluation. The saf ety evaluation should demonstrate
that the system has adequate storage capacity and injection rate to b'ing
the reactor from rated poser to cold shutdown at any time in core life
(control rods withdrawn in the rated power pattern) with adequate margir,
for adverse factors, including xenon decay, elimination of steam voids,
allowance for imperfect mixing, leakage, and dilution. Provisions to
prevent loss of solubility of sodium pentaborate solutions should be
discussed. The adequacy of the component and piping seismic design cate-

,

gory should be justified.
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The results of a f ailure mode and ef fects ana'ysis should be pre-

sented to demonstrm e that the system can meet the single-f ailure cri-
terion without compromising the shutdown capability of the system. Com-
pliance of the system with applicable General Design Criteria should be
demonstrated. The extent to which the recommendations of applicable regula-
tory guides are f ollowed should be indicated. It should be shown that
the essential portions of the system will be prctected f rom f ailm e of
non-seismic equipment and piping and also f rom flooding, tornadoes, inter-
nally and externally generated missiles, and the effects of high- and
moderate-energy line f ailures.

9.3.5.4 Inspection and Testing Reauircrwnts. Tne inspection and

testing requirements f or the St CS, including periodic operational testing,
should be described.

9.3.5.5 Instrumentation Requirements. The system instrumentation
and controls should be deU ribed. The adequacy of safety related instru-
mentation and controls to fulfill their functions hould be demonstrated.

9.4 Air ConditioningtHeating, Cooling, and Ventijation Systems

following are examples of systems that should be aiscussed, as appro-
priate to the individual plant. Some specific information that should
be provided is alse identified. The examples are not intended to be a
complete list of systems to be discussed in this section. For example,
the ventilation system for both the diesel building and the containnent
ventilation system should be described in this section.

9.4.1 Control Room Area Ventilation System

9.4.1.1 Design Bases. The design bases for tha air treatment system
for the control room and other auxiliary rocms (e.g. , alay rooms and
emergency switchgear rooms) considered to be part of the control areas
should be provided. Include the design criteria (e.g., single failure),
requirements for the manual or automatic actuation of system components
or isolation dampers, ambient temperature and humidity requirements ,
criteria for plant operator comfort and safety, requirements for radia-
tion protection and monitoring of abnormal radiation levels and other
airborne contaminants, and environmental design requirements.

9.4.1.2 System Description. A descriptior, including preliminary
piping and instrumentation diagrams, of the air treatment systems for
the control room should be presented in the F5AR. A detailed updated
description and piping and instrumentation diagrams should be provided
in the FSAR.

9.4.1.3 Safety Evaluation. A safety et aluation of the control room
air treatment system should be provided. TNe evaluation should include
the following subject s. (If these subjects are oealt with elsewhere in

@ the SAR, a s nmary discussion should be pr"sented here and the sections
that include the details should be referenced.)

"
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1. Detection of adverse or dangerous environmental conditions

(smoke, radiation, etc. ),

2. Capability to exclude entry of contaminants (zone pressurization
and isolation),

3. Capability for the removal of contamination by filtration (also
see Section 6.5.1, ESF Filters),

4. Removal of contanination by purging, and

5. Maintenance of acceptable zone temperature and humioity and
anticipated degradation of equipment performance if temperature limits
are exceeded.

Additional detailed discussion of control room ventilation systems
should appear in Section 6.4, " Habitability Systems, ' and in paragraph
5, " Radiological consequences," of Section 15.X.X.

9.4.1.4 Inspection and Testing Requirements. The inspection and
testing requirements for the centrol room air treatment system should be
described.

9.4.2 Spent Fuel Poal Area Ventilation System

9.4.2.1 Design Bases. The design bases of the ventilation system
for the spent fuel pool area should be provided. Include the require-
ments for meeting the single-failure criterion, seismic design criteria,
requirements for the manual or automatic actuation of system components
or isolation dampers, ambient temperature limits, prefer red direction of
airflow f rom areas of low potential radioactivity to aicas of high poten-
tial radioactivity, monitoring normal and abnormal radiation levels within
the area, differential pressures to be maintained and measured, and the
requirements for the treatment of exhaust air. Details of the means for
protection of system vents or louvers from missiles should be provided.

9.4.2.2 System Description. A description, including preliminary
piping and instrumentation diagrams, of the spent fuel pool area ventila-
tion system should be presented in the PSAR. In the FSAR, provide a
detailed description and piping and instrumentation diagrams.

9.4.2.3 Safety Evaluation. An evaluation of the spent fuel area
ventilation system and results from failure mode and effects analysis
should be provided. Include a discussion of the ability to (1) detect
radiation in the area of the cpent fuel pool and (2) filter the contami-
nants out of the air before exhausting it to the environment or prevent
the contaminated air from leas ing the spent fuel area.

9.4.2.4 Inspection and Testing Requirements. The inspection and
testing requirements f or the spent fuel area ventilation system should
be described.

9-10
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9.4.3 Auxiliary and Radwaste Area Ventilation System

9.4.3.1 Design Bases. The design bases for the air handling system
for the radwaste area and the areas of the auxiliary building containing
safety-related equipment should be presented. Include requirements for
meeting the single-f ailure criterion, seismic design criteria, require-
ments for the manual or automatic actuation of system components or iso-
lation dampers, ambient temperature limits, pref erred direction of airflow
f rom areas of low potential radioactivity to areas of high potential radio-
activity, dif ferential pressures to be maintained and measured, requirements
for the monitoring of normal and abnormal radiation levels, and requirements
for the treatment of exhaust air. Details of the means for protection
of system vents or louvers from missiles should be provided.

9.4.3.2 System Description. A description, including preliminary
piping and instrumentation diagrams, of the air handling system for the
auxiliary and radwaste area should be presented in the PSAR. Detailed
updated piping and instrumentation diagrams should be provided in the
FSAR.

9.4.3.3 Safety Evaluation. An evaluation of the auxiliary and rad-
waste area ventilation system should be presented and should include a
system failure analysis (including the effects of inability to maintain
preferred airflow patterns). Evaluation of radiological consideration
for normal operation should be presented in Chapters 11 and 12.

9.4.3.4 Inspection and Testing Requirements. The inspection and
testing requirements f or the auxiliary and radwaste area ventilation sys-
tem should be described.

9.4.4 Turbine Building Area Ventilation System

9.4.4.1 Design Bases. The design bases for the air handling system
for the turbine generator area in the turbine building should be presented.
Include requirements for the manual or automatic actuation of system com-
poner.ts or isolation dampers, ambient temperature limits, preferred direc-
tion of airflcw f rom areas of low potential radioactivity to areas of
higher potential radioactivity, requirements for monitoring of abnormal
radiation levels, and requirements for treatment of exhaust air.

9.4.4.2 System Description. A description, including preliminary
piping and instrumentation diagrams, of the air handling system for the
turbine building should be provided in the PSAR. A detailed updated

description and piping and instrumentation diagrams should be provided
in the FSAR.

9.4.4.3 Safety Evaluation. An evaluation of the turbine building

air handling systen snould be presented and should include a system f ailure
analysis (including effects of inability to maintain preferred airflow
patterns). Radiological considerations for normal operation should be
evaluated in Chapters 11 and 12.
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9.4.4.4 Inspection and Testing Requirements. The inspection and

testing requirements for the turbine building air handling system should
be described.

9.4.5 Engineered--Sa fety-Feature Ventilation System

9.4.5.1 Design Bases. The design bases f or the air handling system
for the areas housing engineered safety-feature equipment should be pre-
sented. Include requirements for meeting the single-failure criterion,
requirements for the manual or automatic actuation of system components
or isolation dampers, ambient temperature requirements, preferred direc-
tion of airflow from areas of low potential radioactivity to areas of
higher potential radioactivity, and the requirements for the monitoring
of normal and abnormal radiation levels. Details of the means for pro-
tection of system vents or louvers f rom missiles should be provided.

9.4.5.2 Systems Description. A description, including preliminary
piping and instrumentation diagrams, of the air handling system for the
engineered-safety-feature area should be presented in the PSAR. A detailed
updated description and piping and instrumentation diagrams should be
provided in the FSAR.

9.4.5.3 Safety Evaluation. An evaluation of the engineered safety-
feature ventilation system should be presented and should include a system
failure analysis. An analysis should be provided to demonstrate that a
component necessary for safe shutdown or to mitigate the consequences of
an accident can perform its safety function when subjected to ambient
temperatures and conditions associated with the loss of the engineered-
saf ety-feature ventilation system during an accident condition coincident
with the loss of offsite power. The effect of redundant systems may be
included in the evaluation.

9.4.5.4 Inspection and Testing Requirements. Tht inspection and
testing requirements for the engineered safety-f eature ventilation system
;hould be provided.

9.5 Other Auxiliary Systems

9.5.1 Fire Protection System

9.5.1.1 Design Bases.

1. lhe PSAR should identify those areas where a fire could af fect,
either directly or indirectly, Seismic Category I safety-related structures,
systems, or components.

2. The concept of defense in depth (using echelons of safety systems
to achieve a required high level of safety) is used in the design and
operation of nuclear power plants. When applied to the fire protection
program, the defense-in-depth principle results in a balance in:

1009-12
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a. Preventing fires from starting;

b. Detecting fires quickly, suppressing those fires that occur,
putting them out quickly, and limiting their damage; and

c. Designing plant safety syste.. so that a fire that starts
in spite of the fire prevention program and burns for a considerable time
in spite of fire protection activities will not prevent essential plant
safety functions f rom being performed.

Although no one of these echelons can be perfect or complete
by itself , strengthening any one can compensate in some measure for weak-
nesses, known or unknown, in the others.

3. The primary objective of the fire protection program is to mini-
mize both the probability and consequences of postulated fires. In spite
of steps taken to reduce the probability of fire, fires are expected to
occur. Therefore, means are 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 of fsite 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
jeopardizc safe plant shutdown, the primary means of fire protection should
consist of fire harriers and fixed automatic fire detection and suppression
systems. However, total reliance should not be placed on a single fire
suppression system. Appropriate backup fire suppression capability should
also 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 orovide( for use by properly trained firefighting personnel. Access
for effective manual application of fire extinguishing agents to combustibles
should to provided. The adequacy of fire protection for any particular
plant safety system or area should be determined by analysis of the effects
of thc postelated fire relative to maintaining the ability to safely shut
down the plent and minimize radioactive releases to the environment in
the event of a fire.

4. Fire protection should start with design and must be carried
through all phases of construction and operation. A quality assurance
(QA) program needed to identify and rectify errors in design, con-
struction, and operation and is an essential part of defense in depth.

5. The consequences of inadvertent operation of, or a crack in, a
moderat -enet _ / line in the fire suppression system should meet the guide-
lines specified for moderate-energy systems outside containment.
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6. The FSAR should list any unusually hazardous materials to be
used on the site that could present unexpected fire hazards or complicate
firefighting activities. Such a material listing would include but not
be limited to:

a. Flammable liquids,

b. Strong oxidizing agents,

c. Compressed gases, both flammable and nonflammable,

d. Corrosive materials, both acids and caustics, and

e. Explusives or highly flammable materials.

The listing shou'd indicate the amounts of each material to be used, where
in the plant and under what conditions each is to be used, and the expected
time duration of use.

9.5.1.2 Systems Gescription

1. The SAR should discuss and list the features of building and
facility arrangements and the structural design features that contribute
to fire prevention and fire control. List and describe in the discussion
the means of egress, fire barriers, and isolation and ccatainment features
provided for flame, heat, hot gases, smoke, and other contaminants. Fire
barriers with a minimum tire resistance rating of 3 hours should be used.
Interior wall and structural components, thermal insulation materials,
radiation shielding materials, and soundproofing should be noncombustible.

| The SAR should include drawings and a list of equipment and
devices that adequately define the principal and auxiliary fire protection
systems.

2. The SAR should state the basic requirements used for the design
of the fire water supply and distribution systems. It should also specify
any particular seismic requirements imposed on the design of each type
of fire protection system used in the plant.

3. The 5AR should list the various codes and standards used for
design and installation of the plant fire protection system.

4. The SAR should discuss (for multi unit sites) the special fire
hazards created and the protection required for an operating unit during
the construction of additional units.

5. The SAR should provide a general description of each fire protec-
tion system. It should include preliminary drawings that outline each
item of fire protection equipment and the complete fire protection system,
showing each in relation to safety-related structures, systems, and compo-
nents for the entire plant.
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6. The SAR should discuss the protection and extinguishing systems
provided to protect the control room and other operating areas containing
safety-related equipment, Class lE equipment, and cables.

7. The SAR should describe the design features of detection systems,
alarm systems, automatic fire suppression systems, and manual, chemical,
and gas systems for fire detection, confinerc.ent, control, and extinguishment.
Discuss the relationship of the fire protection systems (detection and
suppression) to the onsite a.c. and d.c. power sources (emergency power
supplies).

8. The SAR should discuss smoke, heat, and flame control, combus-
tible and explosive gas control, and toxic contaminant control, including
the operating functions of the ventilating and exhaust systems during
the period of fire extinguishing and control.

9. The SAR should discuss the fire annunciator warnind system,
the alarm detection system in the proposed fire protection systems, and
the backup or public fire protection suppression capabilities to be
provided.

10. The SAR should describe electrical cable fire protection and
detection and the fire containment, control, and extinguishing systems

provided. Define integrity of the essential electric circuitry needed
during the fire for safe shutdown of the plant and for firefighting.
Describe the provisions made for protecting this essential electrical
circuitry from the ef fects of fire-suppressing agents.

Cable and cable tray penetration of fire barriers (vertical
and horizontal) should be sealed to give protection at least equivalent
to that required of the fire barrier.

Electric cable constructions should, as a minimum, pass the
flame test in the current IEEE Std 383, "IEEE Standard of Type Test of
Class lE Electrical Cables, Field Splices and Connections for Nuclea
Power Generating Stations." (This does not imply that cables passing
this test will not require fire protection. )

9.5.1.3 Safety Evaluation (Fire Hazards Analysis)

1. The overall fire protection program should allow the plant to
maintain the ability to perform safe shutdown functions and minimize radio-
active releases to the environment in the event of a fire. A major element
of this program should be the evaluation of potential fire hazards through-
out the plant and the effect of postulated fires on safety-related plant
areas.

2. The fire hazards for each area identified in paragraph 1 of
Section 9.5.1.1 should be evaluated in the SAR. This evaluation should
consider (a) fuel loading, considering both 'ixed and transient combus-
tibles, (b) the expected rate of fire development and maximum intensity,
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as these relate to fire detection response sensitivity, and automatic
dnd manual firefighting activities, and (c) generation of smoke and other
combustion products, considering both toxic and corrosive characteristics.
Show for each of the postelated events that the combination of fire barriers

and accessibility make ef t ctive manual firefighting feasible.

3. The SAR should pistulate initiation of fire in each area at
the location that will prod.ce the most severe fire. An ignition source
is to be assumed present. f re development shauld consider the potential
for involvement of other combustibles, both fixed and transient, in the
fire area. Where automatic suppress ion systems are installed, the ef f ects
of the postulated fire should be evaluated with and without actuation of
such systems.

4. The SAR should provide a f ailure mode and ef f ects analysis that
demonst ates that operation of the fire protection system in areas contain-
ing eng neered safety features would not produce an unsafe condition or
preclude safe shutdown. The effects of firefighting activities and fire
suppression agents on safety systems should be discussed. An evaluation
of the effects of failure of any partion of the fire protection system
not designed to Seismic Category I requirements .should be provided with
regard to the possibility of damaging other Seismic Category I equipment
An analysis of the fire detection and protection system with regard to
design features to withstand the ef fects of single failures should be
included.

5. The SAR should evaluate the ef fects of postulated fires on
sa f ety- rel ated structures, systems, or components for each area of the
plant identified above. The discussion should cover the use. of noncombus-
tible and fire-resistant materials.

6. The SAR should provide:

a. A complete set of drawings, including, but not limited
to, pertinent details of construr. tion, location of rooms and areas, loca-
tion of fire detection and suppression systeme, and fire water mains and
hydrants.

b. A list.ing by fire area of mechanical and electrical equipment
both safety and nonsafety related.

c. A listing by fire area of permanent and reast ably expected
transient combustibles.

d. A listing by area of fire detection systems showing type
of installation and basis for type selected.

e. A listing by a'ea of both primary and backup fire suppres-
sion systems showing type of installation and basis for type selected.

9
9-16

kkD 49,

L



Revision 3 November 1978

f. A listing showing the ef fect of each postulated fire identi- |
fied in paragraph 1 of Section 9.5.1.1 on capability of safe reactor shut-
down and potential release of radioactive material.

9.5.1.4 Inspection and Testing Requirements. The PSAR should list
and discuss the installation, testing, and inspection planned during con-
struttion of the fire protection systems to demonstrate the integrity of
the systems as installed. Describe in the FSAR the periodic operaticnal
checks, inspection, and servicing required to maintain this integrity.
In the FSAR, diacuss the periodic operational testing necessary to maintain
a highly reliable alarm detection system.

9.5.1.5 Personnel Qualification and Training

1. The SAR should state the qualification requirements for the
fire protection engineer or consultant who is to be responuible for the '

preparation of the Fire Hazards Analysis and for the design and selec-
tion of equipment; inspect and test the compl * physical aspects of the
system; develop the fire protection program . . assist in the firefighting
training for the operating plant. In the FSAR, discuss the initial train-
ing and the updating provisions such as fire drills provided for maintaining
the competence of the station firefighting and operating crew, including
personnel responsible for maintaining and inspecting the fire protection
equipment.

2. Administrative procedures consistent with the need for maintain-
ing the performance of the fire protection system and personnel in nuclear
power plants should be provided in the SAR.

Guidance is contained in the following National Fire Protection
Association (NFPA) publications:

NFPA 4 - Organization for Fire Services

NFPA 4A - Organization of a Fire Department

NFPA 6 - Industrial Fire Loss Prevention

NFPA 7 - Management of Fire Emergencies

NFPA 8 - Management Responsibilities for Effects
of Fire on Operations

NFPA 27 - Private Fire Brigades

NFPA 802 - Recommended Fire Protection Practice for
Nuclear Reactors.

3. The QA programs of applicants and contractors should ensure
that the guidelines for design, procurement, installation, and testing
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and the administrative contiols for the fire protection systems for safety-
related areas are satisfied. The QA program should be under the management
control of the QA organization. This control consists of (a) formulating
a fire protection QA progran that incorporates suitable requirements and
is acceptable to the management responsible for fire protection or verif y-
ing that the program incorporates suitable requirements and is acceptable
to the management responsible for fire protection and (b) verifying the
ef fectiveness of the QA program for fir e protection through review, sur-
veillance, and audits. Perf ormance of other QA program functions for
meeting the fire protection program requirements may be perf ormed by
personnel outside the QA organization. The QA program f or fire protection
should be part of the overall plant QA program and should be described
in the SAR.

4. The SAR should describe the applicant's Emergency Response Plan
with respect to fire protection. The need f or good organization, training,
and equipping of fire brigades at nuclear power plants requires that et fec-
tive measures be implemented to ensure proper discharge of these functions.
The guidance in Regulatory Guide 1.101, " Emergency Planning for Nuclear
Power Plants," should be followed as applicable. Successful firefighting
reauires both proper equipment and personnel capable of using it ef ficiently.

a. A program of periodic maintenance and testing of fire pro-
tection systems and equipment, including emergency lighting and communica-
tion equipment, will ensure the f irst of these requirements.

b. Basic training is the other necessary element in ef f ective
firefighting operation. Such training can only be accomplished by conduct-

! ing drills and classroom instruction several times a year so that all
' members of the fire brigade have had the opportunity to train as a team
testing itself in the major areas of the plant.

| c. To have proper coverage during all phases of operation,
memt 3rs of each shif t crew should be trained in fire protection. Training

of the plant fire brigade should be coordinated with the local fire depart-
, ment so that responsibilities and duties are delineated in advance. This

coordination should be part of the training course and should be included
in the training of the local fire department stat f. The plart fire brigade

should not include any of the plant physical security personnel required to
be available to fulfill the response requirements of paragraph 73.55(h)(2)

i of 10 CFR Par + 73, " Physical Protection of Plants and Materials." Local
I fire departments should be provided training in operational precautions
| when fighting fires on nuclear power plant sites and should be made aware
| of the need for radiological protectic of personnel and the special hazards
; associated with a nuclear power plant site.

9.5.2 Communication Systems

9.S.2.! Design Bases. The design bases for the communication sys-
tems for intra plant and plant-to-of fsite communications should be provided
and should include a discussion of the use of diverse system types.
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9.5.2.2 System Description. A description and evaluation of the

communication s., s t em s should t- provided. The FSAR should provide a
detailed description and drawings.

9.5.2.3 Inspection and Testing Requirements. The inspection and
testing requirements f or the rommunication systems should be provided.

9.5.3 Lighting Systems

A description of the normal lighting system for the plant should be
provided. A description of the emergency lighting system, including design
criteria and a failure analysis, should also be provided.

9.5.4 Diesel Generator Fuel Oil Storage and Transfer System

9.5.4.1 Design Bases. The design bases for the fuel oil storage
and transf er system f or the diesel generator should be provided r 1 should
include the requirement f or onsite storage capacity, capabilit. > meet
des ign criteria (e.g. , single-f ailure criterion), code design re "me rits ,
and environmental design bases.

A description of the diesel (p nerator fuel oil storage and transfer
system, including drawings, should be provided in the PSAR. The FSAR
should provide a detailed description and drawings.

An evaluation of the fuel oil storage and transfer system should be
provided and should include the potential for material corrosion and f uel
oil contaminatien, a failure analysis to demonstrate capability to meet
design criteria (e.g., single-f ailure criterion), ability to withstand
environmental design conditions, and the plans by which additional oil
may be procured, if required.

9.5.5 Diesel Generator Cooling Water System

The design bases for the cooling water system should be provided
and should include a discussion of the ability to meet the single-f ailure
criterion. A description of the cooling water system, including drawings,
should be provided.

9.5.6 Diesel Generator Starting System

The design bases for the starting system, including required system
capacity, should be provided and should incluoe a discussion of the ability
to meet the single-failure criterion. A description of the starting system,
including drawings, should be provided.

9.5.7 Diesel Generator Lubrication System

The design bases for the lubrication system should be provided and
should include a discussion of the ability to meet the single-f ailure

9-19



Revision 3 Novembe. 1978

criterion. A description of the lubrication system, including drawings,
should be provided.

9.5.8 Diesel Generator Combustion Air Intake and Exhaust System

9.5.8.1 Design Bases. This section should provide the design bases
for the diesel generator combustion air intake and exhaust system, includ-
ing the bases for protection from the effects of natural phenomena, mis-
siles, and contaminating substances as related to the f acility site, systems,
and equipment and the capability of the system to meet minimum safety
requirements assuming a single failure. Seismic and quality group classi-
fications should be provided in Section 3.2 and ref erenced in this section.

9.5.8.2 System Description. A complete description of the system
should be provided, including system drawings detailing component redun-
dancy, where required, and showing the location of system equipment in
the facility and the relationship to site systems or components that could
af fect the system.

9.5.8.3 Safety Eva!uation. Analyses shculd be provided to demon-
strate that the minimum quantity and oxygen contect requirements for intake
combustion air will be met considering such effects as recirculation of
diesel combustion products, accidental release of [.ases stored in the
vicinity of the diesel intakes, restriction of inle', airflow, intake of
such particulates as airborne dust, and low baromstric pressure. The
results of failure mode and effects analyses to ensure minimum require-
ments should be provided. If system degradation could result from the
consequences of missiles or failures of high- or moderate-energy piping
systems located in the vicinity of the combustion air intake and exhaust
system. assurance should be provided that such degradation would not
jeopardize the system's minimum safety functional requirements.

'
9.5.8.4 Inspection and Testing Requirements. Inspection and periodic

system testing requirements for the diesel generator combustion air intake
and exhaust system should be described.

)bb $07
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@ 10. STEAM AND POWER CONVERSION SYSTEM

This chapter of the SAR should provide information concerning the
plant steam and power conversion sptem. For purposes of this chapter,
the steam and power conversion >ystem (heat utilization system) should
be considered to include the following:

1. The steam system and turbine generator units of an indirect-
cycle reactor plant, as defined by the secondary coolant s" stem, or

2. The steam system and turbine gener ator units in a direct-cycle
plant, as defined by the system extending beyond the reactor coolant system
isolation valves.

There will undoubtedly be many aspects of the steam portion of the
plant that have little or no relationship to protection of the public
against exposure to radiation. The SAR 1s, therefore, not expected to
deal with this part of the plant to the same depth or detail as those
featuro playing a more significant saf ety role. Enough information should
be provided to allow understanding in broad terms of what the secondary
plant (steam and power conversion system) is, but emphasis should be on
those aspects of design and operation that do or might af fect the reactor
and its safety features or contribute toward the control of radioactivity.
The capability af the system to function without compromising directly
or indirectly tae safety of the plant under both normal operating or tran-
sient situations should be shown bv the information provided. Where appro-
priate, the evaluation of radiological aspects of normal operation of
the steam and power conversion system and subsystems should be summarized
n this chapter and presented in detail in Chapters 11 and 12.i

10.1 Summary Description

A summary description indicating principal design features of the
steam and power conversion system should be provided. An overall system
flow diagram and a summary table of the important design and performance
characteristics, including a heat balance at rated power and at stretch
power, should be provided. The desc-iption should indicate those system
design features that are saf ety related.

10.2 Turbine-Generator

10.2.1 Design Bases

The design bases for the turbine generator equipment should be pro-
vided and should include the performance requirements under normal, upset,
emergency, and f aulted conditions; intended mode of operation (base loaded
or load following); functional limitations imposed by the design or opera-
tional characteristics of the reactor coolant system (rate at which elec-
trical load may be increased or decreased with and without reactor control
rod motion or steam bypass); and design codes to be applied.
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10.2.2 Description

A description of the turbine generator equipment, including moisture
separation, use of extraction steam for feedwater heating, and control
f unctions that could influence operation of the reactor coolant system,
should be provided as well as drawings. The turbine generator-overspeed
control system should be described in detail, including redundancy of
controls, type of control utilized, oversneed setpoints, and valve actions
required for each setpoint.

10.2.3 Turbine Disk Integrity

The failure of a turbine disk or rotor might produce a high-energy
missile that could damage a safety-related component. This section should
provide information to demonstrate the integrity of turbine disks and
rotors.

10.2.3.1 Materials Selection. This section should include materials
specifications, f abrication history, and chemical analysis of the disk
and rotor forgings. Particular attention should be paid to items af fecting
f racture toughness and metallurgical stability. The mochanical properties
of the disk material such as yield strength and fracture toughness should
be listed. The methods of obtaining these properties should be described.

10.2.3.2 Fracture Toughness. The criteria used to ensure protection
against brittle f ailure of low pressure turbine disks should be described.
Include detailed information on ductile-brittle transition temperature
(NDI or FATT) and minimum operating temperature. If a f racture mechanics
approach is used, the analytical method and the key assumptions made should
be described.

10.2.3.3 High-Temperature Properties. Provido the stress-rupture
properties of the high pressure rotor material, and describe the method
f or obtaining these properties.

10.2.3.4 Turbine Disk Design. Provide the following design infor-
nation f or low pressure disks and high pressure rotors:

1. The tangential stress due to centrifugal loads, interference
fit, and thermal gradients at the bore region at normal speed and design
overspeed.

2. The maximum tangential and radial stresses and their location.

10.2.3.5 Preservice Inspection. Describe the preservice inspection
procedures and acceptance criteria to demonstrate the initial integrity
of the disks and rotors.

10.2.3.6 Inservice Inspection. The inservice inspection program
for the turbine assembly and the inspections and tests of the main steam
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stop and control valves and the reheat stop and intercept valves should
be described.

10.2.4 Evaluation

An evaluation of the turbine generator and related steam handling
equipment should be provided. This evaluation should include a summary
discussion of the anticipated operating concentrations of radioactive
contaminants in the system, radiation levels associated with the turbine
components and resulting shielding requirements, and the extent of access
control necessary based on radiation levels and shielding provided.
Details of the radiological evaluation should be provided in Chapters 11
and 12.

10.3 Main Steam Supply System

10.3.1 pesign Bases

The design bases for the main steam line piping f rom the steam gener-
ator, in the case of an indirect cycle plant, or f rom the outboard isola-
tion valve, in the case of a direct cycle plant, should be provided and
should include performance requirements, environmental design bases,
inservice inspection requirements, and design codes to be applied. Capa-
bility of the system to dump steam t the atmosphere, if required, should
be discussed. Steam lines to and from feedwater turbines should be
included in the des criptions.

10.3.2 Description

A description of the main steam line piping, including drawings show-
ing interconnected piping, should be provided.

10.3.3 Evaluation

An evaluation of the design of the main steam line piping should be
provided and should include an analysis of the ability to withstand limit-
ing environmental and accident conditions and provisions for permitting
inservice inspections to be performed. Appropriate references should be
made to seismic classifications in Chapter 3 and to the analysis of postu-
lated high energy line failure in Section 3.6.

10.3.4 Inspection and Testing Requirements

The inspection and testing requirements of the main steam line piping
should be described. Describe the proposed requirements for preoperational
and inservice inspection of steam line isolation valves or reference other
sections of the SAR where these are described.

}kb
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10.3.5 Water Chemistry (PWR)

The effect af the water chemistry chosen on the radioactive iodine
partition coefficients in the steam generator and air ejector should be
discussed.

Detailed information on the secondary-side water chemistry, includ-
ing methods of treatment for corrosion control and proposed specification
limits should be provided. Discuss methods for monitoring and controlling
water chemistry.

10.3.6 Steam and Feedwater System Materials

This section should provide the information indicated below on the
materials used for Class 1, 2, and 3 components.

10.3.6.1 Fracture Toughness. Indicate the degree of compliance
with the test methods and acceptance criteria of the ASME Code section
,Ill in Articles NB-2300, NC-2300, and ND-2300 for fracture toughness for
I ferritic materials used in Class 1, 2, and 3 components.

10.3.6.2 Materials Selection and Fabrication. Informatico on mate-
J rials selection and f abrication methods used f or Class 1, 2, and 3 components
' should include the following:

1. For any material not included in Appendix I to Section III of the
i ASME Code or in Regulatory Guide 1.85, " Materials Code Case Acceptability -
| ASME Section III Division 1," provide the data called f or uncer Appendix IV
f or approval of new materials. The use of such materials should be justified.

2. For austenitic stainless steel components, the degree to which
the recommendations of Regulatory Guide 1.44, " Control of the Use of
Sensitized Stainless Steel;" Regulatory Guide 1.36, " Nonmetallic Thermal
Insulaticn for Austenitic Stainless Steel;" and Regulatory Guide 1.31,:

!" Control of Ferrite Content in Stainless Steel Weld Metal," are followed
should be indicated. Justification for any deviations from the procedures
shown in these guides should be provided.

! 3. Information on the cleaning and handling of all Class 1, 2, and 3
components should be provided. The degree to wh ch the recommendations of
Regulatory Guide 1.37, " Quality Assurance Requ iements f or Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants," and

| ANSI N45.2.1-73, ' Cleaning of Fluid Systems and Associated Components During
| Construction Phase of Nuclear Plants," are followed should be indicated.
Justi;ication for any deviations from the position in these documents should
be provided.

4. Indicate whether the preheat temperatures used f or welding low-
alloy steel are in accordance with Regulatory Guide 1.50, " Control of
Preheat Temperature for Welding of Low-Alloy Steel." Justification for
any deviations f rom the procedures shown in this guide should be provided.
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For carbon steel materials, indicate whether the preheat temperatures
are in accordance with Section III, Article 0-1000, of the ASME Boiler
and Pressure Vessel Code. The use of alternative procedures should be
justified.

5. For all applicable components, the degree to which the recom-
mendations of Regulatory Guide 1.71, " Welder Qualification for Areas of
Limited Accessibility," are followed should be indicated. Justification
for any deviations f rom the procedures given in this guide should be
provided.

6. Indicate that the nondestructive examination procedures used
for the examination of tubular products conform to the requirements of
the ASME Boiler and Pressure Vessel Code. Provide justification for devia-
tions from these requirements.

10.4 Other Features of Steam and Power Conversion System

This section of the SAR should provide discussions of each of the
principal design features and subsystems of the steam and power conversion
system. Because these systems vary in number, type and nomenclature
for various plant designs, the Standard Format does not assign specific
subsection numbers to these systems. The applicant should provide separate
subsections (numbered 10.4.1 through 10.4.X) for each. These subsections
should provide the following information:

1. Design bases,

2. System description,

3. Safety evaluation,

4. Tests and inspections, and

5. Instrumentation applications for each subsystem or feature.

The following paragraphs provide examples of subsystems and features
that should be discussed, as appropriate to the individual plant, and
identify some specific information that should be provided in addition
to the items identified above.

10.4.1 Main Condensers

The description of the main condensers should nclude performance
requirements, materials of construction, methods usr a to reduce the proba-
bility of corrosion and/or erosion of tubes and components, anticipated
inventory of radioactive contaminants during power operation and during
shutdown, anticipated air leakage limits, control functions that could
influence operation of the primary reactor coolant or secondary systems,

@ potentialforhydrogenbuildup,andprovisionsforprotectionofsafety-|
related equipment from flooding as a result of failure of the condenser.

10-5 - 7i~
bkD L\b



Revision 3 November 1978

9
Ihe description should also include the methods used to detect the leakage
of cooling water into the condensate, the contaminants allowed in the
condensate, the procedure to repair condensate leaks, and the length of
Lime the condenser may operate with degraded conditions Without at f ecting
the condensate /f eedwater quality f or saf e operation.

10.4.2 Main Condenser Evacuation System

The description of the evacuation systems for the main condensers
should include perf ormance requirements f or startup and normal operation,

Ianticipated release rates of radioactive materials , evaluation of the
capability to limit or control loss of radioactivity to the environment,
and control functions that could influence operation of the reactor
coolant system. Describe any design f eatures that preclude t he existence
of explosive mixtures. Details of the radiological evaluation should be

provided in Chapter 11.

10.4.3 lurbine Gland Sealion System

Ihe discussion of the turbine gland sealing system should include
identification of the source of noncontaminated steam, a description of

potential radioactivity leakage to the environment in the event of a
malfunction, and dischsion of the means to be used to monitor system
performance. f he inspection and testing requirements should be described.
The evaluation of the estimate of potenti;11 radioactivity leakage to the
environment in the event of a malfunction of the turbine gland sealing

system should be pr ovided in Chapter 15. Details of the radiological
evaluation should be provided in Chapter 11.

10.4.4 Turbine Bypass System

The design bases f or the turbine bypass system should include perf orm-
ance requirements, capability to meet design criteria, design codes to be
applied, and environmental ci iteria. The evaluation of the turbine bypass
system should include a f ailure analysis to determine the ef fect of equip-
ment maltunctions on the reactor coolant system.

10.4.5 Circulating Water System

The description of the circulating water system should include discus-
sion of performance requirements, dependence on the system f or cooling
during shutdown; anticipated operational occurrences and accidents; control
of the circulating water chemistry, corrosion, and organic fouling; environ-
mental influences; and ootential interaction of cooling towers, if any, with
the plant structure. The potential for f looding saf ety-related equipment
due to the f ailure of a system component such as an expansion joint should
be discussed. References to paragraphs 2.4.11.5 and 2.4.11.6 should be
provided, where applicable,

@
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10.4.6 Condensate Cleanup System

The design bases for the condensate cleanup system should include
the f raction of condensate flow to be treated, impurity levels to be main-
tained, and design codes to be applied. The evaluation of the condensate
cleanup system should include an analysis of demineralizer capacity and {
anticipated impurity levels, an analysis of the contribution of impurity
levels from the secondary system to reactor coolant system activity levels,
and performance monitoring. Provisions for the control of chloride ion

'

and other contaminants should be described.

10.4.7 Condensate and Feedwater Systems

The design ba:es for the condensate and fecdwater systcms should
include design coder to be applied, criteria for isolation f rom the steam
generator or reactor coolant system, supply of condensate available for
emergency purposes, inservice inspection requirements, and environmental
design requirements, lhe evaluation of the condensate and feedwater systems
should include an analysis of component failure, effects of equipment
malfunction on the reactor coolant system, and an analysis of isolation
provisions to preclude release of radioactivity to the environment in
the event of a pipe leak or break.

Provide the following information with reference to fluid flow instabil-
ities, e.g. , water hammer, for steam generators using top feed:

1. A description of normal operating transients that could cause |
the water level in the steam generator to drop below the sparger or cause i

the nozzles to uncover and allow steam to enter the sparger and feedwater
piping.

2. A summary of the criteria for routing or isometric drawings
showing the routing of the feedwater piping system from the steam generators
to the restraint that is closest, on the upstream side, to the feedwater
isolation valve that is outside containment.

3. A description of the piping system analyses, including any forcing
functions, or the result of test programs performed to verify that uncovering
of feedwater lines could not occur or that such uncovering would not result
in unacceptable damage ta the system. A summary of relevant water hammer
experience is provided ir. NUREG-0291, "An Evaluation of PWR Steam Generator
Water Hammer. "

10.4.8 Steam Generator Blowdown Systen (PWR)

10.4.8.1 Design Bases. This section should provide the design bases
for the steam generator blowdown syctcin (SGBS) in terms of its ability
to maintain optimum secondary-side wate chemistry in recirculating steam
generators of PWRs during normal operation, including anticipated opera-
tional occurrences (main condenser inleakage and primary-to-secondary
leakage). The design bases should include consideratio,n o,f pected and

}k) 3
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design flows for all modes of operation (process and process bypass),
process design parameters and equipment design capacities, expected and
design temperatures for temperature sensitive treatment processes
(demineralization and reverse osmosis), and process instrumentation and
controls for maintaining operations within established parameter ranges.

Seismic and quality group classifications of the SGBS should be pro-
vided in Section 3.2 and referenced in this section.

10.4.8.2 System Description and Operation. A detailed description

of the SGBS, including component description, piping and instrumentation
diagrams, process flow diagrams, and equipment general arrangement drawings
(reference may be made to pertinent information in Section 11.2), should
be provided. Discuss the operating procedures and the processing to be
provided f or all anticipated modes of operation, including system or process
bypass, significant primary-to secondary leakage, and main condenser
inleakage.

Discuss the instrumentation and controls provided to protect
temperature-sensitive elements (demineralizer res.ns or reverse osmosis
membranes) and to control flashing, liquid levels, and process flow throuqh
system components. The radioactive waste treatment and process and ef fluent
radiological monitoring aspects of the SGBS should be described in Sec-
tions 11. 2,11. 3,11. 4, and 11. 5.

10.4.8.3 Safety Evaluation. The interfaces between the SGBS and
other plant systems should be discussed. Unusual desior conditions that
could lead to safety problems should be identified ano evaluated. Pro-
vide a failure mode and effects analysis of any interactions that may
incapacitate safety-related equipment. Provide coolant chemistry speci-
fications to demonstrate compatibility with primary-to-secondary system
pressure boundary material. The bases for the selected chemistry limits
should be included. (Information provided in Section 5.4. 2 may be
refereqced.)

10.4.8.4 Tests and Inspections. The inspection and periodic testing
requirements for the SGBS should be described.

10.4.9 Auxiliary Feedwater System (PWR)

10.4.9.1 Design Bases. This section shnold provide the design bases
for the auxiliary feedwater system in terms of the safety-related functional
performance requirements of the system, including the required pumping
capacities of the pumps, diversity of power supplied to the system pumps
and system control valves, capabilities of the pumps (head / flow) with
respect to supply requirements of the steam generator, and the auxiliary
feedwater rupply capacity requirements for makeup during maximum hot stand-
by conditions and for cold shutdown of the facility following a reactor
trip or accident condition; reouirement for the system's ability to with-
stand adverse environmental occurrences and the ef f ects of pipe breaks;
requirement of the system to perform its safety-related function in the

10-8 94 -,
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event of a single f ailure coincident with pipe breaks, environmental occur-
rences, and the loss of of f site power and/or the standby a.c. power system.
The means by which the system is protected from the effects of hydraulic
instability (water hammer) or the design considerations precluding the
occurrence of hydraulic instability should De provided.

Seismic and quality group classification should be provided in Sec-
tion 3.2 and referenced in this section.

10.4.9.2 System Description. A detailed description of the auxil-
iary f eedwater system should be provided, including piping and instrumenta-
tion diagrams, system drawings, and the location of components in the
station complex. The description and drawings should also include sub-
systems, system interactions, components utilized, piping connection points,
instrumentation and controls utilized, and system operations, i.e. , system
function during normal operations and the minimum functional conditions
of the system in the event of pipe breaks, loss of main feedwater system,
or loss of offsite power. The information should also state the maximum
length of time the plant could do without normal feedwater and the minimum
auxiliary feedwater flow rate required af ter this time period (i . e. , pumps
started and control valves open) for these conditions.

10.4.9.3 Safety Evaluation. An evaluation of the capability of

the auxiliary feedwater system should include (either in this section or
by eference) the means by which protection from postulated failures of
high- and moderate energy systems is accomplished for the system and auxil-
iary supporting systems and the means by which the system is capable of
withstanding the ef fects of site-related natural phenomena. Failure mode
and ef fccts analyses should be provided that ensure minimum safety require-
r.ients are met assuming a postulated pipe failure concurrent with a single
a:tive component failure in any system required to ensure performance of
tne auxiliary feedwater system. An analysis should demonstrate the capa-
:lity of the system to preclude hydraulic instabilities (characterized

as water hammer) from occurring for all modes of operation.

An analysis or analyses to demonstrate the system's capability to
perform its safety function when subjected to a combination of environ-
mental occurrences, environmental condhions, pipe break, and loss of
power during normal and accident conditions should be performed. In addi-
tion, an analysis should be performed to demonstrate the system's capabil-
ity to perform its safety function utilizing diverse power sources to
ensure system operability without reliance on a.c. power.

10.4.9.4 Inspection and Testing Requirements. The inspection and
periodic testing requirements for the auxiliary f eedwater system should
be described.

10.4.9.5 Instrumentation Requirements. The system instrumentation
and controls should be described. The adequacy of safety-related instru-
mentation and controls to fulfill their functions should be demonstrated.

143 217
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11. RADI0 ACTIVE WASTE MANAGEMENT

This chapter should describe:

1. The capabilities of the plant to control, collect, handle, pro-
cess, store, and dispose of liquid, gaseous, and solid wastes that may
contain radioactive materials, and

2. The instrumentation used to monitor the release of radioactive
wastes.

The information should cover normal operation, including anticipated
operational occurrences (refueling, purging, equipment downtime, mainte-
nance,etc.). The proposed radioactive wastc (radwaste) treatr t. systems
should have the capability to meet the requirements of 10 Cf rts 20
and 50 and the recommendations of appropriate regulatory guides concerning
system design, cor trol and monitoring of releases, and maintaining releases
of raaioactive materials at the "as low as is reasonably achievable" level
in accordance with Appendix I to 10 CFR Part 50.

11.1 Source Terms

The PSAR should indicate the sources of radioactivity that serve as
design bases for the various radioactive waste treatment systems for normal
operation, including anticipated operational occurrences, as well as for
design conditions. The parameters used to determine the specific activity
of each radioisotope in the primary and secondary (PWR) coolant should |
be described and all assumptions justified. |

The PSAR should provide the concentrations of fission, activation, !
and corrosion products used in the source term calculations and their
bases. The activation of water and constituents normally found in the
reactor coolant system should also be taken into account. The source of
each isotope (e.g., C-14, Ar-41) should be identified and tha concentra-
tion of each isotopa indicated. Provide the basis for the vai'es used.
Previous pertinent operating experience should be cited.

Mathematical models and parameters used to calculate source terms
for normal operation, including anticipated operational occurrences, should
be provided.

For the purpose of evaluating the adequacy of various ventilation |

systems, provide in the PSAR estimates of the leakage rate from the reactor
coolant system and other fluid systems containing radioactivity into indi-
vidual cubicles and areas that may require access by operating personnel.
Tabulate the sources of leakage. Estimates of the releases of radioactive
gases and radioiodines from each leakage source and their subsequent trans-
port and release path should be provided. The basis for the values used
should be indicated. Cite previous pertinent experience from operating
reactors. Discuss leakage measurements and spec',al design features to
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reduce leekage. The principal discussions of coolant leakage in other
sections of the SAR should be referenced.

The PSAR should identify all sources of releases of radioactive mate-
rial that are not normally considered part of the radioactive waste n'anage-
ment systems, e.g. , the steam generator blowdown system, building ventila-
tion exhaust systems, containment purging, and the turbine gland seal
system. Estimates of the release of radioactive materials (by radionuclide)
from each source identified and the subsequent transport mechanism end
release path should be provided. Identify planned operations, including
anticipated operational occurrences, that may result in release of radio-
active materials to the environment. Consider leakage rates and concentra-
tions of radioactive materials for both expected and design conditions.
The bases for all values used should be provided. Describe changes froa
previous designs that may affect the release of radioactive materials tc
the environment.

The FSAR should provide additional information required to update
the PSAR to the final design conditions.

11.2 Liquid Waste Management Systems

This section should describe the capabilities of the plant to control,
collect, process, handle, store, and dispose of liquid radioactive waste
generated as the result of normal operation, including anticipated opera-
tional occurrences. Process and effluent radiological monitoring and
sampling systems should be described in Section 11.5.

11.2.1 Design 3ase_s

The PSAR should provide the design objectives and design criteria
for the liquid radioactive waste handling and treatment systems in terms
of expected annual quantities of radioactive material (by radionuclide)
released, averaged over the life of the plant, and the expected doses to
individuals at or beyond the site boundary. An evaluation should be
included to show that the proposed systems are capable of controlling
releases of radioactive materials within the numerical design objectives
of Appendix I to 10 CFR Part 50. The evaluation should also show that
the proposed systems contain all items of reasonably demonstrated tech-
nology that, when added to the system 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. All assumptions should be provided and the calculational
mctbods should be shown. An evaluation should be provided to show that
the proposed systems have sufficient capacity, redundancy, and flex;bil-
ity to meet the concentration limits of 10 CFR Part 20 during periods of
equipment downtime and during operation at design basis fuel laakage (i.e. ,
leakage from fuel producing 1 percent of the reactor power for a PWR or
fuel having a noble gas release rate of 100 pCi/sec per Wt af ter a 30-
minu".e decay for a BWR)-

11-2
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A tabulation showing the liquid radwaste system components and their
design parameters, e.g., flow, temperature, pressure, and materials of
construction, should be provided. An evaluation indicating the capabil-
ities of the system to process surge waste flows associated with antici-
pated operational occurrences such as anticipated waste flows f rom back-
to-back refueling and equipment downtime should be included.

The seismic design criteria and analytical procedures for structures
housing the liquid radwaste components should be provided along with the
quality group classification for the liquid radwaste components and piping.
Seismic and quality group classifications provided in Section 3.2 may be
incorporated by reference. The PSAR should describe how the requirements
of General Design Criteria 60 and 64 of Appendix A to 10 CFR Part 50 will
be implemented.

Design teatures incorporated to reduce maintenance, equipment down-
t i n,e , liquid leakage, or gaseous releases of radioactive materials to
the building atmosphere or to f acilitate cleaning or otherwise improve
radwaste operations should be described.

The design provisions incorporated to control the release of radio-
active materials due to overflows f rom all liquid tanks outside containment
that could potentially contain radioactive materials should be described.
Discuss the ef fectiveness of both the physical and the monitoring precau-
tions taken, e.g. , dikes, level gauges, and automatic diversion of wastes
f rom tanks exceeding a predetermined level. The potential for operator
error or equipment malfunctions (single f ailures) to result in uncontrolled
releases to the environment should be discussed. Describe the design
provisions and controls provided to preclude inadvertent or uncontrolled
releases of radioactivity to the environs. Process and ef fluent radiolog-
ical monitoring systems should be described in Section 11.5.

The FSAR should provide any additional information required to update
the PSAR to the final design conditions.

11.2.2 System Description

The PSAR should include a description of each liquid waste subsys-
tem and the process flow diagrams indicat'og processing equipnent, normal
process routes, equipment capacities, ano redundancy in equipment. For
multi-unit stations, those subsystems that are shared should be indicated.
All equipment and ccmponents that will normally be shared between subsystems
should be identified. Indicate the processing to be provided for all
liquid radwastes, including turbine building floor drains and steam gener-
ator blowdown liquids (PWR).

For each subsystem, tabulate or show on the flow diagrams the maximum
and expecteu inputs in terms of flow (gal / day per reactor) and radioactivity
(f raction of primary coolant activity) for normal operation, including
anticipated operational occurrences. The bases for the values used should
be provided.
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The segregation of liquid waste streams based on conductivity, radio-

activity, and chemical cocoosition, as appropriate, should be described.
Indicate all potential bypass routes, the conditions governing their use,
and their anticipated f requency of bypass due to equipment downtime.
The piping and instrumentation diagrams (P& ids) should indicate system
interconnections and seismic and quality group interfaces.

The location of secondary flow paths for each system should be indi-
cated. The normal operation of each system and dif ferences in system
operation during anticipated operational occurrences such as startups,
shutdowns, and refueling should be described.

The FSAR should provide any additional information required to update
the PSAR to the final design conditions.

11.2.3 Radioactive Releases

The PSAR should provide the criteria for determining whether processed
liquid wastes will be recycled for reuse or further treatment or discharged
to the environment. Discuss the influence the plant water balance (require-
ments) and the expected tritium concentrations in process streams will
have on the release parameters assumed.

The parameters and assumptions used to calculate releases or radio-
active material: in liquid effluents and their bases should be provided.
Provide the expected releases of radioactive materials (by radionuclides)
in liquid effluents resulting from normal operation, including antic' pated
operational occurrences, and from desigr. bases fuel leakage in Ci/yr per
reactor.

Tabulate the releases by radionuclide for each subsystem and for
the total system, and indicate the effluent concentrations. The calcu-
lated eff',uents should be compared with the concentration limits of 10 CFR
Part 20, Appendix B, Table II, Column 2; the doses due to the effluents
should be cumpared with the numerical design objectives of Appendix I to
10 CFR Part 50 and the dose limits of 10 CFR Part 20. Identify all release
points for liquid wastes and the dilution factors considered in the
evaluation.

The FSAR should provide any additional informat;on required to update
the PSAR to the final design conditions.

11.3 Gaseous Waste Management Systems

This section should describe the capabilities of the plant to control,
collect, process, handle, store, and dispose of gaseous radioactive waste
generated as the result of normal operatian and anticipated operational
occurrences. Process and effluent radiological monitoring systems should
be described in Section 11.5.

@
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In this section, the term " gaseous waste systems" is applied to all
plant systems that have a potential to release radioactive materials in
gaseous effluent to the environment, including building ventilation sys-
tems. Gaseous wastes include noble gases, halogens, tritium, argon-41,
carbon-14, and radioactive material in particulate form.

11.3.1 Design Bases

The PSAR should provide the design objectives and design criteria
for the gaseous radioactive waste handling and treatment systems in terms
of expected annual quantities of radioactive material (by radionuclide)
released, averaged over the life of the plant, and expected doses to indi-
viduals at or beyond the site boundary. An evaluation should be provided
to show that the proposed systems are capable of controlling releases of
radioactive materials within the numerical design objectives of Appendix
I to 10 CFR Part 50. The evaluation should also show that the proposed
systems contain all items of reasonably demonstrated technology that,
when added to the system 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.
All assumptions should be provided and the calculational methods should
be shown. An evaluation should be piovided to show that the proposed
systems have sufficient capacity, redundancy, and flexibility to meet
the concentration limits of 10 CFR Part 20 when operating at design basis
fuel leakage (i.e., leakage from fuel producing 1 percent of the reactor
power for a PWR or fuel having a noble gas release rate of 100 pCi/sec
per MWt af ter a 30-minute decay for a BWR).

The gaseous radwaste system components and their design parameters,
e.g., flow, temperature, pressure, and materials of construction, should
be listed. Provide an evaluation indicating the capabilities of the sys-
tem to process surges in waste flows associated with anticipated opera-
tional occurrences such as cold startups, shutdowns, purging of containment,
back-to-back refuelit.g, and equipment downtime.

The seismic design criteria and analytical procedures for equipment
support elements and structures housing the gaseous waste treatment system
should be provided along with the quality group classification for the
gaseous waste treatment comporunts and piping. The PS/W should describe
how the requirements of Gene al Design Criteria 60 and 64 of Appendix A
to 10 CFR Part 50 will be implemented.

Design features in.orporated to reduce maintenance, equipment down-
time, leakage, and gareous releases of radioactive materials to the building
atmosphere or to facilitate cleaning or otherwise improve radwaste opera-
tions should be described.

The design provisions incorporated to control the release of radio-
active materials in gaseous effluents as the result of equipment malfunc-
tion or operator error should be described. Discuss the effectiveness
of monitoring precautions taken, i.e. , automatic termination of waste
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release f rom waste gas storage tanks when the release exceeds a predeter-
mined level. The potential f or an operator error or equipment mal f unction
(single failures) that may result in uncontrolled releases of radioactivity
to the environment should be discussed. Process and ef fluent radiological
monitoring systems should be described in Section 11.5.

The design objectives or the plant ventilation systems for normal
and emergency operation, including anticipated operational occurrences,
should be described with respect to meeting the requirements of 10 CFR
Parts 20 and 50.

For systems where the potential for an explosion exists, any equip-
ment that is not designed to withstand the pressure peak of the explosion
should be identified and justification provided. Process instrumentation
(including gas analyzers) and design features provided to prevent explo-
sions should be described along with provisions to ensure that seals wil1
not be permanently lost following an explosion.

The FSAR should provide any additional information required to update
the PSAR to the final design conditions.

11.3.2 System Description

The PSAR should include a description of each gaseous waste subsys-
tem and the process flow diagrams indicating processing equipment, normal
flow paths through the syctem, eouipment capacities, and redundancy in
equipment. For multi-unit stations, those subsystems that are shared
should be indicated. All equipment and components that will normally be
shared between subsystems should be identified. For each subsystem,
tabulate or show on the flow diagrams the maximum and expected inputs in
Lerias of flow and radioactivity content for normal operation, including
ant icipated operational occurrences. The bases for the values used should
be provided. Indicate the composition of carrier and blanket gases, and
d< scribe the segregation of stre r containing hydrogen, if appropriate.

The piping and instrumentat :agrams should indicate system inter-
connections and seismic and qua l i; . group interfaces. Instrumentation
and controls that govern the operation should be described. Indicate
all potential bypasses of normai process routes, the conditions governing
their use, and the anticipated f requency of bypass due to equipment down-
time. Provide the location of liquid seals, show them on the P& ids, and
describe how blown seals will be automatically reestablished. The loca-
tion of vents and secondary flow paths for each syst2m should be indicated.
Describe both the normal oporation of each system and the differences in
system operation during anticipated operational occu'rences such as startups,
shutdowns, refueling, and purging of containment.

The ventilation system for each building that can be expected to
contain radioactive materials should be described. Include building volumes,

expected flow rates f rom buildings and equipment cubicles, filter charac-
teristics, and the design criteria on which these are based. Despribe - ) ') T
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both the normal operation of each ventilation system and the differences
in operation during anticipated operational occurrences such as startup,
shutdown, and refueling. Chapter 9 should be referenced, as appropriate.
The FSAR should provide a tabulation showing the calculated concentrations
of airborne radioactive material (by radionuclide) expected during normal
and anticipated operational occurrences for equipment cubicles, corridors,
and areas normally occupied by operating personnel.

The subsystems in the steam and power conversion systems that are
potential sources of gaseous radioactive effluents should be described.
Examples of such systems are the turbine gland sealing systems and the
main condenser vacuum system. Provide the flow rates and concentrations
of radioactive materials (by radionuclide) through these systems during
normal operations and anticipated operational occurrences. The bases
for the values used should be provided. Tabulate the expected frequency
and quantity of stem released during steam dumps to the atmosphere (PWR)
or pressure relief valve venting to the suppression pool (BWR). The bases
for the values used should be provided. Other sections of the SAR should
be referenced, as appropriate.

The FSAR should provide any additional information required to update
the PSAR to the final design conditions.

11.3.3 Radioactive Releases

The PSAR should provide the criteria to be used for releasing gaseous
wastes and the acceptable release rates.

The parameters and assumptions used in calculating releases of radio-
active materials in gaseous effluents ard their bases should be provided.
Drovide the expected releases of radioactive materials (by radionuclides)
in gaseous effluents resulting from normal operation, including anticipated
operational occurrences, in Ci/yr per rea-tor.

fabulate the releases by radionuci each subsystem and for
the total system, and indicate the ef flut t _entrations. The calcu-
lated effluents should be compared with the cc .entration limits of 10 CFR
Part 20, Appendix B, Table II, Column 1; the doses due to the effluents
should be compared :th the numerical design objectives of Appendix I to
10 CFR Part 50 and the dose limits of 10 CFR Part 20. The dilution factors
considered in the evaluation should be indicated.

Identify all release points of gasenus waste to the environment on
process flw "iugrams, general arrdagement drawings, or a site plot plan.

For., _e points, give:

1. Height of release,

@ 143 224
2. Inside dimensions of release point exit,
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3. Ef f luent temperature, and

4. Ef fluent exit velocity.

The FSAR should provide any additional information required to update
the PSAR to the final oesign conditions.

11.4 Solid Waste Manaaement System

.nis section should describe the capabilities of the plant to control,
collect, handle, process, package, and temporarily store prior to shipment
wet and dry solid radioactive waste generated as a result of normal opera-

. tion, including anticipated operational occurrences. In this section,
! the term " solid waste management system" means a permanently installed
jsystem. Process and ef fluent radiological monitoring systems should be
described in Section 11.5,

11.4.1. Design Bases

The PSAR should povide the design objecti _ es and design criteria
for the solid radioactive waste handling and treatment system in terns
of the types of wastes, the maximum and expected volumes to be handled,

i and the isotopic and curie content. The seismic design criteria ar.d
I analytical procedures for structures housing the solid radwaste system
' should be provided along with the quality group classification for the

solid radwaste components and piping. Seismic and quality group classi-
fications provided io Section 3.2 may be incorporated by reference. Indi-
cate how the requirements of 10 CFR Parts 20, 50, and 71, and applicable
DOT regulations will be implementea.

The FSAR should provide any additional information required to update
the PSAR to the final design conditions.

11.4.2 System Description

The PSAR should describe the wet solid waste subsystem to be used
for processing ion exchange resins, filter sludges, evaporator bottoms,
and miscellaneous liquids. List the systen. components (evaporator con-
centrates, sludges tanks, phase separator tanks, etc.). Their design
capacity and materials of construction should be indicated. In the PSAR,
tabulate the maximum and expected waste inputs, their physical form (resin,
sludge, etc. ), sources of waste, volume per batch, and isotopic composition.
The bases for the values used should be provided. Describe the method
to be used for solidifying each waste type, the type of container in which
the wastes will be packaged, and the means to be used to ensure the absence
of free liquid in the waste containers, including in the FSAR the process
control program to ensure a solid matrix.

Process flow diagrams indicating the normal process route, flow rates,
equipment holdup times, expected isotopic conter.t of each flow, end equipmeat
capacities should be providcd. Describe the instrumentation and controls

11-8
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used for prccess control. Provide the piping and instrumentation diagrams
that show system interconnections and seismic and quality group interf aces.
Describe the design provisions incorporated to control the release of
radioactive materials due to overflows from tanks containing liquids,

sludges, and spent resins. Identify all tanks or equipment that use com-
pressed gases for any function and provide information as to the gas flow
rate volume per operation, expected number of operations per year, expected
radionuclide concentration of of f gases, treatment provided, and interfaces
with ventilation exhaust systems. Discuss the effectiveness of the physical
and monitoring precautions teen (e.g. , retention basins, curbing, and
level gauges). The pot','tial for operator errors or equipment malfunctions
(single failures) th; mcy result in uncontrolled releases of radioactive
material should be di cu' ed.

Describe the drv solid aste subsystem to be used for processing
dry filter media (v- , tion filters); contaminated clothing, equipment,
tools, and glassware, and n's& .,,neoos idioactive wastes that are not
amenable to sol!difir-ti,a .r er t oc :ka- J. Tabulate 'he maximum and
expected waste np.ts i m of type ( istets, tou's, etc.), sources
of waste, volume, nd ic.oc ' and curie content. The Dases for the values
used should be p P M 2en -ibe the method of packaging and equipment
to be used. The pr ei/ - s v be used to control airborne radioactivity
due to dust during . ci.io,i nd baling operations should be described.
Dis uss the methodr cf Sandling and packaging large waste materials and
equipment that has been activated during reactor operation (e.g. , core
components).

Describe the containers to be used for packaging was+es and indicate
thnir compliance with applicable Federal regulations. Provisions for
sealing, decontaminating, and moving the containers to storage and to
shipping areas should be discussed along with the potential for radio-
active spills due to dropping cor, tainers from cranes, monorails, etc.
Describe provisions for collecting and processing decontamination liquids
and spillage. The provisions for waste storage prior to shipping, includ-
ing the storage capacity and the expected onsite storage time should be
described. Layout drawings of the packaging, storage, and shipping areas
should be provided.

The maximum and expected annual volumes and the curie and isotopic
content of wastes to be shipped of fsite for ea-b waste category should
be indicated.

The FSAR should provide any additional information required to update
the PSAR to the final design conditions.

11.5 Process and Effluent Radiological
Monitoring and Sampling Systems

This section should describe the systems that monitor and sample

@ the process and effluent streams in order to control releases of radio-
active materials generated as the result of normal operations, including
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@
anticipated operational occurrences, and during postulated accidents.

, The process sampling system should be described in Section 9.3.2.

11.5.1 Design Bases

The PSAR should include the design objectives and design criteria for
the prmess and ef fluent radiological monitoring systems and the sampling
systems in relation to the requirements of 10 CFR Parts 20 and 50. Indi-

cate whether, and if so how, the guidance of Regulatory Guide 1.21, " Meas-
uring, Evaluating, and Reporting Radioactivity in Solid Wastes and Releases
of Radioactive Materials in Liquid and Gaseous Ef fluents f rom Light-Water-
Cooled Nuclear Power Plants," will be followed; if it will not be followed,
the specific alternative approaches to be used should be described. For
the ef fluent monitoring system, distinguish between the design objectives
for normal operations, including anticipated operational occurrences, and
the design objectives for monitoring postulated accidents.

The FSAR should provide any additional information required to update
the PSAR to the final design conditions.

11.5.2 System Description

Provide system descriptions for adiation detectors and samplers used
to monitor and control releases of radioactive materials generated as the
result of normal operations, including anticipated operational occurrences,
and during postulated accidents.

For continuous process and effluent radiation monitors, provide the
following information:

1. Location of monitors,

2. Type of monitor, sensitivity,* and measurement made (e.g. , gross,
y, or isotopic analysis),

3. Instrumentation, redundancy, independence, and diversity of the
components supplied,

4. Range of radioactivity concentrations to be monitored and bases
for range provided,

5. Types and locations of annunciators, alarms, and automatic
controls and actions initiated by each,*

6. Provisions for emergency power supplies,

7. Setpoints for alarms and controls and bases for values
chosen,* and

FSAR only. _.

'
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8. Description of provisions for radiological monitoring instrument
calibration, maintenance, inspection, decontamination, and replacement. *

For each location subject to routine sampling, indicate whether,
and if so how, the guidance of Regulatory Guide 1.21 will be followed;
if it will not be followed, the specific alternative approaches to be
used should be described. The following information should be provided:

1. Basis for selecting the location,

2. Expected flow, composition, and concentrations,

3. Quantity to be measured (e.g., gross, h , or isotopic concen-
trations),

4. Sampling frequency, type of sample nozzle or other sample equipment,
and procedures used to obtain representative samples,* and

5. Analytical procedure and sensitivity.*

11.5.3 Effluent Monitoring and Sampling

Indicate how the requirements of General Design Criterion 64 will
be implemented with respect to effluent discharge paths for radioactiv-
ity that may be released from normal operations, including anticipated
operational occurrences, and from postulated accidents.

11.5.4 Process Monitoring and Sampling

Indicate how the requirements of General Design Criterion 60 will
be implemented with respect to the automatic closure of isolation valves
in gaseous and liquid effluent discharge paths. Indicate how the require-
ments of General Design Criterion 63 will be implemented with respect to
the monitoring of radiation levels in radioactive waste process systems.

x
F.AR only.

\ Un 1}fL
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12. RADIATION PROTECTION

This chapter of the SAR should provide information on methods for
radiation protection and on estimated occupational radiation exposures
to operating and construction personnel during normal operation and antici-
pated operaticnal occurrences (including refueling; purging; fuel handling
and storage; radioactive material handling, processing, use, storage,
and disposal; maintenance; routine operational surveillance; inservice
inspection; and calibration). It should provide information on facility
and equipment design, the planning and procedures programs, and the tech-
niques and practices employed by the applicant in meeting the standards
for protection against rad #ation of 10 CFR Part 20 and the guidance given
in the appropriate regulatory guides, where the practices set forth in
such guides will be used to implement NRC regulations. Reference to other
chapters for information needed in this chapter should be specifically
made where required.

12.1 Ensuring that Occupational Radiation Exposures
Are As Low As Is Reasonably Achievable (ALARA)

_

12.1.1 Policy Considerations

Describe the management policy and organizational structure related
to ensuring that occupational radiation exposures are ALARA. Describe
the applicable responsibilities and the related activities to be conducted
by the management individuals having responsibility for radiation protec-
tion and the policy of maintaining occupational exposures ALARA. In the
PSAR, describe policy with respect to designing and constructing the plant;
in the FSAR, describe the ALARA policy as it will be applied te plant
operations. In the PSAR, indicate whether, and if so how, the ALARA policy
guidance given in Section C.1 of Regulatory Guide 8.8 (Ref. 1) and in
Regulatory Guides 8.10 (Ref. 2) and 1.8 (Ref. 3) will be followed; if it
will not be followed, describe the specific alternative approaches to be
used. Indicate how the requirements of 10 CFR Part 20 (Ref. 4) will be
met.

12.1.2 Design Considerations

In the PSAR, describe how experience from past designs and fron
operating plants is used to develop improved design for ensuring that
occupational radiation exposures are ALARA. Describe how ALARA design
guidance (both general and specific) is given to the individual designers.
Describe how the design is directed toward reducing the need for nainte-
nance of equipment and to reducing radiation levels and time spent where
maintenance and other operational activities are required. Describe any
mechanisms that provide for design reviaw by a competent professional in
radiation protection such as the utility radiation protection manager.
These descriptions should be detailed in the PSAR, including an indication
of whether, and if so how, the design consideration guidance provided in

'Section C.1 of Regulatory Guide 8.8 will be followed; if it will not be
followed, describe the specific alternative approaches to be used.

I k ")
q1g4

L'12-1



Revision 3 November 1978

9The detailed facility design features for radiation protection and
for ensuring that occupational radiation exposures will be ALARA should

} be covered in Section 12.3.1.

12.1.3 Operational Considerations

In the PSAR, describe the methods to be used to develop the detailed
operational plans and procedures for ensuring that occupational radiation
exposures are ALARA. Describe how these operational plans and procedures
will impact on the design of the facility and how such planning has incor-
porated information from cperating plant experience, other designs, etc.
Describe how operational requirements are reflected in the design consider-
ations described in Section 12.1.2 and the radiation protection design
features described in Section 12.3.1. Indicate the extent to which the

| guidance on operational considerations given in Section C.1 of Regulatory
Guide 8.8 and in Regulatory Guide 8.10 will be fvllowed; if the guidance
will not be followed, describe the specific alternative approaches to be
used.

In the FSAR, provide the criteria and/or conditions t.nder which various
operating procedures and techniques for ensuring that occupational radiation
exposures are ALARA are implemented for all systems that contain, collect,
store, or transport radioactive liquids, gases, and solids (including,
for example, the turbine system (for BWRs); the nuclear steam supply system;
the residual heat removal systems; the spent fuel transfer, storage, and
cleanup systems; and the radioactive waste treatment, handling, and storage
systems). Describe means f0r planning and developing procedures for such
radiation exposure-related operations as maintenance, inservice inspections,
radwaste handling, and refueling in a manner that will ensure that the
exposures are ALARA. Describe any changes in operating procedures that
result from the ALARA operational procedures review.

12.2 Radiation Sources

12.2.1 Contained Sources

In the PSAR, the sources of radiat'on that are the bases for the
radiation protection design shot ' ' 5e described in the manner needed as
input to the shield design calcut dion. Those sources that are contained
in equipment of the radioactive waste management systems should be
described. In this section, sotrce descriptions should be provided for
other sources such as the rea'. tor core, the spent fuel storage pool,
various auxiliary systems, the steam lines and turbine system (including
reheaters, moisture separators, etc. ) as sources of N-16 in a BWR, and

| For the reactor cort,the equipment, systems, and piping containing activation product sources.
i describe the source as it is used to determine radia-

tion levels external to the biological shield at locations where occupancy
may be required. For other sources, the description should tabulate
sources by isotopic composition or gamma ray energy groups, strength (curie
content), and geometry, as well as provide the basis for the values.
The source location in the plant should be specified so that all important

_
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sources of radioactivity can be located on plant layout drawings. For
all the sources identified above, including activation product sources,
the models and parameters fcr calculating the source magnitudes should
be provided. Indicate whether, and if so how, the applicable guidance
provided in ANSI N237 (Ref. 5) has been followed; if not followed,
describe the specific alternative methods used. Describe any required j
byproduct, source, and special nuclear material (Refs. 6, 7, and 8) that
may require shielding design considerations. In the FSAR, provide a listing
of isotope, quantity, form, and use of all sources in P.;s latter category
that exceed 100 millicuries. Provide additionC Jetails (and any changes)
of source descriptions that are used to develop the final shield design.

12.2.2 A_irborne Radioactive Material Sources

In the PSAP, the sources of airborne radioactive material in equip-
ment cubicles, corridors, and operating areas normally occupied by operat-
ing personnel should be described in the manner required for design of
personnel protective measures and dose assessment. Those airborne radio-
activity sources that have to be considered for their contribution to
the plant ef fluent releases through the r adioactive waste management sys-
tem or the plant ventilation systems should be described in Chapter ll.
Any other sources of airborne radioactivity in the areas mentioned above
that are not covered in Cnaptec 11 should be included and described here.
Sources resulting f rom reactor vessel head removal, relief valve venting,
and movement of spent fuel shoult. be included. The description should
ir.clude a tabulation of the calculated concentrations of airborne radio-
active material by nuclides exoected during normal operation and antici-
pated operational occurrences fur equipment cubicles, corridors, and
operating areas normally occupied by operating personnel. The models
and parameters for calculating airborne radioactivity concentrations should
be provided. In the FSAR, describe any changes or additions to the source
data since the PSAR

12.3 Radiation Protect'on Design Features

12.3.1 Facility Design Features

In the PSAR, describe equipment and facility design features used
for ensuring that occupational radiation exposures are ALARA. Indicate
whether, and if so how, the design feature guidance given in Section C.2
of Regulatory Guide 8.8 has been followed; if not followed, describe the
specific alternative approaches used.

Provide illustrative examples of the facility design features used
in the PSAR design stage as applied to the systems listed in Section
12.1.3. The description should include those features that reduce need
for maintenance and other operations in radiation fields, 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 any ather features that reduce radiation
exposure of personnel. It should include descriptions of methods for

12-3
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9
reducing the production, dictribution, and retention of activation products
through design methods, material selection, water chemistry, decontamination
procedures, etc. An illustrative example should be provided for each of
the following components (including equipment and piping layouts): liquid
filters, demineralizers, absorber beds, particulate filters, recombiners,
tanks, evaporators, pumps, steam generators, valve operating stations,
and sampling stations. In the FSAR, the location of 9 mpling ports, instru-
mentation, and control panels should be provided.

In ttt PSAR, provide scaled layout and arrangement drawings of the
facility shosing the locations of all sources described in Section 12
Provide on the layouts the radiation zone designations, including zone
boundaries for both normal operational and refueling outage conditions.
Reference other chapters as appropriate. The layouts should show shield
wall thicknesses, controlled access areas, personnel and equipment decon-
tamination areas, contamination control areas, traf fic patterns, location
of the health physics facilities, location * of airborne radioactivity
and area radiation monitors, location of control panels for radwaste equip-
ment and components, location of the onsite laboratory for analysis of
chemical and radioactivity samples, and location of the counting room.
Specify the design basis radiation level in the counting room during normal
operation and anticipated operational occurrences. Describe the facilities

and equipme nt such as hoods, glove boxes, filters, special handling equip-
ment, and special shields that are related to the use of sealed and unsealed
special nuclear, source, and byproduct material. In the FSAR, describe
changes or additions to the radiation protection design since the PSAR.

12.3.2 Shielding

In the PSAR, provide information on the shielding for each of the
i..iation sources identified in Chapter 11 and Section 12.2, including
the criteria for penetrations, the material, the method by which the shield
parameters (cross sections, buildup factors, etc.) were determined, and
the assumptions, codes, and techniques used in the calculations. Describe
special protective features that use shielding, geometric arrangement
(including equipment separation), or remote handling to ensure that occupa-
tional radiation exposures will be ALARA in normally occupied areas such
as valve operating stations and sample collection stations. Indicate

I whether, and if so how, the guidance provided in Regulatory Guide 1.69
|(Ref. 9) on concrete radiation shields and in Regulatory Guide 8.8 on
special protective features has been followed; if not followed, describe
the specific alternative methods used. In the FSAR, describe changes or
additions in the shielding since the PSAR.

12.3.3 Ventilation

In the PSAR, the personnel protection features incorporated in the
design of the ventilation system should be described. Those aspects of
the design that relate tr removing airborne radioactivity from equipment

~A

In the PSAR, if available, and update in the FSAP.

} [15 7 % ''>
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9
cubicles, corridors, and operiting areas normally occupied by operating
personnel and into the effluent control systems should be described in
Chapter 11. Describe hore any ventilation system protective features
not covered in Chapter 11 or provided by the descriptions in Chapter 9.
Include those aspects of the systems that relate to controlling the con-
centration of radioactivity in the areas mentioned above. Provide an
illustrative example of the air cleaning system design, including an example
laycut of an air cleaning system housing showing filter mountings, access
doors, aisle space, service galleries, and provisions for testing, isola-
tion, and decontaminaticn. Provide the criteria established for the change-
out of air filters and adsorbers in the air cleaning system. Indicate
whether, and if so how, the applicable guidance provided in Regulatory
Guide 1.52 (Ref. 10) has been followed; if not followed, describe the
specific alternative methods used. In the FSAR, include any changes or
additions in the ventilation system design protective features since the
PSAR.

12.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation

In the PSAR, describe the fixed area radiation and continuous air-
borne raoicactivity monitoring instrumentation and the critcria f or selec-
tion and placement.

In the FSAR, provide information on the auxiliary and/or emergency
power supply and the range, sensitivity, accuracy, precision, calibration
methods and f requency, alarm setpoints, recording devices, and location
of detectors, readouts, and alarms for the monitoring instruneatation
Accident considerations and other needs for hign range instri. mentation
should be included. In the FSAR, provide the location of a!rborne monitor
sample collectors, and give details of sarrpling lines an.a pump location.

In the PSAR, describe the criteria and methods for obtaining represent- |
ative in plant airborne radioactivity concentrations, including airborne j

radioicdines and other radioactive materiais, from the area being sampled. I

i

In the FSAR, describe the radiation instrumentation that will be |
Iused to meet the criticality accident monitoring requirenents of S70.24

of 10 CFR Part 70 for the storage area for new fuel. |

ndicate whether, and if so how, the guidance provided by Regulatory i

Guides 1.21 (Ref.11), 8. 2 (Ref. 12), 8.8, 8.12 (Ref.13), and 1. 97 (Ref. 14)
ar.d ANSI N13.1-1969 (Ref.15) has been followed; if not followed, describe
the specific alternative methods used.

12.4 Dose Assessment

In the PSAR, provide the estimated annual occupancy (including numbers
of personnel and durations of occupancy) of the plant radiation areas
during normal operation and anticipated operat ' anal occurrences, including,
for example, maintenance, repairs, reple.cment of pump and valves, and

143 233
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plugging of steam generator tubes. For areas with expected airborne radio-
activity concentrations (discussed in Section 12.2.2) during normal opera-
tion and anticipated operational occurrences as discussed above, provide
estimated man-hours of occupancy and estimated inhalation exposures to
personnel. Provide the objectives and criteria for design dose rates in
various areas and an estimate of the annual man-rem doses associated with
major functions such as operation, normal maintenance, radwaste handling,
refueling, and inservice inspection. The basis, models, and assumptions
f or the above values should be provided. For routine or repetitive activ-
ities expected to occur with reasonably predictable frequencies and
involving well-known sequences of operations, dose assessment should include,
to the extent practicable, consideration of the specific plant and operation
and should consider actual estimated dose rates at the various locations.

In the FSAR, provide updated estimates of annual man-rem doses for
the functions listed above and the assumptions used in determining these
values Describe any changes made during planning or design review for
the purpose of reducing these projected dor Actual exposure data from
similar operating plants operated in a simibr manner may be used for
the dose assessment for unpr#Jictable activities but should be corrected
for improvements in plant design and operating procedures.

In the PSAR, provide the estimated annual dose at the boundary of
the restricted area (as defined in 10 CFR 620.3), at the site boundary,
and, for multi-unit plants, at various locations in a new unit construc-
tion area from onsite radiation sources such as the turbine systems (for
BWRs), the auxiliary building, the reactor building, and stored radio-

active wastes and from radioactive effluents (direct radiation from the
gaseous radioactive ef fluent plume). Provide estimated annual doses to
construction workers due to radiation from these sources from the existing
operating plant (s), and the annual man rem doses associated with such
construction. Include models, assumptions, and input data. In the FSAR,
changes or additions since the PSAR should be provided. Indicate whether,
and if so how, the guidance provided by Regulatory Guide 8.19 (Ref. 16)
is followed; if not followed, describe the specific alternative methods
used.

12.5 Health Physics Program

12.5.1 Organization

In the PSAR, describe the administrative organization of the health
physics program, including the authority and responsibility of each posi-
tior identified. Indicate whether, and if so how, the guidance of Regula-

| tory Guides 8.2, 8.8, 8.1], and 1.8 has been followed; if not followed,
describe the specific al ernative approaches used. In the FSAR, describe
the experience and qual .Pcation of the personnel responsible for the
health physics program and for handling and monitoring radioactive mate-
rials, including special nuclear, source, and byproduct materials. Refer-
ence Chapter 13 as appropriate,

kb 2
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12.5.2 Equipment, Instrumentation, and Facilities

In the PSAR, provide the criteria for selection of portable and labo-
ratory technical equipment and instrumentation for performing radiat un
and contamination surveys, for airoorne radioactivity monitoring and sam-
pling, for area radiation monitoring, and for personnel monitc+" during
normal operation, anticipated operational occurrences, and ao 't con-

ditions. Describe the instrument storage, calibration, and ma, enance
facilities. Describe and identify the location of the health physics
facilities (including locker rooms, shower rooms, offices, and access
control stations), laboratory facilities for radioactivity analyses, pro-
tective clothing, respiratory protective equipment, decontamination facil-
ities (for equipment and personnel), and other contamination control
equipment and areas that will be available. Indicate whether, and if so
how, the guidance provided by Regulatcry Guides 8.3 (Ref.17), 8.4 (Ref. 18),
8.8, 8.9 (Ref. 19), 8.12, 8.14 (Ref. 20), 8.15 (Ref. 21), and 1.97 has
been followed; if not followed, describe the specific alternative methods
used. In the FSAR, provide the location of the respiratory protective
equipment, protective clothing, and portable and laboratory technical
equipment and instrumentation. Describe the type of detectors ar. monitors
and the quantity, sensitivity, range, and frequency and methods a calibra-
tion for all the technical equipment and instrumentation menticaed above.

12.5.3 Procedures

In the FSAR, the policy, methods, frequencies, and procedures for
conducting radiation surveys should be described. Describe the procedures
and methods of operation that have been developed for ensuring th6t occupa-
tional radiation exposures will be ALARA. Include a description of the
procedures used in refueling, inservice inspections, radwaste handling,
spent fuel handling, loading and shipping, normal operation, routine main-
tenance, and sampling and calibration that are specifical j related to
ensuring the radiation exposures will be ALARA. Describe toe physical
and administrative measures for controlling access and stay time for radia-
tion areas. Reference may be made to Section 12.1, as sppropriate.
Describe the bases and methods for monitoring and control of contamination
of personnel, equipment, and surface. Radiation protection training pro-
grams should be described. Indicate whether, and if so how, the guidance
given in Regulatory Guides 8.2, 3.7 (Ref. 22), 8.8, 8.9, 8.10, 8.13 (Ref. 23),
1.8,1.16 (Ref. 24),1.33 (Ref. 25), and 1.39 (Ref. 26) will be followed;
if it will not be followed, describe the specific alternative approaches
to be used. Reference Chapter 13 as appropriate. Indicate how the require-
ments of 10 CFR Part 19 (Ref. 27) will be met.

Describe the methods and procedures for personnel monitoring (exter-
nal and internal), including methods of recording, reporting, and analyzing
results. Describe the program for internal radiation exposure assessment
(whole body counting and bicassay), including the bases for selecting
personnel who will be in the program, the frequency of their whole-body
count and bioassay, and any nonroutine bioassay that will be performed.

Ca53,
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Describe the methods and procedures for evaluating and controlling

potential airborne radioactivity concentrations. Discuss any require-
ments for special air sampling and the issuance, selection, use, and mainte-
nance of respiratory protective devices, including training programs and
respiratory protective equipment 'itt ing programs.

Method of handling and storage of sealed and unsealed byproduct,
source, and special nuclear material should be described.
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13. CONDUCT OF OPERATIONS

This chapter of the SAR should provide information relating to the
preparations and plans for operation of the plant. Its purpose is to
provide assurance that the applicant will establish and maintain a staff
of adequate size and technical competence and that operating plans to be
followed by the licensee are adequate to protect public health and safety.

The information required at the PSAR stage pursuant to 10 CFR 950.34(a)
(6), (9), and (10) should demonstrate adequate planning f or the operational
phase of the plant. The information required at the FSAR stage pursuant
to 10 CFR 650.34(b)(6i), (6iv), (6v), and (7) should provide firm evidence
that operating phase plans have been or are being implemented.

13.1 Organizational Structure Of Applicant

13.1.1 Management and Technical Support Organization

The description in this section of the corporate or home office
organization, its functions and responsibilities, and the number and the
qualifications of personnel should be directed to activities that include
f acility design, design review, design approval, construction management,
testing, and operation of the plant. The following specific information
Thould be included.

13.1.1.1 Desinn and Operating Responsibilities. In the PSAR, the
des:ription should include the corporate functions and their specific
responsibilities for the activities described in items 1 and 2 below and
plans relative to item 3 below. In the FSAR, the description should
summarize the degree to which the activities described in items 1 and 2
below have Deen accomplished, provide a schedule for completing these
activities, and describe the specific responsibilities and activities
relative to item 3 below.

1. Design and Construction Activities (Project Phase). The extent
and assignment of these activities are generally contractual in nature
and determined by the applicant. (Quality assurance aspects should be
described in Section 17.1. ) The following should be included:

Principal site related engineering work cuch as metoorology,a.
geology, seismology, hydrology, demography, and environmental ef fects ,

b. Design of plant and ancillary systems,

c. Review and approval of plant design f eatures,

d. Site layout with respect to environmental effects and
security provisions,

e. Development of saf ety analysis reports,
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f. Review and approval of material and component specifications,

g. Procurement of materials and equipment, and

h. Management and review of construction activities.

2. Preoperational Activities. These are the activities that should
be substantially accomplished before preoperational testing begins and
generally before submittal of the FSAR. The following should be included:

a. Development of human engineering design objectives and
design phase review of proposed control room layouts,

b. Development and implementation of staf f recruiting and
training programs,

Development of plans for initial testing, andt. .

d. Development of plant maintenance programs.

3. Technical Support for Operations. Technical services and backup
support for the operating organization should become available prior to
the initial testing program and continue throughout the life of the plant.
The following are special capabilities that should be included:

a. Nuclear, mechanical, structural, electrical, thermal-hydraulic,
metallurgy and materials, and instrumentation and controls engineering,

b. Plant chemistry,

c. Health physics,

d. Fueling and ref ueling operations supp7rt, and

e. Maintenance support.

13.1.1.2 Organizational Arrangement. In the PSAR, the description
should include organization charts reflecting the current headquarters
and engineering structure and any planned modifications and additions to
reflect the added functional responsibilities (described in 13.1.1.1)
associated with the addition of the nuclear plant to the applicant's power
generation capacity. The description should show how these responsibilities
are delegated and assigned within and from the headquarters staff and
the number of persons assigned or expected to be assigned to each of the
working or performance level organizational units identified to implement
these responsibilities.

In the FSAR, the description should include organization charts
reflecting the current corpo: ate structure and the specific working or
performance level organizational units that will provide technical support
for operation (Section 13.1.1.1, item 3). If these functions are to be
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O
provided frnm outside the corporate structure, the contractual arrangements
should be described.

13.1.1.3 Qualifications. The PSAR should describe genercl qualif-
ication requirements . - terms of educational background and experience
requirements for positions or classes of positions identified in 13.1.1.2.
Personnel resumes should be provided for assigned persons identified in
13.1.1.2 holding key or supervisory positions in disciplines or job func-
tions unique to the nuclear field or this project. For identified posi-
tions or classes of positions that have functional responsibilities for
other than the idertified application, the expected proportion of time
assigned to the cLner activities should be described.

The FSAR shouid identify qudification requirements for headquarters
staff personnel, which should be described in terms of educational back-
ground and experience requirements, for each identified position or class
of positions providing headquarters technical support for operations.
In addition, the FSAR should include resumes of individuals already
employed by the applicant to fulfill responsibilities identified in item
3 of Section 13.1.1.1, including that individual whose job position
corresponds most closely to that identified as " engineer in charge."

13.1.2 Operating Organization

This section of the SAR should oc rribe the structure, functions,
and responsibilities of thr onsite organization established to operate
and maintain the plant. ''e following specific information should be
included.

13.1.2.1 Plant Orgarization. Proviae an organization chart showing
the title of each position, the number of persons assigned to common or
duplicate positions (e.g., technicians, dif t operators, repairmen),
the number of operating shift crews, and the positions for which reactor
o,nerator and senior reactor operator licensec are required. For multi-
unit stations, the organization chart (or additional charts) should clearly
reflect planned changes and additions as new units are added to the station.
The schedule, relative to the fuel loading date for each unit, for filling
all positions should be provided.

13.1.2.2 Plant Personnel Responsibilities and Authorities. The func-
tions, responsibilities, and authorities of plant positions corresponding

-

to the following should be described:

1. Overall plant management,

2. Operations supervision,

3. Operating shif t crew supervision,

4. Licensed operators,
4 ' } j, Q)
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9
5. Unlicensed operators,

b Technical supervision,

7. Nuclear engineering supervision,

8. Radiation protection supervision,

9. Instrumentation and controls engineering supervision,

10. Instrumentation and controls maintenance supervision,

11. Equipment maintenance supervision, and

12. Quality assurance and quality control supervision.

For each position, where applicable, required interf aces with of f site
personnel or positions identified in 13.1.1 should be described. Such
interfaces include defined lines of reporting responsibilities, e.g.,

from the plant manager to his immediate supervisor, as well as functional
or communication channels. In the FSAR, the following should also be
described:

1. The line of succession of authority and responsibility for over-
all station operation thrcugh at least thret persons, in the event of
unexpected contingencies of a temporary nature, and

2. The delegation of authority to operating supervisors and to
shift supervisors, including the authority to issue standing or special
orders.

If the station contains, or is planned to contain, power generating
facilities other than those relating to the application in question, this
section should also describe interfaces with the organizations operating
such other f acil' ties. The description should include any proposed sharing
of persons betweon the units and the proportion of their time that they
will routinely and nonroutinely be assigned to the other : nit.

13.1.2.3 Operating Shift Crews. The position titles, applicable
operator licensing requirements f or each, and the minimum numbers of per-
sonnel planned for each shif t should be described for all combinations
of units proposed to be at the station in either operating or cold shut-
down mode. Also describe shift crew staffing plans unique to refueling
operations. In addition, the proposed means of assigning shif t responsi-
bility for implementing the radiation protection program on a round-thc-
clock basis should be described.

13.1.3 Qualifications of Nuclear Plant Personnel

13.1.3.1 Qualification Requirements. This section of the SAR should ,

describe the education, training, and experience requirements established

13-4
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for each management, operating, technical, and maintenarce position cate-
gory in the operating organization described in Sectior, 13.1.2. Regula-
tory Guide 1.8, " Personnel Selection and Training," contains guidance on
selection and training of personnel. The SAR should specifica'iy indicate
a commitment to meet the regulatory position stated in this guide or pro-
vide an acceptable alternative. Where a clear correlation cannot be made
between the proposed plant staf f positions and those referenced by Regula-
tory Guide 1.8, each position on the plant staff should be listed along
with the corresponding position referenced by Regulatory Guide 1.8, or
with a detailed description of the proposed qualifications for that
position.

13.1.3.2 Qualifications of Plant Personnel (FSAR). The qualifica-
tions of the initial appointees to (or incumbents of) plant positions
should be presented in resume format for key plant managerial and super-
visory personnel through the shif t supervisory level. The resumes should
identify idividuals by position title and, as a minimum, describe the
individual's formal education, training, and experience (including any
prior AEC or NRC licensing).

13.2 Training

13.2.1 Plant Staff Training Program

The PSAR should provide a description of the proposed training pro-
gram in nuclear technology and other subjects important to safety for
the entire plant staf f. The FSAR should describe the training program
as actually carried out up to the time of FSAR preparation and should
note any significant changes from the program described in the PSAR.
Regulatory Guide 1.3, " Personnel Selection and Training," provides guidance
on an acceptable basis for relating initial training programs to plant
staff positions. The PSAR and FSAR should indicate whether this guidance
will be followed. If such guidance will not be followed, specific alter-
native methods that will be used should be described along with a justi-
fication for their use. A list of Commission regulations, guides, and
reports pertaining to training of licensed and unlicer. sed nuclear power
plant personnel is provided in Section 13.2.3.

13 2.1.1 Program Description. The program description should include
the foTlowiog information with respect to the formal training program in
nuclear technology and other subjects important to safety (related technical
training) for all plant management and supervisory personnel, Licensed
Senicr Operator (SRO) and Licensed Operator (RO) candidates, technicians,
and general employees.

The PSAR should include:

1. The proposed subject matter of each course, the duration of
the course (approximate numbar of w?eks in full-tima attendance), the

13-5
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organization teaching the course or supervising instruction, and the posi-
tion titles for which the course is given.

2. A description of proposed reactor operations experience train-
ing by nuclear power plant simulator or by assignment to a similar plant ,
including length of time (weeks), identity of simulator or plant, and
identification by position of personnel to be trained.

3. A conimitment to conduct an onsite formal training program and
on-the-job training bef ore initial f eel loading.

4. Any dif ference in the trair.ing programs f or individuals who will
be seeking licenses prior to criticality pursuant to 955.25 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. A commitment to conduct ar init;al fire protection training
I prooram fcr the plant staf f ir,cluding:

a. Provisions for drills during construction, and

b. Provisions for indoctrination of construction personnel,

as necess6ry.

The initial training should be completed prior to receipt of fuel
at the site.

6. A detailed description of the training program for the individ-
ual(s) responsible for formulating and ensuring the implementation of the
fire protection program. The training program should be consistent with
the inf ormation on fire protection systems provided in Section 9.5.1.

7. Means for evaluating the training program ef fecti"oness for all
employees. For individuals seeking an operator license prior to criticality,
tn: , includes the means to be employed to certify that each applicant has
had extensive actual operating experience pursuant to paragraph 55.25(b)
of .0 CFR Part 55.

The FSAR should include:

1. The proposed subject matter of each course, including a syllabus
or equivalent course description, the duration of the course (approximate

13-6 )43 24J



Revision 3 November 1978

number of seeks in full-time attendance), the organization teaching the
course or supervising instruction, and the position titles for which the
coursa is given.

2. A description of reactor operations experience training by
nuclear power plant simulator or by assignment to a similar plant,
including length of time (weeks), identity of simulator or plant, and
identification by position of personnel to be trained.

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 organization teaching the
course or supervising instruction, and the position title for which the
course is given. The program should distinguish between classroom train-
ing and on-the-job training before and af ter the initial fuel loading.

4. Any dif ference in the training programs for individt ls who
will be seeking licenses prior to criticality pursuant to s55.25 of 10 CFR
Part 55 based on the extert 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.

5. A detailed desc-jption of the fire protection training and i

retraining for the initial plant staff and replacement personnel. The {program should describe:
|

The training planned f or each member of the fire brigade, la.

b. The frequency of periadic firefight.ing drills,

c. The training provided for all remaining staff members,
including personnel responsible for maintenana and inspection of fire
protection equipment,

d. The indoctrination and training provided for persons tempo-
rarily assigned onsite duties during shutdown and maintenance outages,

iparticularly those allowed unescorted access, and I

e. The training provided for the fire protection staf f members.

The description should include the course of instruction, the
number of hours of each course, and the organization conducting the
training.

143 ,244
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| 6. Means for evaluating the training program effectiveness for
each employee. For individuals seeking an operator license prior to
criticality, this includes the means to be employed to certify that each
applicant has had excensive actual operating experience pursuant to
paragraph 55.25(b) of 10 CFR Part 55.

i3.2.1.2 Coordination with Preoperational Tests and Fuel Loading.
The PSAR should include a chart that shows the schedule of each part of
the training program for each functional group of employees in the organ-
ization in relation to the schedule for preoperational testing, expected
fuel loading, expected time for examinations prior to plant criticality
for licensed operators, and expected time for examinations for licensed
operators following plant criticality. In the FSAR, the applicant should
include in the chart contingency plans for individuals applying for
licenses prior to criticality in the event fuel loading is substantially
delayed f rom the date indicated in the FSAR.

In the FSAR, the chart should reflect the extent to which the train-
ing program has been accomplished as of the approximate time of submittal
of the FSAR.

13.2.2 Replacement and Retraining (FSAR)

This section should describe the applicant's plans for retraining
of the plant staff, including requalification training for licensed
operators and a commitment to provide training for replacement personnel.

13.2.2.1 Lice".;7d Operators - Requalification Training. A detailed
description of the applicant's licensed operator requalification training
program should be provided. This description should show how the program
will implement the requirements of Appendix A, "Requalification Programs
for Licensed Operators of Production and Utilization Facilities," to 10
CFR Part 55.

13.2.2.2 Refresher Training for Unlicensed Personnel. The addi-
tional position categories on the plant statf for which retraining will
be provided should be identified, and the nature, 3 cope, and frequency
of such retraining should be described.

13.2.2.3 Replacement Training. The applicant should briefly describe
the training program f or replacement personnel.

13.2.3 Applicable NRC Documents

The NRC regulations, regulatory guides, and reports listed below
provide information pertaining to the training of nuclear power plant
personnel. The SAR should indicate the extent to which the applicable
portions of the guidance provided will be used and should justify any
exceptions. Material discussed elsewhere in the SAR may be referenced.

13-8
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1. 10 CFR Part 50, " Licensing of Production and Utilization
Facilities."

2. 10 CFR Part 55, " Operators' Licenses."

3. 10 CFR Part 19, " Notices, Ir.structions and Reports to Workers;
Inspections."

4. Regulator; Guide 1.8, " Personnel Selection and Training."

5. Regulatory Guide 1.101, " Emergency Planning for Nuclear Power
Plants."

6. Regulatory Guide 8.2, " Guide for Administrative Practices in
Radiation Monitoring."

7. Regulatory Guide 8.8, "Information Relevant to Ensuring That
Occupational Radiation Exposures at Nuclear Power Stations Will
Be As Low As Is Reasonably Achievable."

8. Regulatory Guide 8.10, " Operating Philosophy for Maintaining
Occupational Radiation Exposures As Low As Is Reasonably
Achievable."

9. Regulatory Guide 8.13, " Instruction Concerning Prenatal
Raciation Exposure."

10. " Utility Staf fing and Training for Nuclear Power," WASH-ll30,
Revised June 1973.

11. NRC Operator Licensing Guide, NUREG-0094, July 1976. |

13.3 Emergency Planning

This section of the SAR should describe the applicant's plans for
coping with emergencies pursuant to paragraphs (a)(10) and (b)(6)(v) of
S50.34 of 10 CFR Part 50. The items to be discussed are set forth in
Appendix E, " Emergency Plans for Production and Utilization Facilities,"
to 10 CFR Part 50. Guidance is provided in Regulatory Guide 1.101,
" Emergency Planning for Nuclear Power Plants." The information provided
should also contribute to a determination that the exclusion area and
the lcw population zone for the site comply with the definitions of
paragraphs (a) and (b) of $100.3 of 10 CFR Part 100.

I13.3.1 Preliminary Planning (PSAR)

At the PSAR stage, the items requiring description are set forth in
the introductory paragraph and paragraphs A through G of Section II of
Appendix E to 10 CFR Part 50. The following statements clarify informa-
tion requirements appli:able to the paragraphs indicated.
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| With respect to paragraph B, the PSAR should identify the agency
with primary responsibility for emergency preparedness planning for situa-
tions involving real or potential radiological hazaras in the State where
the facility is to be located. The arrangements that the applicant has
made with this agency for coordinating emergency response plans for the
environs of the plant should be explained. Similar arrangements with
the appropriate agency of any neighboring State should be described if
any part of the neighbori 'g State is within the low population zone (LPZ).
Arrangements made or to be made to accommodate the radiological emergency
preparedness responsibilities of neighboring States whose borders are
beyond the LPZ but still within approximately 5 miles of the olant should
dlso be described. Other State agencies that are expected to have emer-
gency response roles should be identified. Local government organizations
(agencies) having jurisdictional authority and responsibility for emergency
response within the boundaries of the proposed LPZ should be identi fied.
The PSAR should also identify the nearest Regional Coordinating Of fice
for the U.S. Department of Energy's Radiological Assistance Program, and
any Federal agency and appropriate regional or local of fice thereof,
having a jurisdictional responsibility on lands or waterways within the
boundaries of the proposed LPZ.

With respect to paragraph C, measures proposed to be taken to cope
with the following emergency situations should be succinctly described:

a. Personnel injuries occurring at the plant site,

b. Fire emergencies,

c. Severe natural phonomena in the environment, and

d. Accidents that could lead to small, moderate, or sub-
stantial releases of radioactivity to the environment.

With respect to such releases, the discussion should, in particular,
address accident assessment measures to be taken by personnel within the
plant , with emphasis on the methodology to be employed for real-time esti-
mates of the potential consequences (e.g., projected doses) and criteria
for notifying appropriate offsite authorities who may need to implement
prctective actions. References may be made to other parts of the PSAR
for relevant information.

The PSAR should also confirm that one of the protective measures
that is to be incorporated in coordinated emergency plans is evacuation
of persons from the exclusion area and from any other potentially affected
sector of the environs extending at a minimum to the outer boundary of
the proposed LPZ. An analysis, including specific information and findings
that will be needed to ensure the development of adequately coordinated
emergency plans with respect to evacuation as a protective measure, shculd
be provided, including the following:

@
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1. Plots showing projected ground-level doses for stationary indi-
viduals, for both whole body and thyroid, resulting f rcm the most serious
design basis accident analyzed in the SAR. These should be based on the
same isotopic release rates to the atmosphere (most conservative case)
as thoce used in Chapter 15 of the PSAR for the purpose of showing conform-
ance to the guideline dose criteria of 10 CFR Part 100. Relative concen-
tracions (x over Q) for the first 2 hours should be the same as those
used for establishing conformance to the siting criteria of 10 CFR Part
100. Dose contributions for subsequent time intervals and for distances j

beyond the exclusion area boundary should reflect reasonable time |

averaging of calculated relative concentrations, plume f ont transit times,I
and radioactive decay in transit. Dose conversion f actors should be based
on Regulatory Guide 1.109, " Calculation of Annual Doses to Man from Routine .
Releases of Reactor Ef fluents for the Purpose of Evaluating Compliance
with 10 CFR Part 50, Appendix I;" if not, the bases selected should be
described. The bases for developing the plots should be fu'ly described.
These data should be presented in the following format:

Use an appropriate scale with time (hours) following anseta.
of release as the ordinate and distance (miles) from the release point
as the abscissa. Sufficient background grid lines should be included to
permit reasonable interpolation by eye.

b. Provide curves for whole body doses of 1 5, and 25 rem
and thyroid doses of 5, 25, 150, and 300 rem. Each curve should repre-

sent an estimate of the elapsed time to reach the specified dose level
as a function of distarce f rom the release point under the conditio.1s
postulated.

c. Extend each curve to an ordinate of not less than 8.0 hours
either f rom an ordinate of 2.0 hours or from an abscissa equal to the
exclusion radius, whichever results in the greater range of coverage.
If any such curve does not intersect the outer LPZ boundary, it should
be extended to such intersection or to an elapsed time of 24 hours, which-
ever occurs first.

2. The expected accident assessment time. This figure should incor-
porate the time required to identify and characterize this accident, the
time needed to predict the projected doses resulting from the accident,
and the time to notify offsite authorities. Include suf ficient information
to support the estimate. Reference should be made to other parts of the
PSAR, as necessary, where the subject matter of Regulatory Guide 1.97,
" Instrumentation for Light-Water-Cooled Nuclear Power Plants to Assess
Plant Conditions During and Following an Accident," is addressed.

3. An estimate of the minimum elapsed time that of fsite authori-
ties might require before an initial warning to the public can be given.

4. An estimate of the elapsed time from the first warning to a !

member of the public that may be required to warn all resident and tran-
sient persons within the potential ev nuation areas determined in item 5
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below. Discuss the means that might be employed to provide such warnings
for both daytime and nighttime conditions.

5. An estimate of elapsed times, measured f rom the time of initial
warning to persons, to evacuete (a) the exclusion area and (b) defined
sectors of the environs. Sectors of the environs chosen for this anal-
ysis may be bounded by geographical or man-made features but should
generally cover an arc of not less than 45 centered on the plant. They

I should extend outward at least to the outer boundary of the proposed LPZ.*

6. Information that should be provided in support of the estimates
of item 5 above include:

a. A map showing all roads available for vehicular evacuation
of the exclusion area and environs extending at least 10 miles from the
plant. Road network information to be shown on or keyed to the map should
include the character of each road, all intersections, the number of lanes,
whether improved or unimproved, and other f actors that may af fect vehicular
traf fic capacities.

b. On the same or similar map, demographic data, both resident
and transient, in 1 mile annular increments, out to the sector boundaries
defined in item 5 above and for each such sector. Population levels pro-
jected as peak values during the expected life of the plant should be
used. If this information is incorporated elsewhere in the SAR, a specific
reference thereto is suitable.

c. If means other than the ne of private automobiles are
assumed for any of the evacuation time e:timates of item 5 above, these
should be specified.

7. The identity and locations of the agency or agencies that would
be responsible for providing warning and direction to offsite persons.

With respect to paragraph E, the PSAR should identify of fsite hospital
facilities that are expected to be able to provide (a) emergency care
and (b) definitive patient care for acute radiation injury. Evidence
shnold be given that preliminary contact with a relatively nearby hospital
has established a willingness and potential capability to receive and
treat individuals from the plant site who may have been af fected by radi-
ological emergencies.

With respect to paragraph F, the required descriptions of training
planned for employees may incorporate by reference other sections of the
PSAR as applicable and appropriate, for example, in the areas of radiation
protection and firefighting. The PSAR should also include commitments
to provide site familiarity training for others, not employed at the site,
x
If the proposed LPZ boundary is less than 5 miles from the plant, prior
consultation with the NRC staff is suggested before submitting the
analysis requested in this section. ' -
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who may require such familiarity to discharge their responsibilities in
an emergency and a description of the training that ensures qualified
medical services in emergency situations.

Although applicable primarily to the FSAR stage, Annex A of Regulatory
Guide 1.101, " Emergency Planning for Nuclear Power Plants," particularly
Sectione 5, 6, and 8.1.1, should be consulted for guidance at the PSAR
stage."

13.3.2 Emergency Plan (FSAR)

At the FSAR stage, a comprehensive emergency plan should be submitted.
This p'an should be a physically separate document identified as Section
13.3 of the FSAR. The plan should show how the objectives and requirements
of Parts I and III and paragraphs A to J of Part IV of Appendix E to 10 CFR
Part 50 are to be implemented. Regulatory Guide 1.10l* should be consulted.
The information requirements identified in paragraphs 1, 6.a, and 6.b
above for the PSAR should be provided in an appendix to the emergency
plan, including any changes that may be necessary to update information
previously submitted. |

13.4 Review and Audit

The SAR should describe the applicant's plans for conducting reviews
and audits of operating phase activities that are important to safety.
The primary focus of attention should be:

1. On the procedures that will implement the licensee's responsi-
bility pursuant to s50.59 of 10 CFR Part 50 relating to pi oposed changes.
tests, and experiments, and

2. On the procedures for af ter-the-fact review and evaluation of
unplanned events. Regulatory Guide 1.33, " Quality Assurance Program
Requirements (Oceration)," contains guicance on conducting reviews and
audits.

The PSAR should specifically indicate a commitment to meet this guid-
ance or describe alternative means for meeting the same objectives. The
FSAR should describe the applicant's detailed plans for conducting reviews
and audits of operating phase activities that are important to saf ety.

13.4.1 Onsite Review (FSAR)

This section should specifically descrine how the onsite organiza-
tion f unctions with respect:

*

The specific revision number and date of Regt.latory Guide 1.101 used by
the applicant should be specified.

@
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9
1. To review of proposed changes to systems or procedures, tests,

and experiments, and

2. To unplanned events that have operational safety significance.

The descriptior should indicate how qualified members of the onsite
operating organization will participate in the review of operating activities,
either as part of their individual job responsibilities or as members of
a functional review organization, to assist the plant manager.

13.4.2 Independent Review (FSAR)

This section should provide a detailed description of the provisions
for performance of independent reviews of operating activities. Infor-
mation in this section should describe the organizational method, compo-
sition and qualifications of the group, subjects to be reviewed, and the
time such program is to be implemented relative to fuel loading of the
(first) unit.
13.4.3 Audit Program (FSAR)

This section should provide a detailed description of the procedures
and organization employed to implement the audit program with respect to
operating activities and to verify compliance with the administrative
controls and the quality assurance program.

13.5 Plant Proced;res

This section of the SAR should describe administrative and operating
procedures that will be used by the operating organization (plant staff)
to ensure that routine operating, of f-normal, and emergency activities
are conducted in a safe manner. In r;eneral, the SAR is not expected to
include detailed written procedures. The PSAR should provide preliminary
schedules for their preparation, and the FSAR should provide a brief
description of the nature and content of the procedures and a schedule
far the'r preparation.

13.5.1 Administrative I'i icoderes

13.5.1.1 Conformance with Regulatory Guide 1.33. Regulatory Guide
1.33, " Quality Assurance Program Requirements (Operation)," contains guidance
on facility administrative policies and procedures. The SAR should specifi-
cally indicate whether the applicable portions of Regulatory Guide 1.33
concerning plant procedures will be followed. If such guidance will not
be followed, the SAR should describe specific alternative methods that
will be used and the manner of implementing them.

13.5.1.2 Preparation of Procedures. The PSAR and FSAR should provide
a schedule for the preparation of appropriate written administrative proce-
dures (see Section 13.5.1.1). The FSAR should identify the persons (by
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@
position) who have the responsibility for writing procedures and the per-
sons who must approve them before they are implemented.

13.5.1.3 Procedures (FSAR). A description of administrative proce-
dures should be provided and should include:

1. Standing orders to operations shif t supervisors and shif t crews
including:

The reactor operator's authority and responsibilities,a.

b. The senior operator's authority and responsibilities,

c. The responsibility to meet the requirements of 10 CFR
S50.54(i), (j), (k), (1), and (m), including a diagram of the control
area that indicates the area designated "at the controls."

2. Special orders of a transient or self-cancelling character.

3. Equipment control procedures.

4. Control of maintenance and modifications.

5. Haster surveillance testing schedule.

6. Procedures for logbook usage and cont.rol.

7. Ten.porary procedures.

13.5.2 Operating and Maintenance Procedures (FSAR)

13.5.2.1 Control Rcom Operating Procedures. This section should
describe primarily the procedures that are performed by licensed opera-
tors in the control room. Each such operating procedure should be it'enti-
fied by title and included in a described classification system. The
geaeral format and content for each class should be described. The tollow-
ing 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. ]4}
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In category 5, individual alarm response procedures should not be

listed. However, the system employed to classify or subclassify alarm
rf sponses and the methods to be employeu by operators to retrieve or refer
t alarm response procedures should be described. Immediate action proce-
d ires reqd ced to be memorized should be identified.

13.5.2.2 Other P_rocedures. This section should describe how other
c Jerating and maintenance procedures are classified, what group or groups
vithin the operating organization have the responsibility for following
( 3ch class of procedures, and the general objectives and character of
E Ich class and subclass. The categories of procedures listed below should
Le included. If their general objectives and character are described
elsewhere in the FSAR or the application, they may be described by spec'fic
reference thereto.

1. Plant radiatio.i protection procedures.

2. Emergency preparedness procedures.

3. Instrument calibration and test procedures.

4. Chemical-radiochemical control procedures.

5. Radioactive waste management procedures

6. Maintenance and modification procedures.

7. Material control procedures.

8. Plant security procedures.

13.6 Industrial Security

This section of the SAR should note that the applicant's plans for
physical protection of the facility are described in a separate part of
the application withheld from public disclosure pursuant to S2.790(d),
10 CFR Part 2, " Rules of Practice." Detailed security measures for the
physical protection of nuclear power plants are required by 650.34(c),
of 10 CFR Part 50, " Licensing nf Production and Utilization Facilities,"
and applicable sections of 13 CFR Part 73, " Physical Protection of Plants
and Materials." The regulatory position is set forth in Regulatory
Guide 1.17, " Protection of Nuclear Power Plants Against Industrial Sabotaue,"
and includes an endorsement of ANSI Standard N18.17-1973, " Industrial
Security for Nuclear Power Plants."

13.5.1 Preliminary Planning (PSAR)

At the time of submittal of the PSAR, the applicant's separate sub-

mittal should describe plans for the screening of personnel who are to
be employed to work at the proposed plant, including personnel selection
policies, employee performance and evaluation procedures, and the industri,al

'[" j7
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@ security training program to be used to ensure that reliable and emo-
tionally stable personnel are selected, maintained, and assignea to the
plant staf f and to the plant security force.

It should also describe plans for incorporating physical protection
objectives and criteria into the design of the plant and the layout of
equipment, including the following specific information as to how such
plans will be or have been implemented:

1. Provide figures and/or drawings which identify the following:

a. Owner-controlled area, including private preperty markers,
parking lot (s), and roads to be used for surveillance.

b. Protected area (s), including the associated isolation zone
(clear area), physical barriers, access control points, lighting, intrusion
monitoring and/or perimeter alarm systems, and roads or pathways to be
used for surveillance.

c. Vital equipment and vital areas, including all access points.

d. Alarm station locations.

2. Describe the physical barrier construction for the protected

@ and vital areas, and indicate the extent to which the positions set forth
in ANSI N18.17-1973, Sections 3.3 and 3.4, are satisfied.

3. Describe the design features to be used for protecting all poten-
tial access points into the vital areas against unauthorized intrusion.
Such features should include locking devices and intrusion detection
devices.

4. Describe all intrusion alarms, emergency exit alarms, alarm
systems, and line supervisory systems, and indicate the extent to which
the level of performance and reliability specified by the Interim Federal
Specification W-A-00450B (GSA-FSS), dated February 16,1973, is met.

S. Describe the physical security provisions to be utilized in
the design for the protection of security system service panels and wiring
for protective devices, security communications systems, and door lock
actuators.

6. Designate the person or group with the responsibility to conceive
and detail security provisions in the physical plant design !+ this
responsibility is outside the owner organization, also specify the posi-
tion within your organization responsible for the systematic review and
control of the contracted activities.
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13.6.2 Security Plan (FSAR)

At the time of submittal of the FSAR, the applicant's separate sub-
mittal should be a comprehensive description of the physical security
prograin f or the p ; ant site. The information should include a description
of the organization for security, a listing by title of all procedures
to be established for plant security, access controls to the plant
(including physical barriers and means of detecting unauthorized intro-
sions), provisions for monitoring the status of vital equipment, selec-
tion and training of personnel for security purposes, communication
systems for security, provisions for maintenance and testing of security
systems, and arrangements with law enforcer'ent authorities for assistance
in respondinq to security threats. The implementation schedule for the
physical security program should be provided, including phases for multi-
unit plants, whero applicable.

Specific information for which guidance may be found in applicable
referenced sections of ANSI N13.17-1973 and which should be included in
the separate description is as follows:

1. Clear diagrams, to aporoximate scale, displaying the following:

a. Designated security areas of the plant site, including
pie s ic61 barriers ,

b. The locations of alarm stations,

c. The locations of access control points to protected areas
and vital areas,

d. The location of parking lots relative to the clear areas
adjacent to the physical barriers surrounding protected areas,

e. Special features of the terrain that may present special
vulncrability problems,

f The location of relevant law enforcement agencies and
their geographical jurisdictions.

2. If the policy of the owner organization permits use of any part
of the owner-controlled area by members of the general public, describe in
detail the extent to which the position of Section 3.2 of ANSI N18.17-1973

will be met.

3. The response caiabilities of local law enforcement agencies
should be fully described ($ection 4.4 of ANSI N18.17-1973), including
estimates of the number of of ficers that can arrive at the plant site, in
the event of a security threat, within five to fif teen minutes, fif teen to
thirty minutes, and thirty minutes to one hour af ter receipt of a call for
assistance.

13-18

') V h),R? m
J ta'



Revision 3 November 1978

4. A description should be included of any provisions for alter-
native interim protective measures during periods when one or more compo-
nents of the total security system are not f unctioning.
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14. INITIAL TEST PROGRAM

This chapter of the Safety Analysis Report should provide ir. forma-
tion on the initia' test program for structures, systems, components,
and design features for both the nuclear portion of the plant and the
balance of the plant. The information provided should address major phases
of the test program, including preoperational tests, initial fuel loading
and initial criticality, low power tests, and power-ascension tests.
The Preliminary Safety Analysis Report (PSAR) should describe the scope
of the applicant's initial test program. The PSAR should also describe
the applicant's general plans for accomplishing the test program in suf fi
cient detail to show that due consiuration has been given to matters

that normally require advance planning. The Final Safety Analysis Report
(rSAR) should describe the technical aspects of the initial test program
in sufficient detai to show that the test program will adequately verify
the functional requirements of plant structures, systems, and components
and th3t the sequence of testing is such that the safety of the plant
will not be dependent on untested structures, systems, or components.
The FSAR should also describe measures which ensure that (1) the initial
test program will be accomplished with adequate numbers of qualified per-
sonnel, (2) adequate administrative controls will be established to govern
the .nitial test program, (3) the test program will be used, to the extent

_

practicable, to train and f amiliarize the plant operating and technical
staff in the operation of the facilit,, and (4) the adequacy of plant
operating and emergency procedures will be verified, to the extent prac-
ticable, during the period of the init'al test program.

14.1 Specific Information To Be included In
Preliminary Safety Atalysis Reports

14.1.1 Scope of Test Program

The major phases of the initial test program should be described
and the overall test objectives and general prerequisites for each major
phase should be discussed.

The PSAR should describe how the initial test prt gram will be applied
to the nuclear portion as well as the balance-of plant portion of the
hci l i ty. The organizations, including those of the applicant, that will
participate in the development and execution of the test program and the
general responsibilities of these organizations should be described.
The PSAR should describe the applicant's planned involvement in the devel-
opment and approval of test procedures, conduct of the tests, and review
and approval of test results. The applicant's plans f ar having responsible
design organizations participate in establishing test performance require-
ments and acceptance criteria should be described along with the applicant's
plans for contracting the work of planning, developing, or conducting
portions of the test program. The method by which the applicant will
retain responsibility for and maintain control of such centracted work
should be discussed.
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14.1.2 Plant Design Features That Are Special, Unique, or First of

a Kind

A summary description of preoperational and/or startup testing plan-
ned for each unique or first of-a-kind principal design feature should
be included in the PSAR. The summary test descriptions should include
the test method and test objectives.

14.1.3 Regulatory Guides

The PSAR should describe the applicant's plans for using guidance
in applicable regulatory gu; des in the development and conduct of the
initial test program. An example of such guidance is Regulatory Guide
1.68, "Init:al Test Program for Water-Cooled Reactor Power Plants." If
such guidance will not be followed, the PSAR should describe specific
alternative methods along with a justificaticn for their use.

14.1.4 Utilization of Plant Operating and Testing Experiences at Other
Reactor Facilities

The PSAR should describe the applicant's plans for the utilization
of available information on reactor plant operating experiences to estab-
lish where emphasis may be warranted in the test program. The schedule,
relative to the fuel loading date, for conducting the study or implement-
ing the program should be described.

14.1.5 Test Program Schedule

A summary description should be provided on the overall schedule,
relative to the expected fuel loading date, f or developing and conducting
the major phases of the test program. Information provided should estab-
lish the scheduled time period for developing detailed test procedures
and the scheduled time period for conducting the tests for each maior
phase. Information should be provided to establish the compatibility of
the test program schedule with the schedules for hiring and training of
the plant operating and technical staff and for development of plant
operating and emergency procedures, or reference should be made to appro-
priate sections of Chapter 13 of the PSAR.

14.1.6 Trial Use of Plant Operating and Emergency Procedures

The applicant's plans pertaining to the tri. , use of plant operating
and emergency procedures during t.,e period of the initial test program
should be described.

14.1.7 Augmenting Applicant's Staff During Test Program

The applicant's general plans for the assignments of additional
personnel to supplement his plant operating and technical staf f during
each major phase of the test program should be described. The PSAR should
provide a description of the general responsibilities of the various
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augmenting organizations, a summary af the interrelationships and inter-
f aces of the various organizations that will participate in the test pro-
gram, the general qualifications of participating organizations, and the
approximate schedule, relative to the fuel loading date, for augmenting
the applicant's staf f.

14.2 Sp_ecific Information To Be included in
Final Safety Analyis Reports

14.2.1 Summary of Test Program and Objective _s

Describe the major phases of the test program and the specific
objectives to be achieved for each major phase.

14.2.2 Organization and Staffing

A description of the applicant's organizational units and any augment-
ing organizations or other personnel that will manage, supervise, or execute
any phase of the test program should be provided. This description should
discuss the authorities, responsibilities, and degree of participation
of each identified organizational unit and principal participants. The
FSAR snould describe how, and to what extent, the applicant's plant operat-
ing and technical staf f will participate in each major test phase. Infor-
mation pertaining to the experience and qualification of supervisory
personnel and other principal participants that will be responsible for
management, development, or conduct of each test phase should be provided
or referenced elsewhere in the FSAR.

14.2.3 Test Procedures

The system that will be used to develop, review, and approve indi-
vidual test procedures should be described, including the organizational
units or personnel that are involved and their responsibilities. The
FSAR should describe how organizations responsible for the design of the
f acility will participate in the establishment of perf ormance requirements
and acceptance criteria for testing plant structures, systems, and compo-
nents and how such design organizations will interface with other parti-
cipants involved in the test program. The FSAR should also describe the
format of individual test procedures.

14.2.4 Conduct of Test Program

A description of the administrative controls that will govern the
conduct of each major phase of the test programs should be provided. A

description of the specific administrative controls that will be used to
ensure that necessary prerequisites are satisfied for each major phase
and for individual tests should also be provided. The FSAR should
describe the methods to be followed in initiating piant modifications or
maintenarce that. are determined to be required by the test program. The

9 description should include the methods that will be used to ensure retest-
ing following such modifications or maintenance and the involvement of
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design organizations and the applicant in the review and approval of pro-
posed plant modifications. The administrative controls pertaining to
adherence to approved test procedures durino the conduct of the test pro-
gram and the methods for ef fecting changes to approved test prJctdt'res
should be described.

14.2.5 Review, Evaluation, and Approval of Test Results

The measures to be established for the rcview, evaluation, and
approval of test results for each major phase of the program should be
described. The specific controls to be estabiished to ensure notifica-
tion of af f ected and responsible organizations or personnel when test
acceptance criteria are not met and the controls established to resolve
such matters should also be described. A discussion should be provided
on the applicant's plans pertaining to (1) approval of test data for each
major test phase before proceeding to the next test phase and (2) approval
of test data at each power test plateau (during the power ascension phase)
before increasing power level.

14.2.C Test Records

The applicant's requirements pertaining to the disposition of test
procedures and test data following completion of the test program should
be described.

14.2.7 Conformance of Test Programs with Regulatory Guides

The applicant should list all those regulatory guides applicable to
initial test programs that he plans to use for his test program. If such
guidance will not be followed, the FSAR should describe specific alter-
native methods along with justification for their use.

14.2.8 Utilization of Reactor Operating and Testing Experiences 3
Development of Test Program

Information on the applicant's program for utilizing available informa-
tion on reactor operating experiences in the development of his initial
test prog .1m should be described, including the status of the program.
The organizctitns participating in the program should be identified, their
roles in the program discusred, and a summary description of their qualifi-
cations provided. The sources and types of information reviewed, the
conclusions or findings, and the ef fect of the program on the initial
test program should be described.

14.2.9 Trial Use of Plant Operating and Emergency Pregedures

The schedule for development of plant procedures s,ould be provided
as well as a descriptior of hoy, and to what extent, the plant operating
and emergency procedures will be use-tested during the initial test
program.

14-4
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14.2.10 Initial Fuel Loading and Initial Criticality

The FSAR should describe the procedures that will guide initial fuel
loading and initial criticality, including the safety and precautionary
measures to be established for safe operation.

14.2.11 Test Program Schedule

The schedule, relative to the fuel loading date, for conducting each
major phase of the test program should be provided. If the schadule will
overlap initial test program schedules for other reactors at the site, a
discussion should be provided on the effects of such schedule overlaps
on organizations and personnel participating in the initial test program.
The sequential test schedule for testing individual plant structures,
systems, and components should be provided. Each test required to be
completed before initial fuel loading should De identified.

The schedule for the development of test procedures for each major
phase of the initial test program, including the time that will be avail-
able for review by NRC field inspectors of approved procedures, prior to
their use, should be discussed.

14.2.12 Individual Test Descriptions

Test abstracts for each individual test that will be conducted during
the initial test proo'ca.3 should be provided. Emphasis should be placed
on system and design ieatures that (1) are relied on for the sate shutdown
and cooldown of the facility under normal and faulted conditions, (2) are
relied on for establishing conformance with limits or limiting conditions
for operation that will be established by the technical specifications,
ana (3) are relied on to prevent or to limit er mitigate the consequences
of anticipated transients and postulated accidents. The abstracts should
identify each test by title, specify the prerequisites and major plant
operating conditions necessary for eal test (such as power level and
mode of operction of major control sysu ms), provide a summary description
of the test mathod, describe the test objectives, and provide a summary of
the acceptance criteria for each test.
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15. ACCIDENT ANALYSES

The evaluation of the safety of a nt. clear power plant should include
dnalyses of the response of the plant to postulated disturbances in process
variables and to postulated malfunctions or failures of equipment. Such
safety analyses provide a significant contribution to the selection of
limiting conditions for operation, limiting safety sy3 tem settings, and |
design specifications for components and systems from the standpoint of
public health and saf ety. These analyses are a focal point of the Commis-
sion's construction permit and operating license reviews of plants.

In previous chapters of the SAR, the structures, systems, and compo-
nents important to safety should have been evaluated for their suscepti-
bility to malfunctions and failures. In this chapter, the effects of
anticipated process disturbances and postulated component failures should
be examined to determine their consequences and to evaluate the capability
built into the plant to control or accommodate such failures and situations
(or to identify the limitations of expected performance).

The situations analyzed should include anticipated operational occur-
rences (e.g. , a loss of electrical load resulting from a line fault),
off-design transients that induce fuel failures above those expected from
normal operational occurrences, and postulated accidents of low probability

@
(e.g., the sudden loss of integrity of a major component). The analyses
should include an assessment of the consequences of an assumed fission
product release that would result in potential hnards not exceeded by
those from any accident considered credible.

Transient and Accident Classification

The approach outlineJ below is intended to organize the transients
and accidents ccnsiderr sy the applicant and presented in the SAR in a
manner that will:

1. Ensure that a sufficiently broad spectrum of initiating e. vents
has been considered,

2. Categorize the initiating events by type and expected frequency
of occurrence so that only the limiting cases in each group need to be
quantitatively analyzed, and

3. Permit the consistent application of specific acceptance cri-
teria for each postulated initiating event.

To accomplish these goals, a number of disturbances of process
variables and malfunctions or failures of equipment should be postulated.
Each postulated initiating event should be assigned to one of the following
categories:

1. Increase in heat removal by the secondary system (turbine plant),
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2. Decrease in heat removal by the secondary system (turbine plant),

3. Decrease in reactor coolant system flow rate,

4. Reactivity and power distribution anomalies,

5. Increase in reactor coolant inventory,

6. Decrease in reactor coolant inventory,

i. Radioactive release from a subsystem or component, or

8. Anticipated transients without scram.

Typical initiating events that are representative of those that should
be considered by the applicant in this chapter of the SAR are presented
in Table 15-1. The evaluation of each initiating event should be presented
in a separate subsection corresponding to the eight categories defined
above. The information to be presented in these subsections is outlined
in Section 15. X. X.

One of the items of information that should be discus sed for each
initiating event relates to its expected frequency of occurrence. Each
initiating event within the eight major groups should be assigned to one
of the following frequency groups:

1. Incidents of moderate frequency,

2. Infrequent incidents, or

3. Limiting faults.

The initiating events for each combination of category and frequency
group should be evaluated to identify the events that would be limiting.
The intent is to reduce the numbar of initiating events that need to be
quantitative'y analyzed. That is, not every postulated initiating event
needs to be ;ompletely analyzed by the applicant. In some cases a quali-
tative comparison of similar initiating events may be sufficient to
identify the specific initiating event that leads to the most limiting
consequences. Only that initiating event should then be analyzed in
detail.

It should be noted, however, that different initiating events in
the same category /f requency group may be limiting when the multiplicity
of consequences are corsid3 red. For example, within a given category /
frequency group combination, one initiating event might result in the
highest reactor coolant pressure boundary (RCPB) pressure while another
initiating event r:ight lead to minimum core thermal-hydraulic margins or
maximum offsite doses.
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Plant Characteristics Considered in the Safety Evaluation

A summary of plant parameters considered in the safety evaluation
should be given; e.g. , core power, core inlet temperature, reactor system
pressure, core flow, axial and radial power distribution, fuel and moderator
temperature coefficient, void coefficient, reactor kinetics parameters,
available shutdown rod worth and control rod insertion characteristics.
A range of values should be specified for plant parameters that vary with
fuel exposure or core reload. The range should be sufficiently broad to
cover all expected changes predicted for the entire life of the plant.
The permitted operating band (permitted fluctuations in a given parameter
and associated uncertainties) on reactor system parameters should be speci-
fied. The most adverse conditions within the operating band should be
used as initial conditions for transient analysis.

Assumed Protection System Actions

Settings of all protection system functions that are used in the
safety evaluation should be listed. Typical protection system functions
are reactor trips, isolation valve closures, ECCS initiation, etc. The
uncertainty (combined effect of calibration error, drift, instrument error,
etc.) associated with each function should also be listed together with
the expected and maximum delay times.

15.X Evaluation of Individual Initiating Events

The applicant should provide an evaluation of each initiating evant
using the format of Section 15.X.X (e.g. , 15.2.7 for a loss of normal
feedwater flow initiating event). As shown in Table 15-1, a particular
initiating event may be applicable to more than one category. The SAR
sections should be appropriately referenced to indicate this.

The detailed information listed in Section 15.X.X, paragraphs 1 and
2, should be given for each initiating event. However, the extent of
the quantitiative information in Section 15.X.X, paragraphs 3 through 5,
that should be included will differ for the various initiating events.
For those situations where a particular initiating event is net limiting,
only the qualitative reasoning that led to that conclusion need be
presented, along with a reference to the section that presents the evalua-
tion of the more limiting initiating event. Further, for those initiating
events that require a quantitative analysis, such an analysis may not be
necessary for each of Section 15.X.X, paragraphs 3 through 5. For example,
there are a number of plant transient initiating events tnat result in
minimal radiological consequences. The applicant should merely present
a qualitative evaluation to show this to be the case. A detailed evalua-
tion of the radiological consequences need not be performed for each such
initiating event.

\ }b
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15.X.X Event Evaluation

1. Identification of causes and frequency classification. For each
event evaluated, include a description of the occurrences that lead to
the initiat.ing event under consideration. The probability of the ini-
tiating event should be estimated and the initiating event should be
assigned to one of the following groups:

a. Incidents of moderate frequency - these are incidents,
any one of which may occur during a calendar year for a particular plant.

b. Infrequent incidents - these are incidents, any one of
which may occur during the lifetime of a particular plant.

c. Limiting .aults - these are occurrences that are not
expected to occur but are postulated because their consequences would
include the potential for the release of si gnificant amounts of radio-
active material.

2. Sequence of events and systems operation. The f ollowing should
be discussed for each initiating event:

a. The step-by-step sequence of events from event initiation
to the final stabilized condition. This listing should identify each
significant occurrence on a time scale, e.g., flux monitor trip, inser-
tion of control rods begin, primary coolant pressure reaches safet; valve
set point, safety valves open, safety valves close, containment isolation
signal initiated, and containment isolated. All required operatar actions
should also be identified.

b. The extent to which normally operating plant instrumentation
and controls are assumed to function.

c. The extent to which plant and reactor protection systems
are "equired to function.

d. The credit taken for the functioning . normally operating
plant systems.

e. The operation of engineered safety sys+ 2m, that is required.

The effect of single failures in each of the above areas and the
ef fect of operator errors should be discussed and evaluated. The d'scus-
sion should provide enough detail to permit an independent evaluation of
the adequacy of the system as related to the event under study. One method
of systematically investigating single failures is the use of a plant
operational analysis or a f ailure mode and ef fects analysis. The results
of these types of analyses can be used to demonstrate that the safety
actions required to mitigate the consequences of an event are provided
by the safety systems essential to performing each safety action. A sample

, 7LE.,
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format is described in Transactions of the American Nuclear Society 1973
Winter Meeting (November 11-15, 1973, pp. 339-340).

3. Core and system performance.

a. Mathematical model. The mathematical model employed, includ-
ing any simplifications or approximations introduced to perform the analyses,
should be discussed. Any digital computer programs or analog simulations
used in the analyses should be identified. If a set of codes is used,
the method combining these codes should be described. Important output
of each code should be presented and discussed under "rcsults." Principal
emphasis should be placed on the input data and the extent or range of
variables investigated. This information should include figures showing
the analytical model, flow path identification, actual computer listing,
and complete listing of input data. The detailed description of mathemat-
ical models and digital computer programs or listings are pref erably
included by reference 'o documents available to the NRC with only summaries
provided in the SAR tex..

b. Input parameters and initial conditions. The input param-
eters and initial conditians used in the analyses should be clearly identi-
fied. Table 15-2 provides a representative list of these items. However,
the initial values of other variables and additional parameters should
be included in the SAR if they are used in the analyses of the particular
event being analyzed.

The parameters and initial conditions used in the analyses should
be suitably conservative for the event being evaluated except that anticipatcd
transient without scram (ATWS) analyses should use realistic initial values.
The bases used to select the numerical values that are input parameters
to the analysis, including the degree of conservatism, should be discussed
in the SAR.

c. Results. The results of the analyses should be presented
and described in detail in the SAR. Key parameters should be presented
as a function of time during the course of the transient or accident.
The following are examples of parameters that should be included:

(1) Neutron power,

(2) Thermal power, |

(3) Heat fluxes, average and maximum,

(4) Reactor coolant system pressure,

(5) Minimum CHFR, DNBR, or CPR, as applicable,

(6) Core and recirculation loop coolant flow rates (BWRs),
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(7) Coolant conditions - inlet temperature, core average
temperature (PWR), core average steam volume fraction (BWR), average exit
ar.d hot channel exit temperatures, and steam volume fractions,

(8) Temperatures - maximum fuel centerline temperature,
maximum clad temperature, or maximum fuel enthalpy,

(9) Reactor coolant inventory - total inventory and coolant
level in various locations in the reactor coolant system.

(iO) Secondary (power conversion) system parameters - steam
flow rate, steam pressure and temperature, feedwater flow rate, feedwater
temperature, steam generator inventory, and

(11) ECCS flow rates and pressure differentials across
the core, as applicable.

The discussion of results should emphasize the margins between
the predicted values of various core parameters and the values of these
parameters that would represent minimum acceptable conditions.

4. Barrier performance. This section of the SAR should discuss
the evaluation of the parameters that may affect the performance of the
barriers, other than fuel cladding, that restrict or limit the transport
of radioactive material from the fuel to the public.

a. Mathematical model. The mathematical model employed, includ-
ing any simplifications or approximations introduced to perform the analysas,
should be discussed. If the model is identical, or nearly identical,

.

with that used to evaluate core performance, this should be stated in
the SAR. In that case, only the differences, if any, between the models
need be described.

A detailed description of the model used to evaluate barrier
performance should be presented if it is significantly dif ferent from
the core performance model. The a..'ormation that should be included is
indicated in paragraph 3 of Section 15.X.X, item a.

b. Input parameters and initial conditions. Any input param-
eters and initial conditions of variables relevant to the evaluation of
barrier performance that were not presented and discussed in paragraph 3
of Section 15.X.X., item b, should be discussed in this section. The
discrision should present the numerical values of the input to the
analyses and should discuss the degree of conservatism of the selected
values.

c. Results. The results of the analyses should be presented
and described in detail in the SAR. As a minimum, the following informa-
tion should be presented as a function of time during the course of the
transient or accident:
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(1) Reactor coolant system pressure,

(2) Steam line pressure,

(3) Containment pressure,

(4) Relief and/or safety valve flow rate,

(5) Flow rate from the reactor coolant system to the
containment system, if applicable.

5. Radiological consequences. This section of the SAR should
summarize the assumptions, parameters, and calculational methods used to
determine the doses that result from limiting faults and infrequent
incidents. Sufficient information should be given in this section to
fully substantiate the results and to allow an independent analysis to
be performed by the NRC staff. Thus, this section should include all of
the pertinent plant parameters that are required to calculate doses for
the exclusion boundary and the low population zone as well as those loca-
tiors within the exclusion boundary where significant site-related activ-
ities may occur (e.g. , the control room).

The elements of the dose analysis that are applicable to several
accident types or that are used many times throughout Chapter 15 can be
summarized in this section (or cross-referred) with the bulk of the
information appearing in appendices.

If there are no radiological consequences associated with a given
initiating event, this section for the event should simply contain a
statement indicating that containment of the activity was maintained and
by what margin.

An analysis should be provided for each limiting event. Thesc analyses
should be based on design basis assumptions acceptable to the NRC for
purposes of determining adequacy of the plant design to meet 10 CFR Part
100 criteria. These design basis assumptions can, for the most part, be
found in regulatory guides that deal with radiological releases. For
instance, when calculating i.he radiological consequences of a loss-of-
coolant accident (LOCA), it is suggested that the assumptions given in
Regulatory Guice 1.3, " Assumptions Used for Evaluating the Potential Radi-
ological Consecuences of a Loss-of-Coolant Accident for Boiling Water
Reactors," and Regulatory Guide 1.4, " Assumptions Used for Evaluating
the Potential Radiological Consecuences of a Loss-of-Coolant Accident
for Pressurize j Water Reactors," be used. This analysis should oe
referred to as the " design basis analysis." There may be instances in
which the applicant will not agree with the conservative margins inherent
in the design basis approach approved by the NRC staff or the applicant
may desire to provide a " realistic analysis" for comparison purposes.

|If this is the case, the applicant may provide an indication of the assump-
tions he believes to be adequately conservative, but the known NRC assump-
tions should nevertheless be used in the design basis analysis.
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Any " realist;c analysis" provided will help quantify the margins

that are inherent in the design basis approach. A " realistic analysis"
need not include a consequence assessment and may be limited to a presenta-
tion of assumptions that are more likely to be obtained than those used
for purposes of design.

The parameters and assumptions used for these analyses, as well as
the results, should be presented in tabular form. Table 15-3 provides a
representative li t of these items. Table 15-4 summarizes additional
items that should be provided when dealing with specific types of accidents.
When possible, the summary tabulation should provide the necessary quanti-
tative information. If, however, a particular assumption cannot be simply
or clearly stated in the table, the table should reference a section or
an appendix that adequately discusses the information.

Judgment should be used in eliminating unnecessary parameters from
the summary table or in adding parameters of significance that do not
appear in Table 15-3 oe 15-4. The summary table should have two columns.
One column should indicate the assumptions used in the design basis
analysis, while the other should indicate assumptions used in the realistic
analysis.

A diagram of tne dose computation model, labeled " Containment Leakage
Dose Model," should be appended to Chapter 15. An explanation of the
model should accompany the diagram. The purpose of the appendix is to
clearly illustrole the containment modeling, the leakage or transport of
radioactivity from one compartment to another or to the environment, and
the presence of engineeied safety features (ESF) such as filters or sprays
that cre called on to mitigate the consequences of the LOCA. The diagram
should employ easily identifiable symbols, e.g. , squares to represent
the containment or various portions of it, lines with arrowheads drawn
from one compartment to another or to the environment to indicate leakage
or transport of radioactivity, and other suitably labeled or defined
symbols to indicate the presence of ESF filters or sprays. Individual
sketches (or equivalent) may be used for each significant time interval
in the containment leakage history (e.g. , separate sketches showing the
pulldown of a dual containment annulus and the exhaust and recirculation
phases once negative pressure in the annulus is achieved, with the appro-
priate time intervals given).

In presenting the assumptions and methodology used in determining
the radiological consequences, care should be taken to ensure that
analyses are adequately supported with backup information, either by
reporting the information where appropriate, by referencing other sec-
tions within the SAR, or by referencing documents readily available to
the NRC staff. Such information should include the following:

a. A description of the mathematical or physical model employed,
including any simplifications or approximations introduced to perform
the analyses.

m<
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b. An identification and description of any digital computer

program or analog simulation used in the analysis. The detailed descrip-
tion of mathematical models and programs are preferably includeJ by refer-
ence with only summaries provided in the SAR text.

c. An identification of the time-dependent characteristics,
activity, and release rate of the fission products or other transmissible
radioactive materials within the :ontainment system that could escape to
the environment via leakages in the containment boundaries and leakage
through lines that could exhaust to the environment.

d. The considerations of uncertaintics in calculational methods,
equipment performance, instrumentation response charactaristics, or other
indeterminate effects taken into account in the evaluation of the results.

e. A discussion of the extent of system interdependency (con-
tainment system and other engineered safety features) contributing directly
or indirectly to controlling or limiting leakages from the containment
system or other sources (e.g., from spent fuel handling areas), such as
the contribution of (1) containment water spray systems, (2) containment
air cooling systems, (3) air purification and cleanup systems, (4) reactor
core spray or safety injection systems, (5) postaccident heat removal
systems, and (6) main steam line isolation valve leakage control systems
(BWR).

This section should present the results of the dose calculations
giving the potential 2-hour integrated whole body and thyroid doses for
the exclusion boundary. Similarly, it should provide the doses for the
course of the accident at the closest boundary of the low population zone
(LPZ) and, when significant, the doses to the control room operators during
the course of the accident. Other organ doses should be presented for
those cases where a release of solid fission products or transuranic elements
are postulated to t,e released to the containment atmosphere.

) [L b
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TABLE 15-1

REPRESENTATIVE INITIATING EVENTS
TO BE ANALYZED IN SECTIONS IS.X.X OF THE SAR

1. Increase in Heat Removal by the Secondary System

1.1 Feedwater system malfunctions that result in a decrease in feed-
water temperature

1.2 Feedwater system naltunctions that result in an increase in
f eedwater flow

1.3 Steam pressure regulator malfunction or failure that results
in increasing steam flow

1.4 Inadvertent opening of a steam generator relief or safety valve

1.5 Spectrum of steam system piping failures inside and outside of
containment in a PWR

2. Decrease in Heat Removal by the Secondary System

2.1 Steam pressure regu ator ma' function or f ailure that results
in decre63ing steam flow

2.2 moss of external electric load

2.3 Turoine trip (stop valve closure)

2.4 Inadvertent uiosure of main steam isolation valves

2.5 Loss of cor. denser vacuum

2.6 Coincident loss of onsite and external (offsite) 3.c. power to

the station

2.7 Loss of normal feedwater flow

2.8 Feedwater piping break

3. Decrease in Reactor Coolant System Flos Rate

3.1 Single and multiple reactor coolant pump tiips

3.2 bWR recirculation loop controller malfunctions that result in
decreasing flow rate

3.3 Reactor coolant pump shaf t seizure

. , .
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TABLE 15-1 (Continues

3.4 Reactor coolant pump shaf t break

4. Reactivity and Power Distribution Anomalies

4.1 Uncont colled control rod assembly withdrawal f rom a subcritical
or 'ow power startup condition (assuming the most unfavorable
rnctivity conditions of the core and reactor coolant system),
i icluding control rod or temporary control device removal error
uuring refueling

4.2 Uncontrolled control rod assembly withdrawal at the particular
power level (assuming the most unfavorable reactivity conditions
of the core and reactor coolant system) that yields the most
severe results (low power to full power)

4.3 Control rod maloperation (system malfunction or operator error),
including maloperation of part length control rods

4.4 Startup of an inactive reactor coolant loop or recirculating
loop at an incorrect temperature

4.5 A malfunction or failure of the flow controller in a BWR loop
that results in an increased reactor coolant flow rate

4.6 Chemical and volume control system malfunction that results in
a decrease in the boron concentration in the reactor coolant
of a PWR

4.7 Inadvertent loading and operation of a fuel assembly in an impro-
per position

4.8 Spectrum of rod ejection ac-Ments in a PWR

4.9 Spectrum of rod drop accidents in a BWR

5. Increase in Reactor Coolant Inventory

5.1 Inadvertent operation of ECCS during power operation

5.2 Chemical and volume control system malfunction (or operator
error) that increases reactor coolant inventory

5.3 A number of BWR transients, including items 2.1 through 2.6
and item 1.2.

6. Decrease in Reactor Coolant Inventory

6.1 Inadvertent opening of a pressurizer safety or relief valve in
a PWR or a safety or relief valve in a BWR
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TABLE 15-1 (Continued)

6.2 Break in instrument line or other lines from reactor coolant
pressure boundary that penetrate containment

6.3 Steam generator tube failure

6.4 Spectrum BWR steam system piping failures outside of
containment

6.5 Loss-of-coolant accidents resulting from the spectrum of postu-
lated piping breaks within the reactor coolant pressure boundary,
including steam line breaks .iside of containment in a BWR

6.6 A number of BWR transients, including items 2.7, 2.8, and 1.3

7. Radioactive Release f rom a Subsystem or Component

7.1 Radioactive gas waste system leak or failure

7.2 Radioactive liquid waste system leak or failure

7. 3 Postulated radioactive releases due to liquid tank failures

7.4 Design basis fuel handling accidents in the containment and
spent fuel storage buildings

7.5 Spent fuel cask drop accidents

8. Anticipated Transients Without Scram

8.1 Inadvertent control rod withdrawal

R.2 Loss of feedwater

8.3 Loss of a.c. power

8.4 Loss of electrical load

8.5 Loss of condenser vacuum

8.6 Turbine trip

8.7 Closure of main steam line isolation valves

9
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TABLE 15-2

INPUT PARAMETERS AND
INITIAL CONDITIONS FOR TRAN5IENTS AND ACCIDENTS

Neutron Power

Moderator Temperature Coef ficient of Reactivity

Moderator Void Coef ficient of Reactivity

Doppler Coef ficient of Reactivity

Ef fective Neutron Lifetime

Delayed Neutron Fraction

Average Heat Flux

Maximum Heat Flux

Minimum DNBR, CHFR, or CPR

Axial Power Distribution

Radial Power Distribution

Core Coolant Flow Rate

Recirculation Loop Flow Rate (BWR)

Core Coolant Inlet Temperature

Core Average Coolant Temperature (PWR)

Core Average Steam Volume Fracti in (BWR)

Core Coolant Average Exit Temaerature, Steam Quality, and Steam Void
Fraction

Hot Channel Coolant Exit Temperature, Steam Quality, and Steam Void
Fraction

Maximum Fuel Centerline Temperature

Reactor Coolant System Inventory (lb)

Coolant level in Reactor Vessel (BWR)

'] l{Coolant Level in Pressurizer (PWR) 7
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TA"LE 15-2 (Continued)

Reactor Coolant Pressure

Steam Ficw Rate

Steam Pressure

Steam Quality (temperature if superheated)

Feedwater Flow Rate

Feedwater Temperature

CVCS Flow and Boron Concentration (if these vary during the course of
the transient or accident being analyzed)

Control Rod Worth, Dif ferential, and Total

@
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TABLE 15-3 - $-
EEAS

REPRESENTATIVE PARAMETERS TO BE TABULATED * ;3g3
FOR POSTULATED ACCIDENT ANALYSES g; g;

1. Data and assumptions used to estimate radioactive source
from postulated accidents

a. Stretch power level

b. Burnup

c. Percent of fuel perforated

d. Release of activity by nuclide

Iodine fractions (organic, elemental, and parti-e.
culate)

f. Reactor coolant activity before the accident (and
secondary coolant activity for PWR). Two values
for primary system iodine activity concentration
should be given. These two values should indicate
(1) the maximum allowable equilibrium iodine con-
centration and (2) the maximum allowable concen-
tration resulting from a preaccident iodine spike.

2. Data and assumptions used to estimate activity
released

a. Primary containment volume anc leak rate |

b. Secondary containment volume and leak rate

c. Valve movement times

d. Adsorption and filtration ef ficiencies

e. Recirculation system parameters (flow rates
versus time, mixing f actor, etc. )

f. Containment spray first order removal lambdas as
determined i n Section 6.2.3

g. Containment volumes j /p 3 '} ~/ 6
7

h. All other pertinent data and assumptions

As applicable to the event being described.
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TABLE 15-3 (Continued) S3 33
c "a U "a

3. Dispersion Data f5%S
E$2$

# "#a. Location of points of release
|

b. Distances to applicable rcccptors (e.g., control
room, exclusion boundary, and LPZ)

c. X/Qs at control room, exclusion boundary, and
LPZ (for time intervals of 2 hours, 8 hours, 24
hours , 4 days , 30 days)

4. Dose Data

a. Method of dose calculation

b. Dose conversion assumptions

c. Peak [or f(t)] concentrations in co,itainment

d. Doses (whole body and thyroid doses for LPZ and
exclusion boundary; beta, gamma, and thyroid
doses for the control room)

@
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TABLE 15-4

ADDITIONAL PARAMETERS AND INFORMATION TO BE PROVIDED
OR REFERENCED IN THE SUMMARY TABULATION FOR SPECIFIC DESIGN

BASIS ACCIDENTS

1. Loss-of-Coolant Accident (Section 15.6.5)

a. Hydrogen Purce Analysis

(1) Holdup time prior to purge initiation (assuming recombiners
are inoperative)

(2) Iodine reduction factor

(3) x/Q values at appropriate time of release

(4) Purge rates for at least 30 days af ter initiation of purge

(5) LOCA plus purge dose at LPZ

b. Equipment Leakage Contribution to LOCA Dose

(1) Iodine concentration in sump water af ter LOCA

(2) Maximum operational leak rate through pump seals, flanges,
valves, etc.

(3) Maximum leakage assuming failure and subsequent isolation
of a component seal

(4) Total lea'Kage quantities for (2) and (3)

(5) Temperature of sump water vs time

(6) Time intervals for automatic and operator action

(7) Leak paths from point of seal or valve leakage to the
environment

(8) Iodine partition f actor for sump water vs temperature of
water

(9) Charcoal adsorber ef ficiency assumed for iodine removal

c. Main Steam Line Iselation Valve Laakage Control System Contribu-
tion to LOCA Dose (BWR)

(1) Time of system actuation

(2) Frac: ion of isolation valve leakage from each release point

j 4 } 2'[8IF-17



Revision 3 November 1978

@
TABLE 15-4 (Continued)

(3) Flow rates vs time for each release path

(4) Location of each release point

(5) Transport time to each release point

2. Waste Gas System Failure (Section 15.7,1)

Activity transfer times to waste gas system componentsa.

b. Number of tanks or other holdup components

c. Tank voiumes

d. Charcoal bed delay times for Xe and Kr

Seismic classification of tank and associated pipinge.

f. Decontamination factors of components

g. Primary coolant volume

h. Isotopic activity in each system component including daughter
products

i. Time to isolate air ejector

j. Delay time in delay pipe

k. Design basis activity measured at air ejector (Ci/sec) including
contribution due to activity spiking in coolant

3. Main Steam Line and Steam Generator Tube Failures (Sections 15.1.5,
15.6.3, 15.6.4)

Characterization of primary and secondary (PWR) system. Suffi-a.
cient information should be given, as appropriate, to adequately
describe the time- histories from accident initiation until
accident recovery is complete for temperatures, pressures, steam
generator water capacity, steaming rates, feedwater rates, blow-
down rates, and primary-to secondary leakage rates.

b. Potential increase in iodine release rai.e above the equilibrium
value (i.e. , iodine spiking) from the fuel to the primary coolant
as a result of the accident or a pre-accident primary system
transient.

c. Chronological list of system response times, operator actions,
valve closure times, etc.

}43 27h15-18
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TABLE 15-4 (Continued)

d. Steam and water release quantities and all assumptions made in
their computation

Description of the iodine transport mechanism and release pathse.
between the primary system and the environment. The bases for
an assumed partitioning of iodine betwean liquid and steam phases
should be described and justified.

f. Possible fuel rod failure resulting from the accident, assuming
the most reactive control rod remains in its fully withdrawn

position.

g. Possible steam generator tube failure resulting f rom a PWR
steam line break accident.

4. Fuel Handling Accident (in the Containment and Spent Fuel Storaae
Buildings) (Section 15. 7.4)

a. Number of fuel rods in core

b. Number, burnup, and decay time of fuel rods assumed to be
damaged in the accident

c. Radial peaking f actor for the rods assumed to be damaged

d. Earliest time af ter shutdown that fuel handling begins

e. Amonnts of iodines and noble gases i leased into pool

f. Pool decontamination f actors

g. Time required to automatically switch from normal containment
purge operation to either safety grade filters or isolation

h. Amount of radioactive release not routed through ESF grade
filters.

The following items should be provided to determine if the calcula-
tional methods af Regulatory Guide 1.25 (Safety Guide 25), " Assumptions
Used for Evaluating the Potential Radiological Consequences of a Fuel
Handling Accident in the Fuel Handling and Storaae Facility for Eoiling
and Pressurized Water Reactors," apply:

i. Maximum fuel rod pressurization

j. Minimum water depth between top of fuei rods and fuel pool
] /p } ' ]Q]surface
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TABLE 15-4 (Continued)

K. Peak linear power density for the highest power assembly
discharged

1. Maximum centerline operating fuel temperature for the fuel
assembly in item k above

m. Average burnup for the peak assembly in item k above

5. Cor. trol Rod Ejection and Control Rod Drop Accidents (Sections 15.4.8
and 15.4.9)

a. Percent of fuel rods undergoing clad failure

b. Radial peaking factors for rods undergoing clad failure

c. Percent of fuel reaching or exceeding melting temperature

d. Peaking factors for fuel reaching or exceeding melting
temperature

e. Percent of core fission products assumed released into reactor
coolant

f. Summary of primary and secondary system parameters used to
determine the activity release through the secondary system
(PWRs only). The information specified in items 3a, b, c, d,
and e of this table should also be provided for this accident.

g. Summary of containment system parameters used to determine
activity release terms f com containment leak paths

h. Summary of system parameters and decontamination factors used
to determine activity release from condenser lea < paths (BWR)

6. Spent Fuel Cask Drop (Section 15.7.5)

a. Number of fuel elements in largest capacity cask

b. Number, burnup, and decay time of fuel elements in cask
assumed to be damaged

c. Number, burnup, and decay time of fuel elements in pool assumed
to be damaged as a consequence of a cask drop (if any)

d. Average radial peaking factor for the rods assumed to be damaged

O
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TABLE 15-4 (Continueg

e. Earliest time af ter reactor fueling that cask loading opera-
tions begin

f. Amounts of iodines and noble gases released into air and into
pool

g. Pool decontamination factors, if applicable

7. Failure of Small Lines Carryir.g Primary Coolant Outside Containment
Wection 15. 6.2)

a. Detailed description of primary system response, leakage rate,
operator action, valve closure times, etc. Also, figures
indicating primary system presure and temperature and primary
coolant leakage versus time for the duration of the accident
should be provided, as well as chronological listing of system
response times, operator actions, valve closure timcs, etc.

b. Summary of primary system iodine activity during the accident
and its effect on the calculated accident consequences as
described in item 3.b of this table

c. Iodir.e transport mechanism and release paths from the leak point
to the environment
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16. _ TECHNICAL SPECIFICATIONS

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 on f acii-
ity operation for, among other purposes, the protection of the health
and safety of the public. Each applicant for an operating license is
required to submit proposed Technical Specifications and their bases for
the f acility. They should be consistent with the content and format of
the Standard Technical Specifications available from the Commission for
the appropriate nuclear steam supply system (NSSS) vendor. After review
and needed modification by the NRC staff, these Tc" : cal Specifications
will be issued by the Commission as Appendix A to the operating license.

16.1 Preliminary Technical Specifications (PSAR)

An application for a construction permit should include preliminary
Technical Specifications that identi'4 and provide justification for the
selection of variables, conditions, or other limitations that are deter-
mined to be probable subjects c ! the final Technical Specifications.
Special attention should be giver, to those areas that influence the final
design in order to minimize later facility modifications to accommodate
conditions of the final Technical Specifications. In particular, this

@
review should determine the design suitability of those features and speci-
fications that af fect the type, capacity, and number of safety-related
systems and the capability fr performance of surveillance activities
involving those safety-related systems.

The preliminary Technical Specifications and bases should be included
in this chapter of the PSAR. The submittal should be consistent with
the format and content of the NRC Standard Technical Specification for
the appropriate NSSS vendor. Each specification should be as complete
as possible and should include preliminary numerical values, graphs, tables,
and other data. References to the applicable sections of the PSAR that
support the bases and provide clarifying details for each specification
should be supplied. Justification should be provided for deletions from
or additions to the Standard Technical Specifications pertinent to the
selected NSSS vendor.

16.2 Proposed Final Technical Specifications (FSAR)

The Technical Specifications submitted in support of an operating
license application should be the finalized version of those specifications
originally included in the PSAR. The numerical values, graphs, tables,
and other data should reflect the final refinements in design, results
of tests or experiments, and expected method of operation. This informa-
tion should be included in this chapter of the FSAR.

9
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17. QUALITY ASSURANCE

In order to provide assurance that the design, construction, and
operation of the proposed nuclear power plant are in conformance with
applicable regWatory requirements and with the design bases specified
in the license application, it is necessary that a quality assurance (QA)
program be established by the applicant. In this chapter of the SAR, the
applicant should provide a description of the QA program to be established
and executed during the design, construction, preoperational testing, and
operation of the nuclear power plant. The QA program must be established
at the earliest pract: cal time consistent with the schedule for accomplish-
ing the activity. Where some portions of the QA program have not yet been
established at the time the SAR is prepared because the activity will be
performed in the future, the description should also provide a schedule
for implementation. The program must meet the requirements of Appendix B
to 10 CFR Part 50. The inspection and survey systems required by 950.55a,
" Codes and Standards," of 10 CFR Part 50 may be used in partial iulfillment
of these requirements to the extent that they are shown by the description
of the QA program to satisfy the applicable requirementi. of Appendix B.

In order to facilitate the presentation of the information, the QA
program for each of the major erganizations involved in executing the QA
program should include the inf ormation described (either separately for
each organization or integrally for all organizations) in accordance with
the outiine presented below. It is not intended to dictate the Tormat
of any QA Program Manual' that is lef t to the discretion of the applicant.,

It is required, however, that the description in the SAR address, at a
minimum, each of the criteria in Appendix B in suf ficient detail to enable
the re'ciewer to determine whether and how all the requirements of the
appendix will be satisfied in accordance with %50.34 of 10 CFR Part 50.
P,eference to appropriate portions of other sections of the SAR may suf fice.

NRC regulatory guides and the documents entitled " Guidance on Qual-
ity Assurance Requirements During Design and Procurement Phase of Nuclear
Power Plants," (WA5H 1283), " Guidance on Quality Assurance Requirements
During i.he Construction Phase of Nuclear Power Plants," (WASH 1309), and
" Guidance on Quality Assurance Requirements During the Operations Phase
of Nuclear Power Plants ," (WASH 1284) contain guidance on acceptable
methods of implementing portions or the quali , assurance program.* The
SAR should specifically indicate whether this guidance will be followed.
If such guidance will not be followed, the SAR should describe specific
alternative methods that will be used and the manner of implementing them
and should identify tne organizations respansible for their implementation.
A

WASH 1283, 1284, and 1309 contain a number of draft standards. As these
draft standarda are issued as approved American National Standards, it is
expected that they will be endorsed by regulatory guides. The applicabil-
ity of the regulatory guide versus the draft standard will be addressed
in the implementation section of each guide or in amendments to this
Standard Format

1 4 3 ,2 8 [!
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Where a portion of the QA program te be implemented will follow the

guidance provided by a regulatory guide, WASH 1283, WASH 1309, or WASH 1204,
the program description may consist of a statement that the guidance will
be followed for that portion of the QA program. When these documents
are used in describing the QA program, the applicant should indicate how
the guidance documents will be applied to portions of the QA program and
should delineate the organizational element responsible for implementing
various provisions of the respective guidance documents within each major
organization in the project, including that of the applicant, the architect-
engineer, the nuclear steam system supplier, the constructor, the construc-
tion manager (if other than the constructor).

17.1 Quality Assurance During Design and Constructico

17.1.1 Organization

17.1.1.1. The PSAR should describe clearly the authority and duties
of persons and organizations performing the QA functions of assuring that
the QA program is established and executed and of verifying that an activ-
ity has been correctly performed. The PSAR should provide organization
charts and functional responsibility descriptions that denote the lines
of responsibility and areas of authority within each of the major organi-
zations in the project, including those of the applicant, the architert-
engineer, the nuclear steam system supplier, the constructor, aid the
construction manager (if other than the constructor). These charus and
descriptions should present the structure of QA organizations in/olved
as well as other functional organizations performing activities af fecting
quality in design, procurement, manufacturing, construction and installa-
tion, testing, inspection, and auditing with clear delineaticn ' heir
responsibility, authority, and relationship to corporate manag. In
addition, a single overall project organization chart lould De |uded
showing how the major organizations or companies working diret for,

the applicant on the project interrelate with one another.

l_7.1.1. 2. The PSAR should describe the level of management respon-
sible fo establishing the QA policies, goals, and objectives and should
describe the continuing involvement of this management level in QA matters.
The PSAR should tell what position has overall authority and responsibility
for the QA program and tell what position is responsible for final review
and appreva; of the QA program and related manuals. The qualification
requirements of the principal QA and quality control positions should be
described.

17.1.1.3. The PSAR should describe those measures which assure that
persons and organizations performing QA functions have sufficient authority
and organizational freedom to (1) identify quality problems, (2) initiate,
recommend, or provide solutions, and (3) verify implementation of solu-
tions. The PSAR should describe the measures which assure that persons
and organizations assigned the responsibility for checking, auditing,
inspecting, or otherwise verifying that an activity has been correctly
performed report to a management level such that this required authority

17-2
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and orc,anizational freedom, including sufficient independence from the
pressures of production, are provided. Irrespective of the organizational
structure, the PSAR should describe how the individual or individuals
with primary responsibility for assuring effective implementation of the
QA program at any lucation where activities subject to the control of
the QA program are being performed will have direct access to such levels
of management as may be necessary to carry out this responsibility. The
PSAR should indicate from whom the personc performing QA functions receive
technical direction for performing QA tasks and administrative control
(salary review, hire / fire, position assignment). The PSAR should identify
those positions or organizations which have written delegated responsi-
bility and authority to stop work or control further processing, delivery,
installation, or use of nonconforming items until proper disposition of
the deficiency has been approved.

The PSAR should describe how requirements will be imposed on con-
tractors and subcontractors to assure that individuals or groups within
their organizations performing QA functions have sufficient authority
and organizational freedom to effectively i:rplement tneir respective QA
programs.

17.1.1.4. The PSAR should describe the extent to which the appli-
cant will delegate to other contractors the wrk of establishing and
executing the QA program or any part thereof. A clear delineation of9 those QA functions which are implemented within the applicant's QA organ-'

ization and those which are delegated to other organizations stould be
provided in the PSAR. The PSAR should describe the method by which the
applicant will retain responsibility for and maintain control over those
portions of the QA program delegated to other organizations and should
identify the organization responsible for verifying that deleg&ted QA
functions are properly carried out. The PSAR should identify major work
interfaces for activities affecting quality and describe how clear and
effective lines of communication exist between the applicant and his
principal contractors to assure necessary coordination and control of
the QA program.

17.1.2 Quality Assurance Program

17.1.2.1. The QA program in the PSAR should cover each of the cri-
teria in Appendix B to 10 CFR Pa-t 50 in sufficient detail to permit a
determination as to whether and how all of the requirements of Appendix
B will be satisfied. The PSAR should (1) describe the extent to which
the QA program will conform to various provisions of WASH 1283, WASH 1309,
and regulatory guides that provide guidance on acceptable methods of
implementing portions of the QA program and (2) identify the organiza-
tional element responsible for implementing these provisions. If the
applicant elects not to follow the above guidance, the PSAR should
describe in detail equivalent to that furnished in the NRC guidance the
alternative methods that will be used and the manner of implementing them
and should indicate the organizations responsible for their implementation.
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17.1.2.2. The PSAR should identify the safety-related structures,

systems, and components to tv controlled by the QA program.

17.1.2.3. The PSAR should describe the measures which assure that
the QA program is being established at the earliest practicable time con-
sistent with the schedule foi accomplishing ..ctivities affecting quality
for the project. That is, the PSAR should describe how the QA program
is being established in advance of the activity to be controlled and how
it will be implemented as the activity proceeds. Those activities af fect-
ing quality initiated prior to the submittal of the PSAR, such as estab-
lishing information required to be included in the PSAR, design and procure-
ment, safety-re'ated site testing and evaluation, and preparation activ-
ities should be identified in the PSAR. The PSAR should describe how
these activities are con'. rolled by a QA program which complies with Appen-
dix B to 10 CFR Part 50.

17.1.2.4. The PSAR should describe how the QA program is documented
by written policies, procedures, or instructions and how it will be imple-
mented in accordance with these policies, procedures, or instructions.
The PSAR should include a listing of QA program procedures or instructions
that will be used to i tement the QA program for each major activity
such as design, procurement, construction, etc. The proc are list should
identify which criteria of Appendix B to 10 CFR Part 50 cre implemented
by each procedure. In the event certain required procedures are not yet
established, a schedule for their preparation should be provided in the
PSAR.

17.1.2.5. The PSAR should summarize the corporate QA policies, goals,
and objectives; and it should describe hu disputes involving quality
are resolved.

17.1.2.6. The PSAR should describe the program that provides adequate
indoctrination and training of perconnel performing activities e.ffecting
quality to assure that suitable proficiency is achieved and maintained.
The PSAR should describe how the indoctrination and training program will
assure that:

1. Personnel performing activities af fecting quality are appro-
priately trained in the principles and techniques of the activity being
performed,

2. Personnel performing octivities af fecting quality are instructed
as to purpose, scope, and implementation of governing manuals, policies,
and procedures,

3. Appropriate training procedures are established, and

4. Proficiency of personnel performing activities affecting quality
is maintained.

9
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17.1.2.7. The PSAR should describe the qualification requirements
for the position or positions res;.onsible for assuring ef fective imple-
mentation of the QA program of the applicant and of his major contractors.

17.1.2.8. The PSAR should describe the measures that assure that
activities af fecting quality will be accomplished under suitable controlled
conditions, including (1) the use of appropriate equipment, (2) a suitable
environment for accomplishing the activity, e.g. , adequate cleanliness,
and (3) compliance with necessary prerequisites for the given activity.

17.1.2.9. The PSAR should describe the measures that assure that
there is regular management review of the QA program to assess its
ef fectiveness and the adequacy of its scop ?, c 'd implemertation. The
PSAR should describe the provisions for reviews by management above or
outside the QA organization to assure achieving an objective program
assessment.

The PSAR should describe the measures that assure that the QA organ-
ization of the applicant will (1) review and document agreement with the
QA programs of the principal contraci. ors and (2) conduct or have conducted
audits of the contractors' QA program activities.

17.1.2.10. The PSAR should provide a summary description of advanced
planning that demonstrates control of quality-related activities including
management and technical interf aces between the contructor, the architect-
engineer, the nuclear steam system supplier, and the applicant during
the phaseout of design and construction and during preoperational testing
and plant turnover.

17.1.2.11. The PSAR should describe provisions for maintaining the
QA program description current.

17.1.3 Design Control

17.1.3.1. The PSAR should describe the design control measures that
assure that (1) applicable regulatory requi -ents and design bases for
safety-related structures, systems, and components are correctly translated
into specifications, drawings, procedures, and instructions, (2) appropriate
quality standards are specified in design documents, and (3) deviations
f rom such standards are controlled.

17.1.3.2. The PEAR snculd describe measures that assure that adeq 2 ate
review and selection for application suitability is conducted for materials,
parts, equipment, and processes tha- are essential to safety-related func-
tions of the structures, systems, and components. The PSAR should describe
provisions that assure that standard commercial or so-called "cff the
shelf" materials, parts, and equipment also receive adequate application
review and selection

@ 17.1.3.3. The PSAR should describe the pregram for applying design
control measures to such aspects of design as reactor p'iysics; stress,.
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thermal, hydraulic, and accident analysis; materials compatibility; and
accessibility for maintenance, inservice inspection, and repair and should
describe measures for delineation of acceptance criteria for inspectiore
and tests.

17.1.3.4. The PSAR should describe measures that assure verification
or checking of design adequacy, such as design reviews, use of alternative
calculational methods, or performance of a qualification testing program
under the most adverse design conditions. The PSAR Should identify the
positions or organizations responsible f or design verification or checking
and should descr be measures that assure that the verifying or checkingi

process is performed by individuals or groups other than those who performed
the original design, but who may be f rom the same organization.

l_7.1. 3. S . The PSAR ch~ M cribe measures for identifying and
controlling design interfaces, ,t internal and external, and for coor-
dination between participating ign organizations. The PSAR shouldm

describe measures in effect between participating design nrganizations
f or review, approval, release, distribution, collection, and storage of
documents involving design interfaces and changes thereto. The PSAR should
describe how these measures will assure trat these design documents are
controlled in a timely manner to prevent inadvertent use of superseded
design information.

17.1.3.6. The PSAR should describe the measures that will te emplayed
to assure that design changes, including field changes, are subject to
the same design controls that were applied to the original design and

_

are reviewed and approvea by the organization that performed the original
design unless the originating organization designates another responsible
organization.

17.1.4 Procurement Document Control

17.1.4.1. The PSAR should describe measures that assure that docu-
ments, and changes thereto, for procurement of material, equipment, and
services, whether purchased by the applicant or the contractors or sub-
contractors, currectly include or reference the following as necessary
to achieve required quality:

1. Applicable regulatory, code, and design requirements,

2. Quality assurance program requirements,

3. Requirements for supplier documents uch as instructions, p: oce-
dures, drawings, specifications, inspecticn and test records, and suoplier
QA records to be prepared, submitted, or made available for purchaser
review or approval,

'

4. Requirements for the retention, control, and maintenan e,of n 4 ')LUsupplier QA records, 4)
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5. Provision for purchaser's right of ar. cess to suppliers' f acil-
ities and work documents for inspection and aud4 t, and

6. Provision for suppl #er reporting and disposition of ncnconfor-.

mances f rom procurement requirements.

17.1.4.2. The PSAR should describe (1) measures that clearly
delineate the control respnrsibilities and action sequence to be taken
in the preparation, review, approval, and issuance by competent person-
nel of procurement documents and (2) measures that assure that changes
or revisions of procurement documents are f,ubject to the same review and
approval requirements as the original documents.

17.1.4.3. The PSAR should describe measures that assure (1) that
procuremenUocuments require f.uppliers to have and implement a ciocumented
QA program for purchased materials, equipment, and services to an extent
consistent with their impc rtence to safety, (2) that the purchaser has
evaluated the supplier befc.re the award o| the procurement order or contract
to assure that the supplier can meet tr e procurement requirements, and
(3) that procurement documents for spa"e or replacement items will be
subject to controls at least equivalent to those used for the original
equipment.

17.1.5 Instructions, Pro:edures, and Drawings

17.1.5.i. The PSAR should describe measures that assure that activ-
itiesitfecting quality such as design, procurement, manuf acturing, construc-
tion and installation, testing, inspection, and auditing are prescribed
by appropriately documented instructions, procedures, or drawings and that
Nse activities will be conducted in accordance with these documents.

17.1.5.2. The PSAR should describe the system whereby the docu-
mented instructions, procedures, and drawings will include appropriate
quantitative (such as dimensions, t>lerances, and operating limits) and
qualitative (such as workmanship sartples and weld radiographic acceptance
standards) acceptance criteria for cetermining that prescribed activities
have t'een satisfactorily accomplished.

17.1.6 Document Control

17.1.6.1. The PS AR should describe those measures established to con-
trol the issuance of documents such as instructions, procedures, and
drawings, including changes thereto, that prescribe all activities
af fecting quality. The description should cover control measures that
assure that:

1. Documents are reviewed for adequacy (i.e. , information is
clearly and accurately stated) and are approved by authorized personnel
for issuance and use at locations where the prescribe ivity will beg performed before the activity is started, } 4} '
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O
2. Means such as use of upda' ed master document lists exist to

assure that obsolete or superseded documents are replaced in a timely
manner by updated applicable document revisions, and

3. Document changes are reviewed and approved by the same organi-
zations that performed the original review and approval unless delegated
by the originating organization to another responsible organization.

17.1.6.2. The PSAR should identify tne types of documents to be
controlled and the group responsible for review, approval, and issuance
of documents and changes thereto.

17.1.7 Control of Furchased Material, Equipment, and Services

17.1.7.1. The PSAR should describe those measures that assure that
material, equipment, and services purchased directly by the applicant or
his c0ntractors and subcontractors will conform to procurement document
requirements. The PSAR should describe the measures that provide, as
appropriate, for:

1. Evaluation and selection of sources of supply before the award
of the procurement order or contract,

2. Surveillance at the supplier's facility by the purchaser or
his representative in accordance with written procedures during design,
manuf acture, inspection, and test of the procured item or service to verify
compliance with quality requirements,

3. Source and/or receipt inspection in accordance with written
procedures and acceptance criteria of procured items furnished by the
supplier,

4. Cocumentary evidence at the site f rom the cupplier tl at pro-
cured items meet procurement quality requirements such as codes, stand-
ards, or specifications. The PSAR should describe measures established
by the applicant to (a) examine and ir.dicate acceptance of this dccuroented
evidence during source or receipt inspection and (b) assure that this
documented evidence is available at the nuclear power plant site prior
to installation or use of the procured item and that the documentation
will be retained at the plant site, and

5. Periodic verification of supplier's certificates of conformance
to assure that they are meaningful.

17.1.7.2. The PSAR should describe measures whereby the applicant
or his designated representative will audit and evaluate the ef fective-
ness of the control of quality-related activities of contractors and sub-
contractors at a frequency and extent consistent with the impartance to
safety, complexity, and quantity of the iten ur service being furnished.

9
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17.1.8 Identification and Control of Materials, Parts, and Components

The PSAR should describe measures established to identify and control
items such as materials, parts, and components, including partially
fabricated assemblies, to prevent use of incorrect or defective items.
The PSAR should describe measures that assure (1) that identification of
the item, (i.e. , heat number, part number, serial number, or other appro-
priate marking) is maintained either on the item or on records traceable
to the item and verified, as requirad, throughout fabrication, erection,
installation, and use of the item and (2) that the method and lecation
of the identification does not affect the function or quality of the item
being identified.

17.1.9 Control of Special Processes

The PSAR should describe measures established to control special
processes such as welding, heat treating, nondestructive testing, and
electrochemical machining and to assure that they are accomplished by
qualified personnel using written procedures qualified in accordance with
applicable codes, standards, specifications , or other special requirements.
The PSAR shauld describe those measures that assure that qualifications
of special processes, personnei performing special processes, and equipment
are kept current and that record files thereof are maintaineJ.

17.1.10 Inspection

17.1.10.1. Le PSAR should describe the measures that assure tha'
a program for inspection is established and implemented by or for the
organization performing the activity to verify conformance with the docu-
mented instructions, orocedures, and drawings for accomplishing the activ-
ity. The PSAR shoulc describe measures that assure that (1) inspection
personnel are appropriately rualified and are independent of the individuala

or group performing tl e activity being inspected, (2) inspections or tests
are performed for es:h work operation as necessary to verity quality,
(3) indirect control by monitoring prccessing methods, equipment, and
pe.sonnel is useo if direct inspection of pro:essed material or products
is impossible or di advantageous, and (4) both inspection anJ process
monitoring are uscd when control ia inadequate without both. The PSAR
should describe meas Jres that assure that (1) inspection procedures and
instructions are made available with necessary drawings and specifications
for use prior to perfc^ ming the inspections, (2) inspectors' qualifica-
tions or certifications are kept current, (3) replaced or reworked items
are inspected in accordance with original inspection requirements, and
(4) modified or repaired items are inspected by methods that are equivalent
to the original inspection method.

17.1.10.2. The PSAR should describe the system whereby appropriate
documents .TTT identify any mandatory inspection holdpoints that require
witnessinc or inspecting by the applicant or his designated representa-
tive and beyond which work may not proceed without the tonsent of his
designated representative.
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9
17.1.11 Test Control

17.1.11.1. The PSAR should describe the measures that establish a
test program that (1) identifies all testing required to demonstrate that
structures, systems, and components will perform satisfactorily in service,
(2) is conducted by trained and appropriately qualified personnel in accord-
ance with written test procedures that incorporate or reference the require-
ments and acceptance limits contained in applicable design documents,
and (3) includes testing that will be performed under the construction
permit.

17.1.11.2. The PSAR should describe the measures that assure test
procedures have provisions for assuring that:

1. All prerequisites for the given test have been met,

2. Adequate test ins.cumentation and equipment are available, and

3. The test is performed under suitable environmental conditions
and with adequate test methods.

17.1.11.3. The PSAR should describe ' system whereby test results
are documented and evaluated to assure that test requirements have been
satisfied.

17.1.12 Control of Measuring and Test Equipment

The PSAR should describe the measures established to assure that
tools, gauges, instruments, and other measuring and te_ ting devices used
in activities af fecting quality are properly identified, controlled,
adjusted, and calibrated at specified periods to maintain accuracy within
necess6ry limits. The PSAR should descril measures that assure (1) that
these devices are adjusted and calibrated against certified equipment or
reference or transfer standards having known valid relationships to
nationally recognized standards or (2) that if no national standards exist,
the basis for calibration is documented. The PSAR should describe the
measures that assure that the error of calibration standards is less than
the error of production measuring and test equipment. The PSAR should
describe provisions that will apply if measuring and test equipment is
found out of calibration (1) for evaluating the validity of previous
inspection or test results and the acceptability of items inspected or
tested since the last calibration check and (2) for repeating original
inspections or tests using calibrated equipment where necessary to estab-
lish acceptability of suspect items. The PSAR should describe measures
that assure the maintenance of records that indicate the calibration
status of all items under the calibration system and that identify the
measuring and test equipment.

m m@
-
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17.1.13 Handling, Storage, and Shippincj

The PSAR should describe the measures established to control the
handling, storage, shipping, cleaning, and preservation of material and
equipment in accordance with work and inspection instructions to prevent
damage or deterioration. The PSAR should describe the measures for
specifying and providing, when necessary for particular products, special
protective environments such as inert gas atmosphre, specific .aoisture
content leveis, and temperature levels.

17.1.14 Inspection, Test. and Operating Status

The PSAR should describe measures established to indicate by the
use of markings such as stamps, tags, labels, routing cards, or other
suitable means the status of inspections and tests performed on indivi-

items of the nuclear power plant throughout fabrication, installa-dual
tion, and test. The PSAR should describe measures that provide for the
identification of items that have satisfactorily passed required inspec-
tions and tests where necessary ta preclude inadvertent bypassing of such
inspections and tests. The PSAR should describe the measures established
for indicating the operating status of structures, systems, and components
of the nuclear power plant such as tagging valves and switches to prevent
inadvertent operation.

17 1.15 Nonconforming Materials, Parts, or Components

The PSAR should describe the measures established to control materials,
parts, or components that do not conform to requirements in order to prevent
their inadvertent use or installation. The PSAR should describe measures
that provide for, as appropriate, identification, documentation, segregation,
disposition, and notification to af fected organizations. The PSAR should
describe measures that assure that nonconforming items are reviewed and
accepted, rejected, repaired, or reworked in accordance with documented
procedures. The PSAR s.hould describe measures that control further pro-
cessing, delivery, or installation pending proper disposition of the
deficiency. The PSAR should describe measures established by the appli-
cant (1) for cont: ictors to report to him those nonconformances concern-
ing departures from procurement requirements that are dispositioned "use
as is" or " repair" and (2) to make such nonconformance reports part of
the documentation required at the nuclear plant site or to include a
description of the nonconformance and its disposition on certificates of
conformance that are provided to the site prior to installation or use
of material or eqJipment at the site. The PSAR should state whether
periodic analyses of .tonconformance reports are performed to show
quality trends and whether such analyses are forwarded to management.

) l{ 3 29 th
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17,1.16 Corrective Action

17.1.16.1. The PSAR should describe the measures that assure that
conditions adverse to quality such as failures, malfunctions, deficien-
cies, deviations, defective material and equipment, and nonconformances
are promptly identified and corrected.

17.1.16.2. The PSAR should describe how, in the case of signifi-
cant conditions adverse to quality, the cause of the condition is deter-
mined, corrective action is taken to preclude repetition, and the problem
with its determined cause and corrective action is documented and reported
to appropriate levels of management.

17.1.17 Quality Assurance Records

17.1.17.1. T|,e PSAR should describe the measures that assure that

suf ficient records are maintained to furnish evidence of activities affect-
ing quality. The PSAR should describe how the content of such records
(1) includes at least the following: test logs; results of reviews, draw-
ings, inspections, tests, audits, mcnitoring of work performance, and
materials analyses; and such data as qualifications of personnel, proce-
dures, and equipment; (2) identifies the type of operation, the inspector
or data recorder, the results, the acceptability, and action taken in
connection with any deficiencies noted; and (3) provides sufficient
information to permit identification of the record with the item or activ-
ity to wnich it applies.

17.1.17.2. The PSAR should describe the measures that assure that
records will be identifiable and retrievable.

17.1.17.3. The PSAR should describe the measures that establish
requirements (consistent with regulatory requirements and responsibili-
ties concerning record submittal and retention, security, and storage
facilities) for protecting records from destruction by fire, flooding,
tornadoes, insects, and rodents and f rom deterioration by extremes in
temperature and humiJity.

17.1.18 Audits

The PSAR should describe the program of the applicant and of the
principal contractors for conducting comprehensive planned and periodic
audits to verify compliance with all aspects of the quality assurance
progran and to determine the ef fectiveness of the program.

The PSAR should describe the program features that cover the func-
tions listed below and should identify the positions or organizations
that perform these functions.

1. External audits to be performed by the applicant and his
principal contractors on their respective suppliers,

1t3 ?!517-12
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2. Internal audits to be performed by the applicant and his principal
contractors within their respective organizations,

3. The planning and scheduling of audits to assure that they are
regularly scheduled on the basis of the status and safety importance of
the activities being performed and are initiated early enough to assure
ef fective quality assurance during design, procurement, manufacturing,
construction and installation, inspection, and testing,

4. Conduct of audits in accordance with written procedures or check-
lists by appropriately trained and qualified personnel not having direct
responsibility in the area being audited, and

S. Documentation of audit results with review by management
responsible for the area audited and, where indicated, followup action
taken, including re-audit of the deficient areas.

17.2 Quality Assurance (QA) During the Operations Phase

The FSAPs should describe the QA program that will assure the quality
of all safety related itens and activities during the operations phase.
These activities include plant operation, maintenance, repair, inservice
inspection, refueling, modifications, testing, and inspection un1er tho
operating license.

The description of the QA program in the FSAR should include the
applicable information requirements outlii.ed in Section 17.1 (i.e., sub-
stitute "FSAR" for "PSAR" in 17.1, above), except for those activities
applicable only to the construction phase (activities performed under
the construction permit). The FSAR should describe the QA program under
the cognizance of the of fsite and or. site QA organizations and should show
that it addresses each of the criteria of Appendix B to 10 CFR Part 50.
The description should delineate any sigr.ificant differences in functional
responsibilities between the of f site and onsite QA organizations.

The FSAR should describe the extent to which the operations phase
QA program will follow the guidance in WASH-1284, " Guidance on QA Require-
ments During the Operations Phase of Nuclear Power Plants," and the extent
to which activities involving design, procurement, and construction during
the operations phase will follow the guidance in WASH-1283, " Guidance on
QA Requirements During Design and Procurement Phase of Nuclear Power Plant,"
and in WASH-1309, " Guidance on QA Requirements During the Construction
Phase of Nuclear Power Plants." If such guidance will not be followed,
the applicant should describe acceptable alternati\ e methods in detail
equivalent to that furnished in the above guidance.

)[tb 29b
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APPENDIX A*

INTERFACEC FOR STANDARD DESIGNS
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ABBREVIATIONS FOR NUCLEAR FLANT SYSTEMS

ADS - Automatic depressurization system

BOP - Balance of plant (all systems, structures, and components
comprising a total plant excluding the NSSS and site- and
utility-specific items)*

CCWS - Component cooling water system

CIS - Containment isolation system

CVCS - Chemical and volume control system

ECCS - Emergency core cooling systems

ESF - Engineered safety feature

GWMS - Gaseous waste management system

I&C - Instrumentation and control

LWMS - Liquid waste management system

MSIVLCS - Main steam isolation valve leakage control system

MSLIV - Main steam line isolation valve

NSSS - Nuclear steam supply system (components and piping comprising
the RCS and directly related auxiliary systems)*

PRDS - Pressurizer relief discharge system

RCICS - Reactor core isolation cooling system

RCPB - Reactor coolant pressure boundary

RCS - Reactor coolant system

RHRS - Residual heat removal system

RWCUS - Reactor water cleanup system

SSWS - Station service water system

SWMS - Solid waste management system

x
See Amendment 1 to WASH 1341, " Programmatic Information for the
Licensing of Standardized Nuclear Power Plants."
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INTERFACES FOR STANDARD DESIGNS

I. INTRODUCTION

Safety related interf aces must be identified and defined for standard
designs submitted under Option 1 (Reference Systems) of the Commission's
standardization policy to establish the requirements that must be met
and assumptions tt.at must be verified by other unspecified portions of a
nuclear plant design to ensure that systems, components, and structures
within the standard design will perform their safety functions. Safety-
related int'.:rfaces also include information that may be useful in the
design and staff review of the unspecified portions of the plant design.
The safett functions of a standard design are those essential functions
that ensi.re (1) the integrity of the reactor coolant pressure boundary;
(2) that the specified acceptable fuel design limits are not exceeded as
a resul, of anticipated transients; (3) the capability to shut down the
reactor and maintain it in a safe shutdown condition; and (4) the capabil-
ity to prevent or mitigate the consequences of an accident that could
result in radiation exposures in excess of applicable guidelines. Inter-
faces are used, therefore, to provide a basis for ensuring that the matching
portions of a nuclear plant design, as described in a PSAR for a CP appli-
cation that references the standard design or in another Standard Safety
Analysis Report (SSAR) for a matching portion of the plant, are compatible
with the standard design regarding the safety-related aspects of the plant
design.

This appendix describes safety-related interfaces, for light-water
reactors only, that should be presented at the preliminary design * stage
of review by the reactor vendor in a Nuclear Steam Supply System SSAR
(NSSS-SSAR)** and by the architect engineer in a Balance-of-Plant SSAR
(B0P-SSAR).** The interfaces for a 80P-SSAR are also directly applicable
to an SSAR describing an entire nuclear plant (NSSS plus BOP, but excluding
utility- and site-specific items). This appendix also describes an accept-
able format for presenting interfaces in an SSAR.

Criteria for determining the acceptability of interfaces, as necessary
for safety, are not included in this appendix. While not identified speci-
fically as interface acceptance criteria, the criteria are part of other
guidance already made available by the NRC, including that contained in the
regulations, regulatory guides, and codes and standards.

*

Many of the interfaces identified in this document are also applicable
at the final design stage of review. Definitive guidance regarding all
final design interfaces will be provided later as the need arises.

xx
The specific interface items presented herein apply only to an NSSS/ BOP
division of design scope for a nuclear plant or to an entire nuclear
plant (NSSS and BOP); they do not apply to any other division of design
scope such as a nuclear island / turbine island.
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9
The compilation of interfaces presented in this appendix is based

on staf f consideration of all safety criteria applicable to the review
of nuclear power plant designs, including those contained within the regula-
tions, regulatory guides, and codes and standards, and on the background
and experience acquired during the staff review of the several standard
design applications already submitted. In this light, the staf f considers
the present listing of interfaces to be essentially complete and to promote

_

maximum flexibility for design and for component selection consistent
with the requirements for safety. However, standard design applications
and utility applications referencing standard designs should not necessarily
be limited to the interfaces listed; any additional interfaces determined
to be important to safety should be identified and addressed in these
applications, especially those interfaces that may be unique to a parti-
cular plant design. It is also the staf f's intent to supplement and revise
the interf ace lists, as well as other aspects of this appendix, as additions
and modi fications are indicated.

II. SOURutS OF INTERFACES

Interfaces for standard designs stem from the following sources:

a. Requirements for safe operation of the standard design that
must cc satisfied by matching portions of the plant design or by the utility
(e.g., cooling water and electric power requirements for the NSSS that
must be provided by the BOP, an inservice inspection program for the NSSS
anJ BOP that must be provided by the utility).

b Assumptions made for the standard design that must be more
precisely defined durir.g the design coordination ef fort between the reactor
vendor and the architect-cngineer or between the architect-engineer and
the utility (e.g. , mass and energy release rates during e l.0CA specified
by the reactor vendor that must be coordinated with the containment design
provided by the architect engineer).

c. Site-related design assumptions upon which the standard design
is based.

d. Criteria pertinent to the standard design described in the SSAR
under review that may be useful for the design and staf f review of matching
systems, components, and structures (i.e., safety criteria for the items
within the standard design, including codes and standards, General Design
Criteria, and regulatory guides).

Each of the above sources was used by the staf f in preparing the
lists of interfaces shown in Sections VI and VII and, in turn, should be

used by reactor vendors and architect-engineers when identifying and
defining interfaces for presentation in SSARs.

O
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III. INTERFACES TO BE ADDRESSED IN SSARs

The interface items that should be addressed SSARs for both normal
and abnormal operating conditions have been identified by the staf f as
shown in Sections VI and VII. Those interfaces listed in Section VI should
be defined by reactor vendors in NSSS-SSARs. Those listed in Section VII
should be defined by architect-engineers in 80P-SSARs or t,y other organiza-
tions in standard plant S$ARs (NSSS plus 80P). In addressing these inter-
faces, the standard design applicant should clearly define the scope of
design encompassed by the SS',R; the definition so provided should be consis-
tent with the gross defini' ion of the centent of NSSS-SSARs and B0P-SSARs
as given in Amendment 1 to WASH-1341. The sources of the interfaces listed
in Sections VI and VII are items a, b, c, and d described in Section II
above.

IV. USE OF INTERFACES PRESENTED IN SSARs

All interfaces presented in an SSAR should be addressed in a refer-
encing SAR (either a PSAR for a CP application or another SSAR) that
describes the matching portion of the nuclear plant design. Thr; descrip-
tion of the matching portion should clearly indicate that each interface
has been recognized, used, and satisfied by the design of the interfacing
system, component, or structure. For those interfaces involving a design
coerdination ef fort between the reactor vendor and the architect-engineer,
the utility application should clearly describe the outcome of this effort
in terms of the resulting design of the interfacing systems, components,
and structures. In this way, the compatibility of matching portions of
a plant design with regard to licensing requirements is demonstrated.

For site interfaces, the utility PSAR referencing a standard design
should demonstrate that the site design parameters established as the
basis for the standard design envelop the characteristics of the proposed
plant site described in the CP application (e.g., the response spectrum
used for the seismic design of the standard design applied at the founda-
tion level should be shown to envelop the response spectrum derived at
the foundation level for the proposed site).

It should be noted that acceptability to the staff of the compatibil-
ity of matching portions of a plant design with regard to licensing require-
ments in no way relieves the utility-applicant that has referenced a standard
design in his application for licenses from his responsibility under the
NRC regulations to ensure that all interfaces between matching systems,
components, and structures are satisfied for compatibility.

143 301
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O
V. FORMAT FOR INTERFACE PRESENTATION IN SSARs

Interf aces should be presented in an SSAR in a manner that will facili-
tate their location by staff reviewers and other groups invcived in the
licensing and design processes. In addition, interfaces shou < he presented
on a systenrby system basis consiste.it with the approach for pasenting
plant design information established in Regulatory Guide 1.70. The follow-
ing guidance for presenting interfaces in SSARs describes an acceptable
format to accomplish these purposes:

a. Chapter 1, " Introduction and General Description of Plant,"
should include an interf ace section presenting an overall "roau map" ..latrix
to guide the reviewer to other sections in the SSAR where the specific
interf aces can be found. The matrix should incluie:

1. A listing of all systems and structures within the standard
design that interface w'.th n atching unspecified portions of the plant;

2. A listing of other interface areas that can be referenced
in support of the items listed in 1 above;

3. A listing of the par ticular items in the matching unspeci-
fied portion with which the standard design items interface (e.g. , the
RHRS in the NSSS-SSAR interf aces with the CCWS, emergency onsite power
system, containment sump, and refueling water storage tank in a BOP-SSAR
or a PSAR); and

4. Identification of the section in the SSAR in which the
specific interfaces are described.

Examples of an acceptable approach for preparing the matrices
for an NSSS-SSAR and a BOP-SSAR are shown in Figures 1 and 2, respectively.

b. Specific interfaces should be presented on a system-by-system
basis to the n.aximum extent practicable and should be show , in a separate
subsection (as identified in Sections VI and VII and in the Table of Contents
for Regulatory Guide 1.70) directly associated with the system description
(not in the section assigned by Regulatory Guide 1.70 for the system
description). The subsection should incorporate drawings, piping and
instrumentation diagrams, and tables either directly or by reference
(provided the interfaces intended to be referenced are clearly indicated
therein). In general, descriptive material in other sections that may
contain interf aces should not be referenced.

c. Interfaces of a broader nature that apply to classes of systems,
components, or structures (e.g., items 3. 4. 3, 3. 5. 4, 3. 6. 3, 3. 7. 5, 3. 8. 6,
3.9.7, 3.10.5, and 3.11.6 in Section VI for an NSSS-SSAR and items 3.3.3,
3.4. 3, 3. 5.4, 3. 7.5, 3.8.6, and 3.9. 7 in Section VII for a BOP-SSAR) should
be presented in the appropriate sections of other chapters of the SSAR
(i.e., Chapter 3). These are supporting interfaces that should, in turn,
be referenced in the interface subsections for the systems and structures
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Figure 1

EXAMPLE OF MATRIX OF IflTERFACE AREAS FOR Afl NSSS-SSAR

Items on Matching Partion of Plant
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1. SYSTEM INTERFACE AREAS

Reactor Coolant Pressure Boundary X X X X X X X 5.2.6
Emergency Core Cooling Systems X X X X X X 6.3.6
Reactor Trip System X X X X X X 7.2.3
Habitability Systems X X 6.4.7
Fuel Handling System X X 9.1.4.6
Standby Liquid Control System X X X X 9.3.5.6
Chemical and Volume Control System X X X X X 9.3.4.6
Reactor Water Cleanup System X X X X X 5.4.8.4
Residual Heat Removal System X X X X X X X 5.4.7.5

2. SUPPORTIfiG INTERFACE AREAS

Flood Protection 3.4.3
Missile Protection 3.5.4
Pipe Whip Protection 3.6.3
Mechanical Systems and Components 3.9.7
Environmental Design of Mechanical

and Electrical Equipment 3.11.6
Inservice Inspection of Class 2 & 3

Components 6.6.9
Fire Protection 9.5.1.6
Safety Actions by BOP 15.X.X
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Figure 2

EXAMPLE OF MATRIX OF INTERFACE AREAS FOR A B0P-SSAR

Site- and Utility-Specific Items
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1. INTERFACE AREAS FOR SYSTEMS,
COMPONENTS, AND STRUCTURES

Station Service Water System X X X X X X X 9.2.1

Instrumentation and Control X X X 7.8

Fire Protection Program X X X X X 9.5.1.6

Onsite A.C. Power System X X X X X 8.3.1.5

Water Systems X X X X 9.2.7

Liquid Waste Management System X X X X 11.2.4

Gaseous Waste Management System X X X X 11.3.4

Effluent Monitoring and Sampling X ll.5.3.X

Other Auxiliary Systems X X X 9.5.9

2. SUPPORTING INTERFACE AREAS

Wind and Tornado Loadings X 3.3.3

Water Level Design X 3.4.3

Seismic Design X 3.7.5

Design of Category I Structures X X X X X 3.8.6

Industrial Security X 13.6.3

'iechanical Systems and Components X X 3.9.7
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described in the SSAR. Examples include site design parameters, protec-
tion against missiles, and protection against pipe whip.

d. For an NSSS-SSAR, the interfaces identified in Section VI should
be presented for each system (review area) in the following categories
to facilitate review. Review areas in Section VI of a broad nature, as
discussed in item c above, need not use these categories for presentation
of interfaces.

1. Power - Requirements for all types of power for safety
systems and components.

2. Protection Against Natural Phenomena - Requirements for
protection of safety-related systems and components against naturally
occurring events such as earthquakes, wind, tornadoes, and floods.

3. Protection Against Ef fects of Pipe Failure - Requirements
for protection of safety-related systems, components, and structures inside
and outside containment against the dynamic ef fects resulting from the
failure of piping in high- and moderate-energy systems, including pipe
whip, jet impin;pment, and other dynamic effects.

4. Missiles - Requirements for protection of reactor coolant
pressure boundary and other safety related systems against internally
generated missiles and missiles generated by naturally occurring events
both inside and outside containment; identification of potential missiles
from NSSS equipment.

5. Separatio, - Requirements for physical separation to prevent
a single event f rom causing f ailure of redundant safety systems and
components.

6. Independence - Requirements for independence to prevent a
failure in a safety system or component from causing failure in its redun-
dant safety system or component.

7. Thermal Limitations - Requirements for heating or cooling
of safety systems and components, including fl H conditions and
limitations.

8. Monitoring - Requirements for performance surveillance,
tet ting, and inspection of safety systems and components (technical speci-
fications not included).

9. Actuation / Controls - Requirements for actuation of safety
systems and components, for control of their subsequent operation, and
for interlocks.

10. Chemistry / Sampling - Requirements for fluid chemistry,
purity, and sampling for safety systems and co;..ponents. 305
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11. Materials - Requirements for materials for safety systems
and components.

12. System / Component Arrangement - Location requirements (includ-
ing inservice inspectivii and testing) that safety systems and components
place on plant arrangement.

13. Radioactive Waste - Source tecm characteristics for the
collection, treatment, and disposal of n dioactive wastes.

14. Related F iro - Requiremonts for other essential services
for safety systems and companents (e.o. , in'.er# aces f rom Section V. f below,
fire protection, compres< 1 air).

15. Overpressure Protecti.n - Requi. ments for ensuring that
pressure limits for safety systems are not exceeded.

16. Environment - Requirements for environmer,tal conditions
that must be provided for proper operation of safety systems and components.

17. Mechanical Interaction Between Systems - Requirements for
consideration of differential motion, including seismic effects and thermal
expansion.

18. Design Criteria - Criteria upon which the NSSS system designs,
or portions thereof, are based.

e. For a B0P-SSAR, interfaces identified in Section VII should be
presented for each system (review area) in the following categories to
facilitate review. Review areas in Section VII of a broad nature, as
discussed in item c above, need not use these categories for presentation
of interf aces.

1. Power - Requirements for all types of power for safety
systems and components (e.g. , of fsite power to plant during certain condi-
tions, power from plant to site-specific components).

2. Site Parameters - Site design parameters, based on site
characteristics (seismic, geological, hydrological, and meteorological),
used for the design of safety systems, components, and structures against
naturally occurring events.

3. Missiles - Missiles generated by natural phenomena used
as the basis for the design of safety systems, components, and structures.

4. Thermal Limitations - Requirements for cooling safety sys-
tems and components, including fluid conditions and limitations.

5. Monitoring - Requirements for performance surveillance,
testing, and inspection of interfacing safety systems and componer.ts.
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6. Actuation /Cortrols - Requirements for actuation of inter-
facing systems and components and for control of their subsequent operation.

7. Materials - Requirements for materials for safety systems
and components.

8. System / Component Arrangement - Location requirements (includ-
ing inservice inspection and :.esting) that safety systems and components
place on plant arrangement.

9. Radioactive Waste - Release of radioactive material to the
environment.

10. Related Service - Requirements for other essential services
for safety systems and components (e.g. , interf aces from Section V.f below,
fire protection, compressed air).

11. Mechanical Interaction Between Systems and duildings -
Requirements fo consideration of differentif motion, including seismic
ef fects and thermal expansion.

12. Design Criterii - Criteria upon which BOP system designs,
or portions thereof, are baccd.

f. The physical points of interface for fluid systems should be
indicated on piping and instrumentation diagrams (P& ids) and those for
electric systems on elementary, schematic, or logic diagrams and on block
diagrams to clearly show the line of demarcation between the standard
design and the unspecified matching portions of the plant. Each system
interfacing point should be uniquely labeled. The selection of specific
interface points should be based on the division of design responsibility,
not supply responsibility, established between the reactor vendor and
architect-engineer (e.g. , an interface point should not be established
between a component supplied by the reactor vendor and the piping in the
came system supplied by the architect-angineer). Safety-related fluid
and elec+.ric interfaces applicable to each point, as identified in Sec-
tions VI and VII, should be listed, consistent with the system-by-system
basis established for the definition of interfaces (e.g., the compressed
air requirements for all required air-operated valves in the system as a
group, the d.c. power requirements for all d.c. instrumentation in the
, system as c group).

g. All the standard design iriterf aces should be addressed in a refer-
encing SAR (either a PSAR for a CP application or another SSAR) for the
design of an interfacing system, c.omponent, or structure; for the design
of utility-specific items; or for the determination of standard plant /
site compatibility. The specific interfaces used for each interfacing
area should be identified. The identification should be presented in the

" Design Bases" section of each system description. Identification should
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@
consist of appropriate references to the interfaces in the referenced
SSAR; the specific interfaces shculd not be rewritten or reprinted. For
interfaces to P& ids and to electric diagrams in a referencing SAR, a
similar procedure should be used.

VI. NUCLEAR STEAM SUPPLY SYSTEM INTERFACES

3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSfEMS

3.4 yater Level (Flood) Design

3.4.3 NSSS Interface

Safety-related NSSS equipment located outside containment that must
be protected from flooding.

3.5 Missile Protection

3.5.4 NSSS Interface

1. NSSS equipment located inside or outside containment that poten-
tially could produce missiles, including type (e.g. , valve bonnet, studs,
stems, thermowells), weight, size, and energy of each missile.

2. Safety-related NSSS equipraent located outside containment
requiring protection from externally generated missiles (e.g. , torr: ado
missiles).

3. Safety-related NSSS equipment located inside or outside contain-
.nent requiring protection against internally generated missiles.

3. 6 Protecticn Against Dynamic Effects Associated with
the Postulated Rupture of Piping

3.6.3 NSSS Interface

1. Identification of high- and moderate-energy NSSS pipelines inside
and oJtside Containment.

2. Safety-related NSSS systems and equipment located inside or
outside containment re. quiring protection from the effects of failures of
high- and moderate-enetgy pipelines.

9
a-10



Revision 3 November 1978

9
3. The coordination of the design of the RCS with interfacing BOP-

designed piping systems regarding postulated pipe break locations, orienta-
tion, configurations, and resulting loads to ensure compatibility.1

3. 7 Seismic Design

3.7.5 NSSS Interface

1. A listing of N3SS systems and components that, in conjunction
with supporting structures, are designed to Seismic Category I require-
ments. (Information given in Section 3.2.1 of the SAR may be referenced
here.)

2. The establishment at all support points of the seismic response
spectra envelopes to which the standard NSSS equipment is designed for
use in the BOP design.

3. Envelopes of alloweSle seismic loads transmitted from Category I
or non-Category I systems that connect to the standard NSSS components for
use in the BOP design. t

4. The mass and stif fness properties of the NSSS to be coupled
with the mathematical model cf the seismic syst , including structures
and supports, for use in the BOP design.1

3.8 Design of Catego9 I Structures

3.8.6 NSSS Interface

1. The maximum dif ferential d'; placements and rotations due to
the loads at points of the NSSS that s''l interface with BOP structures
for use in the BOP design.1

2. The range of structural prap-ties of supporting BOP structures
that were used in the analysis of li NSSS for use in the BOP design.1

3. All the loads that have to be transmitted from the NSSS compo-
nents to the supporting BOP structures for use in the BOP design. t

1This interface in lves the exchange of information among the utility, the
NSSS designer, and the BOP designer to ensure compatibility of interfacing
systems, components, and structures. This information exchange takes place
in accordance with the requirements of Appendix B to 10 CFR Part 50. The
inforrration reed not be provided to the NRC unless specifically requested
by the staff; however, the fact that such information was exchanged and the
necessary evaluations were performed should be documented in the SSAR.

lkb
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4. Evaluation of the deflections under all loading conditions,
provided by the POP designer for the BOP structures supporting NSSS compo-
nents.

5. Evaluation of design information and drawings prepared by the
BOP designer, as they affect NSSS systems and compononts to ensure com-
pliance with NSS3 design criteria.*

3.9 Mechanical Systems and Components

3.9.7 NSSS Interface

1. loe coordination of the do ,ign of the RCS and interfacing B0P-
designed systems, components, and su orts when inelastic analysis methodsc

are used by either the NSSS or BOP designer to ensure compatibility.
Areas requiring coordination should include analytical criteria, procedures,
and resul ts. *

2. Preoperational piping vibration test parameters for the NSSS
system and components for all ASME Class 1, 2, and 3 piping systems for
use in the B0P design.*

3. The establishment of the test program for the flow-induced vibra-
tion of reactor internals for use by the utility. (Regulatory Guide 1.20,
" Comprehensive Vibration Assessment Drogram for Reactor Internals baring
Preoperational and Initial Startup Testing," is applicable reference. )2

4. The coordination of the design of NSSS active and inactive compo-
nents and their supports with the design of interfacing BOP components
and supports regarding design loading combinations to ensure structural
and functional compatibility. The categorization of the appropriate plant
and component operating conditions should be coordinated with the 80P
designer.*

5. The coordination of the structural and functional aspects of
overp essure protection for NSSS-designed systems and components with
the BOP designer to ensure compatibility.*

2The staff recognizes that the information may not be available et the PDA
stage of review. If all the information needed by the staf f and ACRS to
complete their review of this interface is not provided in the application
for a PDA, the PDA will be subjttt to a condition that either the additional
information be provided to the utility for inclusion in a CP application
referencing the PDA or the utility must demonstrate 'n its CP application
that such information may reasonably be lef t for later consideration in
accordance with S50.35(a) of 10 CFR. Issuance of a PDA does not foreclose
staff and ACRS review of interfaces subject to such a condition.

A

See footncte 1 en page A>11.
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6. Limiting criteria af fecting NSSS active component operability
for use in the B0P design.*

7. The degelopment of reference test data for inservice testing
of NSSS pumps and valves as specified in subsections IWP and IWV of ASME
Section XI for use by the. utility.*

3.10 Seismic Qualification of Seismic Category I
Instrumentatior, and Electrical Equipment

3.10.5 NSSS Interface

The coordination of the seismic design requirements of all NSSS safety-
related instrumentation and electrical equipment and supports with regard
to the floor response spectra defined by the BOP designer to ensure
compatibility.*

3.11 Environmental Design of Mechanical and
Electrical Equipment

3.11.6 NSSS Interface

1. Heat loads and environmental requirements for NSSS equipment
located outside containment.

2. Maximum and minimum containment environmental conditions (i.e. ,
temperature, pressure, humidity, radiation level, etc.) to which NSSS
safety-related mechanical and electrical equipment is qualified.

5. REACTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

5.2 Integrity of Reactor Coolant Pressure Boundary

5.2.6 NSSS Interface

1. A listing of all design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the design of
the RCPB.

2. Quantity of reactor coolant transferred to secondary side of
the steam generator following a tube failure; time to effect pressure
equalization between a defective steam generator and the RCS; and minimum
water volume and maximum cteam volume on the secondary side of a steam
generator during normal operation.

3. Steam and feedwater conditions (i.e. , flow, pressure, and tempera-
ture) under all modes of operation, including startup and shutdown.

A

See footnote 1 ca page A-11.

O~ } k ,
.,

,Ij)
A-13



Revision 3 November 1978

4. Minimum total capacity and maximum set pressures for secondary
safety valves (ASME Code Section 111), maximum accumulation, division of
relief capacity among main steam lines (including maximum flow per valve
at set pressure), and minimum or limiting steamflow for atmospheric relief
valves for each main steam line, including pressure and temperature.

5. For PWRs only, design requirements for the piping connecting
the pressurizer to the pressurizer relief tank (including maximum steam-
flow to be accommodated and maximum back pressure at s 21ve discharge).

6. Volume of reactor coclant contained within the RCPB.

7. Requirements for leak detection systems (e.g. , type of leakage,
locations, rates) to permit control room monitoring of identified and
unidentified leakage from the RCPB tc containment and of intersystem
leakage from the RCPB (including leakage to the secondary side of a steam
generator).

8. For BWRs only, mass and energy release rate data for safety and
relief valve discharges during anticipated transients.

9. For BWRs only, assumed irrpulse loads to which NSSS system and
components my be subjected due to pool swell forces during a LOCA blowdown.
Coordination nf these loads with the specific containment design provided
by the BOP designer to ensure compatibility.

10. For PWRs only, maximum steam generator mass and energy release
rate data for a spectrum of steam and feedwater line Dreak sizes inside con-
tainment and selected plant operating conditions; and requirements for
isolating flow to any secondary system pipe break, including MSLIV's closure
time.

11. For PWRs only, mass and energy release rate data tor selected RCS
break sizes and locations and the assumed maximum containment design pressure
used to generate the mass and energy release rate cata. Courdination of the
assumed p" essure with the containment analysis performed by the BOP designer
to ensure that the maximum containmcnt pressure calculated by the B9P designei
does not exceed the pressure assumed by the reactor vendor.*

12. For BWRs only, mass and energy release rate data for a spectrum
of assumed main steam line and recirculation line break sizes of selected
RCS piping locations; mass and energy release rate data for RHRS head
spray line and RWCUS iine breaks.

13 For PWRs only, requiremeats for auxiliary feedwater provisions
to all intact steam generators, with or without of f site and normal onsite
power available, assumin' 'colation of a steam generator, if applicable,
due to a pipe break event . h as a steam line break, feedwater '.ine break,
or a steam generator tube rupture:

See footnote 2 on pag- %-12.
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9
a. Reliability requirements (i.e., redundancy, diversity,

etc.),

b. Minimum flow capability and maximum flow to a sinnle steam
generator,

c. Minimum discharge pressure,

d. Maximum time to attain full flow following demand signal,

e. Minimum volume of stored condensate or standby auxiliary
feedwater required to bring reactor to cold shutdown with
zero time at hot standby and no allowance to maintain
reactor at cold shutdown,

f. Temperature limits,

g. Quantity and condition of steam available from intact steam
generator for motive power (final values to be CJordinated
with the BOP designer to ensure compatibility),

h. Conditions within the NSSS that initiate flow,

i. Conditions within the BOP that are assumed to initiate6 flow, and

j. Requirements for compatibility of the control and power
systems with the NSSS actuation and redundancy logic.

14. Maximum stroke time for MSLIV; requirements for the location,
capacity, and control arrangement of the main steam line relief and dump
valves and other main steam system valves located between the MSLIV and
the main condenser; and requiremants for the feedwater control system.

15. Limiting heat loads and ccolant canditions (flow, pressure,
and temperature) for the condensate storage f acilities for all plant modes
of operation, including accident conditions; and minimum water inventory
for cold shutdown.

16. For PWRs only, temperature, pressure, radioactivity concentra-
tians, and flow rate to the steam generator blowdown system during normal
and articipated operational occurrences; and isolation requirements.

17. For PWRs only, requirements to maintain secondary side water
chemistry for steam generators within specified ranges (including steam
generator blowdown, chemical addition, condensate purification, and
monitoring).

18. Requirements to provide c sability for sampling to monitor fluid
system performance (includina inscrumentation for monitoring impurity

mmA-15
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9
removal and for detecting excessive chloride and fluoride content). For
PWRs only, requirements to sample and analyze reactor coolant for spec i t ied
parameter 3 at het leg, pressurizer surge line, and pressurizer steam space
(Regulatory Guides 1.44, " Control of the Use of Sensitized Stainless Steol,"
f or PWRs and 1.56, " Maintenance of Water Puri ty in Boiling Water Reactor < ,"
f or BWRs are applicable references. )

19. Identification of valves, instrunents, and controls essential
to safe shutdown of the plant that reay be pneuotitally operated; includt
ai rflow, pressure, cleanliness , and aew point r equirements.

20. Reactor coolant radioactivity concentrations, noble gas rele ve
rates (BWRs only), and leak rates from RCt to 11oor drains and building
atmosnheres.

21. Flow rate, batch volume, radioac tivity concentratior s, temper-
ature, pressure, and partition factors at each Rra interface point with
the process sampling system and for each leakage point to thc building
attnosphere during normal and anticipated operational occurrences.

?? Heat loads and cooling S,.ter flow, pressure, and temperature
for normal and limiting conditions for each RC5 component interfacing
with the SSWS or the CCWS.

23. Materials Interfaces 1 to 6 and 8 TA|e 1.

24. Locations and accessibility requirements for inservice inspec-
tion of ASME Code Class I components within RCPB. (ASME Code Section XI
is applicable ref erence. )

25. Locations and accessibility requirements for inservice inspec-
tion of reactor coolant pump flywheels. (Regulatory Guide 1.14, " Reactor
Coolant Pump Flywheel Integrity," is applicable ref erence )

26. Locations and accessibility requiremontc for inservice inspection
of steam generator tubes. (Regulatory Guide 1.83, 'Inserv ice Inspection
of Pressurized Water Reactor Steam Generator Tube < , ' is applicable ref erence. )

27. Criteria for contamination protection and cleaning before, during,
and af ter welding installation of steam generators at NSSS-BOP boundaries
(to avoid stress-corrosion cracking of Incone tubes). (Regulatory Guide
1. U , " Quality Assurance Requirements for Cleaning of fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants," is applicable
reierence.)

28. To preclude adverse offects on NSSS equipment, compatibility
requirements for materials to be used in contain' rent spray system, consider-
ing reactor coolant and radiation environment during accident conditions.
( Austenitic stainless steel ' at sensitized or alternative steel specif ied

@
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@
Table 1

MATERIALS INTERFACES COMMON TO SEVERAL SYSTEMS

1. Criteria for contamination protection and cleaning before, during,
and after fi eld welding installation of austenitit stainless steel
components at NSSS-BOP boundaries. * (Regulatory Guides 1. 37, " Qual-
ity Assurance Requirements f or Cleaning of Fluid Systems and Asso-
ciated Components of dater-Cooled Nuclear Power Plants," and 1.44,
" Control of the Use of Sensitized Stainless Steel," are applicable

references.)

2. Requirements f or control of sensitization of field installation welds
joining austenitic ctainless steel crmponents at NSSS-BOP boundaries.
( Regu latory Guide i . ,f is applicable reference. )

3. Requirements for contro! of delta ferrite in field installation welds
joininc, austenitic stainless steel components at NSSS-BOP boundaries.
(Reau;atory Guides 1.31, " Control of Ferrite Content in Stainless
Steel Weld Metal," and 1.44 are applicable ref erences. )

4. Welding requirements for field welding installation of ferritic steel
components and austenitic stainless steel components at NSSS-BOP

~ boundaries, including preheat temperature cer. trol, welding materials,
and clad welding requ;rements. (Regulatory Guides 1.43, " Control,

of Stainless Steel Weld Cladding of Low- Alloy Steel Components,"
s.." 1.50, " Control of Preheat Temperature for Welding of Low-Alloy
Steel," are applicable references. )

5. Requirements for low halide nonmetallic thermal insulation on aus-
tenitic stainless steel at NS'S-BOP boundaries. (Regulatory Guide
1.36, "Nonnetallic Thermal Insulation for Austenitic Stainless Steel,"
is applicable reference. )

6. Material requirements for BOP piping connected to all fluid systems
of the NSSS, including RCS (Regulatory Guide 1.44 is applicable
reference.)

7. Requirements to provide capability for sampling to monitor fluid
system performance.

8. Requirements to provide capability for fluid purity and chemistry
control within specified ranges during operation. (Regulatory Guides
1.44 for PWRs and 1.56, " Maintenance of Water Purity in Boiling Water
Reactors," for BWRs are applicable referencec. )

*NSSS-BOP boundary is a boundary between an NSSS system and a BOP system
or a boundary between an NSSS component and a BOP component within an

@ NSSS system.
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0
by NSSS designer for metals contacting reacter coolant and materials resis-
tant to environment.) (Regulatory Guide 1.44, " Control of the Use of
Sensitized Stainless Steel," is applicable reference. )

29. Heat loads and environmental limitations for NSSS systems and
components.

30. Reactor coolant pump trip signals initiated by main turbine
stop valve closure.

5.4 Component and Subsystem Design

5.4.6 Reactor Core Isolation Cooling Systerr

5.4.6.5 NSSS Interface

1. A listing of all desigr, criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the desico of the RCICS included within the NSSS.

2. Het positive suction head reauir ements at RCICS pump suction
and re o ered heat removal capacity (including tube-side coolant conditions)
during all conditions of standby and shutdown cooling until reactor vssel
is depressurized.

3. Mass and energy release rates for RCICS line breaks.

4. Flow rate, batc'i volume, radioactivity concentrations, terrper-.

ature, and prcssure at eat.h RCICS interface point with the LWMS and for
each leakage point to +.he building sump during normal and anticipated
operatior'al occurrences.

5. Heat loads and cooling water flow, pressure, and temperature
fo normal and limiting conditions for each RCICS component interfacing
with the SSWS.

t' Materials Interf aces 1 tc 8, Table 1.

7. Requirements for safety and relief valve back pressure, spatial
seoaration, and discharge piping.

5. 4. 7 Residual Heat Removal System

5.4.7.S NSSS Interface

1. A listing of all design criteria including codea, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the RHRS included within the NSSS. ,

_,,
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2. Net pcsitive suction head requirements at the RHRS pump suction
and required heat removal capacity (including tube-side ccolant ccnditions)
during all conditions of shutdown cooling.

3. For BWRs only, mass and energy release rates for RHRS head spray
line breaks.

4. Flow rate, batch volume, radioactivity concentrations, temper-
ature, and pressure at each RHRS interface point with the LWMS and f or
each leakage point to the building sump during normal and anticipated
operational occurrences.

5. Heat loads and cooling water flow, pressure, and temperature
for normal and limiting conditions for eaco RHRS component interf acing
with the CCWS or S5WS.

6. Materials Interfaces 1 to 8, Table 1.

7. Requirements for safety and relief valve back pressure, spatial
separation, and discharge piping.

5.4.8 Reactor Water Cleanup System (BWRs)

9 5.4.8.4 NSSS Interface

1. A listing of all design criteria including codes, star.dards,
General Design Criteria, and regulato:'y guides applied to the portion of
the design of the RWCUS included within the NSSS.

2. Mass and energy release rates for RWCUS line breaks.

3. Flow rate, batch volume, radioactivity content, and batch
frequency for filters, filter sludges, demineralizer resins, and evapnrator
bottoms transferred f rom RWCUS equipment to the SWMS during ncrmal and
anticipated operational occurrences.

4. Flow rate, batch volume, radioactivity concentrations, temper-
ature, and pressure at each RWCUS inter face point with the LWMS and for
each leakage pc:nt to the building sump during normal and anticipated
operational occurrences.

5. Heat loads and service wate- flow, pressure, and temperature
for normal and limiting conditions for each RWCUS component interfacing
with the SSWS.

6. Materials Interfaces 1 to 8, Table 1.

!4) '''
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5.4.11 Pressurizer Relief Discharge System (PWR)

5.4.11.6 NSSS Interface

1. A listing of all design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the PPDS included within the NSSS.

2. Heat loads and cooling water flow, pressure, and temperature
for normal and limiting conditions for each PRDS corrponent interfacing
with the CCWS.

3. Materials Interf aces 1 to 8, Table 1.

6. ENGINEERED SAFETY FEATURES

6.2 Containment Systems

6.2.4 Containment Isolation System

6.2.4.5 NSSS Interface

1. A listing of all design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the CIS included within the NSSS.

2. Definition of signals generated by NSSS equipment (i.e. , safety
injection, low vessel level, etc. ) for use in developing diverse containment
isolation signals, and characteristics of valves included in the NSSS
design that are part of the CIS. Definition of BDP signals that indica +e
abnormal containment conditions and that must be coordinated with the
NSSS in the design of the reactor shutdown systems to ensure compatibility.

3. Maximum leakage rate and type of fluid for all containment isola-
tion devices included in the NSSS design.

4. Test fluid type and maximum quantity of test fluid required
for testing of containment isolation devices included in the NSSS design.

5. Identification of valves, instruments, and controls essential
to safe shutdown of the plant that may be pneumatically operated; include
airflow, pressure, cleanliness, and dew point requirements.

6.3 Emergency Core Cooling System

6.1. 6 NSSS Interface

1. A listing of all design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion af
the design of the ECCS included within the NSSS.

A-20
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2. Maximum head loss (f riction and elevation), minimum net positive

suction head requi ements for all ECCS pumps for all conditions of operation
(including single failure, operator error, minimum containment ambient
pressure, and long- and short-term cooling), and identification of all
conditions under which ECCS must provide core cooling (e.g. , single failure,
flooding); consider recirculation mode using containraent sump or suppres-
sion pool.

3. For PWRs only, design requirements for the piping connecting
the accumulators to the RCS and provisions for nitrogen supply.

4. For BWRs only, design requirements for the piping connecting
the ADS accumulator to the relief valves and provisions for air supply.

5. Design requirements for manually operated valves in the ECCS;
requirements for straight piping runs for flow measuring desicts in ECCS;
limitations on total water volume in the RCS cold leg up to the ECC3 check
valves; maximum time to achieve full ECCS flow in the event of a LOCA
(with and without the availability of normal a.c. power supply); limita-
tions on particle size of impurities in ECCS water; reouirenents for
venting and filling provisions for air cemoval to preclude water hammer
events; and design capability for preoperational testing to demonstrate
all aspects of system operability.

6. Identification of valves, instruments, and controls essential
to safe shutdown of tne plant that may be pneumatically operated; include
airflow, pressure, cleanliness, and dew point requirements.

7. Hydrogen released by zirconium water reaction in core; maximum
amount of hydrogen dissolved in RCS water during plant operations (PWRs
only); hydrogen generated by radiolysis of water in the reactor and in
the contair .ent sump as a function of time af ter LOCA; surf ace area, weight,
and thickness of aluminum and zinc provided as a part of NSSS equipmer.t
inside containment; and hydrogen generation rate due to corrosion of
aluminum and zinc by containment spray post-LOCA. (Regulatory Guide 1.7,
" Control of Combustible Gas Concentrations in Containment Following a
Loss-of-Coolant Accident," is applicable reference. )

8. For PWRs only, assumed containment parameters are:

a. Maximum passive heat sinks (materials of construction,
surf ace area, thickness),

b. Maximum free volume in containment,

c. Containment initial conditions (temperature, pressure,
and hv idity), and

d. Maximum containment active heat removal capability (heat

@
removal rates, start times, containment spray flow rate
and ten : erature, etc. ).
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Minimum containment pressure analysis must be coordinated with

the BOP designer using actual containment parameters to ensure corrpatibility.

9. For BWRs only, minimum containment pressure assumed is 14.7
psia; actual pressure must be determined in coordination with the BOP
designer using actual containment parameters to ensure compatibility.

10. Requirements on recirculation water pH for emergency core cooling
and containment cooling.

11. Flow rate, batch volume, radioactivity concentrations, temperature,
and pressure at each ECCS interf ace point with the LWMS and for each leakage
point to the building sump during normal and anticipated operational
occurcences.

12. Heat loads, cooling water flow, pressure, and temperature for
normal and limiting conditions for each ECCS component interfacing with
the SSWS or the CCWS.

la. Materials Interfaces 1 to 8, Table 1.

14. Requirements for safety and relief valve back pressure, spatial
seoaration, and discharge piping.

6.4 Pabitability Systems

6.4.7 NSSS Interface

1. Safety-related NSSS control equipment 1ccated in the control
room.

2. Limiting design and operationai requirements of NSSS control
equipment (e.g. , temperature, humidity).

6.6 Inservice Inspection of Class 2 and 3 Components

6.6.9 NSSS Interface

Locations and accessibility requirements for inservice inspection
of all ASME Code Class 2 and 3 components within the NSSS auxiliary sys-
tems and ESFs. (ASME Code Section XI is applicable reference. )

6.7 Main Steam Line Isolation Valve Leakage
Control System (BWRs)

6.7.6 NSSS Interface

1. A listing of all design ci:teria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the MSIRCS included within the NSSS.

\ td nOI
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2. MSIVLCS parameters, including MSLIV leak rate, concentrations

of radioactivity in steam, and setpoints on instrumentation, to be inter-
locked with leakage control system. (Regulatory Guide 1.96, " Design of
Main Steam Isolation Valve Leakage Control Systems for Boiling Water Reactor
Nuclear Power Plants," is applicable reference. )

3. Identification of valves, instruments, and controls essential
to safe shutdown of the plant that may be pneumatically operated; include
airflow, pressure, cleanliness, and dew point requirements.

4. Flow rate, batch volume, radioactivity concentrations, temper-
ature, and pressure at each MSIVLCS interface point with the LhHS and
for each leakage point to the building sump during normal and anticipated
operational occurrences.

S. Materials Interfaces 1 to 8, Table 1.

7. INSTRUMENTATION AND CONTROLS

7.2 Reactor Trip System

7.2.3 NSSS Interface

9 1. A listing of all design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the RTS included within the NSSS.

2. Requirements for anticipatory trips (e.g. , turbine trip signals
as input to the reactor trip system).

7. 8 NS$$ Interface

1. A listing of all design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the I&C system included within the NSSS.

2. For each NSSS system, requirements for NSES instrumentation
energized by the plant instrumentation power supply system:

a. Steady-state load,

b. Transient / step load,

c. .. .ninal system voltage,

}k3 ),
.

d. Allowable voltage regulation,

e. Allowable harmonic content,

f. Allowable frequency fluctuation,
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g. Grounding requirements,

h. Power supply assignment, and

i. Percent peak deviation from true sine wave (inverters).

3. For each NSSS system, requirements for 80P sensors that provide
inputs to accomplish NSSS functions and for associated instrument lines:

a. Range (including accident conditions),

b. Measurement accuracy,

c. Repeatable accuracy,

d. Maximum expected transient,

e. Response time (maximum allowable time to achieve sensor
output af ter reaching trip level for measured variable),

f. Trip setpoint,

g. Snubbers,

h. Orifice,

i. Arrangement -ior instrument lines,

j. Type and location of readout, and

P. Bypass and inoperable status indication.

4. Number of logic trains used for the control of safety systems.

8. ELECTRIC POWER

8.2 Offsite Power System

8.2.3 NSSS Interface

For each NSSS system, requirements for off site a.c. power:

1. Steady-state load,

2. Inrush kVA for mater loads,

3. Nominal voltage,

4. Allowable voltace .;ation,

5. Nominal frequency,
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6. Allowable frequency fluctuation,

7. Maximum frequency decay rate and limiting underfrequen y value
for reactor coolant pump coastdown, and

8. Minimum number of ESF trains to be energized simultaneously
(if more than two trains provided).

.

8.3 Onsite Power Systems

8.3.1 A.C. Power Systems

8.3.1.5 NSSS Interface. For each NSSS system, requirements for
onsite a.c. power:

1. Steady-state load,

2. Inrush kVA for motor loads,

3. Nominal voltage,

4. Allowable voltage drop (to achieve full functional capability
within required time period),

5. Sequence and time to achieve ful functional capability for
each load,

6. Nociinal f requency,

7. Allowable f requency fluctuation,

8. Number of trains, and

9. Minimum number of ESF trains to be energized simultaneously
(if more than two trains provided).

8.3.2 D.C. Power Systems

8.3.2.3 NSSS Interface. For each NSSS system, requirements for
onsite d.c. power:

1. Steady- state load,

2. Surge loads (including emergency conditions),
. 143 523
3. Load sequence,

4. Nominal voltage,

O 5. Allowable voltage drop (to achieve fuli functional capability
within required time period),
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6. Number of trains, and

7. Minimum number of ESF trains to be energized simt.ltancausly
(if more than two trains provided).

9. AUXILIARY SYSTEMS

9.1 Fy l Storage and Handling

9.1.1 New Fuel Storage

9.l.1.4 ,NSSS Interface. Rack dimensions, weight, materials of con-
struction, upl'if t forces, and mounting requirements; minimum storage capa-
city; minimum rack spacing and associated k

fb)(;with flooded uncoratedwater and with optimum moderator aqueous and vault drainage
requirements.;

9.1.2 Spent iuel Storage

9.1.2.4 NSS5 Interface

1. Rack dimensions, weight, caterials of construction, uplif t forces,
and mounting requirements; minimum storage capacity; minimum rack spacing

pool water chemifNy ((borated and unborated water);
and associated k and allowable fuel

e.g., pH, conductivity, boron concentrations) and
limiting water temperature.

2. Minimum depth of water above spent fuel array to meet shlelding
requirements of 10 CFR Part 20; minimum depth of water above spent fuel
bundle if accidentally dropped and positioned horizontally across top of
spent fuel array; spent f uel pool normal and maximum decay heat loads
(including fraction of core and minimum cooldown time prior to placing
in the pool); and potential corrosion rate of racks and cladding and
expected fission product ,''kage as a function of temperature and water
chemistry.

9.1.4 Fuel Handling System *

9.1.4.6 NSSS Interface

1. A listing of all design critt eia including codes, standards,
General Design Criteria, and regulatory guides applied to tne portion of
the design of the Fuel Handling System included within the NSSS.

x
Fuel Handling System assumed to consist of the following NSSS items:
bridge cranes; new fuel elevator; transfer tube and carriage; upender;
and iifting rigs, slings, and other essential equipment integral to
the NS55.

@
A-26
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2. Installation requirements (i.e. , crane weights, power, compressed

air, hydraulic requirements, etc.); storage requirements; capacity of
bridge cranes and new fuel elevator; installation requirements for transfer
tube, carriage, and upender; equipment interlocks and special built-in
safety features; and other special requirements to preclude unacceptable
accidents.

9.3 Process Auxiliaries

9.3.4 Chemical and Volume Control System (PWRs)

9.3.4.6 NSSS Interface

1. A listing of all design criteria including codes; standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the CVCS included within the NSSS.

2. Location of the CVCS letdown line radiation monitor and require-
ments to perform its alarm and control function.

3. Flow rate, batch volume, radioactivity content, and batch frequency
for filters, iilter sludges, demineralizer resins, and evaporator t'ottoms
transferred from the CVCS equipment to the 3hNS during normal and antici-
pated operational cccurrences.

4. Flow rate, batch volume, radioactivity concentrations, temper-
ature, pressure, and partition factors at each CVCS interface point with
the GkHS and for each leakaga point to the building atmosphere during
normal and anticipated operational occurrences.

5. Flow rate, batch volume, radioactivity concentrations, to ar-
ature, and pressure at each CVCS interf ace point with the LhHS ana c-
each leakage point to the building sump during normal and anticipatem
operational occurrences.

6. Heat loads and cooling waterflow, pressure, and temperature
for normal and limiting conditions for each safety-related CVCS component
interfacing with the CCWS.

7. Flow rate, boron concentrations, temperature, and pressure at
each CVCS interface point with the refueling water or borated water storage
tank and vclume available in excess of requirements for accident condition.

8. Identification of valves, instruments, and controls essential
to safe shutdown of the plant that may be pneumatically operated; include
airflow, pressure, cleanliness, and dew point requirements.

9. Materials Interfaces 1 to 8, Table 1.

O
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9.3.5 Standby Liquid Control System (BWRs)

9. 3. 5. 6 NSSS IM.erface

1. A listing af all design criteria including codes, standards,
General Design Crite-ia, and regulatory quides applied to the portion of
the design of the SLCS included within the NSSS.

2. Baron concentration, flow rate, and requirements for maintaining
minimum ten perature

3. Identification of valves, instruments, and controls essential
to safe shutdown of the plant that may be pneumatically operated; 1.. elude
airflow, pressure, cleanliness, and dew point requirements.

4. Materials Interf aces 1 te 8, Table 1.

9. 5 Other Auxiliary Svstems

9. 5.1 Fire Protection System

9. 5.1. 6 NSSS Interface. Identi fication, quantification, and tabula-
tion of the NSSS items that constitute a significant fire hazard.

10- STEAM AND POWER CONVERSION SYSTEM

10.4 Other Features of Steam and Power Conversion System

10.4.4 Turbine Bypass System

10.4.4.X NSSS Interface

1. Steam conditions during discharge followi.. turbine trip and
limiting steamflow for turbine bypass system sizing witlout reactor trip,
including temperature and pressure.

2. Identification of valves, instruments, and controls essential
to safe shutdown of the plant that may be pneumatically onerated; include
airflow, pressure, cleanliness, and dew point requirements.

13. CONDUCT OF OPERATIONS

13.6 Industrial Security

13.6.3 PSSS Interface *

Identification of vital equipment as defined in 10 CFR 973.2 for use
in developing physical security plans. Also, where applicable, locations

>

This information should be submitted as proprietary information [10 CFR

) / } } {)gs2.790(d)]. 4
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of items of vital equipment ar.d provisions incorporated into the design
for monitoring the status of vital equipment to detect malevoleat acts
to impair perf ormance.

14. INITIAL IES _T PROGRAM

14.1 Specific Information To Be Included in Preliminary Safety
Analysis Reports

14.1.8 N555 Interface

Identification of the special or unique featurt, of the NSS5 design
for consideration in developing the initial test program by the utility.

1F ACCIDFNI ANALYSES

15.X Evaluation of Individual Initiating Events

15.X.X Event Evaluation

15.X.X.X NSSS Interface Idontification or the Safety Actions
required to mitigate the consequences of each traasient and accident event
and the BOP system necessary to prc/ide each Saf ety Action.

VII. BALANCE-0F-P1 ANT INTERIACEa

2. SITE CHARACTERISTILS

2. 3 Meteorology

2. 3. fi BOP Interface

Limiting meteorological parameters (yjQ) for design basis accidente
(including use of backup hydrogen purge system) and for routine releases
and other extreme neteorological conditions (e.g. , temperatures, winds,
humidity, du>t s torms , ai r qual i ty , and appropriate combinations) for
the design of systems and ca.npanents exposed to the environment.

3. DESIGN OF STRUCTURES, COMPONENTS, ECUIPMENT, AND SYSTEMS

3. 3 Wind ar.d Tornado loadings

3.3.3 BOP Interface

Tornado and o,ierating basis wind loadings to which plant structures
and exposed systems and components are designed.

) |} b b I
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3.4 Water Level (Flood) Design

3.4.3 B0P Interface

1. Flood and ground water elevation and requirements for protec-
tion established fo', the design of systems, components, and structures.

2. Hydros catic loads established for the design of systems, compo-
nents, and structures.

3.5 Missile Protection

3.5.4 BOP Interface

1. External missiles generated by natural phenomena established
for the design of systems, components, and structures.

2. External missiles resulting from man-made hazards and accidents.

3.7 Seismic Design

3 7.5 BOP Interface

Seismic parameters ("g" values and response spectra) established
for the design of systems, components, and structures. In addition, the

range of site parameters (e.g., shear wave velocity, deptn of embedment,
depth of overburden) that are used in the seismic analysis should be
specified.

3.8 Design of Category I Structures

3.8.6 BOP Intert1ce

1. Snow, ice, and rain loads established for the design of systems,
comporents, and structures.

2. Required bearing capacity of foundation materials, allowable
absolute and differential settlements, and allowable tilt established
for the design of systeras, components, and structures.

3. Lateral earth pressure loads established for the design of
systems, components, and structures.

4. Maximum loads, including overpressurization resulting from man-
made hazards and accidents such as potential explosions and associated
missiles in vicinity of the plant, potential aircraf t impacts, etc.

\hb
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3.9 Mechanical Systems and Components

3.9.7 B0P Interface

1. The preoperational piping vibration test parameters for use by
the utility in developing the test programs for all ASME Class 1, 2, and
3 piping systems in the NSSS and B0P, including all high-energy piping
systems outside containment a'id all Seismic Category I portions of moderate-
energy piping systems outside containment.

2. The locatioas and other requirements for use by the utility in
developing an inservice inspection program for ASME Class 1, 2, and 3
systems and components in the NSSS and B0P and for reactor coolant pump
flyv' el s (PWRs only). *

3. Reference test data for inservice testing of B0P pumps and valves
as specified in subsections IWP and IWV of ASME Section XI for use by
the utility.

6. ENGINEERED SAFETY FEATURES

6.4 Habitability Systems

6.4.7 B0P Interface

Environme ital conditions assumed in the design of the control room
for protection of operators.

7. INSTRUMENTATION AND CONTROLS

7.8 B0P Interface

1. A listing of all the design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the I&C systems included within the 80P.

2. Provisions included in the plant iristrumentation power supply
system to accommodate the I&C requirements of the SSWS (r.nd additional
cooling capacity, if any required):

a. Steady-state load,

b. Transient / step load,

c. Nominal system voltage,

d. Allowable voltage regulation,

See footnote 2 on page A-12.
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e. Allowable harmonic content,

f. Allowable frequency fluctuation,

g. Grounding requirements, and

h. Power supply assignment.

3. Provisions included for the sensors and their instrument lines
associated with the SSWS (and additional cooling macity, if any required)
that provide inputs to satisfy station safety f unctions:

a. Range (including accident conditions),

b. Measurement accuracy,

c. Repeatable accuracy,

d. Maximum expected transient,

e. Response time (maximum allowable time to achieve sensor
output af ter reaching trip level for measured variable),

f. Trip setpoint,

g. Snubbers,

h. Orifice, and

i. Arrangement for instrument lines.

8. ELECTRIC POWER

8.2 Offsite Power System

8.2.3 BOP Interface

1. A listing of all the design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the offsite power system included within the 80P.

2. n< each BOP system, requirements for of fsite a.c. power system:

a. Steady-state load,

b. Inrush kVA for motor loads,

c. Nominal voltage,

d. Allowable voltage regulation.

A-32
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e. Nominal frequency,

f. Allowable frequency fluctuation,

g. Maximum frequency decay rate and limiting underfrequency
value for reactor coolant pump coastdown, and

h. Minimum number of ESF trains to be eneraized simultaneously
(if more than two trains provided).

NOTE: For complete off site a.c. power requirements, the BOP designer
should also include the NSSS requirements.

8.3 Oasite Power System

8.3.1 A.C. Power Systems

8.3.1.5 B0P Interface

1. A listing of all the design criteria including codes, standards,
General Design Criteria, and regulatory guides applied to the portion of
the design of the onsite a.c. power systems included within tne BOP.

2. For each 80P system, requirements for onsite a.c. power;

a. Steady-state load,

b. Inrush kVA for motor loads,

c. Nominal voltage,

d. Allowable voltage drop (to achieve full functional capa-
bility within required time period),

e. Load sequence,

f. Nominal frequency, and

g. Allowable frequency fluctuation.

NOTE A: For complete onsite a.c. power requirements, the BOP designer
should also include the MSSS requirements.

NOTE B: This interface assumes that the onsite a.c. diesel generator
system is utility-specific.

3. Coordination of the design of the diesel generator room with
the utility applicant.

}k3 b
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98.3.2 D.C. Power Systems

8.3.2.3 BOP Interface

1. A listing of all the design criteria including codes, stancard3,
General Design Criteria, and regulatory guides applied to the portion of
the design of the d.c power systems included within the 80P.

2. Provisions included to acconmodate the needs of the SSWS (and
additional coolitig capacity, if reouired) by the d.c. power systems:

a. Steady-state load,

b. Surge loads,

c. Load sequence,

d. Nominal vo'tage, and

Allowable voltage drop (to achieve full functional capa-e.
bility wit hin required time period).

9. AUXILIARY SiSitMS

9.2 Water Systems

9.2.7 B0P Interface

1. A i:c'.ing of all the design criteria including codt- standards,
General Design Criteria, and regulatory guides applied to the portion of
the de';ign of the SSWS included within the 80P.

2. Integrated heat load (decay heat and station heat load for all
NSSS and BOP systems, as a function of time for the various modes of plant
operation and limiting accident conditions) that must be trans' rred to
the ultimate heat sink, maximum and minimum temperature limits, pressure,
flow rate, plant SSWS pressure drop, etc.

3. Coolant flow, pressure, temperature, and integrated condensate
storage capacity to satisfy total plant needs during normal operation,
shutdown, and accident conditions. Cooling water requirements for the
diesel generator system should be coordinated wi;h the utility-applicant.

4. Limits on quality of makeup water to the station, incl udirig
conductivity, pH, oxygen, chlorides, fluorides, solids, carbon dioxide,
particulates, and silica; and limits on makeup waterflow, temperature,
and pressure.

5. Requirements for location and arranaement of potable and sanitary
water systems to preclude adverse effects on safety systems and components
in the event of failure.

73},,
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9.4 Air Conditioning, Heating, Cooling, and Ventilation Systems

9.4.6 B0P Interface

Ventilation requirements for the diesel generator rooms should be
coordinated with the utility applicant.

9.5 Other Auxiliary Systems

9.5.9 BOP Interface

Site related requirements to satisfy the fire protection program.

11. RADI0 ACTIVE WASTE MANAGEMENT

11.2 Liquid Waste Management Systems

11.2.4 B0P Interface

Expected release rates of radioactive material to the environment
f rom the LhNS.

11.3 Gastaus Waste Management Systems

11.3.4 BOP Interface

Expected release rates of radioactive materials to the environment
f rom the GhHS and from other release points including:

1. Location of all release points,

2. Height above grade,

3. Height relative to adjacent buildings,

4. Ef fluent temperature,

5. Ef fluent flow rate,

6. Effluent velocity, and

7. Size and shape of flow orifice.

11.5 Process and Effluent Radiological Monitoring
and Sampling Systems

11.5.3 Effiuent Monitoring and Sampling

11.5.3.X B0P Interface. Requirements for offsite sampling and monitor-
ing of ef fluent concentrations.

mm
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13. CONDUCT OF OPERATIONS

13.3 Emergency Planning

13.3.3 BOP Interface

Features of the plant that may affect plans for coping with emergencies,
as specified in Appendix 0 to 10 CFR Part 50. Examples of such features
are the design of the onsite emergency first aid and personnel decontamina-
tion facilities and the emergency operations center, and facility features,
including communications systems, that ensure the capability for plant
evacuation and reentry (i.e. , to mitigate the consequences of an accident
or, if appropriate, to continue operations).

13.6 Industrial Security

13.6.3 BOP Interface *

Identification of vital equipment, as defined in 10 CFR g73.2, for
use in developing physical security plans. Also, where o,:r licable, loca-
tions of items of vital equipment and provisions incorporated into the
design for monitoring the status of vital equipment to detect malevolent
acts to impair performance.

14. INITIAL TEST PROGRAM

14.1 Specific Information To Be Included-
in Preliminary Safety AnaTysis Reports

14.1.8 BOP Interface

Identificatic, of the special or unique features of the NSSS and
B0P designs for consideration in develooing the initial test pr._ ,m by
the utility.

*This information shc,o:d be submitted as proprietary information [10 CFR
32.790 (d)].
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