
lmlI'gmgtt(mls'c// IiPofjÃFPP FQII IP P)nay
NUREG-1038

rellatedl to the Op
,
Slhearon Harriis

eratiion Of
IMUcllear Power Pliant,

lUnits 'll andi 2
'ocket Nos. STN 60-400 and STN 60-40t

o o o 0 0 0 0

)
Carolina Power and Light Company

!'orth Carolina Eastern Municipal Power Agency

U.S. MUclear IRegolatoiy
Commission
Office of Nuclear Reactor Regulation

, November ]983

~N Ntgo~
Np0

A
'

p
O

cl/lo~
Cy

lP +»*++



NOTICE

Availabilityof Reference Materials Cited in NRC Publications

Most documents cited in NRC publications willbe available from one of the following sources:

1. The NRC Public Document Room, 1717 H Street, N.W.

Washington, DC 20555

2. The NRC/GPO Sales Program, U.S. Nuclear Regulatory Commission,
Washington, DC 20555

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represents the majority of documents cited in NRC publications,

it is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-

ment Room include NRC correspondence and internal NRC memoranda; NRC Office of Inspection

and Enforcement bulletins, circulars, information notices, inspection and investigation notices;

Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and

licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the NRC/GPO Sales

Program: formal NRC staff and contractor reports, NRC-sponsored conference proceedings, and

NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Code of
Federal Regulations, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical Information Service include NUREG series

reports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,

such as books, journal and periodical articles, and transactions. Federal Register notices, federal and

state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non-NRC conference

proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free upon written request to the Division of Tech-

nical Information and Document Control, U.S. Nuclear Regulatory Commission, Washington, DC

20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process

are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available

there for reference use by the public. Codes and standards are usually copyrighted and may be

purchased from the originating organization or, if they are American National Standards, from the

American National Standards Institute, 1430 Broadway, New York, NY 10018.

GPO Printed copy price: 11.00



5
''
, J,

NUBEG-1038

Safety Evaluation Report
related to the operation of
Shearon Harris Nuclear Power Plant,.
Units 1 and 2
Docket Nos. STN 50-400 and STN 60-401

Carolina Power and Light Company
North Carolina Eastern Municipal Power Agency

U.S. Nuclear Regulatory
Commission
Office of Nuclear Reactor Regulation

November 'f983

~gR RECy(4 P~4 0
Op

0
O

I
t~rg

Cy

n ++*«"



h

11
t'



ABSTRACT

The Safety Evaluation Report for the application filed by the Carolina Power
and Light Company, as appl.icant and owner, for licenses to operate the Shearon
Harris Nuclear Power Plant Units 1 and 2 (Docket Nos. 50-400 and 50-401) has
been prepared by the Office of Nuclear Reactor Regulation of U.S. Nuclear
Regulatory Commission. The facility is located near Raleigh, North Carolina.
Subject to favorable resolution of the items discussed in this report, the NRC

staff concludes that the facility can be operated by the applicant without
endangering the health and safety of the public.
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1, INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

l. 1 Intr oducti on

The Carolina Power and Light Company (hereinafter referred to as the applicant)
filed with the Atomic Energy Commission (AEC) an application docketed on Septem-
ber 7, 1971 for li,censes to construct and operate its proposed Shearon Harris
Nuclear Power Plant Units 1, 2, 3, and 4 (Harris plant or facility). The facil-
ity is located in Wake County, North Carolina, approximately 16 miles southwest
of the, nearest boundary of Raleigh, the state capital.

The AEC (now the Nuclear Regulatory Commission (NRC or Commission)) reported
the results of its preconstruction review in a Safety Evaluation Report (SER)
dated December 22, 1972, and in Supplements 1 through 4 of the SER, dated
April 27, 1973; May 6, 1974; July 30, 1977; and September 20, 1977.

Following a public hearing before an Atomic Safety and Licensing Board, Con-
struction Permits Nos. CPPR-158, CPPR-159, CPPR-160, and CPPR-161 were issued
on January 27, 1978.

The applicant submitted an application for an Operating License (OL) by letter
dated June 26, 1980, The NRC performed a pre-docketing acceptance review and
determined that sufficient information was available to initiate detailed envi-
ronmental and safety reviews. Docketing occurred on December 22, 1981. The
applicant informed the NRC on December 18, 1981 that Units 3 and 4 had been
cancelled, and on January 7, 1982 requested that Units 1 and 2 be considered
concurrently for operating licenses.

Prior to issuing an OL for a nuclear power plant, the NRC staff is required to
conduct a review of the effects of the plant on public health and safety. The
staff safety review has been based on the Final Safety Analysis Report (FSAR)
that accompanied the OL application through Amendment 10. During the course
of its review, the staff held a number of meetings with representatives of the
applicant to discuss the design, construction, and proposed operation of the
plant. The staff requested additional information, which the applicant provided
partly in response to questions and partly in amendments to the FSAR. This
information is available to the public for review at the NRC Public Document
Room at 1717 H Street, NW, Washington, D.C. and at the Local Public Document
Room at the Wake County Public Library, Fayetteville Street, Raleigh, North
Carolina.

Following the accident at Three Mile Island Unit 2 (TMI-2), the Commission
paused in its licensing activities to assess the impact of the accident. During
this pause, the recommendations of several groups established to investigate
the lessons learned from TMI-2 became available. All available recommendations
were correlated and assimilated into a "TMI Action Plan," now published as
NUREG-0660, "NRC Action Plan Developed as a Result of the TMI-2 Accident."
Additional guidance relating to implementation of the Action Plan is in NUREG-

0737, "Clarification of TMI Action Plan Requirements," and Supplement 1 to
NUREG-0737. These licensing requirements have been established to ensure that
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the lessons learned from the TMI-2 accident are incorporated to provide addi-
tional safety margins.

Sections 2 through 21 of this report contain the NRC review and evaluation of
both the non-TMI- and TMI-related issues. Table l. 1 is'a cross-reference
relating the TMI items to the sections in this report where they are discussed.

Appendix A is a chronology of NRC's principal actions related to the safety (or
radiological) review of the application. Appendix B is a b'ibliography'of the
references used during the course of the review. Availability of al-1 material
cited in this report is described in the front matter of this report. Sections
of Title 10 of the Code of Federal Regulations (10 CFR) (including the General
Design Criteria (GDC) in Appendix A to Part 50), NRC Regulatory Guides (RGs),
and sections of the NRC Standard Review Plan (SRP) (NUREG-0800), including
Branch Technical Positions (BTPs), will be identified as appropriate throughout
the text; they are not included in Appendix B. Appendix C is a discussion of
how various unresolved safety issues (USIs) relate to the application.
Appendix D is a list of acronyms used in this report, and Appendix E is a list
of principal contributors. Appendix F is a report on the staff's interim posi-
tion on the Charleston earthquake, as it relates to licensing proceedings.

As part of the review of the Harris plant for compliance with the Commission's
regulations, the staff asked the applicant to verify that the facility meets
the pertinent regulatory requirements. The applicant's response to this
request stated that, upon completion, (1) the plant will be in compliance with
all applicable regulations and requirements of 10 CFR 20, 50, and 100, or

-(2) exemptions to certain regulations have been requested as allowed in the
specific regulation. Subject to the applicant's adoption of the additional
requirements imposed by the staff and discussed in this SER and the exemptions
granted, the staff may concur that the facility is in compliance with these
regulations and requirements.

In accordance with the provisions of the National Environmental Policy Act
(NEPA) of 1969, a Final Environmental Statement (FES) that sets forth the envi-
ronmental considerations related to the proposed construction and operation of
the Harris plant was issued in October 1983.

The review and evaluation of the Harris plant for an operating license is only
one of many stages at which the staff reviews the design, construction, and
operating features of the facility. The facility design was extensively
reviewed before the applicant was granted a construction permit for the facility.
Construction of the facility has been monitored in accordance with a detailed
monitoring and inspection program at the OL stage, the staff has reviewed the
final design of the facility where available to determine that the Commission's
regulations have been followed, and the facility will be subject to the con-
tinuing inspection program of the staff.

In addition to the staff review, the Advisory Committee on Reactor Safeguards
(ACRS) will review the application and will meet with both the applicant and
the staff to discuss the final design and proposed operation of the plant. The
Committee' report to the Commission will be included in a supplement to the
SER.
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Table 1.1 TNI action plan items

TMI. Item
SER

Section(s)

I.A.1.1
I'.A. 1. 2
I;A.1.3
I.A.2.1

I.A.2.3

I. A. 3.1

I.B.1.2
I. C.1

I.C.2.
I.C.3
I.C.4
I.C.5

I. C.6

I. C.7
I. C.8

I. D.1

I.G.1
II.B.1

-II.B.2

II.B.3
II.B.4

II.D. 1

II.D. 3

II.E.1.1

II.E.1.2
II.E.3.1
II.E.4.1

II.E.4. 2

Shift technical advisor
Shift supervi'sor"administrative duties
Shift manning
Immediate upgrading of operator and senior
operator training and qualification
Administration of training programs for
licensed operators

,Revised scope and criteria for licensing
examinations

Independent Safety Engineering Group

Guidance for the evaluation and development
of procedures for transients and accidents
Shift and relief turnover procedures
Shift supervisor responsibilities
Control room access
Procedures for feedback of operating
experience to plant staff
Verify correct performance of operating
activities
NSSS vendor review of procedures
Pilot monitoring of selected emergency
procedures for NTOL applicants
Control room design review

Special low-power testing and training
Reactor coolant system vents
Plant shielding to provide access to vital areas
and protect safety equipment for post-accident
operation
Post-accident sampling capability
Training for mitigating core damage

Performance testing of boiling water reactor and
pressurized water reactor relief and safety valves
Direct indication of relief and safety valve
position
Auxiliary feedwater system (AFWS) reliability
evaluation
Auxiliary feedwater initiation and indication
Emergency power supply for pressurizer heaters
Dedicated containment.penetrations

Containment isolation dependability

13. l. 2. 2
13. 5. 1
13. 1. 2. 2
13. 2. l. 3

13. 2. l. 3

Inherent in
13. 2

13. 4

13. 5. 2

13. 5. 1
13. 5. 1
13. 5. 1
13. 5. 1

13. 5. 1

13. 5. 2. 3
13. 5. 2. 3

18

15. 9. 1
12. 2

9.3.2
13. 2. l. 3

3.9.3.2

7.5.2.2

10. 4. 9

7. 3. 3.1
8.4.8
Not applicable
to Harris
design*
6. 2.4

*Harris has an internal combustible gas control system; therefore, hydrogen
penetrations are not needed..
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Table 1. 1 (Continued)

TNI Item
SER
Secti'on(s)

II.F.1
II.F. 2

II.F.3

II.G. 1

II.K.1

II.K. 2. 13

II. K. 2. 17

II.K. 2.19
II.K. 3. 1

II.K. 3. 2

II.K.3.3

II.K.3.5

II.K.3.9

II.K.3.10
II.K. 3. 11

II.K.3.12

II.K. 3. 17

II.K. 3. 25
II.K. 3 ~ 30

II. K. 3. 31

III. A. 1. 1
III. A. 1. 2
III.A. 2

III.D. 1. 1

III. D. 3. 3

III. D. 3. 4

Additional accident monitoring instrumentation
Instrumentation for detection of inadequate core
cooling
Instrumentation for monitoring accident conditions
Emergency power for pressurizer equipment

IE bulletins on measures to mitigate small-break
LOCAs and loss-of-feedwater accidents
Thermal mechanical report: effect of high-
pressure injection on vessel integrity for small-
break LOCA with no auxiliary feedwater
Potential for voiding in the reactor
coolant system during transients
Sequential auxiliary feedwater flow analysis
Installation and testing of automatic power-
operated relief valve isolation systems
Report on overall safety effect of
power-operated relief valve isolation system
Reporting of safety valve and relief valve
failure and challenges
Automatic trip of reactor coolant pumps
during LOCA
Proportional integral derivative (PID)
controller modification
Proposed anticipatory trip modification
Justification of use of certain PORVs

Confirm existence of anticipatory reactor
trip upon turbine trip
Report on outages of ECCS; licensee report and
proposed Technical Specification changes
Effect of loss of ac power on pump seals
Revised small-break LOCA methods to show
compliance with 10 CFR 50, Appendix K
Plant-specific calculations to show
compliance with 10 CFR 50.46

Upgrade emergency preparedness
Upgrade emergency support facilities
Improving licensee emergency preparedness--
long term

Integrity of systems outside containment likely
to contain radioactive material
Improved inplant iodine instrumentation under
accident conditions
Control room habitability requirements

7.5.2 2, 11.5
4 4

7.5.2.2
8.4.8
15. 9. 2
15. 9. 3
15. 9. 4

15. 9. 5

15. 9. 6
15. 9. 7

15. 9. 7

15. 9.8

15. 9. 9

7.7.2.3
'5.

9. 10
Covered under
II~ K. 3. 2
7.2.2.5

15. 9. 11

15. 9. 12
15. 9. 13

15. 9. 14

13. 3"

13. 3
13. 3

9.3.5

12. 3.4. 2
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Documents related to this review are available for inspection at the NRC Public
Document Room, 1717 H Street NW, Washington, D.C. and at the local public docu-
ment room at the Wake County Public Library, Fayetteville Street, Raleigh,
North Carolina.

The NRC Project Manager assigned to the OL application for Harris is Mr. B. C.
Buckley. Mr. Buckley may be contacted by calling (301) 492-8379 or writing

Mr. B. C,,Buckley
Division"'of Licensing
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Mr. Buckley and Mr. Joseph Holonich served as the project managers for the
development of this safety evaluation report.

1.2 General Plant Descri tion

The facility utilizes a nuclear steam supply system (NSSS) incorporating a pres-
surized water reactor (PWR) and a three-loop reactor coolant system. The reactor
core is composed of fuel rods made of slightly enriched uranium dioxide pellets
enclosed in Zi rcaloy tubes with welded end plugs that are grouped and supported
into fuel assemblies. The mechanical control rods consist of clusters of stain-
less steel-clad silver-indium-cadmium alloy absorber rods that are inserted into
Zircaloy guide tubes located within the fuel assemblies. The fuel assemblies
are loaded in three regions, each utilizing fuel of a different enrichment of
Uranium-235, with new fuel being introduced into the outer region, moved inward
at successive refuelings, moved from the inner region, and transferred to fuel
storage.

Water will serve as both the moderator and the coolant, and will be circulated
through the reactor vessel and core by three vertical, single stage centrifugal
pumps, one located in the cold leg of each loop. The coolant will be heated
by the core and circulated through the three steam generators, where heat will
be transferred to the secondary system to produce saturated steam, and then be
returned to the pumps to repeat the cycle. An electrically heated pressurizer
connected to the hot-leg piping of one of the loops will establish and maintain
the reactor coolant system pressure and provide a surge chamber and a water
reserve to accommodate changes in reactor coolant volume during operation.

The steam produced in the steam generators will be utilized to drive a tandem
compound four-flow exhaust turbine generator and will be condensed in a twin
shell, single-pass condenser with divided water boxes. Cooling water drawn
from a reservoir will be pumped through the tubes of the condenser to remove
the heat from, and thus condense, the steam after it has passed through the
turbine. The condensate will then be pumped back to the steam generator to
be heated for another cycle.

The reactor will be controlled by a coordinated combination of a soluble
neutron absorber (boric acid) and mechanical control rods whose drive shafts
will allow the facility to accept step load changes of 10K and ramp load
changes of 5X per minute over the range of 15 to 100%%uo of full power during
normal operating conditions. With steam bypass, the facility will also have
the capability to accept a 100X step-load rejection without reactor trip.

Shearon Harris SER 1-5



Plant protection systems are provided to automatically initiate appropriate
action whenever a monitored condition approaches pre-established limits.
These protection systems will act to shut down the reactor, close isolation
valves, and initiate operation of the engineered safety features should any
or all of these actions be required.

Supervision and control of both the NSSS and the steam and power conversion
system will be accomplished from the main control room.

The emergency core cooling system for the facility consis'ts of accumulators
and both high and low pressure injection subsystems with provisions for recir-
culation of the borated water after the end of the injection phase. Various
combinations of these features are expected to ensure core cooling for the
complete range of postulated coolant pipe break sizes.

The NSSS is housed in a large, dry, reinforced concrete building. An auxiliary
building adjacent to the containment building houses the radioacti.ve waste
treatment facilities, components of the engineered safety features, and various
related auxiliary systems. A fuel building, also adjacent to the containment
building, houses the spent fuel pool and new fuel storage racks.

The facility is supplied with electrical power by six independent transmission
lines from offsite power sources and is provided with independent and redundant
onsite emergency power supplies capable of supplying power to'shut down thefacility safely or to operate the engineered safety features in the. event of an
accident.

1.3 Com arison with Similar Facilit . Desi n

Many features of the Harris plant are similar to those the staff has previously
evaluated and approved for other nuclear power facilities, such as Beaver Valley
Unit 1 and North Anna Unit 1. To the extent feasible and appropriate, the staff
relied on its earlier reviews for those features that were shown to be substan-tially the same as those previously considered. The SERs for these other faci-lities have been published and are available for. public inspection at the NRC
Public Document .Room. P

1.4 Identification of A ents and Contractors

Ebasco Services Incorporated (Ebasco) is the architect-engineer responsible to
the applicant for the design, engineering, and equipment and materials procure-
ment for the Harris plant. ,The Westinghouse Electric Corporation (W) is the
supplier of the NSSS and the turbine generator. Westinghouse is also responsi-
ble for the design and fabrication of initial fuel cores of the reactors.

1.5 Summar of Princi al Review Matters

The staff technical review and evaluation 'of the information submitted by the
applicant considered the principal matters summarized below.

(1) The population density and land-use characteristics of the site environs-
and the physical characteristics of the site (including seismology, meteor-
ology, geology, and hydrology) to establish (a) that these characteristics
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have been determined adequately and have been given appropriate considera-
tion in the plant design, and (b) that the site characteristics are in
accordance with the Commission siting criteria in 10 CFR 100, taking into
consideration the design of the facilities, including the ESFs provided.

(2)

(3)

The design, fabrication, construction, and testing criteria, and the .

expected performance characteristics of the plant structures, systems, and
components important to safety to determi ne (a) that they are in accord
with the GDC, equality Assurance Criteria, Regulatory Guides (RGs), and
other appropriate rules, codes, and standards, and (b) that any departures
from these criteria, codes, and standards have been identified and
justified.

The expected response of the facility to various anticipated operating
transients and to a broad spectrum of postulated accidents. Based on this
evaluation, the staff determined that the potential consequences of a few
highly unlikely postulated accidents (design-basis accidents) would exceed
those of all other accidents considered. The staff performed conservative
analyses of these design-basis accidents to determine that the calculated
potential offsite radiation doses that might result--in the very unlikely
event of their occurrence--would not exceed the Commission guidelines for
site acceptability given in 10 CFR 100.

(4)

(5)

(6)

The applicant's engineering and construction organization, plans for the
conduct of plant operations (including the organizational structure and
the general qualifications of operating and technical support personnel),
the plans for industrial security, and the plans for emergency actions to
be taken in the unlikely event of an accident that might affect the
general public to determine that the applicant is technically qualified to
operate the facility safely.

The design of the systems provided for control of radiological effluents
from the facility to determine (a) that these systems are capable of con-
trolling the release of radioactive wastes from the facility within the
limits of the Commission regulations in 10 CFR 20, and (b) that the
applicant is capable of operating the equipment provided so that radio-
active releases are reduced to levels that are as low as is reasonably
achievable within the context of the Commission regulations in 10 CFR 50
and to meet the dose-design objectives of Appendix I to Part 50.

The applicant's quality assurance program for the operation of the facili-
ties to ensure (a) that the program complies with the Commission
regulations in 10 CFR 50, and (b) that the applicant will have proper
controls over facility operations so that there is reasonable assurance
that the facility can be operated safely and reliably.

1.6 Modifications to the Facilit Durin the Course of the Staff Review

During the review, the staff met with the applicant's representatives, contrac-
tors, and consultants to discuss various technical matters related to the
facility (see Appendix A). Also, the staff made a number of visits to the
site to assess specific safety matters related to the station.
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The applicant has made or may make a number of changes to the facility design
as a result of the staff review. The staff will review these design changes
as appropriate. Special details concerning these changes will be included in
FSAR amendments and in appropriate subsections of this report.

1.7 Summar of Outstandin Issues

As a result of the staff review of the safety aspects of the Shearon Harris
application, a number of items remain outstanding at the time of issuance of
this report. Because the staff has not completed its review and reached its
final positions in these areas, the staff considers these items to be open.
The staff review of these items will be completed prior to a decision on
issuance of an OL and will be addressed in a supplement to this report. The

outstanding items are listed in Table 1.2 and are discussed further in the
sections of this report as indicated.

Table 1.2 Outstanding items

Item SER Section(s)

(1) Design of retaining wal 1

(2) Missiles outside containment

(3) Functional capability of Class 1 auxiliary piping
systems

2.5.4

3.5.1.1

3.9.3

(4) Control of minimum wall thickness in ASME Class 1, 2,
and 3 piping systems

3.9.3

(5) Equipment qualification

(6) Preservice/Inservice Inspection Program

(7) Periodic testing of instrument air quality

(8) Fire protection

(9) Unmonitored release of condenser discharge during
hogging operations

(10) Method of estimating noble gas activity from
atmospheric steam dump valves

3.10, 3.11

5.2.4, 6.6

9.3.1

9.5 ~ 1

10.4.2, 11.5

10.4.2, 11.5

(11) Monitoring of all inputs to the service water system

(12) Emergency preparedness

'll.5.

13. 3

(13) Steam generator tube rupture isolation time 15. 6. 3

(14) TMI Action Plan Items (NUREG-0737 and Supplement No. 1

to NUREG-0737)

I.A.1.2 Shift supervisor administrative duties 13. 5. 1
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Table 1. 2 (Continued)

Item SER Section(s)

I.C.2
I.C.3

'.C.4
I.C.5
I.C.6

I.D.1
II.E.1.1

II.F.2
III.A.1. 2
III.D. 1. 1

Shift and relief turnover procedures
Shift supervisor responsibilities
Control room access
Feedback of operating experience
Verification of correct performance of
operator activities
Control room design review
Auxiliary feedwater system reliability
evaluation
ICC instrumentation
Emergency support facilities
Leak reduction program

13. 5. 1
13. 5. 1
13. 5. 1
13. 5. 1

13. 5. 1
18

10. 4. 9
4.4.6
13 ~ 3. 4
9.3.5

1.8 Confirmator Issues

At this point in the, staff review, there are a few items which have essentially
been resolved to the staff's satisfaction, but for which certain confirmatory
information has not yet been provided by the applicant. In these instances,
the applicant has committed to provide the confirmatory information. The staff
is awaiting confirmation of the applicant's commitment to comply with these
positions and/or receipt of the appropriate confirmatory information. The
confirmatory items, with reference to the applicable sections of this SER, are
given in Table 1.3.

Table 1.3 Confirmatory issues

Issue

(1) Emergency plan meteorological program

(2) Revision of FSAR Table 3.2. 1-1

(3) Turbine missiles

(4) Design documentation of ASME components

(5) Piping supports

(6) Plant-specific submittal concerning testing of
safety and relief valves

(7) Leak rate test program for pressure
isolation valves

SER Section(s)

2 3 3

3.2.2

3.5.1.3

3.9.3.1

3.9.2

3.9.3.2

3.9.6

(8) Calcluation of ultimate strength capacity of
containment building under uniform internal pressure

(9) Additional information on excore detectors

3.8

4.3
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Table 1.3 (Continued)

Issue

(10) PORV setpoint values

(ll) Revised pressure-temperature curves

(12) Examination of steam generators and NUREG-1014
revisions

SER Section{s)

5.2.2

5.3.2

5.4.2.2

(13) Revision of FSAR on containment penetrations

(14) Additional information on adequacy of the ECCS
during shutdown and startup

(15) Design modifications for automatic reactor trip
using shunt coil trip attachment

{16) Solid-state logic protection system test circuit
(17) Testing for remote shutdown operation

(18) RCS overpressure protection during low temperature
operation

(19) Adequacy of station electrical distribution

(20) Use of load sequencer with offsite power

(21) Compliance with Phase I and Phase II of NUREG-0612

(22) Pressure differential alarms

(23) Emergency lighting

(24) Radiation monitors for turbine building vent stack

(25) Ability to continuously sample radioiodine and
particulates (condenser vacuum pump effluent)

(26) Location of high range noble gas monitors (turbine
building vent)

{27) Drawings for the filters handling sludge

(28) Process Control Program

(29) Polymer binder system

(30) Radiation protection manager

(31) Corporate management and technical support
organization

6.'2. 4

6,3.5,1

7.2.2.4

7. 3. 3. 11

7.4. 2. 2

7;6.2.2

8.4.2,3

'.4.7
9.1.5

9.4. 5. 2

9.5.3

10. 4

10. 4. 2

10 ~ 4.2, 10.4.3,ll.5

ll.4. 1

ll.4. 1

ll.4. 1

12. 5

13. l. 1. 6
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Table 1.3 (Continued)

Issue SER Section(s)

(32) Initial test program:

~ Additional testing to verify the capacity of the
steam generator safety and relief valves

~ Amend FSAR to incorporate additional information
on AMP 'endurance tests

~ Expansion of natural circulation tests to fully
comply with NUREG-0737, Item I.G. 1

(33)'HI Action Plan (NUREG-0737)

I.C.7 NSSS vendor review process

II.K.3.5 Automatic trip of RCPs during LOCA

13. 5. 2. 3

15. 9. 9

1.9 License Conditions

There are several issues for which a license condition may be desirable to
ensure that staff requirements are met during plant operation. The license
condition may be in the form of a condition in the body of the operating
licenses or a limiting condition for operation in the Technical Specifications
appended to the license. These items, with appropriate references to related
sections of this report, are given in Table 1.4.

Table 1.4 License conditions

License Condition

(1) Turbine stem maintenance program

(2) Turbine stem valve maintenance

('3) II.B.3 Post-accident sampling system

(4) Processing of filter sludge in VR system

(5) Operating experience

(6) Security plan adherence to regulations

(7) Restriction above 90K power

SER Section(s)

3.5.1.3

3.5.1.3

9.3.2

ll.4. 1

13.1.2.4

13. 7

15. 4. 3, 4. 3

1. 10 Unresol ved Safet Issues

Section 210 of the Energy Reorganization Act of 1974, as amended, reads as
follows:

Shearon Harris SER



Unresolved Safety Issue- Plan

Section 210. The Commission shall develop a plan for pro-
viding for specification and analysis of unresolved safety
issues relating to nuclear reactors and shall take such
action as may be necessary to implement corrective measures
with respect to such issues. Such plan shall be submitted
to the Congress on or before January 1, 1978 and progress
reports shall be included in the annual report to the
Congress thereafter.

I

In response to this reporting requirement, the NRC provided a report to the
Congress, NUREG-0410, in January 1978, which describes the generic issues pro-
gram of the Office of Nuclear. Reactor Regulation (NRR) that had been implemented
early in 1977. The NRR program described in NUREG-0410 provides for the identi-
fication of generic issues, the assignment o'f priorities, the development of
detailed task action plans to resolve the issues, the projections of dollar and
personnel costs, continuing high-level management oversight of task progress,
and public dissemination of information related to the tasks as'hey progress.

t

Since the issuance of NUREG-0410, each annual report has described NRC progress
in resolving these issues.

The staff continually evaluates the safety requirements used in its review
against new information as it becomes available. In some cases, the staff takes
immediate action or interim measures to ensure safety. In most cases, however,
the initial staff assessment indicates that immediate licensing actions or
changes in licensing criteria are not necessary. In any event, further study
may be deemed appropriate to make judgments as to whether existing staff
requirements should be modified. These issues being studied are sometimes
called generic safety issues because they are related to a particular class or
type of nuclear facility. A discussion of, these matters and the NRC program for
the resolution of these generic issues is provided in Appendix C to this report.
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2 SITE CHARACTERISTICS

2. 1 Geo ra h and Demo ra h
S

Shearon Harris Units 1 and 2 were reviewed in accordance with Sections 2. 1. 1,
2. 1.2, and 2. 1.3 of the July 1981 edition of the "Standard Review Plan for the
Review of Safety Analysis Reports for Nuclear Power Plants" (SRP) (NUREG-0800).

2. 1; 1 Site Location and Description

The Harris plant is located on a 10,800-acre site in Make County and Chatham
County, North Carolina. The. reactors .and other major plant facilities are in
Make County. The site is located on the northeast bank of a 4000-acre manmade

. reservoir on Buckhorn Creek. The plant is about 16 miles southwest of Raleigh,
North Carolina, and 15 miles northeast of Sanford, North Carolina. Figure 2. 1
shows the general region of the Harris site; Figure 2.2 shows the immediate
site area.

The topography of the site varies from about 220 feet mean sea level (msl) at
the reservior, to 300 feet msl in higher elevations surrounding the plant site.
The plant grade is 260 feet msl.

Y

The coordinates of Harris Unit 1 are 35'38'00" north latitude and 78'57'22"
west longitude. The universal transverse mercator coordinates are
3,945,013.683 m north and 685,064.389 m east.

2. 1.2 Exclusion Area Authority and Control

The applicant has defined the exclusion area as a roughly circular area, as
shown in Figure 2.3, with a minimum distance to the exclusion area boundary of
6640 feet. The exclusion area consists of the plant property as well as a por-
tion of the reservoir. All of the land, including the mineral rights, is owned

by the applicant.

There are no residences within the exclusion area. Recreational use of the
land and reserviors within the exclusion area-is permitted.

A railroad spur, limited to plant activities, extends into the exclusion area.
Two state roads (1134 and 1135) pass into the exclusion area for access to the
plant. The applicant's plant security motorized patrols will maintain control
of recreational activities on those portions of the reservoir and land within
the exclusion area. The county sheriff's department will provide and the North
Carolina Highway Patrol will assist in traffic control for the roads into the
exclusion area.

Because the applicant owns the land as well as the mineral rights within the
exclusion area, and because suitable arrangements have been made to control
traffic on the roads and reservoir within the exclusion area in the event of an

emergency, the staff concludes that the applicant has the authority to deter-
mine all activities within the exclusion area, as required by 10 CFR 100.

Shearon Harris SER 2-1
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2. 1.3 Population Distribution

The resident population within 10 miles of the Harris plant is shown in
Table 2. 1. The year 1980 represents the nearest census year to plant startup;
the year 2020 represents the nearest census year to end-of-plant life.

Table 2. 1'Resident population in the site vicinity

Distance from plant

Year
0-1

mi
0-2

ml
0-3

mi
0-4

mi
0-5

mi
0-10

mi

1980

2020

25

56

321

634

967 1803

1910 3520

17,200

34,800

The population within a 10-mile radius is mostly rural. The largest nearby
community is Apex, North Carolina, 9 miles northeast of the site, with a 1980
population of 2890 persons. The applicant has chosen a low population zone
(LPZ) radius of 3 miles. The 1980 population within the LPZ was 321 persons
and is expected to increase to 634 persons in the year 2020.

The major transient population within 5 miles of the site consists of approxi-
mately 150 employees and 120 visitors and persons to be trained at the Shearon
Harris Energy and Environmental Center, which is approximately 2 miles east-
northeast of the plant site.

The applicant has indicated that the nearest densely populated center of 25,000
or more persons (as defined in 10 CFR 100) is Raleigh, North Carolina, which
had a 1980 population of 148,429 and is 16 miles northeast of the Harris site.
The applicant has also indicated that Cary, North Carolina (12 miles northeast)
had a 1980 population of 21,612 and that its population is expected to exceed
25,000 during the lifetime of the Harris plant. Thus it will become the nearest
population center. The distance to the nearest population center is at least
1-1/3 times the LPZ outer radius, as required by 10 CFR 100, regardless of
whether Raleigh or Cary is designated as the nearest population center.

The staff made an independent estimate of the 1980 population within 50 miles
of the Harris site based on the U.S. Bureau of Census 1980 data. The staff's
value of 1,320,000 is in good agreement with the applicant's value of 1,300,000.
The applicant projects that this population will grow to about 2,210,000 by the
year 2020. This represents a growth rate of about 17%%d per decade. The staff
compared the applicant's population projections to those of the Bureau of
Economic Analysis for economic areas 26, 27, and 28. This comparison showed
that the applicant's projection of 17K per decade is conservative compared with
the regional growth of 13K per decade using the Bureau of Economic Analysis
projections.
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2. 1.4 Conclusion

The staff concludes that the exclusion area, low population zone, and popula-
tion center distance meet the criteria of 10 CFR 100 and are acceptable on the
basis of (1) the 10 CFR 100 definitions of the exclusion area, low population
zone, and population center distance; (2) the,staff's analysis of the onsite

'eteorologicaldata from which the relative concentration factors (X/g) were
calculated (see Section 2.3); and (3) calculated potential radiological dose
consequences of design-basis accidents (see Section 15).

2.2 Nearb Industrial Trans ortation and Militar Facilities

Shearon Harris Units 1 and 2 were rev'iewed in accordance with SRP 2.2. 1,
2.2.2, 2.2.3, 3.5. 1.5 and 3.5. 1.6 (NUREG-0800).

2.2. 1 Transportation Routes

The nearest through roads and their closest locations to the site are U.S.
Route 1 passing about 1-1/4 miles northwest of the plant and State Route 1011,
which r uns parallel to Route 1 about 2 miles northwest of, the plant site.
State Routes 1134 and 1135 connect the plant site to U.S. Route 1 and State
Route 1011. The nearest railroad is the Seaboard Coast Line Railroad, which
is located about 2 miles northwest of the site, parallel to Route 1011. The„
separation distances of these routes provides adequate protection to the plant
in the event of accidental detonation of explosive materials that are being
transported by truck or rai l.
The applicant has determined that accidental releases of chlorine, either on
site or off site, may pose a hazard to the plant. Consequently he has provided
chlorine detectors that will detect accidental releases and automatically iso-
late the control room upon receipt of such a signal (see also Section 6.4).

C

The applicant has evaluated the shipment of toxic materials and determined that
only the Raleigh-Moncure segment of railroad traffic carries hazardous materials
on a regular basis. Based on numerical car 'load shipments of hazardous materials
provided by the railroad and congressional reports on shipments of hazardous
materials in the U.S., the applicant has evaluated the toxic materials being
transported near the site and determined that the total railroad accident fre-
quency rate is less than 10-7 per year. Therefore, a railroad accident is not
a design-basis accident for this plant.

2.2.2 Nearby Facilities

There are no industrial facilities within 5 miles of the plant that could affect
the safety of the nuclear facility.

The closest pipeline is a 6-inch liquefied petroleum gas (LPG) pipeline. It was
moved from the Harris site to approximately 2 miles from the reactor containment
buildings and more than 8500 ft from the closest critical plant structures (see
Figure 2.4).

The applicant has analyzed the consequences of a delayed ignition of a heavier-
than-air cloud of LPG drifting from a ruptured pipeline toward the plant and
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has determined that the blast overpressure will not affect the safety of the
nuclear facility. The staff has reviewed the applicant's blast overpressure
analysis and finds it i's acceptable and meets SRP 2.2 '.
There are two small general aviation airports located within 10 miles of the
reactor site. Shelba is approximately 6 miles east, and Luther is about 8.'miles
north-northeast of the site. Both of these have an average of 10 landings per
day. The nearest major airport is the Raleigh-Durham Airport, 20 miles 'north-
northeast of the plant site. Two airways pass within 10 miles of the site.
These are shown in Figure 2.5. The closest military airport is Pope Air Force
Base, 32 miles south of the Harris site and adjacent to-Fort Bragg. On the
basis of reviews of plants with similar aircraft activity in their vicinity, thestaff concludes that the probability of an aircraft causing radiological conse-,
quences in excess of the exposure guidelines of 10 CFR 100 is within the accept-
ance criteria of SRP 2.2.3 (less than about 10-~ per year) and is acceptable.

2.2.3 Conclusion Regarding the Evaluation of Potential Accidents

The staff review has been conducted based on the criteria given in GDC 4 and
SRP 2.2.3. The staff concludes that the plant is adequately protected and can
be operated with an acceptable degree of safety as a result of activities at
nearby transportation, industrial, and military facilities.

Regional and local climatological information, including extremes of climate
and severe weather occurrences that may affect the design and siting of a
nuclear plant, must be evaluated to ensure that the plant can be designed and
operated within the requirements of Commission regulations. Information con-
cerning atmospheric diffusion characteristics of a nuclear power plant site is
required for a determination that radioactive effluents from postulated acci-
dental releases, as well as from routine operational releases, are within Com-
mission guidelines. Sections 2.3. 1 through 2.3.5 of this SER have been prepared
in accordance with the review procedures described in the SRP (NUREG-0800),
utilizing information presented in FSAR Section 2.3, responses to requests for
additional information, and generally available'eference materials as described
in the appropriate sections of the SRP.

2.3. 1 Regional Climatology

The Harris site is in a transition area between the coastal and mountain areas
of North Carolina. The area is categorized as having a humid continental warm
summer climate (Critchfield, 1960). This type of climate is, one with hot sum-
mers and cold winters. Temperatures in the site area as determined from normal
temperatures given for Raleigh, NC (Nat'1 Climatic Ctr, 1980a) range'rom an.
average minimum of 40.5'F in January to an average maximum of 77.5'F in July.
Extremes of temperature measured at the Raleigh-Durham Airport National Weather
Service office (Nat' Climatic Ctr, 1980b) through 1980 were a low of -1'F in
1977 and a high of 105'F in 1952.

Precipitation is uniformly distributed throughout the year and totals 42.5 inches
per year, primarily as rain, although snow and other forms of frozen precipi-
tation are observed from November through April. The average monthly snowfall
is less than 3 inches; however, a maximum of 17.2 inches was measured at the
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Raleigh-Durham Airport'in February 1979. In the region,'he greatest monthly
snowfall was 22.9 inches as measured at Greensboro, NC in January l966. The
greatest 24-hour amount,'4.3 inches,'as measured at Greensboro also, in ',
December 1930.

The design snow load for the plant reported by the applicant is that of the
'00-yearrecurrence interval, 12 lb/ft . For the site vicinity, the greatest

48-hour probable maximum winter precipitation (PMWP) provided by the applicant
would occur in December; it would not be expected to be in the form of snow
because the average Raleigh-Durham snowfall in December is about 1 inch.

Freezing rain can be expected about 4 days a year, based on observations at
the Raleigh-Durham National Weather Service office between 1939 and 1948. The
maximum ice thickness was approximately 0.75 inch.

Fog reducing visibility to less than 0.25 mile at the Raleigh-Durham Airport
'has been observed an average of 36 days a year and occurs in every month.

I

Air stagnation in the region during the period 1936-1956 was observed on approx-
imately 300 days (Korshover, 1960). Stagnation conditions that restrict large-
scale dispersion of gaseous pollutants are observed most frequently in the Fall.

Severe weather phenomena observed in the site vicinity include thunderstorms
(which can produce hail), strong winds, and tornadoes. There were an average of
62 thunderstorms per year at Raleigh during the 1948-1977 period (NUREG/CR-2252).
Hail is infrequently observed, having ',occurred at most three times in any one
year, during the period 1951-1978.

Strong winds, to 73 mph, have been observed at the Raleigh-Durham Airport.
The 100-year return frequency wind determined by Thorn (1967) for the area is
90 Illph.

Seismic Category I structures are designed for an operating basis wind of
117 mph at 30 feet above plant grade. The design tornado for the site is that
identified in RG 1.76, with the characteristics shown in Table 2.2.

Table 2.2 Design tornado characteristics - Region I

Characteri.stic Val ue

Maximum speed

Rotational speed

Translational speed

Total pressure drop

Rate of pressure drop

Radius ot maximum rotational speed

360 mph

290 mph

70 mph

3 psl
2 psi/sec

150 ft
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In the site area, during the period 1950 to 1975, 162 tornadoes (Schreck, 1982)
were reported within a 100-mile radius of the site, yielding a recurrence
interval of 3054 years. Although the site is more than 100 miles from the
Atlantic coast, hurricanes or their remnants and tropical storms can affect
the site region with heavy rain and. strong winds. From 1901 to 1955 about 10
storms of tropical origin affected the site region.

The applicant has selected. the most limiting 17 years (1946 to 1962) of Raleigh-
Durham meteorological data from a 77-year record for use in evaluation of the
ultimate heat sink (UHS), in accordance with RG 1.27.

The UHS system is comprised of cooling towers and two reservoirs that were
evaluated for minimum heat transfer and maximum evaporation to establish their
design conditions.

As discussed above, the staff has reviewed available information relative to
the regional meteorological conditions of importance to the safe design and
siting of this plant. Based on this review, the staff concludes that the
applicant has identified and considered appropriate regional meteorological
conditions in the design and siting of the plant and meets 10 CFR 100. 10 and
GDC 4. The design-basis tornado selected by the applicant conforms to RG 1.76
to provide an acceptable basis for missile generation, thus meeting GDC 4.

2.3.2 Local Meteorology

Local meteorology conditions are determined by onsite measurements and long-
term observations made at nearby National Weather Service offices at Raleigh,
Greensboro, and Charlotte, NC, as well as at other observation sites in the
vicinity of the plant.

During the period in which the onsite measurements presented in the FSAR were
taken (January 1976 to December 1978), winds from the southwest quadrant, which
occur 33K of the time were predominant at the 41-foot level. However, winds
from the north through northeast were secondary, with a combined frequency of
17K. Average wind speeds are approximately 5 mph with about 6X calm.

Precipitation measured on site from mid-January 1976 to December 1978 averaged
about 35 inches per year for the 3-year period.

Onsite temperatures have ranged from a minimum of 19.6 F to a maximum of 93.0'F;
during this same time period the average annual temperature was 58. 9'F.

As discussed above, the staff reviewed available information on local meteor-
ological conditions important to the safe design and siting of the plant, and
concludes the applicant identified and considered the local meteorological con-
ditions in the design and siting of the plant. Therefore, the applicant meets
10 CFR 100.10 and GDC 2.

2.3.3 Onsite Meteorological Measurements Program

An onsite meteorological measurements program has provided 3 years of accept-
able data for use in evaluating local meteorological conditions that affect
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the dispersion of accidental and routine gaseous releases. The program fol-
lows RG 1.23, and has provided data recovery rates in excess of the 90X
recovery rate specified in this guide.

The meteorological measurements are made on a 225-foot tower. The measurements
include wind speed and direction at the 41- and 201-foot levels, vertical tem-
perature difference between 36 and 197 feet as a measure of atmospheric stabil-
ity, and dew point temperature at 36 feet on the tower. Precipitation, solar
radiation, and atmospheric pressure are measured at a 5-foot level near the
tower base. Joint'frequency data of wind speed by direction by stability class
were presented by the applicant. with a recovery rate of 96.2X for the lower
level measurements data and 95.2X at the upper level for the period from
January 1976 to December 1978. These data were used to calculate the relative
concentrations resulting from accidental and routine operational gaseous
releases, as described in SER Sections 2.3.4 and 2.3.5, respectively.

The onsite meteorological measurement system conforms to guidance in RG 1.23,
and has provided adequate data to represent onsite meteorological conditions
as required in 10 CFR 100. 10. The meteorological instrumentation has been
described by the applicant in the Emergency Plan Plant Operating Procedure.
The emergency preparedness meteorological program will be reviewed in accord-
ance with RG l. 101 during the emergency preparedness implementation appraisal.
The acceptability of the meteorology program will be discussed in a supplement
to this report.

2. 3.4 Short-Term (Accident) Diffusion Estimates

Relative concentration (X/g) values were calculated by the staff using the
direction-dependent methods described in RG 1. 145 for a ground-level release.
Onsite meteorological data collected from January 1976 through December 1978--
including wind speed and direction at 41 feet and vertical temperature differ-
ences between 36 and 197 feet as a measure of atmospheric stability—were
utilized. The evaluation at the variable exclusion area boundary (EAB) allows
credit for building wake effects and effluent plume meander under light wind
and stable atmospheric conditions. The 0-2 hour X/g expected to be exceeded
less than 0.5X of the time is 2.9 x 10- sec/m at the EAB distance of 7000 feet
in the most limiting direction (south-southwest of the plant). At the outer
boundary of the LPZ distance of 15,836 feet to the south-southwest, the estimated
relative concentration values are as shown in Table 2.3.

Atmospheric dispersion estimates have been calculated independently by the staff
to assess the consequences of radioactive releases for design-basis accidents,
and used information provided by the applicant. The applicant's diffusion
estimates have been compared with those made by the staff and found comparable
or more conservative. The staff concludes the applicant has considered appro-
priate dispersion conditions i,n accordance with 10 CFR 100. 11.

2.3.5 Long-Term (Routine) Diffusion Estimates

To audit the applicant's estimates, the staff has performed an independent
calculation of annual average relative concentration (X/g) and relative deposi-
tion (D/g) values using the straight-line Gaussian atmospheric dispersion model
described in RG 1. 111, modified to reflect spatial and temporal variations in
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Table 2.3 Harris LPZ relative
concentrations

Time

0-8 hours

8-24 hours

1-4 days

4-30 days

X/g sec/ms

6.8 x 10-s

4.6 x 10-s

1.9 x 10-s

5.5 x 10-e

airflow. The routine releases include continuous and periodic type releases.
All releases--including those from the plant vent, the turbine, auxiliary,.and
radwaste buildings--have been considered as ground level, with mixing in the
turbulent wake of plant structures. Intermittent releases from the plant vent
have been evaluated using the methodology described in NUREG/CR-2919. The same
3-year period of meteorological data described in Section 2.3.4 was used for
this evaluation.

The staff compared its long-term diffusion estimates with those provided by the
applicant and determined the analyses were in general agreement. The staff
concludes that the applicant has considered representative atmospheric disper-
sion estimates for demonstrating compliance with the numerical guides for doses
given in 10 CFR 50, Appendix I.

2.4 H drolo ic En ineerin

The staff has reviewed the hydrologic engineering aspects of the applicant's
design, design criteria, and design bases for safety-related facilities at
Harris. The acceptance criteria used as a basis for staff evaluations are set
forth in SRP 2.4-1 through 2.4-14 (NUREG-0800). These acceptance criteria
include the applicable GDC reactor site criteria (10 CFR 100), and standards
for protection against radiation (10 CFR 20, Appendix B, Table II.) Guidelines
for implementation of the requirements of the acceptance criteria are provided
in RGs, ANSI standards, and Branch Technical Positions (BTPs) identified in
SRP 2.4-1 through 2.4-14. Conformance to the acceptance criteria provides the
bases for concluding that the site and facilities meet 10 CFR 20, 50, and 100
with respect to hydrologic engineering.

2.4. 1 Hydrologic Description

Shearon Harris is located in east-central North Carolina, about 16 miles south-
west of Raleigh, North Carolina, and about 7. 5 miles north of the confluence of
the Cape Fear River and Buckhorn Creek. As shown'on Figure 2.6, the plant is
on a peninsula of a reservoir the applicant created by constructing a dam on
Buckhorn Creek about 2.5 miles north of its confluence with the Cape Fear
River. This dam is identified as the main dam on Figure 2.6. The reservoir
behind the main dam, which will be used for cooling tower makeup requirements,
has a surface area of about 4100 acres. In addition to the main dam, an auxi 1-

iary dam has been constructed on an arm of the main reservoir. The reservoir
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behind the auxiliary dam will 'be used as the primary source of emergency cool-
ing water.

Plant grade and the tops of the main and auxiliary dams are at el 260 ft above
mean sea level (msl). The reservoir behind the main dam will have a normal
maximum pool elevation of 220 ft msl. Its drainage area is 71.0 mP. The
water level in the auxiliary reservoir will be maintained between 250 ft msl

and 252 ft msl. The drainage area behind the auxiliary dam is 2.43 mi~.

At its confluence with the Cape Fear River, Buckhorn Creek drains a watershed
area of about 79.5 mi~. 'he point of confluence is at Cape Fear River Mile 192.
The Cape Fear River at Buckhorn Dam just upstream of its junction with Buckhorn
Creek has a drainage area of 3196 mi~. The Deep and Haw Rivers join together
to form the Cape Fear River abo'ut 6 miles upstream from Buckhorn Dam. The Cape

Fear River discharges into the Atlantic Ocean 28 miles downstream of Wilmington,
NC, at Cape Fear. The estimated average flow for Buckhorn Creek over 55 years
(1924-1978) was about 88 cfs. Likewise, the estimated average flow in the Cape

Fear River at Buckhorn Dam over 54 years (1925-1978) was about 3119 cfs.

There are no known surface water users of Buckhorn Creek within the reservoir
area or downstream of the main dam. The nearest downstream potable water
supply intake on the Cape Fear River is at Lillington, NC, about 12 miles
downstream of Buckhorn Dam. Three other municipalities (Dunn, Fayetteville,
and Wi lmington) draw water from the .Cape Fear River further downstream of the
plant. There are also 10 industrial water supply intakes, including the appli-
cant's Brunswick Plant, on the Cape Fear River downstream of Shearon Harris.
The nearest industrial intake is at Fayetteville.

The bedrock units of the Sanford Formation of the Newark Group (Triassic) pro-
vide the groundwater source in the site vicinity. The primary permeability
of this Triassic aquifer is very low; however, fractures provide a secondary
permeability. Fractures are common to a depth of about 100 ft, but below that
depth they become tighter. Below about 400 ft, the fractures are closed and
sealed to groundwater flow. Holly Springs and Fuquay-Varina are the nearest
communities using groundwater for public water supply. Holly Springs, 7 miles
east of the plant, has two wells supplying a total of about 40,000 gpd. Fuquay-
Varina, 10 miles southeast of the plant, has eight wells supplying about
400,000 gpd. None of these 10 wells draws water from the Triassic aquifer under-
lying the plant. Besides these 10 wells, there are 21 other public wells with-
in 10 miles of the plant. In addition, there are several houses in Corinth,
about 5 miles southwest, that has individual wells drawing water from the
Triassic aquifer. The production rates of these wells range from 0.5 to 13 gpm.

The applicant has provided hydrologic descriptions of the plant site and
vicinity. The staff has reviewed the applicant's information in accordance
with procedures in SRP 2.4. 1 and 2.4.2. The staff concludes that the appli-
cant's hydrologic descriptions meet GDC 2.

2. 4. 2 F 1 oods

2.4. 2. 1 Flood Design Considerations

Four potential sources of site flooding were considered by the applicant:
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(1)
(2)
(3)
(4)

intense local precipitation on the plant island
flooding on Buckhorn Creek and tributaries
dam failures
hurricane-induced wind wave activity.

The staff has reviewed the material presented by the applicant in accordance
with SRP 2.4.2, and concludes that these four flooding sources are the only
credible sources of potential flooding at the plant site.

2.4.2.2 Effect of Local Intense Precipitation

At Shearon Harris a site drainage system consisting of inlet structures and .

underground piping conveys runoff away from safety-related structures. Open
ditches and underground pipes are also used along the peripheral areas of the
plant island. The drainage system drains the site to the main reservoir or to
the auxiliary reservoir via the emergency service water intake and discharge
channels. The drainage system is designed for a storm intensity of 5 inches
per hour. This is less than the probable maximum precipitation (PMP) for the

'ite,so during a PMP event some water could pond on the site.

.. PMP is the estimated depth of precipitation (rainfall) for which there is vir-
tually no risk of exceeding. At Harris, the PMP values used by the applicant„..
for durations of 6, 12, 24, and 36 hours were 30.0, 35.4; 40. 1, and 42.6 inches,
respectively. The applicant estimated that the greatest rainfall would occur
during the first 6 hours and would then decrease with time. Table 2.4 shows
PMP amounts for the first 6 hours.

This table shows that during the fourth hour of the PMP, a total of 18.8 inches
of rain would fall on the plant island. Because the site drainage system is
designed for a storm intensity of 5 inches per hour, some water would pond on
the plant island. The Shearon Harris plant is surrounded by an access road
that is elevated 1 foot above the plant grade elevation of 260 feet msl; conse-
quently, any rainfall exceeding the site, drainage system of 5 inches per hour
will pond against safety-related buildings within the access road. In deter-
mining the maximum elevation to which water would pond within the access road,
the applicant conservatively assumed that there would be no loss of water as a
result of infiltration and evaporation and that the site drainage system would
be completely blocked. Using these assumptions, the applicant estimated that
water from a PMP event would pond to an elevation of 261.27 feet msl. This
elevation is higher than some entrances to safety-related buildings; conse-
quently, the applicant has stated that safety-related structures will be pro-
tected from flooding by the following features:

(1) artificial barriers such as watertight or airtight doors

(2) low structural barriers (curbs, the minimum curb elevation is 262.0 feet)

The only exceptions to the above are two entrances to the waste processing
building, which are not protected against any ponding above elevation
261.06 feet. However, these entrances provide access to areas that house
locker rooms and shower stalls and do not house any safety-related equipment.
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Table 2.4 PMP amounts

Duration Hourly PMP Total PMP

(hr) (in./hr) (in.)

2

1.5
2.1
2.3

18. 8

4.0
1.3

1.5

3.6

5.9
24. 7

28. 7

30. 0

The staff reviewed the information provided by the applicant in accordance with
procedures described in SRP 2.4. 2, 2.4. 3, and 2. 4. 10 with the following excep-
tions. Instead of using Hydrometeorological Report 33 for determining PMP and

the U.S. Army Corps of Engineers EM-1110-2-1411 for distributing the PMP in
time, as suggested in SRP 2.4.2, the staff required the use of more current
reports. For determining PMP, the staff required the use of Hydrometeorological
Report 51 (U.S. National Weather Service, 1978). For time distribution of the
PMP, the staff required the use of Hydrometeorological Report 52 (U.S. National
Weather Service, 1982).

Based on an independent analysis, the staff concludes that a local PMP event
will not cause water to pond higher than elevation 261.27 feet msl as determined
by the applicant. The staff further concludes that the flood protection fea-
tures proposed by the applicant, if properly implemented, will prevent flooding
of safety-related buildings. The staff, however, will require that the appli-
cant identify exterior openings where watertight or airtight doors are to be

used and openings where curbs will be installed. In addition, the staff will
require a Technical Specification to ensure that watertight and airtight doors
are normally in a closed position.

Subject to the above requirements, the staff concludes that with respect to
surface flooding from a local PMP event, the Shearon Harris plant meets RGs 1.59
and 1. 102 and GDC 2.

Since the CP review, Units 3 and 4 have been cancelled. Because of this
cancellation, the reactor auxiliary buildings, containment buildings, and tank

buildings for Units 3 and 4 will not be built. A retaining wall is to be con-

structed west of the fuel handling building. This wall will be physically
separated from the fuel handling building so that it will be possible for water
to pond in the area between the two structures. Ponded water will be removed

to the site drainage system by sumps and pumps. In addition, to direct rainfall
and groundwater infiltrating through the retaining wall, this area will collect
overflow from the roofs of the waste processing building and the fuel handling
building, if their roof drains are blocked.

The applicant postulated a failure of the sump pumps during a PMP event and esti-
mated that water i n the area between the retaining wall and the fuel handling
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building would rise to a level below 236 feet msl. All openings in the waste
processing building and the fuel handling building below elevation 236 feet msl
have been closed, and other penetrations have been sealed to prevent water from
entering safety-related buildings.

Using the procedures described in SRP 2.4.2 and 2.4.3, the staff reviewed the
information provided by the applicant concerning ponding of water in the area
between the retaining wall and the fuel handling building. The staff also
performed an independent analysis to determine the depth of flooding in this
area. On these b'ases, the staff concludes that during a PMP event, water will
not pond higher than elevation 236 feet msl if the sump pumps are inoperable.
Thus, the staff concludes that with respect to flooding in the area between
the retaining wall and the fuel handling building during a PMP event, the
plant meets the criteria of RG 1.59 and the requirements of GDC 2. The staff,
however, will require that the applicant provide assurance that the wall of
the fuel handling building can withstand a hydrostatic level of 236 feet msl.
The staff will also require that the applicant describe the program to be used
to ensure that the sump pumps are operable on a long-term basis. The staff's
concern is that unless there is a formal program to monitor the operability of
the sump pumps, it is possible for all pumps to be inoperable for a long dura-
tion and for water from normal precipitation events and from infiltrating
groundwater to pond to levels higher than elevation 236 feet msl. Thus, the
staff will require that the applicant describe how pump operability and ponded
water levels will be monitored and the actions to be taken if pumps malfunction
or the level of ponding rises above elevation 236 feet msl.

In discussing the effects of local intense precipitation on roofs of safety-
related buildings, the applicant stated that, with the exception of the emer-
gency service water intake structure, screen structure, and discharge structure,
all safety-related buildings have curbs around their perimeters that would
allow roof ponding, if all roof drains were plugged. These curbs are a maximum
of 1-foot high; therefore, water would pond only to this depth before it would
begin to over flow. The applicant estimated the total depth to which water
would pond during a. PMP event would be about 15 inches except in some areas of
the reactor auxiliary building that are surrounded by higher walls. In these
areas, the applicant estimated that water would pond to a depth of about
2.5 feet.

There are other safety-related structures where water could pond to an even-
greater depth. The tank buildings, which house several storage tanks, have
areas without roofs that are surrounded by 25-foot high walls; consequently,
water will pond on the floors of these open areas. The applicant estimated
that water could pond to a depth of 23.4 feet in these areas.

The applicant has stated that the floors of the unroofed areas of the tank
buildings and the roofs of all safety-related buildings where water. accumulates
are strong enough to withstand the ponding loads in addition to other dead and
live loads that can reasonably be expected to coincide with the PMP.

The staff has reviewed the applicant's analysis using the procedures described
in SRP 2.4.2. Based on this review, the staff concludes that during a PMP

event, ponded water levels on roofs and floors of safety-related structures
wi 11 remain at or below the levels determined by the applicant. Thus, the
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staff concludes that with respect to ponding on roofs of safety-related struc-
tures, .the plant meets the criteria of RG 1.59 and the requirements of GDC 2.

2.4.3 Probable Maximum Flood on Streams and Rivers

The probable maximum flood (PMF) is defined as the hypothetical precipitation-
induced flood that is considered to be the most severe reasonably possible.
For Shearon Harris, the applicant estimated the PMF for the drainage areas of
both the auxiliary dam and the main dam.

For the auxiliary dam, the applicant determined the PMF that would result from
the PMP occurring over the 2.43-mi~ drainage area upstream of the dam. This
PMF was then routed through the auxiliary dam spillway using appropriate
reservoir-storage spillway-discharge relationships. This analysis showed that
a PMF with a peak inflow of 8270 cfs would result in a maximum stillwater level
of 256.0 feet msl in the auxiliary reservoir and a peak outflow through the
spillway of 5030 cfs.

For the main dam, a similar procedure was used to determine the PMF, except
that the PMP, which was assumed to occur over the 71-mP drainage area upstream
of the main dam, was reduced by 10'o account for irregularities in the shape
of the basin and for the improbability that the PMP would be centered exactly
over the drainage area. This analysis resulted in a PMF with a peak inflow of
about 162,000 cfs, In routing this PMF through the main dam, the applicant
assumed that 5 days before the start of the PMF, a less severe antecedent storm
would have occurred. This antecedent storm, equal to 50K of the PMF, was routed
through the main dam spillway. Five„ days after the start of this routing, the
water level in the main reservoir was at el 225.2 feet msl. This elevation,
which is 5.2 feet higher than the normal water level, was used as the beginning
reservoir elevation at the start of the PMF main reservoir routing. The peak
discharge through the main dam spillway during the PMF was 14,190 cfs, and the
corresponding stillwater surface elevation in the reservoir was 238.9 feet msl.

The applicant calculated the effects of coincident wind wave activities on the
PMF stillwater levels noted above using U.S. Army Corps of Engineers (COE) pro-
cedures. This analysis resulted in a maximum water level of 243. 1 feet msl
in the main reservoir and 258.0 feet msl in the auxiliary reservoir. By com-

parison, the elevations independently computed by the staff were slightly higher,
at 243.3 feet msl and 258.6 feet msl in the main reservoir and auxiliary reser-
voir, respectively. Based on this, the staff concludes that wind waves super-
imposed on PMP stillwater levels will not result in unacceptably high water
levels because the tops of both the main dam and the auxiliary dam at elevation
260 feet msl are higher than the maximum water levels computed by both the staff
and the applicant.

As described above, the applicant reduced the PMP by 10K in estimating the PMF

for the main dam. The staff does not agree that this reduction is justified;
however, because the top of the main dam is 16.7 feet higher than the maximum

water level computed by the staff and 16.9 feet higher than the applicant's
value, the staff concludes that this margin'rovides more than adequate storage
volume to contain the additional runoff that would result from 10K more
precipitation. Thus, the staff finds the applicant's PMF analysis acceptable.
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The applicant considered that a PMF on the Cape Fear River would have no effect
on plant safety because of the 100-.foot difference in elevation between the top
of the main dam and the riverbank. The staff concurs with the applicant's
appraisal of this issue. However, there could be backwater effects of the PMF

on the Cape Fear River through Buckhorn Creek on the downstream face of the
main dam. The applicant does not expect that any significant wind waves. will
be generated against the downstream face of the main dam because of the small
fetch that severely limits the size of wind-generated waves. Any waves that
do form will not affect the„integrity of the main dam because the outer zone
of the dam is rock rather than earth. During construction of the dam, the
larger rocks from the rock zone were placed near the downstream face of the
dam to reduce handling of oversize material and to provide additional protec-
tion to the downstream face of the dam.

At the CP stage, the staff reviewed the applicant's PMF analyses and the
effects of coincident wind-wave activities. The staff concurred then with the
applicant's analyses and concluded that the two safety-related dams will not
be overtopped and the plant island will not be flooded during a PMF on the,
Buckhorn Creek drainage. The staff has reviewed the FSAR in accordance with
SRP 2.4.2 and 2.4.3. Based on this review, the staff concludes that the plant
meets RG 1.59 and GDC 2 with respect to flooding from the Buckhorn Creek
drainage. In addition, the staff concludes that a PMF on the Cape Fear River
will not affect the integrity of the main dam. Thus, the plant meets GDC 2

with respect to flooding from the Cape Fear River.

2.4.4 Potential Dam Failures

There are no existing dams or water control structures in the Buckhorn Creek
drainage basin other than the main dam, auxiliary separating di ke, and auxil-
iary dam, which have been constructed specifically for Shearon Harris.

The applicant postulated failure of the auxiliary dam and analyzed its effect
on the main dam, even though both dams are seismic Category I. It was conser-
vatively assumed that the auxiliary dam would fai 1 instantaneously and that
the flood wave would travel downstream through Tom Jack Creek into the main
reservoir without any attenuation in height or velocity. This analysis showed
that the water level in the main reservoir would only rise about 1.5 feet and
that no significant wave action would result.

Using the procedures described in SRP 2.4.4, the staff has. reviewed the appli-
cant's methods of analyzing the flooding effects of potential dam failures.
The staff concurs that conservative procedures have been used and that poten-
tial dam failures pose no threat to safety-related structures or systems. Thus,
the staff concludes that the plant meets GDC 2 and 10 CFR 100, Appendix A with
respect to flooding by potential dam failures.

2.4.5 Probable Maximum Surge and Seiche Flooding

The probable maximum hurricane (PMH) could cause water level changes in both
the auxiliary and main reservoirs. However, because the plant is not located
right on or near the coast, the only dynamic mechanism that can credibly be
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considered for producing high water levels is the probable maximum wind asso-
ciated with a PMH. The maximum wave runup was estimated by the applicant using
a 133-mph wind speed on normal water levels in the two reservoirs.

Because there is a 40-foot difference in elevation between the top of the main
dam at elevation 260 feet msl and the normal water level of 220 feet msl in
the reservoir, wave action on, the main dam was not considered to be a problem.
On the auxiliary reservoir, this difference is 8 feet (260 - 252 feet msl).
Thus, for this reservoir, the applicant did consider the effects of wave action
during a PMH. Using a wind speed of 133 mph directed toward the auxiliary dam,

the applicant determined values of wave runup and wave setup using COE pro-
cedures. These values were 3.0 feet and 0.6 foot, respectively. Adding these
to a normal water level of 252 feet msl resulted in a maximum water level of
255.6 feet msl, which is 4.4 feet below the top of dam. Using similar pro-
cedures but assuming that the wind direction is toward the plant island, the
applicant determined a wave runup of 2.2 feet and wind setup of 0.2 foot.
These values, added to the normal water level of 252.0 feet msl, resulted in a

maximum water level of 254.4 feet msl, which is 5.6 feet below plant grade
elevation of 260 feet msl. Both of these water levels are less than the PMF

and wind-wave elevations computed to the staff and the applicant (see Sec-

tion 2.4.3).

The staff used the procedures described in SRP 2.4.5 to review the applicant's
methods of analyzing surge and seiche flooding effects of a PMH. The staff
concluded that the plant design meets GDC 2 and 10 CFR 100 with respect to
surge and seiche flooding because the maximum water levels resulting from a

PMH are less than the PMF levels for the plant.

2.4.6 Probable Maximum Tsunami Flooding

This SRP section is not applicable to Shearon Harris.

2.4.7 Ice Effects

Because of the geographical location of Shearon Harris, ice formation is not
expected to be severe enough to affect the operation of the plant. As described
in Section 2.3. 1, the maximum ice thickness observed in the area is approximately
0.75 inch. Minimum average temperatures recorded at the Raleigh, NC, airport
for the months of December, January, and February are 30.5', 30.0'nd 31. 1'F,
respectively.

Water from the auxiliary reservoir flows to the emergency service water screen-
ing (ESWS) structure through the emergency service water intake (ESWI) channel.
The auxiliary reservoir level is maintained at a minimum elevation of 250 feet
msl by pumping from the main reservoir. The ESWS structure is protected from
ice entering the intake bays by means of a concrete baffle that extends below
the auxiliary reservoir level to elevation 247.5 feet. In addition, the ESWS

structure has stationary and traveling screens to remove any ice fragments
that do enter. The inlet of the gravity pipes that take water from the ESWS

structure to the emergency service water and cooling tower (ESW and CT) makeup

water intake structure are located at elevation 235 feet msl, which is 15 feet
below the minimum operating level in the auxiliary reservoir.
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The minimum water level in the main reservior at which the plant wi 11 be shut
down is 205.7 feet msl. The ESM pumps take suction at 191.67 feet msl. Thus,
even at the minimum operating level in the main reservoir, the water level is
more than 14 feet above the pump inlets.

Because of the location of Shearon Harris and because gravity pipe and pump
inlets are 15 and 14 feet, respectively, below minimum operating water levels,
the staff concludes that any ice that forms in the auxiliary or main reservoirs
should not affect the safe operation of Shearon Harris. To further ensure this,
the applicant has provided a plan to minimize ice formation.

Briefly, this plan consists of starting the ESM pumps whenever the auxiliary
reservoir water temperature drops below 35'F. The heated water from pump .'"
operation will be discharged into the ESW discharge channel. The formation of

'cein the ESW intake channel will be prevented by the water flowing to the
pumps. As stated above, the suction inlets for all pumps are more than 14 feet
below the low water level. Heated hoods will prevent ice buildup on the travel-
ing screens, which will be run continuously if potential icing conditions are
prevalent. The staff has reviewed this plan and concurs that its implementation
will protect safety-related equipment during extremely cold weather.

2.4.8 Cooling Mater Canals and Reservoirs

Cooling water canals and reservoirs related to safety consist of the main dam
and reservoir, auxiliary dam and reservoir, auxiliary separating dike, emergency
service water intake (ESWI) channel, emergency service water discharge'(ESMD)
channel, and the auxiliary reservoir channel.'

4

During the CP review, the staff found the hydraulic design of these structures
(shown on Figure 2.6) adequate to supply cooling water to a four-unit. plant.
Thus, with two of the four units cancelled, the staff concludes that the canals
and reservoirs are more than adequate for a two-unit plant.

As described in Section 2.4.3, the main and auxiliary dams will not be over-
topped during a PNF. However, to protect against potential erosion by wind
waves in the reservoirs, the main dam has a 4-foot thick layer of riprap on
the upstream face. The downstream face is protected as described in Sec-
tion 2.4.3. The upstream and downstream faces of the auxiliary dam and the
auxiliary separating dike are also protected by a 4-foot thick layer of riprap.
The riprap, which has been sized to obtain a dense, well-graded mass, is founded
on a bedding of crushed rock graded to prevent movement of the bedding material
into or through the riprap. A description of tests that were conducted to deter-
mine the suitability of the riprap is in Section 2.5.6.3.4.

The ESMI channel, ESMD channel, and the auxiliary reservoir channel do not have
slope protection because the expected maximum velocity of 2 fps is considered
to be less than the velocity that would cause scour of the channels. As des-
cribed in Section 2. 5. 6. 5, the slopes of these channels have been determined
by the staff to be stable under all anticipated loading conditions.

Based on its review of the information provided by the applicant according to
SRP 2.4.8, the staff concludes that safety-related canals and reservoirs meet
GDC 2, GDC 44, and 10 CFR 100 with respect to their ability to provide an ade-
quate supply of coc ling water.
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2.4. 9 Channel Diversions

There is no historical evidence of any diversion of Buckhorn Creek or the Cape
Fear Riv'er. Because of the steep topography adjacent to these streams, future
realignment or .diversion is considered extremely remote. Regardless of the
availability of runoff to the main and auxiliary reservoirs, the safety of the
plant wi11 not be jeopardized because a Technical Specification requires shut-
down of 'the plant when water levels reach designated low points. At these
levels, which are described in Section 2. 4. 11. 2, there will be sufficient cool-
ing water available to safely shut down the plant.

The staff thus concludes that potential channel diversions, although extremely
remote, present no safety-related hazard to the plant and that the requirements
of 10 CFR 100 relative to channel diversions have been met.

2.4. 10 Flood Protection Requirements

As described in Section 2.4.3, the staff determined maximum water levels of
258.6 feet msl in the auxiliary reservoir and 243.3 feet msl in the main
reservoir. Corresponding levels computed by the applicant were 258.0 and
243. 1 feet msl, respectively. With the exception of the ESMI channel, the ESWO

channel, and the auxiliary reservoir (which, by design, are located below these
water levels), all safety-related structures are flood protected to at least
261 feet msl. Because of their location above maximum water levels, safety-
related structures do not require any flood protection from floods as a result
of ponded water in the reservoirs.

In Section 2.4.2.2, the staff concluded that local intense precipitation could
pond on site to an elevation that is higher than some entrances to safety-
related structures. The staff also concluded that the flood protection fea-
tures proposed by the applicant, if properly implemented, will prevent water
from entering areas in buildings containing safety-related equipment.

2. 4. 11 Cooling Water Supply

2.4. 11. 1 Normal Water Supply

Under normal operating conditions, the plant will be cooled using natural draft
cooling towers. Makeup water will be supplied to the cooling towers from the
main reservoir, and blowdown will be returned to the main reservoir. Mater
losses from the cooling towers and the two reservoirs are to be made up from
local natural runoff in the Buckhor n Creek drainage during operation of Unit 1.
For operation of Units 1 and 2, diversion of water from the Cape Fear River
will be required.

To determine the effects of low flows on normal plant operation, the applicant
performed several reservoir operation simulation studies. For one-unit plant
operation, no makeup capability from the Cape Fear River was assumed. For two-
unit plant operation, it was assumed that the Cape Fear River would be used to
augment Buckhorn Creek natural inflow. In both cases, forced evaporation water
losses from the cooling towers were based on a plant load factor of 75K.

I
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Flow records are available for Buckhorn Creek for only a 7-year period between
1973 and 1981. Because records for only a short period of time can result in
frequency determinations that are relatively unreliable, the applicant synthe-
sized a long-term record for Buckhorn Creek by conducting a frequency correla-
tion study using flow data from nearby streams with similar hydrologic charac-
teristics. This„ study showed that the recorded Buckhorn Creek flows for 1973
to 1981 were slightly less than the flows estimated for the same period using
the synthesized record. Thus, it was considered that using the actual 1973 to
1981 record in a reservoir operation study. to simulate average flow conditions
would be conservative.

For the one-unit operation simulation, the main reservoir water level was found
to fluctuate over a range of 5.5 feet during the 7-year period. The minimum;and
maximum water levels were 216.3 feet and 221.8 feet msl, respectively; the aver-
age reservoir level was 219.4 feet msl.

The staff has reviewed the applicant's analyses and agrees that using the
recorded short-term flow data from Buckhorn Creek in the reservoir simulation »,-;„-,

study, instead of the synthesized record, is conservative. The staff considers'.
the assumption of a 75K load factor during the driest and probably hottest
months to be not conservative. However, increasing the load factor to lOOX
would only increase the maximum drawdown by less than 1 foot.

In addition to performing a reservoir operation for average conditions, the
applicant also considered an extreme drought condition having an exceedance
interval of 100 years. The minimum starting reservoir level at the beginning
of the drought period was assumed to be the lowest level determined during the
7-year normal flow period (216.3 feet msl). The minimum water level determined
from the 100-year drought analysis was 211.0 feet msl. The applicant also per-
formed a simulation study using historical measured flows during the period
of May 1980 to Hay 1982. This period represented the most critical period for
low flow in Buckhorn Creek. As with the 100-year drought simulation the appli-
cant used 216.3 feet msl as the starting elevation for the reservoir. The mini-
mum reservoir water level determined for this critical 2-year period was 290.4
feet msl, which is lower than the level determined for the 100-year drought
simulation.

The staff has reviewed the applicant's analyses for one-unit plant operation
and concludes that normal inflow from Buckhorn Creek is sufficient for one-unit
operation without makeup from the Cape Fear River. The staff also concludes
that the reservoir level would not fall below a minimum operating elevation of
205.7 feet msl (see Section 2.4. 11.2) except during the occurrence of an un-
usually severe drought (more severe than the drought of record) coupled with
high power demand.

The applicant's analysis for two units under average conditions is similar to
that performed for one-unit operation except that the evaporation from two
units at 75K load was used to determine water losses and pumping from the Cape
Fear River was used to augment Buckhorn Creek natural inflow. The 7-year flow
record period that was used for the one-unit study was also used for the two-
unit study, although Cape Fear River flows for the period were slightly above
average. The effect of the above average flows on the simulation is minor,
however, because the makeup pumps withdraw only a small percentage of the water
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that is actually available. Pumping from the Cape Fear River was assumed to
be limited, as specified in the applicant's NPDES permit, to not exceed 25/. of
the river flow nor to reduce the river flow to below 600 cfs as measured at
the Lillington gage. The maximum pumping capacity assumed was 300 cfs.

For the two-unit operation simulation, the main reservoir water level was found
to fl,uctuate over a range of 4.2 feet during the 7-year period. The minimum
and maximum water levels were 217.7 and 221.9 feet msl, respectively. The mean
inflow and outflow rates were 90 cfs and 48 cfs, respectively.

To determine the maximum expected drawdown during a coinci'dent 100-year drought
in both Buckhorn Creek and the Cape Fear River, the applicant presented the
analysis for a four-unit operation at 100/. load factor. The lowest reservoir
level determined from this analysis was 205.7 feet msl. If the water level in
the main reservoir should drop to this elevation during operation, the plant
will be shut down according to procedures described in a Technical Specification.
This Technical Specification will also define the average water temperature and
the level in the auxiliary reservoir at which the plant will be shut down. The
staff will review this Technical Specification before plant operation begins.

The staff has reviewed the applicant's analyses for two-unit plant operation
and concludes that the water supply, including the Cape Fear River makeup system,
is adequate for two-unit operation. The staff further concludes that reservoir
drawdown as a result of severe drought for both one- and two-unit operation
will not unduly restrict the availability of cooling water for normal operation,
as required by GDC 44.

2.4. 11.2 Emergency Water Supply

The preferred source of emergency cooling. water if nonsafety-related cooling
towers are unavailable is the seismic Category I auxiliary reservoir, which is
located on an arm of the main reservoir adjacent to the plant (see Figure 2.6).
The main reservoir, which is also seismic Category I, provides a backup source
of emergency cooling water.

Under emergency conditions, the service water supply would be switched from the
cooling towers to the 'emergency service water pumps, which would take suction
from the auxiliary reservoir via the emergency service water intake channel.
Heated water would be discharged back to the auxiliary reservoir through the
emergency service water discharge channel.

Valving is provided so that suction can be switched from the auxiliary reservoir
to the main reservoir if necessary. In this cooling mode, heated water would
also be returned to the auxiliary reservoir via the ESWD channel but would
return to the main reservoir by flowing through the auxiliary dam spillway.

The applicant analyzed the ability of the auxiliary reservoir to provide a
30-day supply of cooling water for the plant by postulating a loss-of-coolant
accident (LOCA) in one unit and simultaneous shutdown of the remaining three
units. (Note that since the applicant performed this analysis two of the four
units have been cancelled. ) This analysis resulted in a maximum service water
inlet temperature of 91. 5'F, assuming the most severe meteorological conditions
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of record. This temperature is 3.5F'ower than the 95 F design-basis tempera-
ture of the service water system heat exchangers. The applicant's analysis
also showed a maximum 30-day water loss of 286 acre-feet -in the auxiliary
reservoir. At a full pond elevation of 250 feet msl, the auxiliary reservoir
contains about 4400 acre-feet. Thus after 30 days, approximately 4114 acre-
feet of water would remain in the reservoir. Based on this, the applicant
concluded that the plant meets RG 1.27.

'l I

As stated above, the applicant's analysis assumes that Shearon Harris consists
of four units. Because two of the four units originally planned have been can-
celled, the applicant concluded that for an accident in one unit and shutdown
of the other, the maximum temperature 'would be less than the 91.5'F determined
for a four-unit plant.

At the CP stage, the staff concluded that the auxiliary reservoir would have
sufficient capacity to provide cooling water for four units for the 30-day
period suggested in RG 1.27. The staff has reviewed the material presented in
the FSAR in accordance with procedures described in SRP 2.4.11 and concludes
that there is no information that would result in a change in the earlier
conclusion (that the auxiliary reservoir is capable of supplying a minimum of
30 days of emergency cooling water to the plant at or below the design-basis
temperature), especially because the plant will only have two units operating.
The staff,.therefore, concludes that the plant meets the requirements of GDC 44
with respect to thermal aspects of the heat transfer system.

Because plant site drainage, including overland runoff, flows into the ESWI and
ESWD channels, there is a potential for sediment to build up in these channels
and in the auxiliary reservoir channel and the auxiliary reservoir, especially
while heavy construction is still in progress. The applicant has furnished
cross-sectional and profile data for the channels. These data show very little
sediment buildup, except in the ESWD channel where as much as 3. 5 feet of sed-
iment has accumulated close to the discharge structure. However, the staff
expects that this sediment will not accumulate once the plant is in operation
and there is flow through the channel.

To preclude sediment from building up to an unacceptable level during operation,
the applicant has committed to monitor the channels for sediment buildup in
accordance with RG 1. 127, Revision l. Details of the monitoring program have
not been provided; however, the details which will define the depth of sediment
that will be allowed to accumulate before removal is necessary and a procedure
for removal will be included in a Technical Specification that will be required
by the staff at the appropriate stage of staff review before plant operation
begins.

2. 4. 12 Groundwater

The overburden in the plant area consists of up to above 15 feet of dense, low
permeability, clayey soils, and saprolite. Below the overburden are the bedrock
units of the Sanford Formation of the Newark Group (Triassic), which are the
sources of groundwater in the site vicinity. The Triassic rocks consist of
claystone, shale, siltstone, conglomerate, and fanglomerate. Thin diabase
dikes are found intruded in the Triassic rocks. Even though the primary per-

meabilityy

of the Triassic rocks is very low, secondary permeability is provided
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by fractures that are filled with water below the water table. These fractures
are common to about 100 feet in depth,'becoming less prevalent below that. The
fractures are closed and sealed to water flow below about 400 feet.

Recharge to the Triassic rock aquifer by percolation of water from the surface
is slow and controlled by the location of joints and fractures. The larger
reserves of groundwater are found, near the diabase dikes. In the vicinity of
the plant site, groundwater supplies have been developed near several small
dikes for plant construction use. The applicant has installed a total of 15
small-capacity wells, which yield a total withdrawal of about 450 gpm. The
applicant does not intend to use groundwater for plant operation. Groundwater
use will cease after the plant's potable water system becomes operational.

The general groundwater movement in the plant area before plant construction
began was to the southeast. Because of pumping during construction, water
levels have been changed significantly, but the general direction of movementis still toward the southeast. The groundwater table gradient varies consider-
ably at the site, but the maximum gradient is about 0.06 foot per foot.

During the CP review, the staff concluded that the design-basis groundwater
level of 251 feet msl was conservative and acceptable and that the auxiliaryreservoir water surface elevation, which will be maintained between 250 and
252 feet msl; would not affect groundwater levels at the plant. Since that
time, Units 3 and 4 were cancelled. As a result of this cancellation the
reactor auxiliary buildings, the containment buildings, and the tank buildingsfor Units 3 and 4 will not be built, and a 400-foot-long retaining wall will

=be constructed west of the fuel handling building. The applicant has indicated
that a full groundwater hydrostatic level of 251 feet msl will be used for
design of the retaining wall.

Details regarding the number of existing groundwater users are provided in
Section 2.4.1 of this SER. Because of low population density in the plantvicinity and low well yields, the number of future groundwater users is not
expected to increase significantly. The low yields are a result of low permea-bility and limited storage capacity in the proximity of diabase dikes.

The applicant has provided descriptions of regional and local groundwater
aquifers, regional and local groundwater use, and construction monitoring
programs. The staff has reviewed the applicant's information in accordance
with the procedures in SRP 2.4. 12 and concludes that the applicant's descrip-
tions and analyses are sufficient to meet 10 CFR 100; 10 CFR 100, Appendix A;
and GDC 2.

2. 4. 13 Accidental Release of Liquid Effluents

SRP 2.4. 13 sets forth criteria and procedures for the analysis of accidental
releases of liquid effluents in groundwater and surface water. Using these,
the staff analyzed a postulated failure of the waste evaporator concentrate
tank to determine the potential for radioactive contamination of surface water
and groundwater supplies. This tank was selected for analysis because it con-
tains the highest potential concentration.
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The waste evaporator concentrate tank,. which is located in the waste processing
building, was postulated to fail, spilling its contents on the floor., The
4000 gal contained in the tank were then assumed to instantaneously and non-
mechanistically leak through the building floor and/or walls into the: surround-
ing groundwater where they would be dispersed and transported downgradient in
a south-southeast direction about 3000 feet to the Thomas Creek arm of the
main reservoir. There are no water supply wells along this route, which is
entirely within the site boundaries, nor are there apt to be in the future.
In addition, the applicant has committed to using no groundwater after construc-
tion is completed.

Because of the fractured nature of the Triassic rock formation, the staff
conservatively assumed that the accidental release would move the entire
3000 feet to the reservoir through a fracture, which the applicant estimated
to be 50 times more permeable than the Triassic rock itself. Based on field
test data, the applicant determined the permeability of the Triassic rock to
be about 10 feet per year. Thus, the permeability of the fractures was esti-
mated to be about 500 feet per year. The staff concurs in the applicant's
value for permeability and in the value of the groundwater gradient, which was
determined to be 0.06 foot per foot. The latter is based on field measurements
made before construction. The staff concludes that the preconstruction ground-
water table configuration will also be representative during operation, after
the applicant ceases pumping from the construction water supply wells. The
staff concurs in the applicant's assumed value of 0.30 for the porosity of the
fracture materials. Using a conservative value of 0.05 for effective porosity
(obtained from the literature for similar materials) and the applicant's
values of permeability and gradient, the staff determined that as a result of
radioactive decay, dispersion, and sorption, concentrations of all nuclides
attributable to a postulated failure of the waste evaporator concentrate tank
would be well below 10 CFR 20, Appendix B concentrations at the point where
they would enter the Thomas Creek arm of the main reservoir.

The staff therefore concludes, based on SRP 2.4. 12 and 2.4. 13, that the plant
meets 10 CFR 100 with respect to potential accident releases of liquid radio-
active effluents.

2.4. 14 Technical Specifications and Emergency Operation Requi„rement

The applicant has committed to establishing a program to monitor sediment
buildup in channels that are required for emer gency plant shutdown. Details
of this sediment monitoring program will be included in the applicant's Techni-
cal Specifications. The applicant has submitted a Technical Specification
that defines reservoir levels at which the plant will be shut down. This
Technical Specification will be reviewed by the staff before plant operation
begins. Also, as stated in Section 2.4.2.2, the staff will require a Technical
Specification to ensure that watertight and airtight doors, necessary to prevent
water from entering safety-related buildings, are normally kept in a closed
position.

2.4. 15 Conclusions

The staff has reviewed the design of the Shearon Harris plant according to the
SRP in regard to hydrologically and hydraulically related plant safety features.
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On the basis of this review, the staff concludes that local flooding from
intense precipitation and large-scale river flooding, either naturally occurring
or seismically induced, pose no threat to the safe operation of the plant.
The staff concludes that Shearon Harris meets GDC 2 with respect to potential
flood hazards.

The staff has analyzed the availability of water for normal cooling purposes
during diminished flow periods and concludes that adequate storage is present
in the main reservoir to maintain safe plant operation over any reasonable
drought period, as required by GDC 44, with respect to normal cooling water
availability. The staff further concludes that the auxiliary reservoir has
been properly designed to withstand any flooding event and that sufficient
water supply is available for emergency shutdown of the plant, as required by
GDC 44.

Finally, the staff concludes that the concentration of radionuclides entering
the main reservoir following a postulated spill from the waste evaporator
concentrate tank would be below 10 CFR 20 limits. Therefore, the plant meets
the requirements of 10 CFR 100 with respect to potential accidental release of
contaminated liquid effluents.

2.5 Geolo and Seismolo

2.5. I Basic Geologic and Seismic Information

The geology and seismology of the site was reviewed in detail before the con-
struction permits (CPs) were issued for Shearon Harris Units 1, 2, 3, and 4 by
the staff of the U.S. Atomic Energy Commission, the predecessor to the NRC,
its geological advisors, the U.S. Geological Survey (USGS), and its seismologi-
cal advisors, the National Oceanic and Atmospheric Administration (NOAA). The
findings of that review were published on December 22, 1972 (U.S. Atomic Energy
Commission, 1972) as part of the SER-CP.

Additional geologic investigations made by the applicant after the CPs for
Units~I,"2, 3, and 4 were issued were prompted by the discovery of a fault
duper kg the excavation of the waste processing building. The applicant notifiedr+he staff of this discovery on July 11, 1974. Investigations and evaluations'y

the applicant, his consultants, and the NRC staff were required to assess
the impact of the new geologic data on the seismicity of the site. A two-volume
report, "Fault Investigation Shearon Harris Nuclear Power Plant Units 1, 2, 3,
and 4" (Ebasco Services, Inc., 1975), resulted from the applicant's investiga-
tion. The staff evaluation of the applicant's finding was reported in Supple-
ment No. 3 to the SER-CP, dated July 1977.

During the current review, the NRC staff identified the following issues for
further review:

(1) new geological and seismological information discovered since the CP

review

(2) the postulated Neuse fault southeast of the Shearon Harris site
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(3) minor faults exposed in the excavations

(4) the adequacy of the seismic design response spectrum

Much of the new geologic and seismic data has been developed from research in
the southeastern United States, particularly in the Charleston, South Carolina,
area. During past licensing decisions, the NRC and AEC have held to the posi-
tion that the relatively high seismic activity within the Coastal Plain Province
in the vicinity of Charleston, including the 1886 Modified Mercalli Intensity
(MMI) X earthquake, was, for licensing decisions, related to a unique tectonic
structure there.'' Therefore, in the context of the tectonic province approach,
an MMI X earthquake should not be assumed to occur anywhere else. This conclu-
sion was based primarily on the persistent historical seismicity that has
characterized that meizoseismal zone of the 1886 Charleston earthquake. It
was also based on evidence, though not strong, of unique geologic structure.
Lacking definitive information, the NRC-AEC based its conclusion in part on
advice from the USGS.

In 1973, with AEC funding, the USGS began extensive geologic and seismic inves-
tigations in the Charleston region. These studies are still under way. As a
result of these investigations, a great deal of information has been obtained,
but- the source mechanism of the seismicity still is not known. Many working
hypotheses have been developed based on the research data. These hypotheses
are described in the Virgil C. Summer SER (NUREG-0717) and will not be discussed
here, except to say that some of these theories postulate that an earthquake
the size of the Charleston earthquake of 1886 could recur in other areas of the
Piedmont, Atlantic Coastal Plain, and continental shelf, in addition to the
epicentral area.

Because of the wide range of opinions within the scientific community concern-
ing the tectonic mechanism for the Charleston seismicity, the USGS clarified
its position regarding the localization of the seismicity in the vicinity of
Charleston, including the 1886 MMI X earthquake (Devine, November 18, 1982).
The NRC staff has formulated an interim position concerning eastern seismicity
in general and Charleston seismicity in particular (see Appendix F and Vollmer,
March 2, 1983). As part of future research efforts described in that posit+ion,
the NRC staff is addressing the uncertainties about eastern seismicity by pro-g
babi listic studies funded by NRC and conducted by Lawrence Livermore National
Laboratory (LLNL). At the conclusion of these studies, the NRC staff will
assess the need for a modified position with respect to specific sites. In
the interim, considering the speculative nature of most of the eastern seismi-
city hypotheses, the low probability of large earthquakes in'the eastern U.S.,
and present knowledge of the geology and seismology of the region, the NRC

staff considers the Shearon Harris design basis appropriate. The staff does
not consider this issue an open item.

In licensing decisions since about 1976 regarding the seismic design basis of
nuclear power plants located in the Precambrian-Paleozoic crystalline section
of the Appalachian Orogen, particularly in the New England and the northernmost
Piedmont, the NRC staff has recognized the New England-Piedmont tectonic pro-
vince. Because the maximum historic earthquake in different parts of this
province was an MMI VII (magnitude about 5.3), it has not been important to cri-
tically consider subdividing this province. In the southern Appalachian area,
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however, the staff has for the purpose of licensing treated the southern Pied-
mont as a separate area within the assumed New England-Piedmont tectonic prov-
ince (for the McGuire, Summer, Catawba, Perkins, Cherokee plants). On January 9,
1982, a body-wave magnitude (mb) 5.75, MMI VI, earthquake occurred in south-
central New Brunswick, Canada. Extensive research is under way regarding that
earthquake by Canadian scientists, the USGS, universities, consulting firms,
and the New England utility 'companies. The NRC staff is monitoring the results
of these studies and assessing them with respect to nuclear power plant sites
in the region. Also the deterministic and probabilistic studies concerning
seismicity of the eastern seaboard and New Brunswick that are described in the
NRC's interim position on eastern seismicity (Appendix F) will be evaluated by
the NRC staff as the results become available. Based on the available informa-
tion (see Sections 2.5. 1.3, 2.5.2.2, and 2.5.2.3), the NRC staff finds that an
mb 5.75 earthquake such as the one that occurred in New Brunswick, Canada,
should not be considered in the seismic design of the Shearon Harris plant
because of the remoteness of the site from the epicenter of that earthquake of
January 9, 1982 (about 1600 km) and the low level of seismicity in the site
region as compared to other regions in the Peidmont. The staff's specific
recommendations are given in Section 2.5.2.4.

The staff considers the deterministic investigations performed by the appli-
cant at the Shearon Harris site adequate, and, based on present knowledge, thestaff concludes that the local faults do not present a surface displacement
hazard to the site, nor do they have the potential to localize earthquakes in
the site vicinity.

With the qualification stated below and in Section 2.5.2.4, the staff concludes
that the applicant has satisfied the requirements of Appendix A to 10 CFR 100.
The staff also finds that the FSAR conforms to the applicable sections of the
SRP and RGs 1.60, Revision 1, and 1.70, Revision 2.

Based on its review of the FSAR and pertinent documents from the publishedscientific literature, the staff concludes:

(1) The applicant .has conducted an adequate investigation of the site and the
region around it. Based on present knowledge, there are no capable faults
in the site region and there are no geologic conditions that pose a hazard
to the nuclear plant and its facilities. The Prowell (1983) report, which
provides some new information on faulting in the site region, is being
reviewed by the NRC staff and the applicant (see Section 2.5. 1.4). If
this review results in changes in the staff's conclusion regarding cap-
able faulting in the vicinity of the site —which appears unlikely--the
results will be reported in a supplement to the SER.

(2) The safe shutdown earthquake (SSE) of 0. 15g zero period acceleration
anchoring an RG 1. 60 response- spectrum is adequate. Soil amplification
for seismic. Category I structures not founded on competent rock is analyzed
and discussed in Section 3.7. Vertical response spectra were prepared in
accordance with RG 1.60.

(3) The operating basis earthquake (OBE) of 0.075g zero period acceleration
anchoring an RG 1.60 response spectrum is adequate.
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(4) Seismicity has not been observed during the filling of the reservoirs at
the Shearon Harris site. Seismic monitoring of the reservoirs will
continue for 2 years after the reservoirs are filled.

2. 5. 1. 1 Regi onal Geol ogy

The Shearon Harris site is located in the Deep River Triassic Basin, which lies
mostly within the Piedmont Physiographic Province. Upland elevations range from
100 m above sea level along the eastern border of the province to about 500 m

above sea level at the western border. The Piedmont Province trends north-
easterly and is bordered on the east by the Coastal Plain Province and on the
west by the Blue Ridge Province. The Piedmont is underlain by metamorphic and
igneous rocks formed in Late Precambrian and Early Paleozoic time. Several
orogenic episodes are recognized in the Piedmont beginning in Late Precambrian
time and ending in Late Paleozoic.

The rocks of the Piedmont slope to the southeast and disappear at the Fall Zone
beneath the southeasterly thickening wedge of unconsolidated to poorly consoli-
dated sediments underlying the Coastal Plain Physiographic Province. The
Coastal Plain is comprised of Cretaceous to Recent (138 million years before
present (mybp) to present) sands, gravels, silts, clays, shells, and limestones
that thicken from the Fall Zone to up to 3000 m along portions of the Carolina
coast. The Coastal Plain Province is 150 to 200 km wide and ranges in elevation
from 200 m in the west to sea level in the east.

The Blue Ridge Physiographic Province, which extends from Pennsylvania to
Georgia, a distance of 900 km, rises precipitously from the Piedmont Province.
It consists of a single mountain ridge 10 to 20 km wide in the central Appala-
chians and broadens to 100 km wide in the southern Appalachians where the
highest mountains in the range are located. The province is an anticlinorium
consisting of a series of superimposed thrust sheets, which were later folded
and faulted. The placement of these thrust sheets presumably took place
during the Alleghenian Orogeny during the Late Paleozoic time (300-240 mybp).

Two orogenic episodes recognized in the Piedmont are the Early Paleozoic Taconic
Orogeny (500-430 mybp) followed by the Late Paleozoic Alleghenian Orogeny
(300-240 mybp). These were followed by a period of extensional tectonics occur-
ring in the Late Triassic-Jurassic (215-190 mybp), which resulted in a series of
northeast trending basins, one of which is the Deep River Basin. Structurally,
the basin is a trough-shaped graben filled with unmetamorphosed, mostly clastic
sediments of Late Triassic age (215-205 mybp).

The southeastern border of the basin is formed by the Jonesboro Fault, which
passes approximately 6.5 km southeast of the plant site, under the reservoir.
Accumulation of the sedimentary wedge was concurrent with continued movements
of the Jonesboro Fault and the development of cross-basin faults. The Jones-
boro Fault is an oblique dip-slip fault with a total vertical displacement of
1.5 to 3 km and unknown right-lateral displacement. Its total length exceeds
160 km. The basin sediments are intruded by diabase dikes of Late Triassic or
Early Jurassic (215-190 mybp) that trend northwesterly. The di kes trend
N10'-40'M and range up to 254 cm in width and to more than ll km in length.
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2.5. 1.2 Neuse Fault Study

Two recent reports by the U.S. Army Corps of Engineers (COE, 1981 and 1982)
postulated the Neuse Fault, located southeast of the Shearon Harris plant site.

. According to maps appearing in the reports, the fault trends northwest-southeast
and, if extended northwesterly for approximately 40 km, passes near the plant
site. A fault that appears to follow the Neuse River was first postulated by
Ferenczi (1959) and later recognized and named by Baum et al. (1978). The
fault is described as having been active in time from the lower Cretaceous
(138-96 mybp) through the guarternary (2 mybp). Baum et al. (1979) theorized
that the "uplift" along the fault has occurred in the past 30,000 years.

To evaluate the validity of the Neuse Fault the applicant has reviewed the
occurrences of the postulated fault and the associated geologic literature on
the Coastal Plain of North Carolina. In addition, the applicant interviewed
experts on North Carolina Coastal Plain geology. A letter report (Ebasco
Services,, Inc., 1983) submitted to the NRC summarizes the applicant's findings.
On the basis of that review and the absence of seismicity associated with the
proposed fault, the applicant concludes that there is no unequivocal evidence
that the proposed fault exists or that there has 'en any post-Cretaceous (<63
mybp) movement along its proposed alignment.

The staff has also reviewed the literature and has discussed this issue with
the authors of the COE reports, with Professor Victor A. Zullo (coauthor of the
reports by Baum et al.), and with other experts on the geology of the North
Carolina Coastal Plain. COE geologists, Porter Morgan and Tom Hicks, who pro-
vided the geologic input to the reviews of the John H. Kerr and Phi lpott Dams,
indicated that, in their opinion, there is no conclusive evidence for the pro-
posed fault. They did'o independent-investigation to determine if the fault
exists, and because there is no seismicity associated with the proposed fault,
the COE criteria did not require further study. All of the information regard-
ing the fault that is contained in the COE reports on the dams was derived from
the literature.

The staff study of the literature and discussions with experts in the field
found that three different locations have been ascribed to the proposed fault.
The first, referred to as the Cape Lookout-Neuse Fault, was proposed by Ferenczi
(1959). Baum et al. (1979), who recognized and renamed the fault the Neuse
Fault, relocated it approximately 65-80 km to the south; there it was proposed
to intersect the coastline. Baum et al. also changed the orientation of the
fault. This relocation invalidated significant supporting evidence for the
fault's existence as proposed by Ferenczi. In discussions with the staff,
Professor Zullo noted that the proposed location of the fault had been relocated
50 km further south, where it was proposed to intersect the coastline. Thus,
the fault is now seen as passing through the mouth of the New River rather than
in the proximity of the Neuse River, as previously proposed. Also, the proposed
orientation has been changed to a more easterly one. The variety of interpre-
tations of the location of this postulated fault result from the rather
generalized evidence for its existence.

Based on its review, the staff concludes that there is no evidence to indicate
that the proposed fault exists. Moreover, even if it does exist, there is no
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evidence that it is a capable fault and thus a hazard to the site, even assuming
that the fault has any one of the three proposed locations and orientations ~

discussed above. Therefore, the staff concurs with the appl,icant that there~
is no seismicity associated with the alignment of the prop'osed Neuse Fault and
that no seismic evidence suggests that the fault. exists.

2.5. 1.3 Tectonics of the New Brunswick Epicentral Area and the Shearon
Harris Site

Since 1976, for its reviews of sites located in New England and the northern-
most Piedmont, the staff has assumed a uniform New England-Piedmont Tectonic
Province. The maximum historic earthquake for this province was Modified Mer-
calli Intensity (MMI) VII or an mb 5. 3. On January 9, 1982, the New Brunswick

earthquake occurred in New Brunswick, Canada, which is assumed to be in the
northern part of the New England-Piedmont Province. Because the Shearon Harris

'iteis in the Piedmont Physiographic Province, which is in the southern
Appalachians, Appendix A to 10 CFR 100 requires that the NRC staff determine
whether the tectonics of the Piedmont and the southern Appalachians are such
that the New Brunswick earthquake should be assumed to possibly occur at the
Shearon Harris site.

In tracing the tectonic history of the Appalachians, the Paleozoic Orogenies
that are significant to a comparison of the northern and southern Appalachians
are the Taconic, Acadian, and Alleghenian Orogenies and the Late Triassic-
Jurassic (215-190 mybp) rifting. The tectonic evolution of both the northern
and southern Appalachians was similar through the Early Paleozoic Taconic
Orogeny (500-430 mybp), whereas subsequent orogenies affected different regions
of the Appalachians (Rodgers, 1970). The Devonian Acadian Orogeny (410-360
mybp) was the major event affecting the northern Appalachians, producing a

northerly trending complex series of anticlinoria'nd synclinoria that are
characteristic of the New England'physiographic province. The Late Paleozoic
Alleghenian Orogeny (300-240 mybp) greatly affected the southern Appalachians,
resulting in very large amounts of horizontal transport of crystalline thrust
sheets. The Blue Ridge, the Inner Piedmont, and the Carolina slate belt all
appear to have been thrust westward over Precambrian (>1 billion ybp) Grenvi lie
basement rock (Cook et al., 1979). A series of sediment-filled, structural
basins formed in the Late Triassic-Jurassic (215-190 mybp) along the entire
length of the Appalachians, from Nova Scotia southwestward to South Carolina.
They are apparently the result of uniform, essentially east-west extensional
stress, related to the opening of the Atlantic Ocean. A system of narrow
steeply dipping diabase dikes that post-date the basins also formed in the
Late Triassic-Jurassic; these were apparently the result of deep-seated,
northeast-southwest to'east-west extension.

Taylor and Toksoz (1982) characterize the northern Appalachians by a relatively
thick 40-km crust with two well-defined layers. The upper 15-km-thick layer
probably corresponds to rocks that were subjected to a high degree of compres-
sion and crustal shortening during the Taconic and Acadian Orogenies. The

lower layer is characterized by relatively high seismic velocities, perhaps
indicative of the involvement of oceanic crust during the collision episodes.
In contrast, the southern Appalachians exhibit a relatively homogeneous,
low-velocity crust that is more like the (pre-Appalachian) Grenville crust
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than that of the northern Appalachians. The similarity of the southern
Appalachian and Grenville crustal velocities is consistent with the interpreta-
tion that. much of the Piedmont is allocthonous and actually overlies Grenville
basement. However,, Sequin (1983) compared the 'results of his study of seismic
reflection profiles and gravity surveys of the quebec Appalachians with the
Consortium of Continental Reflection Profiling (COCORP) work in the southern
Appalachians (Cook et al., 1979, l981). Sequin concluded that the major
detachment (thin-skinned "thrusting) of lower Paleozoic sediments onto the
Precambrian Grenvi lie basement described by Cook et al. is similar to the
overthrusting in the quebec Appalachians, except that the lateral movement is
larger in the southern Appalachians.

The differences in the seismic velocities indicating differing crustal composi-
tion of the northern and southern Appalachians is evidence for and the outcome
of the Acadian and Alleghenian Orogenies, respectively, in the two regions.
Based on the following discussion of Mesozoic (240-63 mybp) and younger tec-
tonic history, this may not be an adequate basis for a division of the New
England-Piedmont Tectonic Province. Of importance to what influences the
seismicity of a region are the orientation and magnitude of the existing
stress regime, the orientation of geologic structures or zones of weakness,
and rock properties. However, the rock properties may be modified by- super-
imposed structure--such as faulting, fracturing, and jointing--which may act
as zones of weakness, and thus modify the response of the rock mass. These,
characteristics may transcend crustal composition and the tectonic evolution
of the region.

The Late Triassic-Jurassic basins and dikes are of considerable interest when
the tectonic history and evolution of the eastern U,S. are considered. Trends
of the structural basins conform grossly to the northe'astward strike of the
regional structural grain of the Appalachians produced before Late Triassic
time. This would indicate that the controlling feature that most influenced
the response to regional extensional stresses in both the northern and south-
ern Appalachians was the orientation of existing structures, regardless of the
changing crustal composition along the length of the Appalachians. Consequently,
the rifting that occurred in the Late Triassic-Jurassic has imprinted or super-
imposed post-Paleozoic regional zones of weakness by locally and regionally
modifying existing rock properties.

This is evidenced by the Blue Ridge Scarp, a Late Tertiary (24-2 mybp) normal
fault, which utilized the existing structures of the Triassic basins bordering
the Blue Ridge Scarp to the east (White, 1950). The scarp extends 1100 km

from Gainsville, Georgia, to northwestern New Jersey. Rodgers (1970) states
that much of the east flank of the Blue Ridge Anticlinorium is cut out by the
normal fault (Catoctin border fault) that bounds on the northwest the largest
of the Triassic basins and continues to the northern boundary of Maryland.

Narrow, steeply dipping diabase dikes intrude the basin sediments in all areas
of outcrop, and they extend into the surrounding older rocks for great distances
(King, 1961). Most of the di kes are located'n the Piedmont Physiographic
Province. However, they also extend into the New England Physiographic Province.
Most dikes locally have a common trend, and these local common trends vary from
a northwesterly direction in the southwestern segment of the Appalachians to
northeasterly in the northeastern segment. The trends of the dikes are every-
where discordant to the structural grain of the enclosing Paleozoic rocks, and
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they are everywhere straighter than these structures'. The extension that created
the dikes is manifested in a uniform, systematically changing direction, again
apparently irrespective of the contrasting crustal properties between 'the
northern and southern Appalachians.

The Late Triassic-Jurassic Basins, their border faults, and the dikes 'cross
both northern and southern Appalachians. They are manifestations of a stress
regime of east-west extension related to the opening of the Atlantic Ocean,
which existed during that time, but they were not necessarily conditioned by
variations in the crust. The basins and associated faults, which are products
of extensional tectonics, follow closely the stri ke of the older rocks and
were probably conditioned by existing zones of weakness. However, the dikes,
which are products of deep-seated extension directed horizontally in the
crust, cut cleanly through all other older structures. The dikes also transcend
any distinctions between northern and southern Appalachians. Thus, these Late
Triassic-Jurassic movements have resulted in structures that moderated the
differences between the northern and southern Appalachians. Because of their
structural uniformity, an argument for differing seismic characteristics and
differing response to regional stresses because of the difference in the tec-
tonic history and the postulated crustal differences in the northern and
southern Appalachians may not be supportable.

The relationship between the stress field (as shown by shallow measurements)
and seismicity at depths of 5-25 km is poorly understood and is being intensely
studied by the geologic community. The present-day stress regime along the
eastern seaboard of the U.S. is assumed to be essentially east-west compression
(Sbar and Sykes, 1973; and Zoback and Zoback, 1980). Based on the above dis-
cussion, the staff cannot assume that the seismogenics of the southern Appala-
ch'ians would or would not, under the present stress regime, differ from that
of the northern Appalachians. Present-day seismogenics may be influenced by
the orientation of existing structures and zones of weakness, which have
increased in complexity through geologic time. Therefore, the staff cannot at
this time reach a conclusion as to the division between the northern and
southern Appalachians forming separate and distinct tectonic provinces.

A comparison was made of the geology of the New Brunswick epicentral region
with that of the site region. The New Brunswick epicenter and aftershock zone
is located within the Devonian North Pole Granite Pluton. The Shearon Harris
site, on the other hand, is located in the Deep River Triassic Basin, on clastic
sedimentary rocks that include red sandstones, si ltstones, and shales that have
been intruded by diabase dikes and si lls. These rocks are at least 10,000 feet
thick beneath the site. The site region is characterized by extensive Mesozoic
sedimentation and Triassic and some post-Triassic deformation. The Paleozoic
rocks that surround and underlie the Deep River Basin show widespread Alleghenian
deformation.

The New Brunswick epicentral area is in the northern extension of the New
England fold belt, a product of Acadian deformation, within the Miramichi
Anticlinorium. The major tectonic structures in the New Brunswick area include
the Catamaran Fault, which trends north-south up to several .ens of kilometers
south of the North Pole Pluton and then swings to an east-west strike, and a
thrust-fault system that continues northward along the Catamaran Trend, past
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the point where the Catamaran veers to the east. The Catamaran Fault is be-
lieved,to have experienced 6 to 20 km of right-lateral strike-slip movement.
Hypocentral locations of many aftershocks of the 1982 earthquake suggest move-
ment along north-south striking thrust faults that dip both to the east and to
the west. A north-south-oriented fresh fracture with several centimeters of
vertical movement at the surface of bedrock has been identified and may be
related to the mainshock. If future investigations show this to be the case,
this fault would be considered'he causative fault for the New Brunswick earth-
quake, which may then be restricted to that fault structure. It is the NRC
staff's current understanding that the Canadian government will be excavating
this fracture in the near future. The NRC staff will also be present to examine
the excavation.

The major structures in the vicinity of the Shearon Harris site include the
Jonesboro Fault, a normal fault that forms the eastern border of the Deep River
Basin. The basin is filled with a wedge-shaped block of gently dipping fluvial
or lacustrine sediments, approximately 3 km thick. Two systems of normal faults,
northeast-trending major longitudinal faults and northwest-trending minor cross'
faults, have broken the rocks of the southern half of the Deep River Basin into
irregular blocks. Five major longitudinal faults paralleling the Jonesboro *

Fault are the Deep River, Gulf, Indian Creek, Governor Creek, and Crawley Creek
Faults. These faults and smaller ones in the plant site have been investigated
by the applicant and shown to be at least 2.5 million years old and more likely
136 to 190 million years old (NRC, 1977).

On the basis of the above geological information--which indicates strong dif-
ferences in local structural style, stratigraphy, and local structure--the NRC
staff concludes that the January 1982 New Brunswick earthquake occurred in an
environment that is characterized by locally different seismic and geologic con-
ditions than that of the Shearon Harris site; however, because geology cannot
be the sole basis to distinguish between the seismogenics of the northern and
southern Appalachians, and because there is a need to consider the seismicity, a
separate tectonic province within the meaning of Appendix A to 10 CFR 100 cannot
be defined at the present time. This is discussed further in Section 2.5.2.3 of
this report.

Considerable research activity sponsored by the Canadian government, USGS, NRC,
and industry is directed toward determining whether or not the 1982 New Bruns-
wick earthquake can be associated with local geologic structure. The staff will
keep abreast of the information as it develops; however, based on the geologic
information available at this time, there is no reason to change the conclusions
arrived at the'CP stage of review.

2.5. 1.4 Site Geology

The site is located near the eastern edge of the Cape Fear River drainage
system. The plant site is on an upland area of gently sloping hills and ridges
located between Tom Jack Creek on the west and Thomas Creek on the east. fleva-
tions of hill tops and ridge crests are mostly between 90 and 100 m, and local
relief is generally less than 20 m. The site is underlain by gently dipping
rocks of the Upper Triassic Sanford Formation. The bedrock is mostly siltstone
and fine-grained sandstone, interbedded with subordinate shale, claystone, and
conglomerate. These rocks consist mostly of alluvial fan, stream channel, and
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floodplain deposits and are characterized by abrupt changes in composition and
texture, both horizontally and vertically.

Several north-to-northwest-trending diabase dikes of Triassic-Jurassic age have
intruded the Triassic bedrock in the site vicinity. These dikes are near ver-
tical and are 1/3 to 5 m thick. Bedrock adjacent to the dikes is commonly baked
to a dark gray or black color. Most dikes are deeply weathered to a mixture of
clay and rounded cobbles of residual diabase.

Prowell (1983) indicates that several faults of possible Plio-Pleistocene (5 to
0.01 mybp) age are located in the vicinity of the Shearon Harris site. These
faults are included in a compilation of Cretaceous and Cenozoic faults of the
eastern U.S. Such faults are not recent discoveries but rather have been known
to exist for tens of years.

The applicant has been requested to pursue the information published in this
report, especially in regard to any possible Plio-Pleistocene faulting that may
be mapped in the site vicinity. The NRC staff is also studying the new informa-
tion. At this time it is the staff's position that there are no capable faults
in the site region. If this conclusion should change as a result of the above
studies, the change will be reported in a supplement to the SER.

2.5.2 Vibratory Ground Motion

2. 5. 2. 1 Summary

The conclusion reached at the CP review by both the staff and its consultants,
(USGS and NOAA, SER-CP, SSER-CP No. 1 and SSER-CP No. 3) was that 0. 15g (SSE)
and 0.075g (OBE) accelerations, when used with RG 1.60 response spectra, are
adequate. At the OL review stage, the staff evaluates,tectonic provinces to
determine the vibratory ground motion corresponding to the SSE. Current staff
practice has been to request the applicant to calculate, appropriately derived
site-specific response spectra from accelerograms for similar controlling earth-
quake size and epicentral distance and local site conditions. It is the staff
position that the Shearon Harris design should meet the 84th percentile of the
site specific spectrum of earth'quake records with a mean magnitude of 5.3 (mb)

at distances of less than about 25 km. The staff concludes that the Shearon
Harris design criteria are acceptable.

2.5.2.2 General Seismicity

The region in the immediate vicinity of the site is characterized by a low level
of seismicity. The maximum historic event within 200 km of the site is epicen-
tral MMI VI. Mithin 80 km of the site, there have been seven felt events, the
largest intensity IV, and only three instrumentally recorded events, the largest
magnitude 2.8. However, a moderate level of earthquake activity has occurred in
the surrounding region at distances greater than about 200 km from the site:
the 1774 and 1875 Richmond, Virginia, MMI VII, events.210 km from the site; -the
1886 Charleston, South Carolina, MMI X earthquake 320 km away; the 1897 Giles
County, Virginia,'MI VIII event, 260 km away; and the Union County, South
Carolinia, event 270 km away.

Beginning in 1977, bulletins of the Southeastern U.S. Seismic Network (SEUSSN)

describing the seismicity of the southeast were issued. In these bulletins,
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the hypocenters of a large number of small magnitude earthquakes were published,
thus providing a significant improvement in detection and location capability
in the region. However, the level of activity in the site region remains low.
During the period January 1978 through December 1981, only eight events occur red
within 200 km of site, and all were less than magnitude 3.0. Only three of
these earthquakes occurred within a radius of 80 km from the site. In addition,
the applicant's seismic network at the site, in operation since September 1977,
has recorded no earthquakes with epicenters in the site area. Thus recent
seismic monitoring supports the observation that the site is located in an area
of low historic seismicity. ~

2.5.2.3 Seismicity of the New Brunswick Epicentral Area and the Shearon
Harris Site

The NRC staff has reviewed the seismicity in the Shearon Harris site area and
the epicentral area of the January 9, 1982, New Brunswick earthquake. On the
basis of this review, the NRC staff concludes that the Shearon Harris site
area had experienced a significantly lower level of historical seismicity than

'entralNew Brunswick before the January 1982 earthquake, and, therefore, the
seismic hazard is likely to be less at the Shearon Harris site than that in
New Brunswick.

Barstow et al. (1981) compiled catalogues of earthquakes in the northeastern
U.S. and adjacent southeastern Canada for the period 1534-1978. Events since
October 1975 have been detected and located by the Northeastern U.S. Seismic
Network (NEUSSN). Figure 3 of NEUSSN Bulletin 24 (1982) shows events recorded
by the network from October 1975 through September 1981. This instrumental data
set is in general agreement with the historic seismicity data. The earthquakes
in central New Brunswick are seen as part of a broad scattered pattern that
extends throughout Maine and New Brunswick. In a 160-by-160-km square centered
around the New Brunswick magnitude 5.7 epicenter, 36 events were felt or instru-
mentally recorded between 1824 and 1981 (Barstow et al., 1981, and NEUSSN Bul-
letins). Before the January 1982 events, earthquakes in 1855 and 1922 that were
not located instrumentally, with maximum MMI V, may have occurred in north-
central New Brunswick, with a magnitude at least 5.0 (Stevens, 1982). Since
instrumentally determined magnitudes were first reported for this area in 1930
(see Table 2. 5), there have been 2 events with magnitude 4. 0 to 4. 9, 8 events
with magnitude 3.0 to 3.9, and 14 events with magnitude 2.0 to 2.9, not includ-
ing the magnitude 5.7 event and its aftershocks.

FSAR Table 2.5.2-1 lists earthquake epicenters within about 320 km of the
Shearon Harris site for the period 1698 to 1981. Since July 1977, earthquakes
in the region have been detected and located by the SEUSSN. As shown in
Table 2.5, in a 160-by-160-km square centered around the Shearon Harris site,
no events were instrumentally recorded before 1978, and there have been only
three events recorded since then: magnitude 2. 2 on February 25, 1978; magni-
tude 2.8 on March 4, 1981; and magnitude 1. 1 on October 3, 1981. FSAR Fig-
ure 2.5.2-la shows nine other events felt in this area (1808, 1850, 1871, 1883,
1886, 1896, 1898, and two in 1972). Reagor et al. (1980) show maximum MM

intensities of III to V for these events. Because there are no NEUSSN stations
in Canada and the population density is low in central New Brunswick, the detec-
tion threshold may be higher in New Brunswick than near the Shearon Harris site
and the differences in seismicity may, therefore, be even greater. In any case,
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the Shearon Harris site is clearly an area of significantly lower seismicity
than central New Brunswick.

Table 2.5 Instrumentally recorded
earthquakes in a
160 x 160-km square
centered around the
Harris site versus the
New Brunswick magnitude
5.75 epicenter

Shearon
Harris New Brunswick

Magnitude (1930-1981) (1930-1980)

2. 0"2. 9 2
3. 0-3. 9 0
4,0-4. 9 0

14
8
2

The applicant has performed a simple but conservative earthquake probability
study (FSAR Section 2 ~ 5.2.7) that assumes seismicity is uniform within 402 km
of the site. The probability that an MMI VII event (the SSE) will occur with-
in an area of radius 16 km around the site is about once every.10,000 years.
For MMI VIII (magnitude 5.7 to 5.8), the probability is once in 30,000 years.

The staff consultant, Lawrence Livermore National Laboratory (LLNL), is conduct-
ing a probabi listic earthquake hazard study for the Shearon Harris site to
estimate return periods associated with different levels of response spectral
amplitudes, including design values.

The staff has not reached a final position as to the tectonic province in which
the magnitude 5.75 New Brunswick event occurred, and it is unlikely that it will
do so during the Shearon Harris licensing review. However, the New England-
Piedmont Tectonic Province is a large province (over 2400 km in length) within
which there are varying levels of seismicity. Recurrence of a magnitude 5.75
earthquake would most likely occur in areas of higher seismicity in the Piedmont.
The region near the Shearon Harris site, however, is historically a region of
low seismicity and, in the view of the staff, the likelihood of a magnitude 5.75
event occurring near the site is very low. Hence, the staff finds a magnitude
5.3 earthquake (the largest earthquake assumed to occur in the southern Piedmont)
is adequately conservative as the maximum random earthquake in the vicinity of
the Shearon Harris site. This position is consistent with past review positions
taken for sites in the southern Piedmont (McGuire, Summer, Catawba, Perkins, and
Cherokee).

2.5.2.4 Tectonic Provinces and Maximum Earthquakes

In the SER-CP, the staff found that Triassic Basins in the Piedmont appear to
have experienced a greater number of earthquakes than the remaining portion of
the Piedmont. Based on this, the staff seismology consultant (the National
Oceanographic and Atmospheric Administration, NOAA) found that it is possible
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that an event larger than the largest historic events in the Piedmont (1913,
Union County, South Carolina, MMI VII or 1875, Richmond, Virginia, MMI VII)
could be experienced within one of the Triassic Basins. NOAA recommended that
an MMI VII-VIIIearthquake be considered as the maximum earthquake likely to
affect the site, which is located in a Triassic Basin.

The FSAR notes that the region in the immediate vicinity of the site is charac-
terized by low-level seismicity. The applicant recognizes three seismic zones
that border the site region: Central Virginia, South Carolina-Georgia, and the
Southern Appalachians. The applicant does consider it possible that some MMI
VII earthquakes in the Piedmont may have been related to Triassic Basins. Thus,
the applicant considers the maximum potential earthquake to be an event of MMI
VII similar to the 1875 Richmond earthquake occurring in the Deep River Basin
close to the site.

The staff has evaluated tectonic provinces to determine the maximum earthquake
that is associated with the SSE. The Shearon Harris plant lies in the southern
Piedmont, which is a separate area within the assumed New England-Piedmont
Tectonic Province. The staff presently considers the maximum random earthquake
to be MMI VII or magnitude 5.3, based on the largest events in the southern
Piedmont that have not been associated with structure. With respect to Shearon
Harris, the largest earthquake within the southern Piedmont that has not been
definitely associated with a tectonic structure is also the largest earthquake
associated with Triassic Basins (MMI VII). There is disagreement among experts
on correlation of earthquakes with structure in this region of the U.S. It is
the staff's position that there, are insufficient data to support a specific
correlation of seismic activity with the Triassic Basins near the Shearon Harris
site. Seismicity near the site has been of low level (the largest historical
events within 200 km of the site are MMI VI), and seismicity has not been
associated with the nearby Triassic Basins. It is the staff's position that
using the largest historical earthquake in the southern Piedmont (also the
largest event associated with Triassic Basins in the southern Piedmont) is
adequately conservative for determining the maximum random earthquake.

The largest historic earthquakes in the southern Piedmont have an estimated MMI
of VII. Two of these--the February 21, 1774, earthquake and the December 22,
1875, earthquake--occurred near Richmond,'irginia, approximately 210 km north-
east of the site. A third, the January 1, 1913, Union County, South Carolina,
earthquake occurred at a distance of approximately 280 km southwest of the site.
Bollinger (1973) lists these earthquakes as having an MMI VII and its equivalent
Rossi-Forel VII-VIII;Barstow et al. (1981) list these earthquakes with MMI VII;
and Coffman and Von Hake (1982) list these„earthquakes with MMI VII or VI-VII.

In recent safety evaluation reviews, the staff has maintained that magnitude is
a more appropriate measure of earthquake source strength than intensity (which
is a measure of observed damage and felt effects). Magnitude is usually deter-
mined from instrumental records; however, because there were no instrumental
recordings, Nuttli et al. (1979) derived a magnitude estimate for the 1774 and
the 1875 Richmond events from felt area and isoseismal information. The esti-
mated magnitudes (mb) range from 4.5 to 5.0. In another study, Nuttli and

perrmann (1978) indicated that an appropriate equivalent magnitude for an epi-
central MMI of VII is a magnitude 5.3 (mb). It is the staff's conclusion that
the maximum historic earthquakes in the southern Piedmont can be conservatively
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defined as having an estimated maximum magnitude of 5.3 (mb). Events similar
to the largest that have occurred in the southern Piedmont could occur anywhere.
in the province and should be considered as the maximum random earthquake in the
vicinity of the Shearon Harris site. A discussion of the staff's position on
the 1982 magnitude 5.75 New Brunswick earthquake is in Sections 2.5. 1.3 and
2. 5. 2. 3.

The August 31, 1886 Charleston, South Carolina, earthquake is listed by Coffman
et al. (1982) with a meizoseismal MMI of IX-X. Bollinger (1977) estimated, the
maximum MMI to be X. The staff's current position, as in the, past, is that the
Charleston seismicity should not be assumed in the tectonic province approach
for licensing purposes to occur anywhere else (see Appendix F). The effects of
a recurrence of an 1886 Charleston earthquake in the Summerville-Charleston area
and its influence on the Shearon Harris site are discussed in Section 2.5.2.5.
As discussed in Section 2.5. 1, studies are underway to evaluate the potential. of
large earthquakes occurring in the eastern seaboard of the U.S.

2. 5. 2. 5 Safe Shutdown Earthquake

At the CP stage (see the SER-CP), NOAA found that the SSE should be character-
ized as a local intensity VII-VIIIevent with a peak horizontal acceleration
of 0. 15g. Although the Southern Valley and Ridge Province and the area near
Charleston are considered to have a potential for larger earthquakes than the
Piedmont (larger than MMI VII), the maximum effect at the site from earthquakes
in these areas would be less than nearby, Piedmont events. In SSER-CP 1 (1973),
the staff found that this peak acceleration value should be used for seismic
Category I structures founded on both bedrock and soil. In SSER-CP 3 (1977),
the staff noted that the applicant had revised his response spectra to comply
with RG 1.60.

In the FSAR, the applicant designates the SSE as an intensity VII earthquake
with its epicenter near the site. The resulting maximum horizontal ground ac-
celeration at foundation level within the bedrock at the site was estimated to
be less than 0. 12g. To provide an additional margin of conservatism, a value
of 0. 15g anchored to an RG 1.60. spectrum was assigned as the SSE.

The staff's position is that the following seismic hazards likely to affect the
site should be considered:

(1) a random event of intensity VII or magnitude 5.3 in the site vicinity

(2) an event the size of the 1886 Charleston earthquake (Intensity X) occur-
ring in the vicinity of Charleston, about 320 km south of the site.

The SSE is characterized by a peak ground acceleration and a response spectrum
derived from accelerometer records that record strong ground motion from earth-
quakes. When the earthquake is associated with a specific geologic structure
or tectonic province, ground motion is determined using relations between either
ground motion, magnitude and distance from the fault, or ground motion and
intensity. Numerous ground motion relations are given in the literature and are
based on recorded data. The applicant concluded that these relations result in
peak acceleration values below 0. 12g for a random Intensity VII event. The
staff considers an acceleration of 0. 13g to be adequately conservative for an
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intensity VII as determined using the trend of the means relating peak accelera-
tion to intensity shown by Trifunac and Brady (1975). This acceleration is used
as the high-frequency anchor of an RG 1.60 spectrum.

Based on published ground motion relations, the Shearon Harris 0. 15g response
spectrum is adequately conservative.

In recent site reviews, another approach that has been accepted to establish
the adequacy of the seismic design of nuclear power plants is the use of site-
specific spectra (NUREGs-0011, -0847). Although the staff has endorsed the
Trifunac and Brady (1975) relationship relating intensity t'o peak acceleration,it requested site-specific spectra as a more realistic method to assess the ade-
quacy of SSE spectra. This method uses state-of-the-art seismological informa-
tion and data analysis. Site-specific response spectra allow for the direct
estimation of the response spectrum at all frequencies for specific magnitude,
distance, and recording site conditions rather than the need to develop a refer-
ence acceleration (g value) for a site-independent standard spectrum. It is
staff's position that the 84th percentile spectrum represents an appropriately
conservative representation of the site-specific earthquake (see the Sequoyah
SER, NUREG-0011).

To estimate site-specific spectra, the applicant utilized spectra calculated
for NRC by Bernreuter (1981). The applicant selected response spectra from ac-
celerograms for recording sites with foundation conditions (rock sites) similar
to Harris. The magnitudes chosen were within one-half a magnitude unit for a
magnitude 5.3 event. For the magnitude 5.3 event, the 0. 15g RG 1.60 response
spectrum envelopes or matches the 84th percentile site-specific spectrum. Other
recent site-specific spectra studies (NUREG-0847, NUREG-0881) show similar
results. The staff concludes that the Harris SSE is adequate for describing the
ground motion effects for rock foundations as a result of the maximum random
event (magnitude 5 '). Most of the seismic Category I structures are founded
on sound rock. The effect of the soil column on the seismic response of the
structures founded on soil is reviewed in Section 3.7.

For the Intensity X event at Charleston, South Carolina, the staff found no ap-
propriate set of strong motion records. Isoseismal maps prepared by Bollinger
(1977) show that the 1886 earthquake was probably felt with an Intensity V (but
not more than VI) in the Harris site area. The intensity at the site as a
result of an 1886 Charleston, South Carolina, earthquake of epicentral Inten-
sity X was also estimated by several attenuation functions (Bollinger, 1977;
Gupta and Nuttli, 1976). Assuming an Intensity X event approximately 320 km
from the site and using the above-mentioned attenuation functions, the site
intensity ranges from Intensity V-VI to Intensity VI-VII. Thus the" ground
motion effects at the Harris s'ite from the recurrence of an 1886 Charleston
earthquake in the Summervi lie-Charleston area are less than the effects of the
maximum random earthquake (Intensity VII). The staff concludes that the Harris
SSE is adequate for describing the ground motion effects of an event the size
of the 1886 Charleston earthquake occurring in the vicinity of Charleston.

The effect of a large, distant earthquake on the Harris site may be estimated
also by a method proposed by Nuttli and Herrmann (1981). The distant earthquake
to be considered at the site is a recurrence of the 1886 Charleston, South
Carolina, earthquake with an mb of 6.6 (Nuttli et al., 1979) at a distance of
320 km. To evaluate the predicted acceleration and velocity at the site,
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spectra can be constructed by using the amplification factors proposed by
Newmark (NUREG/CR-0098). A comparison of the 5%%u'amped spectra indicates that
the resulting ground motion at the Shearon Harris site from a magnitude 6.6
earthquake at 320 km distance is much less than the seismic design values used.

2.5.2.6 Reservoir-Induced Seismicity

The principal source of water for Harris plants is a storage reservoir system
that consists of two reservoirs. As a result of the staff review of a noncap-
able fault discovered in 1974 at the Harris site, the staff asked the applicant
to seismically monitor the site to confirm the staff conclusion that the pro-
posed reservoirs will not cause fault movement during and after reservoir fill-
ing (SSER-CP 3). Monitoring should be continued for at least 2 years after re-
servoir filling, and the staff should receive quarterly reports. Such monitor-
ing is necessary because reservoir filling has sometimes been accompanied by
earthquakes beneath or near reservoirs. The possibility of reservoir-induced
seismicity is generally greater for deeper reservoirs (Stuart-Alexander and Mark,
1976). Reservoirs under 330 feet (100 m) in depth seldom experience "felt"
earthquakes associated with reservoir filling. The proposed depths of the
Harris plant reservoirs are 62 feet (19 m) for the main reservoir and 43 feet
(13 m) for the auxiliary reservoir. Both reservoir depths are close to the
lowest depths for which there has been a suggested relationship between reser-
voir filling and earthquake occurrence. For this reason, the staff concludes
that induced seismicity above the microearthquake level from reservoir loading
is not expected at the Harris site. However, to observe effects, if any, during
the filling of the reservoirs, the staff asked the applicant to seismically
monitor the site. The applicant's seismic monitoring network began operation in
1977 and consists of four stations. Each station contains a vertical-component
short-period seismometer, and one station also has two horizontal seismometers
aligned north-south and east-west. The staff receives quarterly reports of the
seismic monitoring program. Reservoir filling began in November 1980, and fill-
ing was completed in March 1983. To date no local earthquakes have been,re-
corded before, during, or after reservoir filling. Monitoring will continue for
2 years after reservoir filling. At the end of that time the applicant and
staff will meet to determine if monitoring should continue.

The seismometers at the site can be used to determine the location and size of
reservoir-induced earthquakes; however, a strong motion accelerometer would mea-
sure that ground motion parameter (acceleration) used by engineers for defining
and analyzing design. One free-field strong motion instrument was installed
on crystalline rock near the main dam in January 1983. A'second instrument
near the plant site will be installed soon. Operating of the accelerometers
should continue as long as seismic monitoring of the reservoir continues.

2.5.2.7 Operating Basis Earthquake

The applicant has proposed 0.075g for the acceleration level corresponding to
the OBE. The design vibratory ground acceleration for the OBE is taken to be
one-half of the design vibratory ground acceleration for the SSE, consistent
with Appendix A to 10 CFR 100. The staff finds that the proposed acceleration
value for the OBE is adequately conservative.
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2.5.3 Surface Faulting

On July 3, 1974, after issuance of CPs for Units 1, 2, 3, and 4, during clearing
operations and excavations in the plant area, a fault was discovered in the
foundation of the plant waste processing building. The applicant notified the
NRC of the discovery on July 11, 1974. The applicant investigated the nature
and history of movement of the fault and its relation to the geologic and tec-
tonic setting to determine whether renewed movement on the fault could occur,
resulting in surface rupture and seismicity. The results of the investigation.
.were printed in a two-volume report, "Fault Investigation Shearon Harris Nuclear
Power Plant Units 1, 2, 3, and 4" (Ebasco Services, Inc., 1975). The staff
reviewed the regional tectonics and the structural relationships, and evaluated
the studies conducted by the applicant to determine the age of most recent move-
ment on the fault. In its determination of the age of the fault, the staff
included studies on (1) radiometric dating of zeolites, (2) soil and saprolite
considerations, (3) undisturbed sediments overlying the fault, and (4) regional
geology.

The results of the investigations, together with independent studies 'by NRC
staff consultants, enabled the staff to determine that the fault is not capa-
ble as defined in Appendix A to 10 CFR 100. The applicant's reported findings,
which were substantiated by the staff and its consultants, are discussed in
SSER-CP 3. The applicant concluded, and the staff concurred, that the latest
movement on the fault is very ancient. The minimum age of the last fault move-
ment that can be demonstrated, based on radiometric dating methods, is approxi-
mately 2.5 mybp, and based on other geologic considerations, movement took place
more than 136 mybp. The staff further concluded that the fault would not be
reactivated under reservoir loading.

Beginning in December 1977 and extending through February 1980, the applicant
reported and the NRC staff inspected a number of minor faults that were exposed
as foundation excavation proceeded in the main dam and spillway areas. All of
these faults were found to be minor, with lengths measured in tens of meters
and displacements measured in centimeters.

The staff concurs with the applicant in concluding that all of the faults in
the plant site and main dam areas predate the mineralization that formed after
regional deformation that occurred at least 2. 5 million years ago and likely
more than 136 to 190 million years ago. Therefore, the faults are considered
noncapable as defined in Appendix A to 10 CFR 100.

2.5.4 Stability of Subsurface Materials and Foundations

The seismic Category
2 that were reviewed
Units 3 and 4, which
tion for these units
400 feet long and 50
structures.

I structures, systems, and components (SSC) for Units 1 and
for foundation stability are listed in FSAR Table 3.2. 1-1.
were originally proposed, have been cancelled. The excava-
is to be backfilled against a retaining wall, approximately
feet high, along the west side of the Units 1 and 2

The seismic Category I SSC that were reviewed are

~ containment buildings
~ auxiliary buildings
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fuel handling buildings
waste processing buildings
tank buildings (housing the refueling water storage tank, the reactor
makeup tank, and the condensate storage tank)
diesel generator building
diesel fuel oil storage building
emergency service water (ESW) structures, pipelines, and channels
auxiliary dam, separating dike, and channel
main dam

The staff will review the 400-foot-long retaining wall as a safety-related Cate-
gory I structure because a postulated failure of the- retaining wall could affect
the safety of the adjacent seismic Category I fuel handling building. Thestability analysis of the retaining wall is being reviewed by the staff, and thestaff's evaluation of the analysis will be addressed in a supplement to the SER.

The staff's evaluation of the geotechnical engineering aspects of the
founda-'ionsfor the main powerblock structures, the ESW screen structure, intake *

structure and pipelines, and the ESW discharge structure and pipelines is in
the following parts of Section 2.5.4, and the dams, dike, and channels are
discussed in Section 2.5.6.

2.5.4. 1 Site Conditions

2.5.4. 1. 1 Site and Plant Description

The Shearon Harris site is located about 16 miles
Carolina, in the southwest corner of Wake County.
peninsula between Tom Jack Creek and Thomas Creek
creeks flow into Buckhorn Creek, which meets Cape
southeast of the plant.

southwest of Raleigh, North
The plant is built on a

(see Figure 2.6) ~ These
Fear River about 7 miles

The main dam, across Buckhorn Creek about 4.5 miles south of the plant, impounds
normal cooling water. Emergency cooling water for safe shutdown of the plant is
impounded by the auxiliary dam, across Tom Jack Creek, that isolates an arm of
the main reservoir, as shown on Figure 2. 6. The auxiliary dam is also referred
to as the west auxiliary dam in the FSAR. Both the main and auxiliary dams are
seismic Category I structures.

Normal cooling water is taken from the main reservoir via the cooling tower
makeup water intake channel (Figure 2.6). This channel is not seismic Cate-
gory I and has not been reviewed by the staff.

Emergency cooling water for safe shutdown of the plant is obtained from the
auxiliary reservoir via the emergency service water intake channel (Figure 2.6)
and is pumped from the intake structure to the plant via the emergency service
water intake pipelines.

Cooling water used during plant operations is discharged through the emergency
service water discharge structure and channel to the auxiliary reservoir
(Figure 2.6).

To provide adequate cooling of the emergency water supply, an auxiliary sepa-
rating dike was constructed. This dike causes the >plant discharge water to
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flow longer distances through the auxiliary reservoir channel and along the
west side of the auxiliary reservoir (Figure 2.6), thereby allowing greater
time for cooling.

Normal water level in the auxiliary reservoir is 250 feet msl (elevation
250 feet); normal water level in the main reservoir is 220 feet msl.

Original grade in the main plant area ranged from about 275 feet msl to about
250 feet msl. Final grade around the plant is 260 feet msl.

The bottom of the excavations for the various powerblock structures generally
ranged from 179 feet to 234 feet. The bottom of the excavation for the other
safety-related structures, as shown on FSAR Figure 2.5E-'10, was as follows:

emergency service water screen structure, 218 feet to 226 feet msl
emergency service water intake structure, 182 feet to 184 feet msl
emergency service water discharge structure, 232 feet to 235 feet msl
diesel fuel oil storage building, 234 feet to 238 feet msl
diesel generator building, 239 feet to 246 feet msl

All the main plant structures are supported on mat foundations bearing on
sound bedrock.

The emergency service water intake pipeline is about 1100 feet long, running
north from the intake structure to the main powerblock (tank building). The
bottom of the 30-inch-diameter pipes is at 250 feet. The original grade along
the pipeline alignment ranged from about 270 feet near the powerblock to about
250 feet near the emergency service water intake structure, but was as low as
235 feet at a location about 100 feet north of the intake structure. Therefore,
the pipes are supported on as much as 15 feet of compacted random fill soil in
some areas. In other areas, the pipes are supported on undisturbed silty clay
residual soils that are only about 8 feet thick over weathered rock.

The emergency service water discharge pipeline is about 700 feet long, running
north from the main powerblock to the discharge structure. The bottom of the
30-inch-diameter pipes is at 250 feet msl. The original grade along the pipe-
line alignment ranged from 270 feet msl near the emergency service water dis-
charge structure and near the powerblock, to a low of about 243 feet a distance
of about 100 feet north of the powerbl'ock. Therefore, a short section of the
discharge pipeline is supported on as much as 8 feet of compacted random fill;
however, most of the pipeline is supported on undisturbed residual soils.

2.5.4. 1.2 Site Investigations

Subsurface investigations for the Shearon Harris site included about 1250 bor-
ings, of which more than 280 were in the main powerblock area and more than
400 were in the vicinity of the dams and channels. Field work included stand-
ard penetration tests (SPTs) and sampling in soil in accordance with ASTM
D-1586. Diamond drill cores were taken in rock that generally was encountered
at depths less than 30 feet below ground surface. Relatively undisturbed
3-inch-diameter samples and 25-lb-bag samples of soil were also obtained. The
soi 1 and rock samples were used for laboratory testing to establish static and
dynamic engineering properties of the foundation and embankment materials.
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Additional information on the subsurface soil conditions at the site was
obtained from trenches (totaling more than 12,000 linear feet) in the power
block and auxiliary dam areas. The trenches were excavated by backhoe to
depths of generally 2 to 10 feet, and as deep as 15 feet, where diabase dikes
were encountered.

Geophysical explorations at th'e site included seismic refraction surveys along
six seismic lines (5000 linear feet) and along the axes of the main and auxil-
iary dam and the associated spillways, shear wave velocity surveys along Trench
1 (3400 linear feet), and a downhole velocity survey in Boeing P-6, located
about 400 feet southwest o'f the Unit 1 reactor building.

The details of the boring and trenching exploration are in FSAR Appendix 2.5-A;
the details of the geophysical studies are in FSAR Section 2. 5. 2. 5.

The staff has concluded that the applicant has obtained adequate subsurface
information at the site, in accordance with RG 1. 132, to adequately define the
subsurface conditions at the site. The staff review of the site data presented
has found no evidence of zones of solu'tioning caverns of highly weathered areas
that would allow for subsidence under the anticipated foundation loadings.,

2.5.4. 1.3 Properties of Subsurface Materials

The residual surficial soils in the plant area are generally less than about
10 feet thick and consist of clayey silt to sandy silt. SPT values'ere gen-
erally in the range of 20 blows per foot, with some lower values near the
ground surface and higher values near the rock surface in weathered rock
materials. The properties of the residual soils are discussed in FSAR Section
2.5.6.4. The applicant used the following soil properties for the analysis of
buried pipes and conduits: unit weight = 135 pcf; soils subgrade modulus =
50 psi/in.; shear. wave velocity = 1500 fps.

The site contains two principal geologic formations separated by the Donesboro
Fault, which is about 3 miles south of the plant and about 1/2 mile north of
the main dam. North of the fault (in the main plant area) the bedrock consists
of Triassic sedimentary rocks that have no direct geologic relationship to the
pre-Triassic igneous and metamorphic rocks south of the fault (at the main dam
site). Additional discussion of the site geology is provided in Section 2. 5. 1
of this SER.

The sound bedrock is generally dense and massive as indicated by good recovery
of cores (generally in excess of 80K) and high rock quality designation (RQD)
values that averaged 92.7X below elevation 235 feet.

J

The static engineering properties of the sound bedrock were determined from
laboratory tests on intact rock specimens. The following average properties
were determined from the testing program: dry density = 162.8 lb/fthm; uncon-
fined compressive strength = 8148 psi (1173 ksf); angle of internal friction
(g) = 45 degrees; cohesion (c) = 2400 psi; Poisson's ratio = 0.242; Young's
modulus = 1.69 x 10 psi. The Young's modulus used for calculating the static
settlement of the plant structure was based on a conservation RQD of 75K. From
Stagg and Zienkiewicz, the resulting modu'lus is 56.8 x 10s psi.

1
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The dynamic engineering properties of the bedrock were determined primarily
from the geophysical explorations, with some confirmation of p'roperty values
by laboratory testing. The average properties are given in Table 2.6.

Table 2.6 Dynamic engineering properties of the bedrock

Property Residual Weathered Sound

Depth below original grade, ft
Compression wave velocity, fps
Shear wave velocity, fps
Poisson's ratio

0-8

1500

500

0. 44

8-16

5500

2500

0. 37

Below 16

12000

5600

0.35

The applicant's observations, inspections, and tests during construction re-
vealed no significant differences in subsurface materials from the conditions
assumed for design. Therefore, the staff has concluded that the applicant has
adequately investigated and analyzed the subsurface conditions at the site and
has established appropriate subsurface material properties for foundation
design in accordance with RG 1. 138.

2.5.4.2 Groundwater Conditions

The groundwater levels in the plant area were observed in the borings for site
exploi ation and in piezometers that had been monitored for a number of years.
Observed groundwater levels ranged from 240 feet to 272 feet, but the higher
levels are believed to be recording a perched water table from water trapped
in fractures in the bedrock. During foundation excavation some seepage occurred
from fractures, but the relatively small quantity of water was handled by inter-
mittent pumping from sumps.

Backfill around the plant structures is relatively impermeable soil (permeabil-
ity coefficient less than 10- cm/sec) to prevent high piezometric. levels devel-
oping against the structures in the event of prolonged high water levels in the
main reservoir. With the cancellation of Units 3 and 4, the normal pool level
in the main reservoir is 220 feet; the previously anticipated normal pool level
was 250 feet. The auxiliary reservoir normal pond level is 250 feet, but ground-
water flow will be toward the main reservoir and, at the plant, the groundwater
level will be below the design groundwater level of 250 feet. Piezometric
levels measured near the plant structures after filling of the auxiliary
reservoir (FSAR Fig. 2.4. 13-2) confirm that groundwater levels are below the
design groundwater level.

Further discussion about groundwater is in Section 2.4 of this SER.

2. 5. 4. 3 Excavation and Backfill

In 1974, the site was leveled to final grade 260,feet msl by excavating high
areas and filling low areas. Low areas were raised to final plant grade by
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placing and compacting random fill material consisting of,residual soil and,
broken rock materials. The applicant classified the random fill into five
categories ranging from all-soil (clayey silt and silty clay) to mostly rock
material (si ltstone up to 21 inches in size). The finer,grained soils were
compacted in 8-inch lifts by a sheepsfoot roller to 95% of the maximum Standard
Proctor Oensity (ASTH D-698); the coarser materials consisting primarily of
broken rock were placed in 24-inch lift thicknesses and compacted by six passes
of a 40,000-pound vibratory roller, based on the results of a test fill program.
Field test results of random fill used for support of the Category I pipes and
conduits (CP8 L, 1983a) show that the compaction requirements were met.

After the site was leveled to plant grade, bulldozers and scrapers were used
for excavation. The excavation was completed to final grade by controlled
blasting in successive lifts. Front end loaders placed the broken rock into
trucks for removal up an access ramp.

The plant excavation had a maximum lateral extent of approximately 925 feet in
the north-south direction and 990 feet in the east-west direction. Floor eleva-
tions for the various levels within the excavation range from 234 feet for the
shallowest part to 179 feet for the deepest level. (The bottom elevation of the
mat foundations for the various structures ranges from l80 to 235 feet. ) The
side slopes of the excavation were I:1 (horizontal:vertical) in the overburden
soil and 1/4: I in rock. Exposed rock surfaces wire cleaned, geologically mapped,
and then protected by slush grouting or shotcreting.

Backfill (residual soi 1 without rock fragments) around the powerblock structures,
referred to as select fill, was required to be fine-grained, clayey and silty
soils (generally over 70% passing U.S. No. 200 seive, with a plasticity index
ranging from 0 to 9)) that would have low permeability. The backfill around
structures was compacted to the specified 95% of Standard Proctor maximum dry
density (ASTM 0-698) at a moisture content within 4% of the optimum moisture
content (ibid). The permeability of the backfill material is low (coefficient
less than 10- cm/sec). Summaries of field test data (ibid) confirm that the
backfill meets specifications for material type and compaction.

Mhen the staff expressed concern about the support of pipes on random fill
(discussed above), the staff also expressed concern that the clay backfill
(around structures) that supports seismic Category I pipes would allow differen-
tial settlements that could result in excessive pipe stresses near areas where
pipes would be rigidly supported (e.g., on the rigid wall of the building and
on sound rock at the edges of the excavations). The applicant elected to
eliminate this concern by replacing the clay backfill with lean concrete at
locations beneath seismic Category I pipes where this difference in foundation
rigidity exists. The staff found this solution acceptable.

2.5.4.4 Foundation Stability

2.5.4.4.1 Static Loading

The calculated maximum static foundation stresses to be applied range from
about 4 to 10 ksf for the seismic Category I structures. The applicant has
calculated the maximum foundation settlement to be 0.42 feet, based on a Young's
modulus of 6.8 x 10 psi. This settlement is considered to be the result of the
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predominantly elastic compression of the bedrock that will occur during con-
struction. Based on the bedrock properties discussed in Section 2.5.4. 1.3 of
this SER, the staff concurs in the applicant's assessment that there is an ade-
quate factor of safety against bearing capacity failure and that maximum total
and differential settlements will be less than 0.5 inch.

2. 5. 4. 4. 2
,

Dynamic'oading

The design SSE has a maximum horizontal acceleration of 0.15 g at the top of
the bedrock. The corresponding acceleration level for the OBE is 0.075 g.
Further discussion of the design earthquake is in Section 2. 5.2 of this SER.

The seismic Category I structures are supported on bedrock, and the structure
response to dynamic loading was analyzed using a fixed-base approach based on
the lumped mass-spring method. The spring constants were calculated from the
geophysical investigation results (shear and compression wave velocities)
using standard engineering procedures.

For the seismic Category I pipelines and manholes that are soil supported, the,
accelerations used for the design of these structures were obtained using the
SHAKE computer program as described in FSAR Section 2. 5. 4. 7 and soil proper-
ties discussed in SER Section 2.5.4. 1.3. The'taff's evaluation of the dynamic
structural analyses is discussed in Section 3 of this SER. The soil and rock
properties adopted for design are reasonable for the materials encountered
during construction. Therefore, the staff concludes that the applicant adopted
appropriate soil and rock properties for the design of structure and pipelines
subjected to dynamic loading associated with the SSE.

2.5.4.5 Liquefaction Potential

The plant structures are supported on bedrock; therefore, liquefaction is not
a problem. Some safety-related pipes and conduits are supported on undisturbed
residual soils and compacted fill soils. These materials are various combina-
tions of cohesive, silty clay to clayey silt soils, and weathered rock. These
materials are not susceptible to liquefaction. Thus, the staff concurs in the
applicant's conclusion that liquefaction is not a potential hazard for the plant
structures and associated pipelines and conduits.

2.5.4.6 Lateral Loads

The below-ground walls of structures were designed for full at-rest pressure
developed by the backfill using a coefficient of earth pressure of 0.7. Dynamic
lateral earth pressures were calculated using two methods. In the first method,
used for a number of subsurface walls, soil strains were determined from the
arithmetic sum of wall movements (calculated in the dynamic structural analyses)
and the free-field soil movement. The lateral pressures were then calculated
using the laboratory-determined pressure-strain relationships for the silty clay
backfill. In the second method, used for some subsurface walls, a passive co-
efficient of 3.0 was assigned for the backfill, while a coefficient of 2.03 was
used for backfill for that part of the wall below rock. The resulting soil pres-
sures by the two methods for different Category I walls are illustrated in the
applicant's July 15, 1983 letter to H. R. Denton. Pressure due to groundwater
was considered for the depths below the design hydrostatic level (elevation
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251 feet). Based on the review of the lateral pressure analysis, the staff has
concluded that the applicant has used acceptable state-of-the-art procedures.

2. 5.4. 7 Instrumentation

During construction, measurements were taken on monuments to record vertical
movements of structures. Groundwater levels were also recorded. The applicant
plans to continue monitoring the groundwater levels, on a weekly basis; until
the start of plant operations. At that time, the frequency of monitoring of
groundwater levels wi 11 be reevaluated. Because the plant structures are
founded on sound rock and the predicted (and actual) settlements are less than
0.5 inch, the applicant plans to discontinue monitoring vertical movements of
the structures at the start of plant operations.

2.5.4.8 Conclusion

Based on the applicant's design criteria and on the results of the applicant's
investigations, laboratory and field tests, and analyses, the staff has con-
cluded that the site and plant foundations are adequate to support the siesmic
Category I structures, pipelines, and conduits at the Shearon Harris site. Thestaff concludes that the geotechnical engineering-related site and plant founda-
tion efforts of the applicant meet the requirements of regulatory guides per-
tinent to SRP 2.5.4 and are, therefore, acceptable.

2.5.5 Stability of Slopes

2.5.5.1. fuel Handling Building Retaining Wall

As a result of the cancellation of Units 3 and 4, the containment buildings and
tank building for Units 3 and 4 have been deleted, and a retaining wall west of
the fuel handling building will be provided to separate the fuel handling build-
ing from the plant grade fill. This retaining wall is to consist of two rows of
reinforced concrete pipes erected one over the other and a reinforced concrete
wall on top of the pipes. The pipes are filled with concrete and are held back
by three rows of tie rods and deadmen. The wall above the pipes is not tied to
deadmen.

2.5.5.2 Properties of Soil Backfill

The soil backfill west of the retaining wall is to be random fill in accordance
with EBASCO Specification CAR-SH-CH-8 (FSAR Appendix 2.5I). The soil properties
of the backfill assumed in the design are given in Table 2.7.

Table 2.7 Backfill soil properties

Parameter

Coefficient of
Unit weight, internal friction, Cohesion,
pcf ksf

Long-Term

Short-Term:

Optimum moisture
Wet

135 30

26
9

1.2
2.0
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In a letter to H. R. Denton, dated September 19, 1983, the-applicant stated that
these properties are based on tests performed on site for. as-built backfills;

However, the staff finds that these properties are associated with selected
impervious materials from Borrow Area Z, designated as "selected backfill" in
accordance with EBASCO Specification CAR-SH-CH-8, and the staff does not con-
sider them to be representative of the random fill to be used against the
retaining wall. Thus, field and laboratory tests on random fill used in actual
construction are needed to demonstrate that the design parameters used in the
design are appropriate.

2.5.5.3 Stability of Retaining Wal.l

In the September 19, 1983 letter, the applicant stated that the retaining wall
has been designed against full hydrostatic pressure and against seismic condi-
tions, in accordance with Positions C.2 and C.4 of RG 1.29.

The groundwater is assumed to be at elevation 251 feet, the same as the design-,"
basis groundwater level for the plant island, and this design assumption is
acceptable to the staff.

The lateral soil pressures against the wall include static and dynamic soil
loads. The static and dynamic soil loads are obtained by assuming that the
random fill is a cohesionless soil with an internal friction angle of 30'.
This assumption may not be valid because the random fill as defined in EBASCO

Specification CAR-SH-CH-8 may be any excavated unclassified material or rock.
Because the strength characteristics of. the random fill have not been determined,
as discussed in the previous section, the staff is unable to conclude that the
assumed lateral soil pressures aginst the wall are appropriate.

The dynamic soil load was calculated using a seismic coefficient of 0. 17g.
Because the random fillwill have a depth of about 60 feet, soil amplification
may take place under seismic conditions. Thus, the staff requires a soil ampli-
fication study to demonstrate that the seismic coefficient is conservative.

The design of the deadmen by the applicant utilized two approaches (EBASCO,

1983). A conventional approach described in NAVFAC DM-7 was used to design
deadmen at elevation 250 feet, while a bearing capacity approach was used to
design the deadmen at elevations 232 and 214 feet. Because the bearing capacity
approach to design the deadmen is not conventional, the applicant must provide
additional design analyses using NAVFAC procedures to demonstrate that the dead-
men design is acceptable.

2. 5. 5. 4 Differential Settlements

The retaining wall is supported mostly on modified random fill with thickness
ranging from 10 to 20 feet. The modified random fill is subjected to consolida-
tion under the load of the retaining wall. Differential settlements may take
place that would affect the stability and performance of the retaining wall.
Therefore, the applicant must provide settlement analyses to demonstrate that
the differential settlements would not adversely affect the stability of the
retaining wall.
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2.5.5.5 Monitoring Program

To ensure that the performance of safety components will remain within accept-
able limits, a monitoring program is usually implemented. The applicant has
not provided any information related to the inspection program during and after
construction of the retaining wall. The staff requires, as a minimum, that the
applicant carry out the following monitoring program:

Durin Construction

(1) Compaction control for moisture and density of, the random fill should be
placed in accordance with NAVFAC procedures.

(2) Settlement and lateral movement of the retaining wall should be monitored
biweekly. At least five monitoring points along the wall are required.

(3) All tie rods must be inspected prior to installation to ensure that the
tie rods are fully covered with epoxy coating. At least three retrievable
tie rod specimens should be buried in the same environment as the. top tie
rod for future examination of those rods for signs of corrosion.

After Construction

(1) The settlements and lateral movements of the retaining, wall should be
monitored and evaluated until the movements have stabilized.

(2) The buried tie rod specimen should be retrieved at 5- to 10-year intervals
to evaluate the effects of corrosion.

2.5.5.6 Conclusions:

On the basis of the applicant's information as cited above and presented in a
meeting and telephone conversation with the applicant, the staff is unable to
conclude that the retaininq wall will possess sufficient stability during the
plant's life time. Additional information is needed from the applicant to
establish the acceptability of the design, construction, and maintenance of the
retaining wall. This information is

(1) field and laboratory tests to confirm the assumed soil properties of the
random fi1 1 used in design and actual construction (see Section 2. 5. 5. 2)

(2) analyses to confirm the appropriateness of assumed lateral soil pressures,
soil amplification effects, and the design of the deadmen (Section 2. 5. 5. 3)

(3) settlement, analyses to determine the effect of differential settlement on
the design and performance of retaining wall (Section 2.5.5.4)

(4) monitoring program during and after construction (Section 2.5.5.5)
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2. 5. 6 Embankments, Dams, and Channels

2.5.6. 1 General Description

A functional description of embankments, dams, and channels at Shearon Harris
is provided in Section 2.5.4. 1 of this SER. The staff's evaluation of the
safety-related embankments, dams, and channels is provided in the following
sections.

2. 5. 6. l. 1 Main Dam

The main dam is a rockfill dam approximately 1550 feet long at the crest (eleva-
tion 260 feet), with a maximum height of about 108 feet and a crest width of
25 feet. The dam is constructed with a central impervious core, 10 feet wide
at the top, with 1:2 side slopes. The core is protected by two 8-foot-widefilters (fine and coarse) on both upstream and downstream faces. The rockfi 11
shell of the dam has slopes of 2: 1 (upstream and downstream) that are protected
by a 4-foot-thick layer of oversized rock on the entire downstream slope and
below elevation 200 feet on the upstream slope. Rip-rap above elevation
200 feet has been placed on the upstream slope. Details of the main dam are
shown on Figure 2.7.

The normal water, level in the main reservoir (elevation 220 feet) is maintained
by two uncontrolled ogee spillways, each 25 feet wide, that are cut into bedrock
on the west (right) abutment of the dam. The spi llways are lined with concrete
that is secured by rock anchors.

2. 5. 6. 1. 2 Auxiliary Dam

The auxiliary dam is a random rockfill dam approximately 4060 feet long at the
crest (elevation 260 feet), with a maximum height of about 73 feet and a crest
width of 20 feet. The dam is constructed with a central impervious core,
10 feet wide at the top, with 1: 1 side slopes. The core is protected by 12-foot
silty sand transition zones on both upstream and downstream faces. 'The random
rockfi 1 1 shell (see SER Section 2. 5. 6. 3) of the dam has slopes of 2. 5: 1 (up-
stream and downstream) that are protected by a 4-foot-thick layer of rip-rap
over a 1-foot layer of bedding. The rip-rap covers the entire downstream face
and above elevation 235 feet on the upstream face. The downstream shell is pro-
vided with two horizontal drainage blankets, each 3 feet thick, that are con-
nected to the transition zone--one at elevation 214 feet and one at elevation
230 feet. Additionally, a 3-foot-thick drainage layer, 200 feet wide, is pro-
vided under the downstream shell in each of two areas where pre-existing creeks
were located. Details of the auxiliary dam are provided in Figure 2.8.

The normal water level in the auxiliary'eservoir (elevation 250 feet) is main-
tained by an uncontrolled ogee spillway, 170 feet wide, that is cut into rock
on the west (right) abutment of the dam. The spillway is lined with concrete.

2. 5. 6. 1. 3 Auxiliary Separating Dike

The auxiliary separating dike is a random rockfill embankment approximately
1200 feet long at the crest (elevation 255 feet), with a maximum height of about
55 feet and a crest width of 20 feet. The. embankment is constructed with a
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central impervious core, 10 feet wide at the top, with I: 10 side slopes. The
random rockfi 1 1 shell has slopes of 2. 5: 1 (both sides). There are no filters
within the embankment, but the finer material in the random rockfill zone was
graded toward the impervious core. Details of the auxiliary separating dike are
shown in Figure 2.8.

2.5.6. 1.4 Auxiliary Reservoir Channel

The auxiliary reservoir channel (also identified in the FSAR as the west auxil-
iary channel) is about 1570 feet long and 140 feet wide at invert (elevation
235 feet). The side slopes are 2: 1 in soil and 1:4 in rock. The original grades
along the auxiliary reservoir channel alignment ranged from about 235 feet to
265 feet, and the channel was constructed entirely by excavation of soil and
rock materials, as shown on FSAR Figure 2.5.6-6.

2.5.6. 1.5 Emergency Service Water Intake Channel

The emergency service water intake channel is about 3580 feet long and 50 feet
wide at invert (elevation 238 feet). The side slopes are 2: 1 in soil and 1:4
in rock. The original grade along the intake channel alignment ranged from
about elevation 238 feet to elevation 270 feet. Most of the intake channel
construction required removal of soil and rock (cut), but some compacted fill
was required in the channel base and sides near the emergency service water
screen structure, as shown on FSAR Figure 2.5.6-7.

2.5.6. 1.6 Emergency Service Water Discharge Channel

The emergency service water discharge channel is about 2170 feet long and
50 feet to 80 feet wide at invert (elevation 240 feet). The side slopes are
2: l in soil and 1:4 in rock. The original grade along the discharge channel
alignment ranged from about elevation 250 feet to elevation 275 feet. The
discharge channel construction consisted entirely of soil and rock excavation
without the need for fi11, as shown on FSAR Figure 2.5.6-8.

2.5.6.2 Foundation Conditions

2. 5. 6. 2. 1 Expl orati on

The applicant's explorations to determine subsurface conditions at the Shearon
Harris site are discussed in Section 2.5.4.1 of this SER. The areas investi-
gated included the foundations for dams, channel alignments, and borrow areas,
as described in FSAR Section 2.5.6.2.

2.5.6.2.2 Foundation Materials

In general, the subsurface conditions at the Shearon Harris site consist of a
layer of residual soil, generally less than 10 feet thick, overlying weathered
rock and sound (suitable) rock. Some recent alluvium, found in valleys, was
removed in preparing dam foundations. In excavations, weathered rock was con-
sidered to be material that could not be removed, on a production basis, by
the blade of a 0-8 tractor or equivalent. Suitable rock was considered to be
material that could not be removed, on a production basis, by a single ripper
on a D-8 tractor or equivalent.
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At the main dam site (south of the Jonesboro Fault) the pre-Triassic igneous and
metamorphic rock'onsists of granite and gneisses with interlayered schists. In
the auxiliary dam and auxiliary separating dike areas (north of the Jonesboro
Fault), the Triassic sedimentary rock consists of gently dipping sandstone and
siltstone. Because the rocks at the Harris site are jointed and fractured, the
foundations for the main and auxiliary dams were grouted to reduce seepage
losses from the reservoirs. The auxiliary separating dike foundation was not
grouted because there is no head differential across the dike--its purpose is
to direct water flow within the auxiliary reservoir.

The shell of the main dam is founded on weathered rock, while the impervious
core extends to sound rock to form a cutoff trench. The downstream fine filter
also extends to sound rock. The auxiliary dam was constructed similarly (the
shell is founded on weathered rock and core cutoff trench extends to sound rock).
The auxiliary separating dike foundation consists of some firm clayey residual
soil (standard penetration test (SPT) blow count 20 to refusal) although most
of the excavation to prepare the foundation extended to weathered rock.

The auxiliary reservoir, including the auxiliary reservoir channel and ESW

intake channels, were constructed by excavating into hard residual soils (SPT
blow count greater than 20) or rock (weathered and/or sound). The ESW discharge
channel was predominantly cut through rock (weathered and/or sound).

2.5 '.2.3 Foundation Treatment

Sound rock exposed in the cutoff trench excavations for the main dam and auxil-
iary dam was cleaned by compressed air or water and geologically mapped.
Details of the mapping procedures are detailed in FSAR Sections 2.5.6.2. 1.2.2
and 2.5.6.2.2. 1. The cleaned rock surfaces were slush grouted, and steep slopes
were modified by dental concrete.

Gr outing from the bottom of the cutoff trenches was done in two phases. Con-
solidation grouting extended to a depth of 20 feet with grout holes on 10-foot
centers. This gas followed by curtain grouting to a'depth of about 50 feet.
Primary curtain grout holes were spaced at 40-foot centers, with secondary cur-
tain grout holes spl'it spacing the primary holes. The grout holes were pres-
sure tested and filled with neat cement in at least three stages. The grouting
procedures are described in FSAR Section 2.5E. Ebasco specifications (CAR-SH-
CH-ll) for grouting are included in FSAR Section 2.5I.

The grout "take" (bags of cement grout pumped into each grout hole) was gener-
ally low; average grout takes were: main dam, consolidation grouting = 0.02 bag
per foot; curtain grouting = 0.03 bag per foot; auxiliary dam, consolidation
grouting = 0.07 bag per foot; curtain grouting = 0.06 bag per foot. Additional
holes were drilled and grouted in areas where the grout take was high, as
defined in the specifications. Check holes were drilled periodically to verify
the acceptability of the grouting.

The staff observed the grouting operations during site visits, and based on its
observations at the site and a review of the applicant's summary of grouting
operations, the staff. has concluded that the bedrock below the cutoff trenches
at the main and auxiliary dams has been properly grouted.
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Procedures similar to those for the sound rock (except grouting) were followed
in the preparation of the weathered rock surfaces in the foundation areas of
the main and auxiliary dam; as well as of the weathered rock and residual soi 1

surfaces in the foundation area of the auxiliary separ ation dike. At the
staff's request, during construction the inplace density of the residual soils
was determined and then the residual, soils were proof-rolled by a. loaded scraper.
Documentation from the applicant (CP8 L, 1983a) attests that percent compaction
greater than 97/o Standard Maximum Proctor density was achieved. Soft soils were
removed as directed by the field engineer. The staff observed some of these
operations during construction and, based on a review of the applicant's docu-
ments, the staff has concluded that the foundations for the main and auxiliary
dams and for the auxiliary separating dike were properly prepared.

Along the ESW intake channel alignment, the applicant removed the more permeable
silty sand soils (to minimize seepage from the channel) and replaced it with
controlled compacted fill (similar .to the backfill around the plant structures)
when the channel was constructed in 1978. Summaries of test results (CP8 L, 1983a)
show that the fill along the ESW intake channel alignment met specifications.

2.5.6.3 Embankment Materials and Construction

2.5.6.3. 1 Rockfill and Random Rockfill

The rockfill material for the shell of the main dam was obtained from the spill-
way excavation and a quarry located upstream from the left (east) abutment,
designated as Area A on FSAR Figure 2. 5F-12. The random rockfill for the shell
of the'uxiliary dam and auxiliary separating dike was obtained from excavations
for the main plant structures and the channels.

The rockfil,l was required to be not greater than 22 inches maximum size, and 75K
of particles were required to be larger than 0.25 inch. The random rockfill was
also limited to 22 inches maximum size, with 75X of particles larger than U.S.
No. 10 sieve size. Both materials were required to have an inplace dry density
greater than 130 pcf and a permeability coefficient greater than 10-s cm/sec.
The design shear strength parameter was specified to be 30'.

The rockfill was brought to the fill surface from the stockpile at the quarry or
from the spillway excavation by haul trucks and end dumped. A D-8 dozer spread
the materials to a 24-inch lift thickness. Oversized rocks (greater than
22 inches) were pushed to the exterior of the dam shell forming a 4-foot protec-
tive layer (see SER Sections 2. 5. 6. 1. 1 and 2. 5. 6. 1. 2) for the rockfill shell.
The layers of rockfill were then compacted using vibratory rollers of not less
than 40,000 pounds to dry densities exceeding 130 pcf at about 5X moisture con-
tents. The field test results summarized in FSAR Section 2.5F confirm that the
specified densities were achieved.

Large scale (15-inch diameter) triaxial tests conducted by the U.S. Army Corps
of Engineers (FSAR Appendix 2.5H) confirmed the shear strength (for stability
analysis) and permeability values for the random and modified random rockfill.
The test results indicated a shear strength parameter of 8 = 40 and permeabil-
ity coefficients of greater than 10-s cm/sec. Although no durability tests were
conducted for the rockfill, test results (FSAR Appendix 2.5H) indicate that
there was negligible breakdown of the rock after field compaction. The dynamic
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properties of the rockfill (strain-dependent shear modulus and damping ratio)
were selected from published literature (Seed and Idriss, 1979).

2. 5. 6. 3. 2 'i
1 ter Materi al s

~ The filter materials were obtained from offsite sources. The specifications
required filter materials to be well-graded, coarse, cohesionless materials,
meeting. the specifications shown. in FSAR Section 2;5I. The principal gradation
characteristics of the filters are'hown in Table 2.8.

Table 2.8 Percentage of materials passing filters, by weight

U.S. Std.
sieve size

Fine filter,
SW/SM,
main dam

Coarse filter,
GW/GM,
main dam

Transition
filter,
SW/GM,
auxiliary
dam

Crushed
rock
tilter,
GP,
auxi 1 iary
dam

6 in.
3 ln.
1.5 in.
3/4 in.
1/2 in.
3/8 in.

100
96"100

100
86"100
66-88

45-68
40-62

100
82"100

60-90

95-100
50-90
20-60

5-30

No.'
No. 8
No. 40
No. 100

'No. 200

83-100
70-93
30-54
10-32
0-13

30-48
18-38
0-21

45-75
35-65

'0-40

0-25
0-15 „.

0-15

The filters were placed by hand or with a D-C dozer and spreader box in lifts
not greater than 16 inches thick and compacted para'tlel to the dam axis, by
vibratory rollers of 40,000-pound minimum dynamic force, to at least 75K rela-
tive density (ASTM D-2(49). A minimum relative density of 80K was required
above elevation 220 feet for the upstream coarse filter and the" transition
filter,. The compaction procedures had been'determined in test fills early in
dam construction.

The summary of field test results (FSAR Section 2.5F and CP8 L, 1983a} show that
the inplace filters meet the gradation and field density specifications.

The staff checked and found that the as-placed filters meet filter criteria
(Bertram, 1940) for the protection of the main dam and auxiliary dam materials.

The static and dynamic properties of the filter materials were selected on the
basis of published data on compacted granular materials. FSAR Tables 2.5D-30
and 2-5D-31 show the properties assigned to the filter materials. The strain-
dependent shear modulus and damping ratios for the filter materials were taken
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from Seed and Idriss, 1979. An angle of internal friction (8) ranging between
35 to 38 degrees was assigned to the materials. In the SER-CP the staff reviewed
and concurred with the applicant's choice of properties for the filter materials.

2.5.6.3.3 Core Materials

Borrow materfal for the impervious core of the main dam was to be obtained from
Area M. This area was found to be unsuitable, and Area W was used (see FSAR
Figure 2.5F-10 for borrow area locati'ons within the main reservoir). The appli-
cant performed extensive laboratory tests on Material M and Material W to estab-
lish their design properties. The tests included compaction (ASTM D-698 and
D-1557), permeability, static triaxial (unconsolidated-undrained and consoli-
dated drained), cyclic triaxial, and cyclic torsion tests. The test results
are reported in FSAR Sections 2.5D. 10 and 2.5F. The results for Material M

were previously reviewed by the staff, as reported in the SER-CP.

The auxiliary dam and auxiliary separating dike cores were constructed with
material from Area Z. This material was tested in the same way as the Mate-
rial M and Material W. The test results are reported in FSAR Section 2.5C.
They were previously reviewed by the staff, as reported in the SER-CP.

The core materials (FSAR Section 2.5I) were required to be fine-grained soils
having low permeability (coefficient less than 10- ). The specified gradation
required at least 40K of the core material to be finer than No. 200 sieve and
to have a plasticity index greater than 10. The soil was placed in lifts not
exceeding 8 inches and compacted to at least 97X of, the Standard Proctor maxi-
mum dry density (ASTM D-698) and within 2X of optimum moisture content. Based
on a review during additional construction tests performed by the applicant,
the staff approved moisture control in the range of -1X to. +3K of optimum for
core construction above elevation 225 feet.

The results of field testing in FSAR Section 2.5F. 1.7.3.4 show that the speci-
fications were met for impermeable core construction through December 1979.

2. 5. 6. 3. 4 Rip-Rap

The specifications for rip-rap, provided in FSAR Section 2.5I, required three
types of rip-rap: Type A (48 to 28 inches), Type 8 (24 to 10 inches), arid
Type C (16 to 6 inches). The suitability of the rip-rap was confirmed by the
Los Angeles abrasion test (ASTM C131) and the sodium sulphate soundness test
(ASTM C-88). During the staff site audit conducted in Apri 1 1983, the staff
observed the rip-rap placed in the main and auxiliary dam and concluded that
the rip-rap appeared to be stable.

2. 5. 6. 3. 5 Channels

The properties of undisturbed in situ residual soil used in the stability anal-
ysis of the auxiliary reservoir channel and the properties of the compacted fill
materials used in the stability analysis of the ESW intake channel were deter-
mined from laboratory triaxial tests (FSAR Appendix 2K). Samples were not
obtained from the ESW discharge channel, as this channel was predominantly cut
through rock. The material properties that the applicant used for design are
tabulated in FSAR Section 2.5.6.5.5.3. Based on the review of the triaxial test
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data (FSAR Appendix 2K), the staff concurs with the applicant s choice of soil
parameters.

The applicant has submitted a summary of test results (CP8L, 1983a) that show
that the compacted fill along the ESW intake channel was compacted according
to the specifications (greater than 95K Standard Proctor Maximum dry density).

2. 5. 6. 3. 6 Summary of Dams, Oi ke, and Channel Materials and Construction
I

In general, the staff finds that the embankment materials and construction have
met specifications and thus validate the design assumptions. The staff con-
cludes that the applicant has adequately investigated the materials of con-
struction in accordance with RG 1. 138, "Laboratory Investigations of Soil for
Engineering Analysis and Design of Nuclear Power Plants." The staff agrees
that the applicant has established appropriate material properties for the
stability analysis of the dams, dike, and channels at Shearon Harris.

2.5.6.4 Stability of Category I Dams

The stability of slopes for dams and embankments has been designed for a factor
of safety of 1.5 under static conditions, 1.2 for simultaneous OBE and 100-year
return period flood level, and l.~l for simultaneous SSE and 25-year return
period flood level.

I

The slip circle method was used to analyze the stability of the main dam, the
auxiliary dam, the auxiliary separating dike, and the channels under static
and psuedostatic conditions. The finite element method was used to evaluate
stresses and strains under seismic conditions. The abutment areas of the
auxiliary dam were also analyzed by the sliding wedge method. The material
properties used in the analyses are shown in FSAR Section 2.5.6.5.5.

The static and pseudostatic stability of the dams, dike, and channel slopes
was determined by the computer program, LEASE-1, that utilizes the simplified
Bishop slip circle method. LEASE-1 is designed to perform stability analysis
of slopes by the method of slices. The failure surfaces were assumed to be
circular arcs. This is a valid assumption for slopes underlain by firm strata
(Bishop, 1955). The computer program locates the radius that has a minimum
factor of safety at each of a specified set of trial centers.

The factors considered in the static stability analyses include

(1) properties of soil on the failure surface at the base of the slice
including unit weight, cohesion, and angle of internal friction

(2) reservoi r water levels and piezometric data

(3) the acceleration resulting from an earthquake, as an additional static
load in the pseudostatic analysis

The results of the static and pseudostatic analysis for the main dam, auxiliary
dam, and auxiliary separating dike are presented in FSAR Figures 2.5.6-18
through 2.5.6-22..
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The finite element procedure used in evaluating the seismic stability of the
Category I dams consisted of the following steps:

(1) determination of the response of the dam-foundation system to the rock
accelerations, including the evaluation of the induced shear stresses at
various locations throughout the dam and the foundation material

(2) representation of the irregular cycles of shear .stresses induced. in the
dam-foundation system by an equivalent number of uniform cycles of shear
stresses

(3) determination of the static stresses existing in the dam-foundation
system (before the rock accelerations)

(4) determination of the cyclic shear stresses required to cause strains
greater than 5 x 10-~ in the material for conditions representative of
those existing in the dam-foundation system by means of appropriate
cyclic load tests on representative specimens of the materials or by
correlation with data for similar materials

(5) evaluation of the seismic stability of the dams by comparing the'shear
stress required to cause strain greater than 5 x 10-~ with the equivalent
shear stresses induced by the rock accelerations (stress ratio)

The procedures used and the results of the dynamic analysis of the Category I
dams are detailed in FSAR Appendix 20. The minimum values of computed stress
ratio for the maximum cross-sections of the Category I dams are shown in
Table 2.9.

The staff's evaluation of the'pplicant's stability analyses- for the main dam,
auxiliary dam, and auxiliary separating dike is presented in the SER-CP and its
Supplements 1, 2, and 3. These documents include the staff's evaluation of
additional dynamic analyses of the dams and dike. The staff concluded that the
seismic stability analyses included in the PSAR are acceptable for the design
of the main dam, the auxiliary dam, and the auxiliary separating dike (SER-CP
Supplement 1, Section 3. 6).

Ouring construction, the source of borrow material for the core of the 'main dam
was changed from Area M to Area W. The applicant performed tests on Material W

so that the actual properties could be compared with the design properties. The
results are presented in FSAR Section 2:5F. 1.9. They show that Material W con-
tains more silt and clay than Material M, but the strength tests show that the
actual core material has higher shear strength than was assumed-for design.
Additionally, the test results show that the 'shear modulus and cyclic strength
are within the ranges assumed in the original design. Based on a review of the
information provided in the FSAR, the staff has concluded that the core material
properties used for stabi,lity analyses are representative of the actual core
material placed in the main dam.

The core material for the auxiliary dam and the auxiliary separating dike was"
obtained from Area Z, and the stability analyses for these two structures were
based on Material Z properties. However, during construction, the applicant
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Table 2.9 Minimum values of com-
puted stress ratio for
maximum cross-sections
of Category I dams

Dam zone

Stress ratios

5 cycles 10 cycles

Main Dam
Core
Fine filters
Coarse filters
Rockfill shell

1. 79
l. 73
1. 22
1. 51

l. 57
1. 55
1. 20
1. 35

Auxiliary Dam
Core
Filters
Rockfill shell

1. 43 ~

l. 33
1. 56

1. 26
1. 19
1. 38

Auxiliary Reservoir
Separating Dike

Core
Rockfill shell

1.7
1.9

1.5
1.7

requested staff approval to increase the moisture content to the range of 1X
dry of optimum to 3X wet of optimum. (The originally specified range was
within 2X of optimum.) The staff reviewed this change during construction and
found it acceptable, based on laboratory tests conducted at the higher moisture
contents. The results are presented in FSAR Section 2.5F.2.6.2;

The rockfill material placed in the main dam was finer than was assumed for
design. The mean particle size of the rockfill was about 75 mm,
whereas the originally planned mean particle size was about 240 mm. Because
the design properties were estimated-from published data assuming a mean par-
ticle size of 75 mm and because the large-scale triaxial test confirmed the
assumed shear strength of the rockfill, the staff has concluded that the pro-
perties of the rockfill in the main dam are appropriately represented by the
design values. The mean particle size of the random rockfill in the auxiliary
dam and auxiliary separating dike was about 20 mm; compared with a -design assump-
tion of 30 mm. However, the dynamic design was based on the conservative assump-
tion that the random rockfill'roperties would be similar to the fine-grained
core materials at low confining pressures, and intermediate between core mate-
rials and clean granular rockfill (mean particle size of 30 mm) at higher con-
fining pressures. Based on a review of the applicant s submittals, the staff
has concluded that the properties of the random rockfill.,are appropriately
represented by the design values.

Shearon Harris SER 2-65



2. 5. 6. 5 Channel Stability Analyses "

During construction and at the staff's suggestion, the applicant removed some
random fill for the ESW intake channel and replaced it with controlled, com-
pacted fill (see SER Section 2.5.6.8). The staff also asked the applicant to
provide, in the FSAR, stability analyses of channels. The analysis results,
presented in FSAR Figures 2.5.6-23 through 25, show that the minimum facto'rs
of safety as identified in SER Section 2.5.6.4 exceed the design values.
Furthermore, the staff believes the calculations are conservative because the
strength parameters were developed from tests on soil compacted to a moisture
content 4X wet of optimum moisture content, whereas the fill was actually placed
within 2X of optimum moisture content. Higher moisture contents generally give
lower shear strengths and therefore more conservative design values.

The stability analyses gave the minimum factors of safety shown in Table 2. 10."

These minimum factors of safety ensure that the channel slopes will remain
stable under all anticipated loading conditions.

Table 2. 10 Minimum factors of safety

Auxiliary
ESW channel ESW channel reservoirfill section cut secti,on channel

End of construction
Static long term
Pseudostatic
Rapid drawdown

3.9
1.5
1.6
1.7

2.7
2.4
1.5
1.5

2.7
2.4
1.5
1.5

2. 5. 6. 6 Seepage Control

Seepage through the dams is restricted by the impermeable clay cores. The com-
pacted silty clay core material that has.a permeability coefficient of less
than 10-e cm/sec is expected to reduce seepage through the dams to a negligible
amount. The filters will permit the core materials to remain stable during
rapid changes in reservoir levels and during earthquakes..

The clay cores extend to suitable rock in the cutoff trenches. The top of the
rock-was cleaned and slush grouted to'rovide a seal between the clay core. and
the rock. This seal will prevent seepage along the core/rock interface.

The rock beneath the dams was grounted to depths of about 50 feet below the base
of the main and auxiliary dams. The auxiliary separating dike foundation was
not grouted because there wi,ll be no water level difference across the dike. As
described in SER Section 2.5.6.2.3, the staff has concluded that the foundations
of the main and auxiliary dam were properly grouted. Therefore, the staff has
concluded that seepage through the rock beneath the dams will be minimal and
will not affect the safety of the dams.
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The applicant. has submitted seepage monitoring data for the main dam (CP8 L,
1983b). The data were developed from the time of reservoir filling in December
1980. *The plots indicate minimal seepage through the dam (3 gpm average).

2.5.6.7 Instrumentation

The FSAR states (Section 2.5.6.8) that the instrumentation for dams includes

~ main dam: settlement monuments, piezometers, and seepage monitors
auxiliary dam: settlement monuments and piezometers
auxiliary separating dike: settlement monuments

The applicant has submitted plots showing the settlements and piezometer read-
ings to date (CP8 L, 1983b). The plots indicate that the dams are functioning
as expected in the design. Settlements recorded. to date for the two dams and
dike are negligible. The piezometers responded normally to the filling of the
reservoirs and are steady at this time.

FSAR Section 1.8 states that future monitoring of the dams, dike, and channels
will comply with the provisions of RG 1. 127,'"Inspection of Water Control Struc-
tures Associated with Nuclear Power Plants" (Revision 1, March 1978). During
the staff site visit and audit in April 1983, the staff was told that the
applicant has an ongoing inspection program that is in accordance with RG 1. 127.
The staff requires that applicant's compliance with this regulatory guide be
included in the Technical Specifications for'plant startup operations and
throughout the life of the plant. A statement regarding the Technical Specifica-
tions is included.,in Section 2 '.6.9 of this SER.

2. 5. 6. 8 Conclusions

Based on the applicant's design criteria and construction reports and on the
results of the applicant's investigations, laboratory and field tests, and
analyses, the staff has concluded that the applicant has met the requirements
of the SRP. In the opinion of the staff, the main and auxiliary dam, the auxi-
liary separating dike, the auxiliary reservoir channel, the ESW intake channel,
and the ESW discharge channel are stable and will remain stable during static
and dynamic loading.

2.5.6.9 Technical Specifications

To ensure the continued reliability of the main dam, auxiliary dam, auxiliary
separating dike, ESW intake and discharge channels, and the auxiliary reservior
channel, the provisions of RG l. 127 will be implemented as a part of plant
startup operations. Subsequent inspection at yearly intervals will be performed
during the following 3-year period. If adverse conditions are not revealed by
these inspections, inspection at 5-year intervals will be performed thereafter.
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3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

3. 1 General

In FSAR Section 3. 1 the applicant presents a discussion of conformance to the
NRC general design criteria (GDC) for nuclear power plants specified in Appen-
dix A to 10 CFR 50. The staff has reviewed the final design and the design cri-
teria using this information to verify that the plant has been designed to meet
the requirements of the GDC.

The staff review of structures, systems, and components relies extensiv'ely on
the application of industry codes and standards that have been used as accepted
industry practice. These codes and standards are cited in this report have been
previously reviewed by the staff, found acceptable, and incorporated into the
SRP (NUREG-0800).

3.2 Classification of Structures S stems and Com onents

3.2. 1 Seismic Classification

GDC 2 requires that nuclear power plant str'uctures, systems, and components
important to safety be designed to withstand the effects of earthquakes without
loss of capability to perform their safety function. Certain of these plant
features are 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 shutdown condition; or (3) the capability to prevent or mitigate the
consequences of accidents that could result in potential offsite exposures
comparable to 10 CFR 100 guideline exposures.

The earthquake for which these safety-related plant features are designed is
defined in 10 CFR 100, Appendix A, as the safe shutdown earthquake (SSE). The
SSE is based on an evaluation of the maximum earthquake potential and is that
earthquake that produces the maximum vibratory ground motion for which str uctures,
systems, and components are designed to remain functional. In RG 1.29, "Seismic
Design Classification," those plant features that are designed to remain func-
tional if an SSE occurs are designated seismic Category I. RG 1.29 is the prin-
cipal document used in the staff's review for identifying those plant features
that, as a minimum, should be designed to seismic Category I requirements.
Shearon Harris Units 1 and 2 were reviewed in accordance with SRP 3.2. 1.

The structures, systems, components, and equipment that are required to be
designed to withstand the effects of an SSE and remain functional have been
identified in an acceptable manner in FSAR Table 3.2. 1-1. This table, in part,
identifies major components in fluid systems, mechanical systems, and associated
structures designated as seismic Category I. In addition, piping and instrumen-
tation diagrams in the FSAR identify the interconnecting piping and valves and
the boundary limits of each system classified as seismic Category I. The staff
has reviewed Table 3.2. 1-1 and the fluid system piping and instrumentation dia-
grams. The staff concludes that the structures, systems, and components of
Shearon Harris Units 1 and 2 have been properly classified as seismic Category I
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items in conformance with RG 1.29, Revision 3; and constitute an acceptable
basis for satisfying, in part, the requirements of GDC 2.

In its review of FSAR Section 3.9, the staff confirme'd that acceptable design
interfaces exist between seismic Category I and nonseismic portions of

piping'ystems.All other structures, systems, and components that may be required
for operation of the facility are not required to be designed to seismic Cate-
gory I requirements, including those portions of, Category I systems such as
vent lines, fill lines, drain lines, and test lines on the downstream side of
isolation valves and portions of these systems that are not required to pe'rform
a safety function.

3.2.2 System equality Group Classification

GDC 1 requires that nuclear power plant systems and components important to
safety be designed, fabricated, erected, and tested to quality standards com-
mensurate with the importance of the safety function to be performed. These
pressure-retaining components of fluid systems are part of the reactor coolant
pressure boundary (RCPB) and other fluid systems important to safety, where
reliance is placed on these systems: (1) to prevent or mitigate the consequences
of accidents and malfunctions originating within the RCPB, (2) to permit shutdown
of the reactor and maintain it in a safe shutdown condition, and (3) to retain
radioactive material. RG 1.26 is the principal document used in the staff's
review for identifying on a functional basis the components of those systems.
important to safety as NRC equality Groups A, B, C, or D. 10 CFR 50.55a identi-
fies those American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code Section III, Class 1 components that are part of the RCPB.

Conformance of these RCPB components with 10 CFR 50.55a is addressed in Sec-
tion 5.2. 1. 1 of this report. These RCPB components are designated in RG 1.26 as
equality Group A. Certain other RCPB components that meet the exclusion require-
ment of footnote 2 of the rule are classified equality Group B in accordance with
RG 1.26. Shearon Harris Units 1 and 2 were reviewed in accordance with SRP 3.2.2.

The applicant used the American Nuclear Society (ANS) Safety Classes 1, 2, 3
and nonnuclear safety (NNS) as defined in ANSI N18.2a-1975, "American National
Standard Revision and Addendum to Nuclear Safety Criteria for the Design of
Stationary Pressurized Mater Reactor Plants," in the classification'f system
components as an alternate acceptable method of meeting the guidance of RG 1.26.
Safety Classes 1, 2, 3 and NNS correspond to the Commission's equality Groups A,
B, C, and D in RG 1.26.

The relationship of the NRC equality Groups and ANS Safety Classes can be sum-
marized as follows:

Shearon Harris
NRC equality Group PWR,Safety Class

1

2

3

NNS
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The staff has reviewed the applicant's use of ANS safety classes in FSAR

Table 3.2. 1-1 and finds the classification of components acceptable. equality
Group A (Safety Class 1) components of the RCPB are constructed" in accordance
with ASME Code Section III, Division 1, Class 1. Components in fluid systems
that are classified equality Group B (Safety Class 2) are constructed in accord-
ance with the ASME Code,'Section III, Division 1, Class 2. Components in fluid
systems that are classified equality Group C (Safety Class 3) are constructed in
accordance with ASME Code, Section III, Division 1, Class 3. Components in
fluid systems that are -classified equality Group D (Safety Class NNS) are con-
structed to the following codes as appropriate: ASME Code, Section VIII, Divi-
sion 1; ANSI B31. 1.0, Power Piping; and storage tank codes such as American
Water Works Association (AWWA) 0100. The codes and standards used in the con-
struction of equality Group A, B, C, or D components are identified in FSAR

Table 3.2. 1-1. The staff finds the codes and standards used in the construc-
tion of components acceptable.

The safety-related systems and components that are important to safety have been
identified in an acceptable manner in FSAR Table 3.2. 1-1. As noted above, this
table, in part, identifies major components in fluid systems---such as pressure
vessels, heat exchangers, storage tanks, pumps, piping, and valves--and in
mechanical systems--such as cranes, refueling platforms, and other miscellan-
eous handling equipment. In addition, piping and instrumentation diagrams in
the FSAR identify the classification boundaries of interconnecting piping and
valves. The staff has reviewed FSAR Table 3.2. 1-1"" and the fluid system piping
and instrumentation diagrams and concludes that pressure-retaining components
have been properly classified in conformance with RG 1.26, Revision 3.

I

The staff concludes that construction of components in fluid systems identified
in FSAR Table 3.2.1-1 is in conformance with the ASME Code and industry stand-
ards, the Commission's regulations, and RG 1.26. This provides assurance that
component quality is commensurate with the -importance of the safety function of
these systems and constitUtes an acceptable basis for satisfying the require-
ments of GDC 1.

3.3 Wind and Tornado Criteria and Loadin s

3. 3. 1 Wind Design Criteria

All seismic Category I structures exposed to wind forces are designed to with-
stand the effect of the design-basis wind. The design wind specified has a

velocity of 179 mph at 30 ft above plant grade, with a recurrence interval of
1000 years.

"Constructed, as used herein, is an all-inclusive term comprising materials
design, fabrication, examination, testing, inspection, and certification
required in the manufacture and installation of components.

""Staff acceptance is contingent on the applicant's incorporating into the
FSAR the proposed revisions to Table 3.2. 1-1 relating to classification of
pressure-retaining components.
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The procedures that, are used to,transform the wind veloce'ty into pressure''oad-
ings on structures and to establish the associated vertical profile of wind
pressures and the gust factors are i,n accordance with Ame'rican Society of-'ivil
Engineers, Paper No. 3269, "Wind Forces on Structures," and ANSI A58. 1, "Bifild-'ng

Code Requiremept for Minimum Design Loads in Buildings and Other Structures."
The procedures described in these codes are consistent with the staff's
position.

The staff concludes that the plant design is acceptable and .meets the require-
ments of GDC 2. I

I

The applicant has met the requirements of GDC 2 and the recommendations of
SRP 3.3. 1 with respect to the capability of the structures to withstand design
wind loading so that their design reflects

(1) appropriate consideration for the most severe wind recorded for the site with
an appropriate margin

(2) appropriate combinations of the effects of normal and accident conditions
with the effects of the natural phenomena

I

(3) the importance of the safety function to be performed

The applicant has met these requirements by using ANSI A58. 1 and ASCE paper
No. 3269, which the staff has .reviewed and found acceptable, to transform the
wind velocity into an effective pressure on structures and the selecting
pressure coefficients corresponding to the structure's geometry and physical
configuration.

The applicant has designed the plant structures with sufficient margin to pre-
vent structural damage during, the most severe wind loadings that have been
determined appropriate for the site so that the requirements of item (1) above
are met. In addition, as required by ite'm (2), the design of seismic Category I
structures has included in an acceptable manner load combinations that occur as
a result of the most severe. wind load and the loads resulting from normal and
accident conditions.

The procedures used to determine the loadings on structures induced by the
design wind specified for the plant are acceptable-because these procedures
have been used in the design of conventional structures and been proven to pro-
vide a conservative basis that, together with other engineering design consid-
erations, ensures that the structures will withstand such environmental forces.
The use of these procedures provides reasonable assurance that, in the event
of design-basis wind, the structural. integrity of the plant structures that
have to be designed for the design wind will not be impaired and, in conse-
quence, safety-related systems and components located within these structures
are adequately protected and will perform their intended safety functions if
needed, thus satisfying the requirement of item (3) above.

'I

3.3.2 Tornado Design Criteria

All seismic Category I structures exposed to tornadoes and needed for the safe
shutdown of the plant in the event of a tornado are designed to resist a tornado
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of a 290-mph tangential wind velocity and a 70-mph translational wind velocity
with a simultaneous atmospheric pressure drop of 3 psi in 2 seconds. The accept-
ability of these parameters is discussed in Section 2.3 of this report. The
procedures that transform the tornado wind velocity into pressure loadings are
similar to those used for the design-basis wind, as discussed in Section 3.3. 1,
with no variation on pressure in the vertical profile and no consideration of
the gust effect. The tornado-missile effects are considered by using the pro-
cedures in Section 3.5 of this report. Structures that are not designed for
the tornado were investigated by the applicant for potential missile genera-
tion and for possible collapse to ensure that the integrity of seismic Cate-
gory I structures would not be jeopardized.

The procedures utilized to determine the loadings on structures that would be
induced by the design-basis tornado specified for the plant are acceptable
because these procedures provide a conservative basis for engineering design to
ensure that the structures will withstand such environmental forces.

The staff concludes that the plant design is acceptable and meets the require-
ments of GDC 2.

The applicant has met the requirement of GDC 2 and the recommendations of
SRP 3.3.2 with respect to the structure capability to withstand design tornado
wind loading and tornado missiles so that their design reflects

(1) appropriate consideration for the most severe tornado recorded for the site
with an appropriate margin

(2) appropriate combinations of the effects of normal and accident conditions
with the effects of the natural phenomena

(3) the importance of the safety function to be performed

The applicant has met these requirements by using ANSI A58. 1 and ASCE paper
No. 3269, which the staff has reviewed and found acceptable, to transform the
wind velocity generated by the tornado into an effective pressure on structures
and for selecting pressure coefficients corresponding to structures geometry and
physical configuration.

The applicant has designed the plant structures with sufficient margin to pre-
vent structural damage during the most severe tornado loadings that have been
determined appropriate for the site so that the requirements of item 1 above
are met. In addition, the design of seismic Category I structures, as required
by item 2 above, has included in an acceptable manner, load combinations that
occur as a result of the most severe tornado wind load and the loads resulting
from normal and accident conditions.

The procedures utilized to determine the loadings on structures'nduced by the
design-basis tornado specified for the plant are acceptable because these proce-
dures have been, used in the design of conventional structures and have proven
to provide a conservative basis that, together with other engineering design
considerations, ensures that the structures withstand such environmental forces.

The use of these procedures provides reasonable assurance that, in the event of
a design-basis tornado, the structural integrity of the plant structures that
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have to be designed for tornadoes will not be impaired and, in consequence,
safety-related systems and components located within these structures will be
adequately protected and may be expected to perform necessary safety functions
as required, thus satisfying the requirement of. item (3) above.

3.4 Water Level Flood) Desi n

3.4. 1 Flood Protection

The design of the facility for flood protection was reviewed in accordance with
SRP 3.4. 1.

The probable maximum flood (PMF) in the Cape Fear River (as discussed in Sec-
tion 2.4.3 of this SER) is not considered to be a threat to the plant.

The'iver

bank is at elevation 160 feet, while the plant grade is at 260 feet.
Additionally, should one of the reservoir dams fail, the water runoff would be
toward the Cape Fear River. The PMF of concern to the plant is that flood
resulting from wind activity in the main and auxiliary reservoirs that results
in flood levels of 243.0 feet at the main dam, 258.6 feet at the auxiliary dam,
and 257.8 feet around the plant island. Thus, the plant buildings on the plant
island (at an established plant grade of 260 feet) are protected because it is
a "dry site," in accordance with Position C.'1.a of RG 1. 102, "Flood Protection
for Nuclear Power Plants." However, safety-related emergency service water
intake and discharge channels and auxiliary reservoir structures (all seismic
Category I) that are partly or completely at levels below the site grade
(260 feet) are subject to the PMF; these structures are designed to withstand
the effects of that flood. For a discussion of these structures, see Sec-
tion 3.8.4 of this SER.

The applicant originally estimated that the probable maximum precipitation
(PMP) at the plant site would produce an accumulation of approximately 10 inches
above the plant grade of 260 feet. The plant structures are protected to a
height of 261 feet with no access openings below 261 feet and, therefore, are
adequate to protect all the buildings and the safety-related equipment within
the building to the 260-foot 10-inch level. The applicant revised the estimate
of accumulation of water to be expected as a result of the PMP by considering,
conservatively, ponding of the access road (see Section 2.4.2 of this SER).
The revised accumulation results in a flood level of 261.27 feet. The appli-
cant stated that structures would be protected to a minimum height of 262.0 feet
by crubs or by watertight or airtight doors. Only two areas--entrances to the
waste processing building--are not protected to this level (they are protected
to a level of 261.06 feet); these areas, however, do not house any safety-
related equipment. All piping that penetrates the exterior walls of these
structures below grade is provided with water-tight penetration sleeves, and
water stops are provided in horizontal and vertical construction joints in all
exterior walls to prevent the entry of groundwater. Exterior walls that are
exposed to groundwater have been provided with an impervious waterproofing
membrane to a level of 259 feet, while the applicant established the design
groundwater level at 251 feet. The staff finds this acceptable.

The staff finds that flood protection at the Shearon Harris plant is in com-
pliance with guidelines of Positions C. 1 and C. 2 of RG 1. 59. The applicant,
therefore, complies with GOC 2, as it relates to protection from exterior
flooding.
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Protection of the plant- from internal plant flooding is discussed in Sec-
tion 3.6.1 of this SER. Therefore, the staff finds that the plant flood pro-
tection meets the g'uidelines of GDC 2, and plant flood control meets SRP 3.4.1.

3.4.2 Water Level (Flood) Design Procedures

The plant finished grade elevation is at 260 feet, which is 20.0 feet above the
maximum wave runup and wind setup water level of 240.0 feet in the main reser-
voir and 2.2 feet above the maximum wave runup and wind setup water level of
258.8 feet in the auxiliary reservoir. Therefore, all structures on the plant
site are protected against floods occurring in the main or auxiliary reservoirs.
This method of flood protection. is acceptable.to the staff;

The groundwater table in the plant area is at 251 feet. All seismic Category I
structures and nonseismic Category I structures located adjacent to seismic "

Category I structures are designed against full hydrostatic loads and buoyancy
from design-basis groundwater. The lateral hydrostatic loads and the buoyant.
forces are included as part of the dead load in all of the load combinations
specified for seismic Category I structures and are, therefore, acceptable

to"'he

staff.

The staff concludes that the plant design is acceptable and meets the require-
ments of GDC 2.

The applicant has met the requirements of GDC 2 and the recommendations of
SRP 3,4.2 with, respect to the structures'apability -to withstand the effects
of the flood or highest groundwater level so that their design reflects

(1) appropriate consideration for the most severe flood recorded for the site
with an appropriate margin

(2) appropriate combination of the effects of normal and accident conditions
with the effect of the natural phenomena

(3) the importance of the safety functions

The applicant has met these requirements by
neering Research Center's "Shore Protection
and techniques used in design for hydraulic

to be performed

use of the U.S. Army Coastal Engi-
Manual," which provides guidance
and hydrodynamic loads;

The applicant has designed the plant structures with sufficient margin to pre-
vent structural 'damage during the most severe flood or groundwater and the
associated dynamic effects that have been determined appropriate for the site
so that the requirements of item (1) above are met. In addition, as required
by item (2), the design of seismic Category I structures has included in an
acceptable manner load combinations that occur as a result of the most severe
flood- or groundwater-related loads and the loads resulting from normal and
accident conditions.

The procedures utilized to determine the loadings on seismic Category I struc-
tures induced by the design flood or highest groundwater level specified for
the plant are acceptable because these procedures have been used in the design
of conventional structures and proven to provide a conservative basis that,
together with other engineering design considerations, ensures that the str uc-
tures will withstand such environmental forces.
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The use of these procedures provides reasonable assurance that in the event of
floods or high groundwater, the structural integrity of the plant seismic
Category I structures will not .be impaired and, in consequence, seismic Cate-
gory I systems and components located within these structures will be adequately
protected and may be expected to perform necessary safety functions, as required,
thus satisfying the requirement of item (3) above.

3.5 Missile Protection

3.5. 1 Missile Selection and Description

3.5. 1. 1 Inter nally Generated Missiles (Outside Containment)

The design of the facility for providing protection from internally generated
missiles (outside containment) was reviewed in accordance with SRP 3.5. l. 1
(NUREG-0800). Conformance with the acceptance criteria, except as noted below,
formed the basis for the staff evaluation of protection against internally
generated missiles outside containment with respect to the applicable
regulations of 10 CFR 50.

Plant structures, systems, and components outside containment that are required
for safe plant shutdown are protected against postulated internally generated
missiles resulting from fai lures in rotating or pressurized equipment. Protec-
tion against such missiles, as required by GDC 4, is provided by any one or a
combination of the following: compartmentalization, barriers, separation, and
equipment design. The primary means utilized by the applicant to protect
safety-related equipment from potential damage from internally generated mis-
siles are the physical arrangement of the plant and the adequacy of the design
of plant equipment to prevent missile generation. Stored fuel is protected
from internal missile damage that could result in radioactive release, as
identified in the guidelines of RG 1. 13, by. the fuel pool walls and by the
location of new and spent fuel in an area with no high-energy piping system or
rotatirig machinery in the vicinity.

The applicant has provided an evaluation of potential missiles from such sources
as the failure of rotating components and pressurized components. This evalu-
ation included internal missile sources such as valve stems, valve bonnets,
temperature element-sensing wells, accumulators, motor-generator sets,
and pump impellers. Based on the design of these components, the applicant
concluded that none of these are credible missile sources that could damage
safety-related equipment. In a recent event (Palo Verde, 1982), a fan blade
became an internally generated missile and damaged the containment liner.

The Shearon Harris applicant must demonstrate that fan blades are not credible
missiles that are capable of damaging safety-related equipment.

In response to a staff question regarding the turbine drive of the auxiliary
feedwater (AFW) turbine-driven pump, the applicant responded that the turbine
is designed and manufactured in accordance with safety Class 3 standards with
redundant overspeed protection. In addition, the other AFW pumps are protected,
by barrier walls. Some AFW piping is behind the barrier walls, while other
AFW piping is located within the steam tunnel. The applicant should verify
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that no missiles resulting from a.failure in the turbine-driven pump will
damage the piping of another AFW pump train.

Protection of safety-related equipment and stored fuel from the effects of the
main turbine missiles, including compliance with RG 1. 115, is discussed in
Section 3.5. 1.3 of this SER.

Although FSAR Table 3.5.1. 1 lists the structures, systems, and components (SSC)
that require protection against internally generated missiles, it does not
address either the essential services chilled water system (ESCWS) or waste
processing building cooling water system (WPBCWS). Portions of the ESCWS are
needed for mitigation of accidents or for shutdown. The WPBCWS may contain
radioactive fluid as inleakage from some of the systems that it cools. There-
fore, to comply with GDC 4, the applicant must show that these systems (1) are
protected or (2) need.not be protected.

Without further information, as noted above, the staff cannot conclude that the
design is in conformance with GDC 4 with respect to protection from internally
generated missiles outside containment or that it meets SRP 3.5. 1. 1.

After receiving such information the staff will review it and report the
results in a supplement to this SER.

3. 5. 1. 2 Internally Generated Missiles (Inside Containment)

The design of the facility for providing protection from internally generated
missiles (inside containment) was reviewed in accordance with SRP 3. 5. 1. 2
(NUREG-0800). Conformance with the acceptance criteria formed the basis for
the staff evaluation of protection against internally generated missiles inside
containment with respect to the applicable regulations of 10 CFR 50.

Protection of plant structures, systems, and components inside containment that
are required for safe plant shutdown against postulated internally generated
missiles associated with plant operation is provided by any one or a combina-
tion of the following: barriers, separation, and equipment design. The pri-
mary means of protection of safety-related equipment from potential damage
from internally generated missiles is provided by shield walls and separation
within the containment.

The applicant has provided an evaluation of potential. missile sources inside
containment. The only credible potential missile sources" identified are from
high-energy systems. These are

(1) control rod drive mechanism housing plug, drive shaft, and the drive shaft
and drive mechanism latched together

(2) .valves atop the pressurizer

(3) temperature and pressure sensor assemblies

(4) pressurizer heaters
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The applicant's analysis verified either that structures, shields, barriers,
and/or equipment orientation provide protection for safety-related equipment
from the above primary missiles, and any secondary missiles generated by the
impact of primary missiles are not of sufficient energy to cause unacceptable
impact or damage. The applicant also stated that no nonseismically supported
components within the containment could result in gravitational missiles with
potentially adverse consequences to safety-related equipment.

The staff has reviewed the adequacy of the applicant's ana/ysis and design to
maintain the capability for a safe plant shutdown in the event of internally
generated missiles inside containment. Based on the above, the staff concludes
that through the use of barriers, separation, and equipment design, the design
is in conformance with the requirements of GOC 4 with respect to missile

protec-'ion

and is, therefore, acceptable. The design of the facility for providing
protection from internally generated missiles inside containment meets the
acceptance criteria of SRP 3.5. 1.2.

3.5. 1.3 Turbine Missiles

3.5. 1.3. 1 Review Basis

During the past several years the results of turbine inspections at operating .

nuclear facilities indicate that cracking to various degrees has occurred at
the inner radius of turbine disks, particularly those of Westinghouse design.
Within this period, there has actually been a Westinghouse turbine disk failure
at one facility owned by the Yankee Atomic Electric Company. Furthermore,
recent inspections of General Electric turbines have also resulted in the dis-
covery of disk keyway cracks. . Stress corrosion has been identified by both
manufacturers as the operative cracking mechanism.

The staff has followed these developments closely. Its primary safety objective
is the prevention of unacceptable doses to the public from releases of radio-
active contaminants that could be caused by damage to plant safety-related
structures, systems, and components resulting from missile-generating turbine
failures. Based on previous staff reviews and various estimates by others
(Bush, 1973; Twisdale, Ounn, and Frank, 1982) for a variety of plant layouts,
the staff concludes that if a turbine missile is generated, the probability of
unacceptable damage to safety-related structures, systems, and components is
about 10- or 10- per year, depending on whether the turbine orientation is
favorable or unfavorable. In view of this and operating experience, the staff
has shifted the review emphasis to the prevention of missile-generating turbine
failures. In keeping with this shift of emphasis, the staff has recently set
turbine-missile-generation-probability guidelines for determining (1) turbine
disk ultrasonic inservice inspection frequencies and (2) turbine control and
overspeed protection system's maintenance and testing schedules. It 'should be
noted that (1) no change in safety criteria is associated with this change in
review emphasis and (2) the major domestic turbine manufacturers are already
in the process of establishing models and methods for calculating turbine
missile generation probabilities" for their respective turbine generator systems.

This shift of emphasis helps improve turbine generator system reliability by
focusing on review and evaluation of the probability of missile-generating
turbine failure and, in the process, provides a logically consistent method
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for establishing inservice inspection and testing schedules. Furthermore, it
reduces considerably the analytical burden placed on licensees by eliminating
the need for elaborate and ambiguous analyses of strike and damage probabilities
and, at the same time, better ensures the protection of public health and safety
by better maintaining turbine system integrity.

According to GDC 4, nuclear power plant structures, systems, and components
important to safety shall be ap'propriate'ly protected against dynamic effects,
including the effects of missiles. Failures of large steam turbines of the
main turbine generator have the potential for ejecting large high-energy
missiles .that can damage plant structures, systems, and components. The over-
all safety objective of the 'staff is .to ensure that structures, systems, and
components important to safety are adequately, protected from potential turbine
missiles. Of those systems important to safety, this topic is primarily con-
cerned with safety-related systems; i.e., those structures, systems, or compo-
nents necessary to perform required safety functions and 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 shut-
down condition

(3) the capability to prevent accidents that could result in potential offsite
exposures that are a significant fraction of the guideline exposures of
10 CFR 100, "Reactor Site Criteria"

b

Typical safety-related systems are listed in RG 1.117.

The probability of unacceptable damage from turbine missiles (P<) is generally
expressed as the product of (1) the probability of turbine failure resulting
in the ejection of turbine disk (or internal structure) fragments through the
turbine casing (Pi); (2) the probability of ejected missiles perforating
intervening barriers and stri ki ng safety-related structures, systems, or
components (Pz); and (3) the probability of struck structures, systems, or
components failing to perform their safety function (Ps).

According to NRC guidelines in SRP 2.2.3 (NUREG-0800) and RG 1. 115, the probabil-
ity of unacceptable damage from turbine missiles should be less than or equal
to about 1 chance in 10 million per year for an individual plant, i. e., P4 <
10-~ per year.

In the past, analyses for CP and OL reviews assumed the probability of missile
generation (P>) .to be approximately 10-~ per turbine year, based on the his-
torical failure 'rate (Bush, 1973). The strike probability (Pz) was estimated
(SRP 3.5. 1.3) based on postulated missile sizes, shapes, and energies and on
available plant-specific information such as turbine placement and orientation,
number and type of intervening barriers, 'target geometry, and potential missile
trajectories. The damage probability (Ps) was generally assumed to be 1.0. The
overall probability of unacceptable damage to safety-related systems (Pz), which
is the sum over all targets of the product of these probabilities, was then
evaluated for compliance with the NRC 'safety objective. This logic places the
regulatory emphasis on the strike probability; i.e., having established an ind-
vidual plant safety objective of about 10-~ per year or less for the probability
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of unacceptable damage to safety-related systems as a result "of turbine missiles,
this procedure requires that Pz be less than or equal to 10-

It is well known that nuclear turbine disks crack (NUREG/CR-1884; Northern „,
States Power Co., 1981), turbine stop and control valves fai 1 (Southern
California Edison and San Diego Gas 8 Electric Co., 1982; Burns, 1977), and
disk ruptures can result in the generation of high-energy missiles (Kalderon,
1972). Furthermore, analyses (Burns, 1977; Clark, Seth, and Shaffer, 1981)
clearly demonstrate the large effects of inservice testing and inspection fre-
quencies on missile generation probabilities (P~). It is the staff's view that
sufficiently frequent turbine testing and inspection are the best means of en-
suring that the criteria on the probability of unacceptable damage to safety-
related structures, systems, and components (P~) are met.'herefore, it is-pru-,."
dent for turbine manufacturers to perform, and the NRC to review, analyses of
turbine reliability that include known and likely failure mechanisms expressed
as a function of time (i.e., inservice inspection or test intervals).

Although the calculation of strike probability is not difficult in
principle;."'or

the most part reducing to a straightforward ballistics analysis, it presents
a problem in practice. The problem stems from the fact that numerous modeling
approximations and simplifying assumptions are required to make tractable the
incorporation into acceptable models of available data on the (j.) properties
of missiles, (2) interactions of missiles with barriers and obstacles, (3) tra-
jectories of missiles as they interact with and perforate (or are deflected by)
barriers, and (4) identification and location of safety-related targets. The
particular approximations and assumptions made tend to have a large effect on
the resulting value of Pz. Simi lari ly, a reasonably accurate specification of
the damage probability (Ps) is not a simple matter because of the difficulty
in defining the missile impact energy required to render given safety-related
systems unavailable to perform their safety function, and the difficulty in
postulating sequences of events that would follow a missile-producing turbine
failure.

The new approach places on the applicant the responsibility for demonstrating
and maintaining an NRC-specified turbine reliability by appropriate inservice
inspection and testing throughout plant life. This shift of emphasis necessi-
tates that the applicant show capability to have volumetric (ultransonic) exam-
inations performed that are suitable for inservice inspection of turbine disks
and shaft, and to provide reports for NRC review and approval that describe the
applicant's methods for determining turbine missile generation probabilities.

Westinghouse and General Electric, on behalf of applicants, are preparing
reports for NRC review and approval that describe methods for determining
turbine-missile-generation probabilities for their respective turbines. The
design-speed missile generation probability is to be related to disk design
parameters, material properties, and the inservice volumetric (ultrasonic) disk
inspection interval (for example, see Clark, Seth, and Shaffer, 1981). The
destructive overspeed missile generation probability is to be related to the
turbine governor and overspeed protection system's speed sensing and tripping
characteristics, the design and arrangement of main steam control and stop
valves and the reheat steam intercept and stop valves, and the inservice test-
ing and inspection intervals for system components and valves (for example, see
Burns, 1977). Following the submittal of such reports to the NRC for review and
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approval, the manufacturer will provide applicants and licensees with tables of
missile-generation probabilities versus time (inservice volumetric disk inspec-
tion interval for design speed failure and inservice valve testing interval for
destructive overspeed failure) for their particular turbine. These tables are
then to be used to establish inspection and test schedules that meet NRC safety
objectives.

Because of the uncertainties involved in calculating P~, the staff concludes
that Pz analyses are "ball park" or "order of magnitude" type calculations only.
Based on simple estimates for a variety of plant layouts (Bush, 1973, and
Twisdale, Dunn, and Frank, 1982), the staff further concludes that the strike
and damage probability product can be reasonably taken to fall in a character-
istic narrow range that is dependent on the gross features of turbine generator
orientation; (1) for favorably oriented turbine generators, P>Ps tend to lie in
the range 10-4 to 10-s and (2) for unfavorably oriented turbine generators,
PzPz tend to lie in the range 10- to 10- . For these reasons (and because of
weak data, controversial assumptions, and modeling difficulties), in the evalua-
tion of P4, the staff gives credit for the product of the strike and damage
probabilities of 10- for a favorably oriented turbine and 10- for an unfavor-
ably oriented turbine, and does not encourage calculations of them. These
values represent the staff's opinion of where PzPz lie based on its calculations
and those of others.

It is the staff's view that the NRC safety objective with regard to turbine
missiles is best expressed in terms of two sets of criteria applied to the
missile generation probability (see Table 3. 1).. One set of criteria is to be
applied to favorably oriented turbines, and the other is to be applied to
unfavorably oriented turbines. Applicants and licensees with turbines from
manufacturers who have had reports describing their methods and procedures for
calculating turbine missile generation probabilities reviewed and accepted by
the NRC are expected to meet the set of criteria appropriate to their turbine
orientation, as shown in Table 3. 1.

Applicants and licensees with turbines from manufacturers who have not yet
submitted reports to the NRC describing their methods and procedures for calcu-
lating turbine missile generation probabilities or who have submitted reports
that are still being reviewed by the NRC are expected to meet the following
alternative criteria, regardless of turbine orientation:

(1) The inservice inspection program used for the steam turbine rotor assembly
is to provide assurance that disk flaws that might lead to brittle failure
of a disk at speeds up to design speed will be detected. The turbine rotor
design should be such as to facilitate inservice inspection of all high-
stress regions, including disk bores and keyways, without the need for
removing the disks from the shaft. The volumetric inservice inspection
interval for the steam turbine rotor assembly is to be established accord-
ing to the following guidelines:

(a) The initial inspection of a new rotor or disk should be performed
before any postulated crack is calculated to grow to more than 1/2
the critical crack depth. If the calculated inspection interval is
less than the scheduled first fuel cycle, the licensee should seek
the manufacturer's guidance on delaying the inspection until the
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Table 3.1 Reliability criteria

Probability, yr-~

Favorably
oriented

Unfavorably
oriented

Pg < 10"s

Required licensee action

Thi s i s the general, minimum re 1 ia-
bility requirement for loading the
turbine and bringing the system on
l ine.

(2) 10 Pa 10 10 Pz < 10 If during operation this condition
is reached, the turbine may be kept
in service until the next scheduled
outage, at which time the licensee
is to take action to reduce P~ to
meet the appropriate criterion
(1) (above) before returning the
turbine to service.

(3) 10" Pz 10 10 Pz 10

10-s < P

If during operation this condition
is reached, the turbine is to be
isolated from the steam supply
within 60 days, at which time the
licensee is to take action to
reduce Pz to meet the appropriate
criterion (1) (above) before
returning the turbine to service.

If at any time during operation
this condition is reached, the
turbine is to be isolated from the
steam supply within 6 days, at
which time the licensee is to take
action to reduce P~ to meet the
appropriate criterion (1) (above)
before returning the turbine to
service.

refueling outage. If the calculated inspection interval is longer
than the first fuel cycle, the licensee should seek the manufacturer's
guidance for scheduling the first inspection at a later refueling
outage.

(b) Disks that have been previously inspected and found to be free of
cracks or that have been repaired to eliminate all indications should
be reinspected using the same criterion as for new disks, as described
in (a), calculating crack growth from the time of the last inspection.

1
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(c) Disks operating with known -and measured cracks should be reinspected
before 1/2 the time calculated for any crack to grow to I/2 the cri-
tical crack depth. The guidance described in (a) should be used to
set the inspection date based on the calculated inspection interval.

(d) Under no circumstances is the volumetric inservice inspection interval
for low-pressures (LP) disks to exceed approximately 3 years or two
fuel cycles.

Inspections during these refueling or maintenance shutdowns should consist
of visual, surface, and volumetric examinations, according to the manufac-
turer's procedures, of all normally inaccessible parts such as= couplings,
coupling bolts, LP turbine shafts, blades, disks, and high-pressure rotors.
Shafts and disks with cracks of depth near to or greater than 1/2 the
critical crack depth are to be repaired or replaced. All cracked couplings
and,coupling bolts should be replaced.

(2) The inservice inspection and test program used for the governor and over-
speed protection system should provide assurance that flaws or component
failures in the overspeed sensing and tripping subsystems, in the main
steam control and stop valves, reheat steam intercept and stop valves, or
extraction steam nonreturn valves that might lead to an overspeed condi-
tion above the design overspeed will be detected. The inservice inspection
program for governor and overspeed protection system's operability should
include, as a minimum, the following provisions:

(a) For typical turbine governor and overspeed protection systems, at
approximately 3-year intervals during refueling or maintenance shut-
downs, at least one main steam control valve, one reheat intercept
valve, one reheat stop valve, and one of each type of steam extrac-
tion valves are to be dismantled and visual and surface examinations
conducted of valve seats, disks, and stems. Valve bushings should
be inspected and cleaned, and bore diameters should be checked for
proper clearance. If any valve is shown to have hazardous flaws or
excessive corrosion or improper clearances, the valve is to be
repaired or replaced and all other valves of that type dismantled
and inspected.

(b) Main steam control and stop valves, reheat intercept and stop valves,
and steam extraction nonreturn valves are to be exercised at least
once a week during normal operation by closing each valve and observ-
ing directly the motion of the valve as it moves smoothly to a fully
closed position.

(c) At least once a month during normal operation, each compartment of
the electrohydraulic governor system (which modulates control and
intercept valves), and the mechanical overspeed trip mechanism and
backup electrical overspeed trip (both of which trip the main steam
control and stop valves and reheat intercept and stop valves) are to
be tested.
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Online test failures of any one of these subsystems require that failed compo-
nents be repaired or replaced within 72 hours or the turbine is 'to be isolated
from the steam supply until repairs are completed.

3.5. 1.3.2 Evaluation

For Shearon Harris Units 1 and 2,. the steam and power conversion system gener-
ates steam in a direct-cycle PWR and converts it to electric power in a turbine
generator manufactured by Westinghouse Corporation. The placement and orienta-
tion of the turbine generator are unfavorable with respect to the station
reactor buildings; i.e., there are safety-related targets inside the low tra-
jectory missile strike zone. The turbine is a tandem-compound type (single
shaft) with one double-flow high-pressure turbine, two double-flow low-pressure
turbines, and a rated rotational speed of 1800 rpm.

Destructive Overs eed Failure Prevention

The turbine generator has a turbine control and overspeed protection system
that is designed to control turbine action under all normal or abnormal condi-
tions and ensure that a turbine trip from full load will not cause the turbine
to overspeed beyond acceptable limits so as to minimize the probability of gen-
erating turbine missiles, in accordance with the requirements of GOC 4. The
turbine control and overspeed protection system is, therefore, essential to the
overall safe operation of the plant.

The Westinghouse turbine generator unit utilizes a digital-electric hydraulic
(DEH) control system, which controls either valve position, speed, or load
depending on the reference parameter selected. During wide range speed control,
the control reference is the desired value of, the turbine generator speed.
During load control, the control reference is either the desired value of the
governor valve position, impulse chamber pressure, or megawatts depending on
which feedback loop or loops have been placed in service.

The DEH control system controls positioning of the throttle and control valves
and the intercept and reheat stop valves with actuators using hydraulic fluid
pressure. The intercept and reheat stop valves are positioned in either the
fully open or fully closed position, while the throttle and control valve actua-
tors position those valves in any intermediate position to proportionally
regulate the steam flow to the required amount. The throttle valve pilots con-
trol the steam flow during startup, and the control valves control the

steam'low

for synchronizing and load control. The interceptor valves control the
steam flow from the MSRs to the LP turbines. The reheat stop valves provide
backup protection for the interceptor valves on a turbine trip.
For normal speed load control, the DEH action of the electrohydraulic control
system interrupts steam flow at approximately 103%%uo of the rated turbine speed
by closing the control and intercept valves.

The turbine overspeed protection is provided by redundant mechanical and elec-
trical trip mechanisms. The electrical trip mechanism includes the emergency
trip device, which acts as 'a backup to the mechanical overspeed trip mechanism.
This redundancy provides adequate protection against turbine overspeed in the
event of high- and moderate-energy-piping

failures'hearon
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The electrical overspeed *device consists of a magnetic pickup mounted at the
'urninggear spacer gear and a. speed'cage mounted in the trip system cabinet.

The output frequency is converted into an analog signal and compared with a
trip set point. When the turbine speed exceeds the set point of approximately
ill% of the rated speed, all four auto stop emergency trip solenoid valves
(20/AST) are energized to drain electrohydraulic fluid and thereby shut all
turbine steam inlet valves; .

All electric trips including overspeed trip are effected through the 20/AST
solenoid valves, which are arranged in a series-parallel configuration into
two channels. This-arrangement requires at least one solenoid valve from each
channel to be open to cause a trip.
The mechanical overspeed device includes a spring-loaded weight mounted in a
transverse hole in the turbine shaft. The compression force of the spring is
incrementally adjustable to achieve the desired overspeed trip set point. When
the shaft speed exceeds this level, the weight will move outward, striking a
pawl, which will open a valve and provide a path (for the autostop control oil)
to drain. The mechanical overspeed trip device is set to trip the turbine at

'pproximatelyill%.

Both the electrical and mechanical overspeed devices can be tested during tur-
bine operation without compromising the overspeed protection during the'test. "

According to the applicant s inservice inspection and testing program, at least
one main steam stop valve,.main steam control valve, and reheater intercept
valve will be dismantled during a refueling or long-term maintenance shutdown
for visual inspection. Surface examination is carried out on valve seats,
disks, and stems during refueling or maintenance shutdowns at approximately
3-1/3-year intervals. If unacceptable flaws or excessive corrosion are found
during inspection, all other valves of the same type will be dismantled and
inspected. All these valves, including the extraction steam valves, are exer-
cised at least once a month by closing each valve and observing the valve posi-
tion indicator. Direct observation of the valve motion is to be made at least
once a quarter as a part of inservice inspection. Routine testing of the main
steam stop and control valves,- the reheat stop and intercept valves, and the
mechanical emergency overspeed protective system 4i11 be done while the unit
is carrying load.

Westinghouse is in the process of completing an analysis of turbine-missile-
generation probabilities at destructive overspeed that can serve as a basis for
evaluating the adequacy of the applicant's overspeed protection system inspec-
tion and testing program. When the report is completed and submitted to the
NRC, it will be reviewed and evaluated by the staff. Until then, the NRC alter-
nate criteria described above apply to Shearon Harris Units 1 and 2.

Desi n S eed Failure Prevention

Failures of turbine disks at or below the design speed, nominally 120K of normal
operating speed, are caused by a nonductile material failure at nominal'tresses
lower than the yield stress of the material. Since 1979, the staff has known of
the stress-corrosion cracking problems in low-pressure rotor disks of Westing-
house turbines. Westinghouse has developed and implemented procedures for
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inservice volumetric inspection of the bore and keyway areas of low-pressure
turbine disks. Mestinghouse has,also prepared and submitted reports for NRC

review that describe its methods for determining turbine disk inspection
intervals and relating them to missile generation probabilities resulting from
stress-corrosion cracking. These reports are currently under staff review.
Until reviews and evaluations are completed, the NRC alternate criteria described
above apply to Shearon Harris Units 1 and 2.

3.5. 1.3.3 Summary

The staff has reviewed the Shearon Harris facility with regard to the turbine
missile issue and concluded that the probability of unacceptable damage to
safety-related structures, systems, and components from turbine missiles is
acceptably low (less than 10-7 per year) provided that the total turbine-
missile-generation probability is such that conformance with the cr.iteria pre-
sented in Table 3. 1 is maintained, throughout the life of the plant, by accept-
able inspection and test programs. In reaching this conclusion, the staff has
factored into consideration the unfavorable orientation of the turbine
generators.

Even if cracks initiate in the Shearon Harris turbine disks at the beginning
of service life, it is estimated that they will not grow *to a depth of 1/2 the
critical crack depth within 3 years of startup. For these reasons, the staff
is allowing the applicant up to 3 years from initiation of power output to pro-
pose a revised turbine maintenance program (which establishes, with NRC-approved
methods, inspection and testing procedures and schedules) and obtain NRC

approval of the program.

The staff r'ecommends that a license condition be imposed which requires that
the applicant

(1) submit for NRC approval, within 3 years of obtaining an operating license,
a turbine system maintenance program based on the manufacturer's calcula-
tions of missile generation probabilities and NRC guidelines, or volumet-
rically inspect all low-pressure turbine rotors at the second refueling
outage and every other (alternate) refueling outage thereafter until some
other maintenance program is approved by the staff, and

(2) conduct turbine steam valve maintenance (following initiation of power
output) in accordance with NRC recommendations until a turbine system
maintenance program is approved.

Provided the above recommended license condition is met, the staff concludes
that the turbine missile risk" for the proposed plant design is in compliance
with the requirements of GDC 4 and is, therefore, acceptable.

3.5. 1.4 Missiles Generated by Natural Phenomena

The tornado missile spectrum was reviewed in accordance with SRP 3.5. 1.4
(NUREG-0800). Conformance with the acceptance criteria formed the basis for
the staff evaluation of the tornado-missile spectrum with respect to the
applicable regulations of 10 CFR 50.
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The portions of the SRP review procedures concerning the probability per year
of damage to safety-related systems as a result of missiles were not used in
the staff review. The review for this section of the SRP is concerned with
establishing the missile spectrum, not with calculating the probability of
damage.'DC

2 requires that structures, systems, and components essential to safety be
'designed to withstand the effects of natural phenomena, and GDC 4 requires that
these same plant features be protected against missiles generated by natural
phenomena. The missiles generated by natural phenomena of concern are those
resulting from tornadoes. The applicant has identified a spectrum of missiles
for a tornado Region I site as identified in RG 1.76, Position C. 1, and has
utilized missile Spectrum A of SRP 3.5. 1.4 as the basis for the design of
tornado-missile protection. The staff has reviewed this spectrum and concludes,"
that it is representative of missiles at the site and is, therefore, acceptable.
Discussion of the protection (barriers and structures) afforded safety-related
equipment from the identified tornado missiles, including compliance with the
guidelines of RG 1. 117 is in Section 3.5.2 below. Discussion of the adequacy
of barriers and structures designed to withstand the effects of the identified
tornado missiles is in Section 3.5.3 of this SER.

Based on its review of the tornado-missile spectrum, the staff concludes thatit was properly selected and meets the requirements of GDC 2 and 4 with respect
to protection against natural phenomena and missiles and the guidelines of
RG 1.76, Position C. 1 with respect to identification of missiles generated by
natural phenomena. It is, therefore, acceptable. The tornado-missile spectrum
meets the acceptance criteria of SRP 3.5. 1.4.

3.5.2 Structures, Systems, and Components To Be Protected from Externally
Generated Missiles

The structures, systems, and components to be protected from externally tornado-
generated missiles were reviewed in accordance with SRP 3.5.2 (NUREG-0800).

GDC 2 requires that all structures, systems, and components essential to the
safety of the plant be protected from the effects of natural phenomena, and
GDC 4 requires that these same plant features be protected from the effects of
externally generated missiles. The Shearon Harris site is located in tornado
Region I as identified in RG 1.76. The tornado-missile spectrum is discussed
in Section 3.5. 1.4 of this SER.

The applicant has identified all safety-related structures, systems, and com-
ponents requiring protection from externally generated missiles. All safety-
related structures are designed to withstand postulated tornado-generated mis-

siless

without damage to the safety-related equipment they contain. All safety-
related systems and components and stored fuel are located within tornado-
missile-protected structures or are provided with tornado-missile barriers.
Buried safety-related systems such as piping and electrical circuits are
protected by the overlaying earth. The auxiliary reservoir is the ultimate
heat sink and is retained by a seismic Category I spillway and dam, both of
which are designed to withstand the impact of tornado missiles. Although the
refueling water storage tank and reactor makeup water storage tank are seismic
Category I, their roofs are not missile protected. This is acceptable because
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they are not required for,a safe. shutdown. Protection f!rom low-trajectory
turbine missiles, .including compliance with RG l. 115, is discussed in Section
3.5. 1.3 of this SER.

Based on the above, the staff concludes that the applicant's list of safety-
related structures, systems, and components to be protected from externally
generated missiles and the provisions in the plant design providing this ~

protection are in accordance with the requirements of GDC 2 and 4 with respect
to missile and environmental effects and the guidelines of RG 1. 13, Position
C.2; RG 1.27, Positions C.2 and C.3; and RG l. 117, Positions C.% through C.3,

'oncerningprotection of safety-related plant features, including stored fuel
and the ultimate heat sink, from tornado missiles. They are, therefore,
acceptable. The design of the facility for providing, protection from tornado-
generated missiles meets the applicable acceptance criteria of SRP 3.5.2.

3.5.3 Barrier Design Procedures

The plant's seismic Category I structures, systems, and components will be
shielded from, or designed for, various postulated missiles. Missiles
considered in the design of structures include tornado-generated missiles and
various containment internal missiles, such as those associated with a loss-
of-coolant accident.

Information has been provided indicating that the procedures that will be used
in the design of the structures, shields, and barriers to resist the effect of
missiles are adequate. The analysis of structures, shields,,and barriers to
determine the effects of missile impact will be accomplished -in two steps. In
the first step, potential damage from the missile in the immediate vicinity of«
impact is investigated. This is accomplished by estimating, the depth of
penetration of the missile into the impacted structure. Secondary missiles
will be prevented by fixing the target thickness well above that determined for
penetration. In the second step of the analysis, the, overall structural
response of the target when impacted by a missile is determined using
established methods of impactive analysis. The equivalent loads of missile
impact, whether the missile is environmentally generated or accidentally
generated within the plant, are combined with other applicable loads, as
discussed in Section 3.8 of this report.

The staff concludes that the barrier design is acceptable and meets the recom-
mendations of SRP 3.5.3 and the requirements of GDC 2 and 4 with respect to the
capabilities of the structures, shields, and barriers to provide sufficient
protection to equipment that must withstand the effects of natural phenomena
(tornado missiles) and environmental effects, including the effects of missiles,
pipe whipping, and discharging fluids.

The procedures utilized to determine the effects and loadings on seismic
Category I structures and missile shields and barriers induced by design-basis
missiles selected for the plant are acceptable because these procedures provide
a conservative basis for engineering design to ensure that the structures or
barriers are adequately resistant to and will withstand the effects of such
forces.
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The use of these procedures provides reasonable assurance that in the event of
impact. with design-basis missiles, seismic Category I structures or other
missile shields and barriers will not be impaired or degraded to an extent that
will result in a loss of required protection. Seismic Category I systems and
components protected by these structures- are,'"therefore, adequately protected
against the effects of missiles and will perform %heir intended safety
function, if needed. Conformance with these procedures is an acceptable basis
for'satisfying in part the requirements of GDC 2 and-4.

3.6 Protection A ainst D namic Effects Associated with the Postulated Ru ture
~of Pi in

3.6. 1 Plant Design for Protection Against Postulated Piping Failures in
Fluid Systems Outside Containment

The design of the facility for providing protection against postulated piping
failures outside containment was reviewed in accordance with SRP 3.6. 1
(NUREG-0800).

GDC 4 requires that systems and components important to safety be appropriately
protected against dynamic effects--including the effects ot missiles, pipe whip,
and fluid discharge--that may result from equipment failures. To meet this
requirement with regard to protection against pipe breaks outside containment,
the applicant has designed the plant in accordance with the high-energy pipe
criteria of Appendix B of BTP ASB 3-1, "Protection Against Postulated Piping
Failures in Fluid Systems Outside Containment," and the moderate-energy pipe
crack criteria of Section 8.3 of this BTP. Compliance with these sections of
BTP ASB 3-1 is compatible with the tendering date for the Shearon Harris con-
struction application (June 3, 1971). These criteria concern failures in high-
and moderate-energy fluid systems. The applicant has identified the high- and
moderate-energy piping systems in accordance with these guidelines and has
also identified those systems requiring protection from postulated piping
failures.

The plant design accommodates the effects of postulated pipe breaks in high-
energy fluid piping systems outside containment with respect to pipe whip, jet
impingement and resulting reactive forces, and environmental effects; it also
accommodates the effects of postulated cracks in moderate-energy fluid systems
outside containment with environmental effects. Safety-related systems and
components throughout the plant are protected by one or more of the following
methods: physical separation, enclosure in suitably designed structures or
compartments, drainage systems, pipe whip restraints, equipment shields, and
equipment environmental qualification.

The applicant analyzed high-energy piping systems for the effects of pipe whip,
jet impingement, and environmental effects on safety-related systems and struc-
tures. For moderate-energy systems, protection of safety-related systems from
jet impingement, flooding, and other environmental effects because of critical
cr acks is incorporated into the plant design. The staff has reviewed the appli-
cant's analysis and concludes that the protection provided against pipe failure
outside containment is in conformance with the guidelines of BTP ASB 3-1.
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The break exclusion region of the main steamlines extends from the containment
building penetration to the pipe rupture restraint, and includes the main steam
isolation valves. The break exclusion region for the feedwater lines extends
from the first upstream check valves in the steam tunnel. to containment
penetrations and contains the isolation valves.

All of the piping located within the steam tunnel is designed to the criteria
presented in SRP 3.6. 1. No specific pipe breaks are postulated in the main
steam, main feedwater, and branch piping up to the first isolation valve
(because this is the break-exclusion area). However, to provide an addi-
tional level of assurance of operability of equipment required to achieve and
maintain safe shutdown located within and adjacent to the steam tunnel, the
building structure and essential equipment are designed for the environmental
conditions (pressure, temperature, and flooding) that would result from a
crack equal in area to one cross-sectional pipe area of either the largest
main steamline or feedwater line. Blowdown of a main steamline results in a
maximum compartment temperature of 317 F and maximum pressure of 21 psia. The
maximum flooding from a failed feedwater line, assuming no flashing, results -..
in a flood water level 3 ft above the steam tunnel floor. The tunnel design
includes a penthouse that provides adequate ventilation to prevent overpressuri-
zation of the tunnel compartment. Watertight doors have been provided that
prevent spillage of water'eyond the tunnel boundaries onto any essential equip-
ment. Essential equipment within the tunnel is located above the maximum attain-
able flood level. All essential equipment within the tunnel has been environ-
mentally qualified to withstand the effects of the worst case break.

The plant has the'bility to sustain a high-energy pipe break coincident with a
single active failure in essential systems and retain the capability for safe
cold shutdown. For postulated pipe failures, the resulting environmental
effects do not preclude the habitability of the control room, the accessiblity
of other areas that'ave to, be manned during and following an accident, and the
loss of function of electric power supplies 'and controls and instrumentation
needed to complete a safety action. Further discussion of the environmental
qualification of safety-related equipment is in Section 3. 11 of this SER.

,Based on its review, the staff concludes that the applicant has adequately
designed and protected areas and systems required for safe plant shutdown
following postulated events, including the combination of pipe failure and
single active failure, and the environmental effects of moderate-energy pipe
cracks. The staff concludes that the plant design meets the requirements of
GDC 4 and the criteria set forth in BTP ASB 3-1 with regard to the protection
of safety-related systems and components from a postulated high-energy line
break and with regard to the protection of safety-related systems and compon-
ents from a postulated moderate-energy line failure. The staff, therefore, con-
cludes that the plant design for the protection of safety-related equipment
against dynamic effects associated with the postulated=rupture of piping out-
side containment is acceptable and the design of the facility for protection
against postulated piping failures meets the acceptance criteria of SRP 3.6.1.
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3.6.2 Determination of Rupture Locations and Dynamic Effects Associated with
the Postulated Rupture of Piping

GDC 4 requires that structures, systems, and components important to safety
shall be designed to be compatible with and to accommodate the effects of the
environmental conditions as a result of normal operations, maintenance, testing,
and postulated accidents, including loss-of-coolant accidents. These structures,
systems, and components shall be adequately protected against dynamic effects--
including the effects of missiles, pipe whipping, and discharging fluids--that
may result from equipment fai lures and from events and conditions outside the
nuclear power plant.

The staff's review, conducted in accordance with SRP 3.6.2, pertains to the
methodology used for protecting safety-related structures, systems, and compo-
nents against the effects of postulated pipe breaks both inside and outside
containment. The staff has used the review procedures identified in SRP 3.6.2
to evaluate the effect that breaks in-high energy fluid systems would have on
adjacent safety-related structures, systems, or components with respect to jet
impingement and pipe whip. The staff also reviewed the location, size, and
orientation of postulated failures and the methodology used to calculate the
resultant pipe whip and jet impingement loads that might affect nearby safety-
related structures, systems, or components.

Pipe whip need only be considered in those high-energy. piping systems having
fluid reservoirs with sufficient capacity to develop a jet stream. The criteria
for determining high- and moderate-energy lines is found in BTP ASB 3-1 of
SRP 3.6. 1. The applicant has appropriately used the criteria in categorizing
its high-. and moderate-energy piping systems. A list of all high- and moderate-
energy systems is included in the FSAR.

Additionally, the applicant has categorized certain piping systems as non-high-
and non-moderate-energy piping. Piping systems that are neither in operation
during normal plant conditions nor whose pressure and temperature exceed atmos-
pheric and ambient conditions, respectively, are classified as neither high-
energy nor moderate-energy systems, respectively. No breaks or through-wall
leakage cracks are postulated in these systems. The staff has reviewed the
list of these non-high- and non-moderate-energy piping systems and finds that
the applicant's procedure to not postulate breaks or cracks in lines that do
not exceed atmospheric pressure and ambient temperature conditions is reasonable
and acceptable.

For high-energy piping within the containment penetration area where breaks are
not postulated, SRP 3.6.2 sets forth certain criteria for the analysis and aug-
mented inservice inspection requirements. Breaks need not be postulated in
those portions of piping within the containment penetration region that meet
the requirements of the ASME Code, Section III, Subarticle NE-1120 and the addi-
tional requirements outlined in BTP MEB 3-1 of SRP 3. 6. 2. Augmented inservice
inspection is required for those portions of piping within the break exclusion
region. The applicant has committed to perform a 100K volumetric inservic'e
examination of all pipe welds in the break exclusion region during each inspec-
tion interval as defined in IWA-2400 of ASME Code, Section XI. The staff finds
the applicant's commitment meets the SRP guidelines for the augmented inservice
inspection program and is, thus, acceptable.
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The staff has reviewed the applicant's basis for extending the break exclusion
region to a portion of the main steam and feedwater piping beyond the outboard
isolation valves. The applicant chose not to postulate a full double-ended
rupture of the main steam and feedwater piping in the steam tunnel. Instead,
the appli'cant has applied the criteria in SRP 3.6.2, BTP MEB 3-1, Position
B. 1.b, to an extended portion of the main steam and feedwater piping beyond
the outer isolation valves. These criteria include limiting the piping stresses,
minimizing the number of welds and length of piping, avoiding direct welding of
pipe anchors and restraints to the piping, and performing a lOOX volumetric
inservice examination of all pipe welds during each inspection interval as
defined in IWA-2400 of ASME- Code, Section XI. Additionally, the staff required
that for the steam tunnel design the applicant postulate a nonmechanistic pipe
crack in the main steam and feedwater piping inside the steam tunnel to confirm
the adequacy of the tunnel walls and floors to withstand the pressure and envi-
ronmental effects resulting from the cracks. The crack size was equivalent to
a cross-sectional area of the main steam or feedwater piping. However, consist-
ent with the break exclusion criteria, the applicant was not required to evalu-
ate pipe whip and jet impingement effects from the nonmechanistic crack. On
the basis that the main steam and feedwater piping in the steam tunnel meets
MEB 3-1 Position B. 1.b in SRP 3.6.2 and on the basis of the acceptable results
of the steam tunnel analyses for pressurization and environmental effects as
described above, the staff finds the applicant's basis for extending the break
exclusion region acceptable.

For ASME Code Section III Class 1 high-energy fluid system piping not in the
containment penetration area, SRP 3.6.2 states that breaks are to be postulated
at every location where the fatigue cumulative usage factor, as determined by
the ASME Code, is greater than 0. 1, as stated in the SRP. The applicant has
committed to postulate breaks at every location where the cumulative usage
factor is greater than 0. 1 and, thus, the staff finds the applicant's position
acceptable.

Additionally, breaks are also to be postulated at those ASME Code Class 1 pip-
ing locations where the primary or secondary stress intensity range (including
the zero load set) as calculated by equation (10) and either equation (12) or
(13) in Paragraph NB-3653 of ASME Code Section III exceeds 2.4 S for normal

m

and upset conditions, including the OBE. The pipe break criteria used by West-
inghouse for Class 1 lines outside of the reactor coolant system are the same
as the guidelines in BTP MEB 3-1 in SRP 3.6.2. Thus, they are acceptable.

For those ASME Code Class 1 piping systems that are part of the primary loop,
breaks are postulated according to Westinghouse topical report WCAP-8082. The
staff has previously reviewed this topical report and found it acceptable. The
applicant has postulated breaks in ASME Code Class 2 and 3 piping at all terminal
ends and at intermediate locations where the stress under normal and plant upset
conditions plus the OBE, as calculated by equations (9) and (10) of Paragraph
NC-3652 of ASME Code Section III exceeds 0.8 (1.2 Sh + S ). Where this stress

a
'riterionis not exceeded, the applicant has postulated breaks at two inter-

mediate locations based on the highest stress. Where piping consists of a
straight run Without fittings, welded attachments, or valves, and all stresses
are below 0. 8 (1. 2 Sh + S ), a minimum of one location is chosen on the basis

a
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of highest stress. The applicant's procedure is in accordance with the guide-
lines of, the SRP and is, thus, acceptable.

The staff has reviewed the applicant's method for determining break opening
areas and rise times. The applicant has taken credit for limited break opening
areas in the primary coolant loop where pipe whip restraints are designed to
limit the break opening areas. Specifically, the applicant has limited the
break opening areas of the reactor pressure vessel nozzles to 150 in.~. All
other circumferential breaks postulated in the reactor coolant system were full
double-ended breaks. The above break sizes were used in the design of restraints,
mass and energy release calculations, and the reactor coolant system analysis
including asymmetric and LOCA load analyses. Actual break openings calculated
for the reactor vessel nozzles were less than 90 in.~. Break rise times were
assumed to be one millisecond for all breaks. The staff finds the applicant's ,.
break opening areas and rise, times used for the design of the reactor coolant
loop acceptable and consistent with the guidelines of SRP 3.6.2 (NUREG-0800).

For balance-of-plant systems, circumferential breaks with limited separation
are postulated in the main steam system inside containment from the contain-
ment penetration to the steam generator. A dynamic analysis was performed to
show that the relative displacement of the two broken pipe ends is limited by
the pipe whip 'restraints and that the pipe axial and lateral separation is
limited to less than one-half the inside pipe diameter. The break rise times
were assumed to be instantaneous. Based on the analyses performed, the staff
finds the limited break opening areas and rise time for balance-of-plant piping
acceptable.

Based on, the its review of FSAR Section 3.6.2, the staff concludes that the
pipe rupture postulation and the associated effects are adequately considered
in the plant design. Therefore, they are acceptable and meet the requirements
of GDC 4.

The proposed pipe rupture locations have been adequately assumed and the design
of piping restraints and measures to deal with the subsequent dynamic effects
of pipe whip and jet impingement provide adequate protection to the structural
integrity of safety-related structures, systems, and components.

The provision for protection against dynamic effects"associated with pipe rup-
tures of the reactor coolant pressure boundary inside containment and the
resulting discharging fluid provide adequate assurance that design-basis loss-
of-coolant accidents will not be aggravated by the sequential failures of
safety-related piping, and emergency core cooling system performance will not
be degraded by these dynamic effects.

The proposed piping and restraint arrangement and applicable design considera-
tions for high- and moderate-energy fluid systems inside and outside of contain-
ment, including the reactor coolant pressure boundary, will provide adequate
assurance that the structures, systems, and components important to safety that
are in close proximity to the postulated pipe rupture wil,l be protected. The
design will be of a nature to mitigate the consequences of pipe ruptures so that
the -reactor can be safely shut down and maintained in a safe shutdown condition
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in the event of a postulated rupture of a high- or moderate-energy piping system
inside or outside of containment.

.7

3. 7. 1 Seismic Input

The input seismic design response spectra (OBE and SSE) applied in the design
of seismic Category I structures, systems, and components comply with the
recommendations of RG 1.60. The specific percentage of critical damping values
used in the seismic analysis of Category I structures, systems, and components
is in conformance with RG 1.61.

The synthetic time history used for seismic design of Category I plant structures,
systems, and components is adjusted in amplitude and frequency content to obtain
response spectra that envelope the response spectra specified for the site.

Conformance with RGs 1.60 and 1.61 provides reasonable assurance that for an
earthquake whose intensity is 0.075g for the OBE and 0. 15g for the SSE, the
seismic inputs to Category I structures, systems, and components are adequately
defined to ensure a conservative basis for the design of such structures, sys-
tems, and components to withstand the consequent seismic loadings.

The staff concludes that the seismic design parameters used in the plant struc-
ture design are acceptable and meet the recommendations of SRP 3.7. 1 and the
requirements of GDC 2.

The applicant has met the relevant requirements of GDC 2 and Appendix A to
10 CFR 100 by appropriate consideration for the most severe earthquake recorded
for the site with an appropriate margin and considerations for two levels of
earthquakes: the SSE and the OBE.

The seismic design-response spectra (OBE and SSE) applied in the design of
seismic Category I structures, systems, and components comply with the recom-
mendations of RG 1.60. The specific percentage of critical damping values used
in the seismic analysis of Category I structures, systems, and components is in
conformance with RG 1.61. The artificial synthetic time history used for the
design of seismic Category I plant structures, systems, and components is
adjusted in amplitude and frequency content to obtain response sp'ectra that
envelop the design response spectra specified for the site. Conformance with
the recommendations of RGs 1. 60 and 1. 61 ensures that the seismic inputs to
Category I structures, systems, and components are adequately defined to form a
conservative basis for the design of such structures, systems, and components
to withstand seismic loadings.

3.7.2 Seismic System Analysis

See Section 3.7.3, below.

3.7 ' Seismic Subsystem Analysis

The scope of review of the seismic system and subsystem analysis for the plant
included the seismic analysis methods for all Category I structures, systems,
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and components. It included review of procedures for modeling, seismic soil-
structure interaction, development of floor response spectra, inclusion of tor-
sional effects, seismic analysis of Category I dams, evaluation of Category I
structure overturning, and determination of composite damping. The review
included design criteria and procedures for evaluation of interaction of non-
seismic Category I structures and piping with seismic Category I structures
and piping and the effects of parameter variations on floor response spectra.
The review also included criteria and seismic analysis procedures for reactor
internals and seismic Category I buried piping outside the containment.

All seismic Category I structures--except underground electrical concrete con-
duits and electrical manholes--are founded on sound rock. The lumped mass-spring
approach was used to develop the mathematical model for the dynamic analyses
of the structures. The mathematical model assumes a single cantilever or multi-
cantilever lumped mass system. The lumped masses are connected by weightless
elastic bars that represent the stiffness of structural walls and/or columns.=
The interaction effect of the foundation mat with the supporting rock medium
is represented by equivalent linear elastic springs. These equivalent'springs
were derived from the analytical solution for a rigid circular footing acting
on the horizontal surface of a half-space. The applicant performed a fixed
base analysis to confirm results obtained from the spring supported model. This
independant method of confirmation is in accordance with the guidelines provided
in SRP 3.7.3 and is acceptable to the staff. Description of the electrical
manhole is provided in FSAR Section 3.8.4. 1. The ground acceleration at the
level of manholes was determined by an amplification analysis of ground motion
through a vertical soil column between the bedrock and the manholes by using the
computer program SHAKE developed by the University of California at Berkeley.
The maximum ground accelerations at the level of the manholes, obtained through
the above analysis, are further increased by 50K for the equivalent static
analysis of each structure. An increase of 50/. of acceleration to the SHAKE
results is conservati,ve and acceptable to the staff.

The system and subsystem analyses were performed by the applicant on an elastic
basis. Modal response spectrum multidegree-of-freedom and time-history methods
form the bases for the analyses of all major seismic Category I structures,
systems, and components. When the modal response spectrum method was used,
governing response parameters were combined by the square-root-of-the-sum-of-
the-squares rule. However, the absolute sum of the modal responses was used
for modes with closely spaced frequencies. The square root of the sum of the
squares of the maximum codirectional responses was used in accounting for three
components of the earthquake motion for both the time-history and response-
spectrum methods. Floor spectra inputs used for design and test verifications
of structures, systems, and components were generated from the time-history
method, taking into account variation of parameters by peak widening. A ver-
tical seismic system dynamic analysis was employed for all structures, systems,
and components where analyses showed significant structural amplification in the
vertical direction. Torsional effects and stability against overturning were
considered.

The staff concludes that the plant design is acceptable and meets SRP 3.7.3,
GDC 2, and Appendix A to 10 CFR 100 with respect to the capability of the struc-
tures to withstand the effects of the earthquakes so that their design reflects
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(1) appropriate consideration for the most severe earthquake recorded for, the
site with an appropriate margin (GDC 2); consideration of two levels of
earthquakes (Appendix A, 10 CFR 100)

(2) appropriate combination of the effects of normal and accident conditions
with the effect of the natural phenomena

(3) the importance of the safety functions to be performed (GDC 2); the use
of a suitable dynamic analysis or a suitable qualificytion test to demon-
strate that structures, systems, and components can withstand the seismic
and other concurrent loads (Appendix A, 10 CFR 100)

The applicant has met the requirements of item (1) by use of the acceptable
seismic design parameters, according to SRP 3.7. 1. The combination of
earthquake-resultant loads with those resulting from normal and accident condi-
tions in the design of seismic Category I structures, as specified in SRP 3.8. 1

through 3.8.5, is in conformance with item 2.

The use of the seismic analysis procedures and criteria discussed in the FSAR

and summarized above provides an acceptable basis for the seismic design and .is
in conformance with the requirements of item (3).

3.7.4 Seismic Instrumentation Program

The type, number, location, and utilization of strong motion accelerographs to
record seismic events and to provide data on the frequency, amplitude, and
phase relationship of the seismic response of the containment structure comply
with RG 1. 12. Supporting instrumentation is being installed on seismic Cate-
gory I structures, systems, and components to provide data for the verification
of the seismic responses determined analytically for such Category I items.

The staff concludes that the seismic instrumentation system provided for the
plant is acceptable and meets the recommendations of SRP 3.7.4 and the require-
ments of GDC 2, 10 CFR 100, Appendix A and 10 CFR 50.55a by providing the inser-
vice inspection program that will verify operability by performing channel checks,
calibrations, and .functional tests at acceptable intervals.

In addition, the installation of the specific seismic instrumentation on the
reactor containment structure and at other seismic Category I structures, sys-
tems, and components constitutes an acceptable program to record data on seis-
mic ground motion as well as data on the frequency and amplitude relationship
of the seismic response of major structures and systems. A prompt readout of
pertinent data at the control room can be expected to yield sufficient infor-
mation to guide the operator on a timely basis for the purpose of evaluating
the seismic response in the event of an earthquake. Data obtained from such
installed seismic instrumentation wi-ll be sufficient to determine that the
seismic analysis assumptions and the analytical model used for the design of
the plant are adequate and that allowable stresses are not exceeded under con-
ditions for which continuity of operation is intended. Provision of such seis-
mic instrumentation complies with RG 1. 12.
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3.8 Desi n of Seismic Cate or I Structures

3.8. 1 Concrete Containment

The -concrete containment structure is a steel-lined reinforced concrete struc-
ture in the form of a vertical right cylinder with a hemispherical dome and a

'latbase with a recess beneath the reactor vessel. A detailed description of
the containment structure is given in the FSAR.

The containment structure is designed in accordance with applicable subsections
of the ASME Code, Section III, and American Concrete Institute (ACI) Stand-
ard 318 to resist various combinations of dead loads, live loads, environmental
loads (including those due to wind, tornadoes, OBE, and SSE), and loads gen-
erated by the design-basis accident (including pressure, temperature, and
associated 'pipe rupture effects).

Mathematically, the dome and cylinder are considered as thin-walled shells in
the form of surface of revolution. The classical theory of thin shells is used
to determine both bending and membrane stress resultants due to each individual
load. The liner plate is not used as a strength element. Interaction of the
liner with the containment is considered in determining liner behavior.

The choice of materials, the arrangement of the anchors, the design criteria,
and the design methods are similar to those evaluated for previously licensed
plants, such as Virgil C. Summer. Materials, construction methods, quality
assurance, and quality control measures are addressed in the FSAR and, in
general, are similar to those used for previously accepted facilities.

Before operation, the containment will be subjected to an acceptance test in
accordance with RG l. 18. During the test, the internal pressure will be
l. 15 times the containment design pressure. The applicant agreed to submit
for staff review a report that describes the test procedures, results of the
test, and a comparison of the results with the applicant's analytical predic-
tion. This confirmatory issue is listed. in Table 1.3 of this report.

The staff concludes that the design of the concrete containment is acceptable
and meets the recommendations of SRP 3.8. 1 and the relevant requirements of
10 CFR 50.55a and GDC 1, 2, 4, 16, and 50.

The applicant has met the recommendations of SRP 3.8. 1 and the requirements of
10 CFR 50.55a and GDC 1 with respect to ensuring that the concrete containment
is designed, fabricated, erected, contracted, tested, and inspected to quality
standards commensurate with its safety function to be performed by meeting the
guidelines of RGs and industry standards.

The applicant has met the requirements of GDC 2 by designing the concrete con-
tainment to withstand the most severe earthquake that has been established for
the site with sufficient margin and the combination of the effects of normal
and accideqt condition with the effects of environmental loadings such as earth-
quakes and other natural phenomena.

The applicant has met the requirements of GDC 4 by ensuring that the design of
the concrete containment is capable of withstanding the dynamic effects associ-
ated with missiles, pipe whipping, and discharging fluids.
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The applicant has met the requirements of GDC 16 by designing the concrete con-
tainment so that it is an essentially leaktight barrier to prevent the uncon-
trolled release of radioactive effluents to the environment.

The applicant has met the requirements of GDC 50 by designing the concrete con-
tainment to accommodate, with sufficient margin, the design leakage rate, and
calculated pressure and temperature conditions resulting from accident condi-
tions, and by ensuring that the design conditions are not exceeded during the
full course of the accident condition. In meeting these design requirements,
the applicant has used the recommendations of RGs and industry standards.

The criteria used in the analysis, design, and construction of the concrete
containment structure to account for anticipated loadings and postulated condi-
tions that may be imposed upon the structure during its service lifetime are
in conformance with established criteria, and with codes, standards, guides,-
and specifications acceptable to the staff. These include RGs 1. 10, 1. 15, and
1.18, and ASME Code, Section III, Divisions 1 and 2, as well as ACI 318-71.

The use of these criteria, as defined by applicable codes, standards, guides,
and specifications; the loads and loading combinations; the design and analysis
procedures; the structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the testing and inservice ,

surveillance requirements, provide reasonable assurance that, in the event of
winds, tornadoes, earthquakes, and various postulated accidents occurring with-
in and outside the containment, the structure will withstand the specified
design conditions without impairing structural integrity or its safety function
of limiting the release of radioactive material.

3.8.2 Steel Containment

This SRP section is not applicable for this facility.

3. 8. 3 Concrete and Structural Steel Internal Structures

The interior structures of the containment consist of walls, compartments, and
floors'he major code used in the design of concrete internal structures is
ACI 349. For internal steel structures, the American Institute of Steel,Con-
struction (AISC) specification, "Specification for the Design, Fabrication
and Erection of Structural Steel for Building," is used. (For equipment sup-
ports, Subsection NF of the ASME Code is used.)

The concrete and steel internal structures of the containment were designed to
resist various combi,nations of dead and live loads, accident-induced loads
(including pressure and jet loads), and seismic loads. The .load combinations
used cover those cases likely to occur and include all loads that may act
simultaneously. The design and analysis procedures that were used for the
internal structures are the same as those used for previously licensed applica-
tions and, in general, are in accordance with procedures delineated in ACI 349
and in the AISC specification for concrete and steel structures, respectively.

The internal structures of the containment were designed and proportioned to
remain within limits established by the staff under the various load combina-
tions. These limits are, in general, based on ACI 349 and on the AISC speci-
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fication for concrete and '.steel structures, respectively, modified as 'appro-priatee.for load combination that, are considered extreme.

The materials of construction and their fabrication, construction, and instal-
lation"are in accordance with ACI 349 and the AISC specification for concrete
and steel structures, respectively.

The. staff concludes that the design of the containment's internal structures is
acceptable and meets the, recommendations of SRP 3.8.3 and the relevant require-
ments of 10 CFR 50.55a and GDC 1, 2, 4, 5, and 50.

The applicant has met the recommendations of SRP 3.83„-and the requirements of
10"CFR 50.55a and GDC 1 with respect to ensuring that the containment internal
structures are designed, fabricated, erected, contracted, tested, and inspected
to quality standards commensurate with their safety function to be performed by
meeting the guidelines of RGs and industry standards.

The applicant has met the requirements of GDC 2 by designing the containment's
internal structure to withstand the most severe earthquake that has been
established for the site with sufficient margin and the combination of the
effects of normal and accident conditions with the effects of environmental
loadings such as earthquakes and other natural. phenomena.

The applicant has met the requirements of GDC 4 by ensuring that the design of
the internal structure is capable of withstanding the dynamic effects associated
with missiles, pipe whipping, and discharging fluids.

The applicant has met the requirements of GDC 5 by demonstrating that the shar-
ing of structures and systems between units will not impair their ability to
perform their intended safety function.

The applicant has met the requirements of GDC 50 by designing the containment .
internal structures to accommodate, with sufficient margin, the design leakage
rate and calculated pressure and temperature conditions resulting from accident
conditions, and by ensuring that the design conditions are not exceeded during
the full course of the accident condition. In meeting these design require-
ments, the applicant has used the recommendations of RGs and industry standards.

The criteria used in the analysis, design, and construction of the'ontain-
ment's internal structures to account for anticipated loadings,and postulated
conditions that may be imposed on the structures during their service, lifetime
are in conformance with established criteria, and with codes, standards, and
specifications acceptable to the staff. These include meeting the positions of
RGs 1.94 and 1. 142 and ACI 349; ASME Code, Section III, Division 2; ASME Code,
Section III, Division 1, Subsections NE and NF; AISC specifications for the
design, fabrication, and erection of structural steel for buildings; and
ANSI N45.2 ~ 5.

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and. loading combinations; the design and analysis
procedures; the structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the, testing and inservice
surveillance requirements pr'ovide reasonable assurance that, in the event of
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earthquakes and various postulated accidents occurring within the containment,
the interior structures will withstand the specified 'design conditions without
impairing structural integrity or the performance of their required safety
functions.

3.8.4 Other Seismic Category I Structures

A list of the other seismic Category I structures is provided in FSAR
Section 3.8.4.

Seismic Category I structures other than the containment and its interior
structures are of structural steel and concrete. The structural components of
the steel and 'concrete structures consist of slabs, walls, beams, and columns.
The design method for concrete was in accordance with that specified in ACI 318.
Structural steel components were de'signed in accordance with the AISC specifi-
cations. These documents are acceptable to the staff.

The concrete and steel seismic Category I structures were designed to resist
various combinations of dead loads; live loads; environmental loads including
winds, tornadoes, OBE, and SSE; loads generated by postulated ruptures of
high-energy pipes such as reaction and jet impingement forces, compartment
pressures; and impact effects'of whipping

pipes.'he

design and analysis procedures that were used for these seismic Category I
structures are the same as those approved for previously licensed applications
and, in general, are in accordance with procedures delineated in ACI 318 and in
the AISC specification for concrete and steel structures, respectively.

The various seismic Category I structures are designed and proportioned to
remain within limits established by the staff under the various load combina-
tions. These limits are, in general, based on ACI 318 and on the AISC speci-
fication for concrete and steel structures, respectively, modified as appro-
priate for load combinations that are considered extreme.

The materials of construction, their fabrication, construction, and installa-
tion are in accordance with ACI 318 and the AISC specification for concrete and
steel structures, respectively.

The staff concludes that the design of safety-related structures other than
containment or containment interior structures is acceptable and meets the
recommendations of SRP 3.8.4 and the relevant requirements of 10 CFR 50.55a,
and GDC 1, 2, 4, and 5.

The applicant has met the recommendations of SRP 3.8.4 and the requirements of
10 CFR 50.55a and GDC 1 with respect to ensuring that the safety-related struc-
tures other than containment are designed, fabricated, erected, contracted,
tested, and inspected to quality standards commensurate with the safety func-
tion to be performed by meeting the guidelines of RGs and industry standards.

The applicant has met the requirements of GDC 2 by designing the safety-related
structures other than containment to withstand the most severe earthquake that
has been established for the site with sufficient margin and to withstand the
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combination of the effects of normal and accident conditions with the effects
of environmental loadings such as earthquakes and other natural phenomena.

The applicant has met the requirements of GOC 4 by ensuring that the design of
the safety-related structures is capable of withstanding the dynamic effects
associated with missiles, pipe whipping, and discharging fluids.

The applicant has met the requirements of GDC 5 by demonstrating that structures,
systems, and components are not shared between units or if they are shared, by
demonstrating that sharing will not impair their ability to perform their in-
tended safety function.

The criteria used in the analysis, design, and construction of the steel and
concrete seismic Category I structures to account for anticipated loadings and.
postulated conditions that may be imposed upon .each structure during its ser-
vice lifetime are in conformance with established criteria, codes, standards,
and specifications acceptable to the staff, as included in SRP 3.8.4.

The use of these criteria; the loads and loading combinations; the design and
analysis procedures; the structural acceptance criteria; the materials, quality
control, and special construction techniques; and the testing and inservice
surveillance requirements provide reasonable assurance that, in the event of
winds, tornadoes, earthquakes, and various postulated accidents occurring with-
in the structures, the structures will withstand the specified design condi-
tions without impairment of structural integrity or the performance of required
safety functions.

3.8.5 Foundations

The foundations of seismic Category I structures are described in FSAR Sec-
tion 3.8.5. Primarily, these foundations are reinforced concrete of the mat
type. The major code used in the design of these concrete mat foundations is
ACI 318. These concrete foundations have been designed to resist various com-
binations of dead loads; live loads; environmental loads including winds,
tornadoes, OBE, and SSE; and loads generated by postulated ruptures of high-
energy pipes.

The design and analysis procedures that were used for these seismic Category I
foundations are the same as those approved for previously licensed applications
and, in general, are in accordance with procedures delineated in ACI 318. The
various seismic Category I foundations were designed and proportioned to remain
within limits established by the staff under the various load combinations.
These limits are, in general, based on ACI 318, code modified as appropriate
for load combinations that are considered extreme. The materials of construc-
tion, their fabrication, construction, and installation, will be in accordance
with ACI 318.

The staff concludes that the design of the seismic Category I foundations is
acceptable and meets recommendations of SRP 3.8.5 and the relevant requirements
of 10 CFR 50.55a and GDC 1, 2, 4, and 5.

The applicant has met the requirements of 10 CFR 50.55a and GOC 1 with respect
to ensuring that the seismic Category I foundations are designed, fabricated,
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erected, contracted, tested, and inspected to quality standards commensurate
with the safety function to be performed by meeting the guidelines of RGs and
industry standards.

The applicant has met the requirements of GDC 2 by designing the seismic Cate-
gory I foundation to withstand the most severe earthquake that has been estab-
lished for the site with sufficient margin and to withstand the combination of
the effects of normal and accident conditions with the effects of environmental
loadings such as earthquakes and other natural phenomena.

The applicant has met the requirements of GDC 4 by ensuring that the design of
seismic Category I foundations is capable of withstanding the dynamic effects
associated with missiles, pipe whipping, and discharging fluids.

The applicant has met the requirements of GDC 5 by demonstrating that struc-
tures, systems, and components are not shared between units or that sharing
will not impair their ability to perform their intended safety function.

The criteria used in the analysis, design, and construction of the plant's
seismic Category I foundations to account for anticipated loadings and postu-
lated conditions that may be imposed upon each foundation during its service
lifetime are in conformance with established criteria, codes, standards, and
specifications acceptable to the staff. These include meeting the ACI 318 and
the AISC specification for design, fabrication, and erection of structural
steel for buildings.

The use of these criteria as defined by applicable codes, standards, guides,
and specifications; the loads and loading combinations; the design and analysis
procedures; the structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the testing and inservice
surveillance requirements provide reasonable assurance that in the event of
winds, tornadoes, earthquakes and various postulated events, seismic Category I
foundations will withstand the specified design conditions without impairment
of structural integrity and stability or the performance of required safety
functions.

3.8.6 Structural Audit

Between March 7 and ll, 1983, the staff conducted a structural audit of the
Shearon Harris plant at the New York office of Ebasco Co., the applicant's
architect-engineer. Ten issues were identified as open items; they are dis-
cussed in a staff trip report (memorandum from S. Kim, NRC, to G. Lear, dated
May 10, 1983). Subsequently, the applicant provided additional information
to the staff, and all the issues have been resolved in a satisfactory manner.

3.9 Mechnical S stems and Com onents

The review performed under, SRP 3.9. 1 through 3.9.6 pertains to the structural
integrity and functional capability of various safety-related mechanical com-
ponents in the plant. The staff's review is not limited to ASME Code components
and supports, but is extended to other components such as control rod drive
mechanisms, certain reactor internals, and any safety-related piping designed
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to industry standards other than the ASME Code. The staff reviews such issues
as load combinations, allowable stresses, methods of analysis, summary of results,
and preoperational testing. The staff's review must arrive at the conclusion
that ther e is adequate assurance of a mechanical component performing- its
safety-related function under all postulated combinations of normal operating
conditions, system operating transients, postulated pipe breaks, and seismic
events. \

3.9. 1 Special Topics for Mechanical Components

The review of this section followed SRP 3.9. 1. The staff has reviewed the
design transients and methods of analysis used for all seismic Category I
components, component supports, core support structures, and reactor internals
designated as Class 1 and CS under the ASME Code, Section III, and those not
covered by the Code. The assumptions and procedures used for the inclusion of
transients in the fatigue evaluation of ASME Code Class 1 and CS have been
reviewed. The staff's review also covered the computer programs used in the
design and analysis of seismic Category I components and their supports and
experimental and inelastic analytical techniques.

The staff contracted with Pacific Northwest Laboratory to perform an independent
analysis of a sample piping system in the Shearon Harris plant. The piping
system selected for analysis was the main feedwater line A inside containment
from the steam generator to the containment penetration. This analysis verified
that the piping system met the applicable ASME Code piping stress allowables.

The applicant has provided a list of the design transients and the number of
cycles for each design transient used for design. The staff has reviewed the
number of seismic cycle loadings used for the fatigue analysis of ASME Code
Class 1 components. Five OBEs of 10 cycles each and one SSE of 10 cycles
have been used. This is in conformance with the guidelines of SRP 3.9.2 and
is, therefore, acceptable.

The applicant analyzed mechanical components by the use of computer programs.
A list and a description of all computer programs used by the applicant for
static and dynamic analyses of mechanical components is included in the FSAR.
These computer programs are used to determine the structural integrity and
functional capability of seismic Category I Code and non-Code items. Design
control measures to verify the adequacy of the design of safety-related com-
ponents is required by 10 CFR 50, Appendix B. The FSAR includes the methods
of verification for all computer programs used in the design of safety-related
mechanical components. The staff's review of the list of computer programs
used in the design of safety-related mechanical components finds them acceptable.

Based on its review of FSAR Section 3.9. 1, the staff concludes that the design
transients and resulting loads and load combinations with appropriate specified
design and se'rvice limits for mechanical components are acceptable and meet
GDC 1, 2, 14, 15; 10 CFR 50, Appendix B; and 10 CFR 50, Appendix A.

The applicant has met the relevant requirements of GDC 14 and 15 by demonstrat-
ing that the design transients and resulting loads and load combinations with
appropria'te specified design and service limits which the applicant has used
for designing Code Class 1 and CS components and supports, and reactor internals
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provide a complete basis for design of the reactor coolant pressure boundary
(RCPB) for all conditions and events expected over the service lifetime'f the
plant.

The applicant has met the relevant requirements of GDC 2 and 10 CFR 100, Appen-
dix A, by including seismic events in design transients that serve as design
bases to withstand the effects of natural phenomena.

The applicant has met the relevant requirements of 10 CFR 50, Appendix B, and
GDC 1 by havi ng submitted i nformation that demonstrates the applicability and
validity of the design methods and computer programs used for the design and
analysis of seismic Category I, Code Class 1, 2, 3 and CS'tructures, and non-
Code structures within the present state-of-the-art limits, and by having design
control measures that are acceptable to ensure the quality of the computer
programs.

3.9.2 Dynamic Testing and Analysis of Systems, Components, and Equipment

The staff has reviewed the methodology, testing procedures, and dynamic analyses
employed by the applicant to ensure the structural integrity and functionality
of piping systems, mechanical equipment, and their supports under vibratory
loadings according to SRP 3.9.2. The staff's review included (1) the piping
vibration, thermal expansion, and dynamic effect testing; (2) the seismic system
analysis methods; (3) the dynamic responses of structural components within
the reactor caused by steady-state and operational. flow transient conditions
for non-prototype reactors, which include the flow-induced vibration testing
of reactor internals to be conducted during the preoperational and startup
test program; and (4) the dynamic analysis methods used to confirm the struc-
tural design adequacy and functional capability of the reactor internals and
piping attached to the reactor vessel when subjected to loads from a LOCA'in
combination with an SSE.

3.9.2. 1 Piping Preoperational Vibration and Dynamic Effects Testing

Piping vibration, thermal expansion, and dynamic effects testing will be co'n-
ducted during a preoperational testing program. The purpose of these'ests
is to ensure that the piping vibrations are within acceptable limits and that
the piping system can expand thermally in a manner consistent with the design
intent. During th'e preoperational and startup testing program, the applicant
will test various piping systems for abnormal, steady-state, or transient vibra-
tion and for restraint of thermal growth. Systems to be monitored will include
(1) ASME Code Class 1, 2 and,3 piping systems; (2) high-energy piping systems
inside seismic Category I structures; (3) high-energy portions of systems whose
failure could reduce the functioning of seismic Category I plant features to
an unacceptable safety level; and (4) seismic Category I portions of moderate-
energy piping systems located outside containment. The piping vibration test
program will comply with the ASME Code, Section III, Paragraphs NB-3622.3,
NC-3622.3, and ND-3622.3, which require that the applicant be responsible, by
observations during startup or initial operations, for ensuring that the vibra-
tion of piping systems is within acceptable levels. This vibration might be
the result of plant transients, or it might be associated with steady-state
plant operation. This steady-state vibration, whether induced by flow or
caused by nearby vibrating machinery', could cause 10 or 10 =cycles of stress
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in the,.pipe during its 40-,year life. For this, reason, the staff requires that
the stresses associated with steady-state vibration be limited to appropriate
and acceptable levels. The test program will consist of a mixture of instru-
mented measurements and visual observations by qualified personnel.

In FSAR Chapter 14, the applicant has provided the acceptance criteria to be
used in the piping vibration test program. The steady-state piping vibration
for ASME Class 1 piping is limited to 50K of the endurance limit (defined as
the alternating stress intensity, Sa, at 10'ycles, as given in Appendix I
Figure I-9.0 of the ASME Code, Section III). For ASNE Class 2 and 3 and for
non-Code piping, the maximum alternating stress intensity will be limited to
62K of the endurance limit as defined above. The acceptance criteria is in
accordance with the ASME Operation and Maintenance (ON)-3 preoperational test-
ing guidelines for piping vibration. These guidelines are being developed by
the industry, with staff participation and concurrence. Thus, the preopera-
tional vibration acceptance criteria proposed by the applicant provide an
acceptable basis for ensuring that the steady-state vibration of piping systems
is within acceptable levels.

Based on its 'review of FSAR Section 3.9.2. 1, the staff concludes that the
applicant has met the relevant requirements of GDC 14-and 15 with respect to
the design and testing of the RCPB. This provides reasonable assurance that
rapidly propagating failure and gross rupture will not occur as a result of
vibratory loadings. In addition, assurance is provided that design conditions
are not exceeded during normal operation including anticipated operational
occurrences by having an acceptable vibration, thermal expansion, and dynamic
effects test program that will be conducted during startup and initial opera-
tion of specified high- and moderate-energy piping, including all associated
restraints and supports. The tests provide adequate assurance that the piping
and piping supports have been designed to withstand vibrational dynamic effects
as a result of valve closures, pump trips, and other operating modes associated
with the design-, basis flow conditions. In addition, the tests provide assurance
that adequate clearances and free movement of snubbers exist for unrestrained "

thermal movement of piping and supports during normal system heatup and cool-
down operations. The planned test will develop 'loads similar to those expe-
rienced during reactor operations.

3.9.2.2 Seismic Subsystem Analysis

The staff's review performed according to. SRP 3.9.2 included Section 3.7.3 of
the applicant's FSAR, "Seismic Subsystem Analysis." Areas reviewed were seis-
mic analysis methods, determination of the number of earthquake cycles, basis
for selection of frequencies, the combination of modal responses and spatial
components of an earthquake, criteria used for damping, torsional effects of
eccentric masses, interaction of other piping with Category I piping, and
Category I buried piping systems.

The scope of the review of the seismic system and subsystem analysis includes
the seismic analysis methods for all seismic Category I piping systems, cable
trays, conduits, and'eating, ventilating, and air conditioning duct and equip-
ment supports. The staff has reviewed how the dynamic system analysis is per-
formed, the method of selection of significant modes, whether the number of
masses or degrees of freedom is adequate, and how consideration is given to
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maximum relative displacements. The review included design methodologies 'and
procedures used for the evaluation of the interaction of non-seismic Category I
piping with seismic Category I piping, and the seismic methods that consider
the effect of fill settlement and movement at support points, penetration, and
anchors for seismic Category I buried piping systems. In addition, the staff
reviewed seismic analysis procedures for reactor internals.

The system and subsystem analyses are performed by the applicant on an elastic
basis. Nodal response spectrum, multi-degree of freedom and time history
methods form the basis for the analyses of all major seismic Category I systems
and components. For the dynamic analysis of seismic Category I piping, each
piping system was idealized as a mathematical model consisting of lumped masses
connected by elastic members. The stiffness matrix for the piping system was
determined using the elastic properties of the pipe. This includes the effects
of torsional, bending, shear, and axial deformations as well as change in stiff-
ness because of curved members. The dynamic response of the system was calcu-
lated by using the response spectrum method or a frequency based equivalent
static method of analysis. For a piping system that is supported at points with
different dynamic excitations, the response analysis was performed using an
enveloped response spectrum. The staff finds the applicant's analysis methods
acceptable.

In FSAR Amendment 9, Section 3.7.3.8. 1, the applicant has described an alter-
nate method for broadening the peaks of amplified building response spectra
based on work developed by the Pressure Vessel Research Committee (PVRC) with
staff participation. The staff has this alternate method under review. How-
ever, the applicant does not currently use this method for piping system anal-
ysis. If the applicant intends to use this method of analysis, the staff should
be so informed.

The staff has reviewed the damping values used by the applicant in piping sys-
tem design. The damping values used by the applicant are consistent with
RG 1.61, except in the case of the primary reactor coolant loop system for
which a damping value of 4X was used for the faulted condition. The value of
damping was obtained by testing, as described in the staff-approved Westinghouse
topical report WCAP-7921-AR, "Damping Values of Nuclear Power Plant Components."
Thus, the staff finds the damping value used by the applicant acceptable.

The applicant's methodology for the combination of modal responses have been
reviewed. For seismic Category I piping systems using the modal response
method, the applicant combines modal responses using the square-root-of-the-
sum-of-squares (SRSS) method. For balance-of-plant piping systems, closely
spaced modes are combined in accordance with RG 1.92. For the nuclear steam
supply systems, closely spaced modes are combined using an alternative method-
ology, as described in FSAR Section 3.?.2.?B. The staff has reviewed the appli-
cant's methodology for modal combination and concluded that it provides a level
of safety equivalent to that required in RG 1.92. Thus, it is acceptable.

Based on its review of FSAR Section 3.7.3, the staff concludes that the applicant
has met the relevant requirements of GDC 2 with respect to demonstrating the
design adequacy of all Category I piping systems, components, and their supports
to withstand earthquakes by meeting RGs 1.61 and 1.92 or an alternate method

Shearon Harris SER 3-38



that provides an equivalent level of safety and by providing acceptable seismic
analysis procedures and methodologies. The scope of review of the seismic
system analysis included the seismic analysis methods of all Category I piping
systems, components, and their supports. It included r'eview of procedures for
modeling, and inclusion of torsional effects, seismic analysis of multiply
supported equipment and components with distinct inputs, and determination of
composite damping. The review has included design criteria and procedures for
evalu'ation of the interaction of non-Category I piping with Category I piping.
The review has also included criteria and seismic analysis procedures for
reactor internals.

3. 9. 2. 3 Preoperational Flow-Induced Vibration Testing of Reactor Internals

Flow-induced vibration testing of reactor internals will be conducted during
the preoperational and startup test program. The purpose of this test is to
demonstrate that flow-induced vibrations similar to those expected during opera-
tion will not cause unanticipated flow-induced vibrations of significant magni-
tude, or structural damage.

The H. B. Robinson Unit 2 reactor has been e'stablished as the prototype for the
Mestinghouse three-loop, plant internals verification program. The only signifi-
cant differences between the Shearon Harris internals 'and the H. B. Robinson
Unit 2 internals are the replacement of the annular thermal shield with neutron
shield panels and the substitution of 17 x 17 fue') assemblies for 15 x 15 assem-
blies. The Trojan plant is the lead plant featuring neutron panels and 17 x 17
style internals. The Trojan internals were instrumented for strain measurements
on the core barrel, and on the 17 x 17 guide tube subject to the highest cross
flow. The Three-Loop Internals Assurance Program, conducted on H. B. Robinson
Unit 2, and the Trojan data jointly satisfy RG 1.20.

The applicant has committed to test the reactor internals in accordance with
the provisions of RG 1.20, Revision 2,,for non-prototype Category I plants.
Before hot functional testing, the applicant will conduct a visual inspection,
and after hot functional testing the applicant has committed to inspecting all
major load-bearing surfaces; torsional, lateral, and 'vertical restraints; lock-
ing and bolting devices whose failure could adversely affect the structural
integrity of the internals; and all other locations examined on the prototype
design. The inside of the vessel will be inspected with all the internals
removed both before and after hot functional testing to verify that no loose
parts or foreign material are present.

Ouring the hot functional test, the applicant will subject the internals to an
operating time long enough to ensure that a minimum of 10~ cycles of vibration
will be experienced by the main structural elements of the reactor internals.
Additionally, there will be operating time with one, two, and all three pumps
operating in th'e three-loop system. At completion of the flow test, the vessel
head will be removed and the internals will be inspected for evidence of wear
and loose parts. The inspection will cover all components that were examined
on the prototype design. Important welds, bearing surfaces, and al.ignment and
locking devices in the internals will be inspected with the aid of 5x or 10x
magnifying glass. The staff finds that the test program satisfies RG 1.20 and
is, therefore, acceptable.
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Based on its review of FSAR Section 3.9.2.4, the staff concludes that the
applicant has met GDC 1 and 4 with respect to the reactor internals being
designed and tested to quality standards commensurate with the importance of
the safety functions being performed and being appropriately protected against
dynamic effects (1) by meeting the regulatory posi'tions of RG 1.20 for the con-
duct of preoperational vibration tests and (2) by having a preoperational
vibration program planned for the reactor internals that provides an acceptable
basis for verifying the design adequacy of these internals under test loading

'onditionscomparable to those that will be experienced during operation. The
combination of tests, predictive analysis, and post-test inspection provides
adequate assurance that the reactor internals will, during their service life-
time, withstand the flow-induced vibrations of the reactor without loss of
structural integrity. The integrity of the reactor internals in service is
essential to ensure the proper positioning of reactor fuel assemblies and un-
impaired operation of the control rod assemblies to permit safe reactor opera-
tion and shutdown.

3.9.2.4 Dynamic System Analysis of Reactor Internals Under Faulted Conditions

The applicant has analyzed the reactor internals and unbroken loops of the RCPB,
including the supports, for the combined loads due to a simultaneous LOCA and
SSE. The applicant has described the methodology used in developing the dynamic
loads resulting from an asymmetric load from a postulated pipe break at the. RPV
nozzle safe-end in FSAR Section 3.9. 1.4.6. The staff has reviewed the applicant's
methodology using the guidelines of NUREG-0609, "Asymmetric Blowdown Loads on
PWR Primary Systems."

Based on the staff's review, of FSAR Section 3.9. 1.4.6 and the load combinations
and stress limits as presented in tables in FSAR Section 3.9.3, the staff con-
cludes that the applicant has met GDC 2 and 4 with respect to the design of
systems and components important to safety to withstand the effects of earth-
quakes and the appropriate combinations of the effects of normal and postulated
accident conditions with the effects of the SSE by performing a dynamic system
analysis that provides an acceptable basis for confirming the structural design
adequacy of the reactor internals and unbroken piping loops to withstand the
combined dynamic l.oads of a postulated LOCA and the SSE. The analysis provides
adequate assurance that the combined stresses and strains in the components of
the reactor coolant system and reactor internals will not exceed the allowable
design stress and strain limits for the materials of construction, and that the
resulting deflections or displacements at any structural element of the reactor
internals will not distort the reactor internals geometry to the extent that
core cooling may be impaired. The methods used for component analysis have been
found to be compatible with those used for the system analysis. The proposed
combination of component and system analyses is, therefore, acceptable. The
assurance of structural integrity of the reactor internals under LOCA condi-
tions for the most adverse postulated loading event provides added confidence
that the design will withstand a spectrum of lesser pipe breaks and seismic
loading events.
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3.9.3 ASME Code Class 1, 2, and 3 Components, Component Supports; and Core
Support Structures

The staff's review under SRP 3.9.3 is concerned with the structural integrity
and functional capability of pressure-retaining components, their supports,
and core support structures that are designed in accordance with the ASME

Boiler and Pressure Vessel Code, Section III, or earlier industrial standards.
The 'staff has reviewed loading combinations and their respective stress limits,
the design and installation of pressure relief devices, and the design and
structural integrity of ASME Code Class 1, 2, and 3 components and component
supports.

3. 9. 3. 1 Loading Combinations, Design Transients, and Stress Limits

The first area of review is the methodology used for load combinations and
allowable stress limits. The staff has reviewed the ASME Class 1, 2, and 3

stress and deformation limits specified for all ASME Code Class 1, 2 and 3

components. The staff has reviewed the load combinations and stress limits
and finds that to meet the acceptance criteria except as noted below.

The applicant has addressed the staff's concern regarding the method used to
ensure the functional capability of essential piping systems. An allowable
stress limit of 1.8 Sh for essential ASME Code Class 2 and 3 piping systems

is used for plant faulted conditions. The allowable stress limit of 1.8 Sh

is lower in magnitude than the functional capability limit of 1. 5 S at tem-

peratures below 400'F for piping materials used. Thus, functional capability
is ensured for those piping systems operating below 400'F. At temperatures
above 400'F, the Service Level C limit of 1.8 Sh exceeds the functional cap-

ability limit of 1.5 S for austenitic steels. The staff requested that further
justification be provided to ensure the functional capability of stainless steel
piping elbows in ASME Class 2 and 3 piping systems. The applicant has reeval-
uated the stress levels of the ASME Class 2 and 3 stainless steel elbows in the
essential Class 2 and 3 piping systems using the functional capability criteria
presented in the GE topical report NED0-21985, which has been previously reviewed
and accepted by the staff. The most highly stressed elbows were evaluated and
compared with these. criteria; they were found to be acceptable. Thus, the staff
finds that the procedure used by the applicant to ensure functional capability
in essential Class 2 and 3 piping systems is acceptable.

However, for ASME Class 1 auxiliary piping systems, the applicant has used a

stress limit of 3. 0 S , as stated in Appendix F of the ASME Code, Section III,
for use in equation (9) of Paragraph NB-3652. The faulted limit used by the
applicant is intended to ensure structural integrity and not the functional
capability of the piping system. The applicant believes that these limits pro-
vide assurance that the piping will not collapse or experience gross distortion
and, thus, will not cause a loss of capability to perform their safety function.
The staff has not accepted the justification provided by the applicant and con-
siders this item open. The staff will address this item in a supplement to
this SER.
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The ASME Code requires that a design specification be prepared for Class 1, 2,
and 3 components such as pumps, valves, and piping systems. The design specifi-
cation is intended to become a principal document governing design and con-
struction of these components and should include specification of loading com-
binations, design data, and other design data inputs. The Code also requires
a stress report for ASME Class 1 components and Class 2 and 3 piping systems, or
calculation files for other ASME Class 2 and 3 components. An audit was con-
ducted of design documents for selected pumps, valves, and piping systems. Thestaff reviewed the selected design specifications and design reports for com-
pliance with ASME Code requirements. The staff has not completed its review
and is awaiting further information from the applicant regarding (1) conform-
ance with the pressure design requirements of the ASME Code and (2) the design
specifications for ASME Class 1 piping supports. However, the staff has identi-
fied a concern regarding the control of minimum wall thicknesses in ASME Class 1,
2, and 3 piping systems. In the Piping Specification (CAR-SH-M-30), a minimum
wall thickness is specified (1) at weld end preparations, (2) after machining'or
grinding the pipe wall, (3) in trimming the pipe inside diameter, and (4) after
counter-boring the pipe ends'he applicant has stated that these minimum wall
thicknesses are based on the equations per ASME Code, Section III, Subparagraphs
NB/NC/ND-3641. 1.'owever, the use of the nominal wall thickness in the pipingstress analyses (rather than the minimum wall) and the use of a stress intensi--
fication factor of 1.0 for girth butt welds is not acceptable because these
factors can result in an underprediction of piping stresses at-those girth butt
welds where the piping wall thickness, is less than the nominal wall thickness:
The staff considers this item to be open and will 'address its resolution in a
supplement to the SER.

Based upon the staff's review of FSAR Section 3.9.3. 1 and contingent upon the
satisfactory resolution of the open items, the staff finds that the applicant
has met the requirements of 10 CFR 50.55a and GDC 1, 2, and 4 with respect to
the design and service load combinations and associated stress and deformation
limits specified for ASME Code Class 1, 2, and 3 components by ensuring (1) that
systems and components important to safety are designed to quality standards com-
mensurate with their importance to safety and (2) that these systems can accom-
modate the effects of normal operation as well as postulated events such as
LOCAs and the dynamic effects resulting from earthquakes. The specified design
and service combinations of loading as applied to ASME Code Class 1, 2, and 3
pressure-retaining components in systems designed to meet seismic Category I
standards are such as to provide assurance that in the event of an earthquake
affecting the site for other service loading caused by postulated events or
system operating transients, the resulting combined stresses imposed on system
components will not exceed allowable stress and strain limits for the materials
of construction. Limiting the stresses under such loading combinations provides
a conservative basis for the design of system components to withstand the most
adverse combination of loading events without loss of structural integrity.
3.9.3.2 Design and Installation of Pressure Relief Devices

The staff has reviewed FSAR Section 3.9.3.3 with respect to the design and
installation, and testing criteria applicable to the mounting of pressure relief
devices used for the overpressure protection of ASME Class 1, 2, and 3 components.
This review, conducted in accordance with SRP 3.9.3, includes evaluation of the
applicable loading combinations and stress criteria. The design review extends
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to consideration of the means provided to accommodate the rapidly applied reac-
tion force when a safety valve or relief valve opens, and the transient fluid-
induced loads applied to the piping downstream of a safety or relief valve in
a closed discharge piping system. The staff also reviewed the applicant's
relief and safety valve test results as required in Item II.D.1 of NUREG-0737.

Based upon its review of FSAR Section 3.9.3.3,-the staff finds that the appli-
cant has met the requirements of 10 CFR 50.55a and GDC 1, 2, and 3 with respect
to the criteria used for design and installation of ASME Code Class 1, 2, and 3
overpressure relief devices by ensuring that safety and relief valves and their
installations are designed to standards that are commensurate with their safety
functions, and that they can accommodate the effects of discharge caused by
normal operation as well as postulated events such as LOCAs and the dynamic
effects resulting from the SSE. The relevant requirements of GDC 14 and 15 are
also met with respect to ensuring that the RCPB design limits for normal opera-
tion including anticipated operational occurrences are not exceeded. The cri-
,teria used by the applicant in the design and installation of ASME Class 1, 2,
and 3 safety and relief valves provide adequate assurance that, under discharg-
ing conditions, the resulting stresses will not exceed allowable stress and
strain limits for the materials of construction. Limiting the stresses under
the loading combinations associated with the actuation of these pressure relief
devices provides a conservative basis for the desi,gn and installation of the
devices to withstand these loads without loss of structural integrity or impair-
ment of the overpressure protection function.

I

In accordance with Item II.D.1 of NUREG-0737, PWR and BWR licensees and appli-
cants are required to conduct testing to qualify the reactor coolant system
relief and safety valves, block valves, and associated piping and supports
under expected operating conditions for design-basis transients and accidents.

The Electric Power Research Institute (EPRI) was contracted by the PWR Owners
Group to develop and carry out a generic test program and to provide the
generic test data to be used by the PWR utilities to satisfy the NUREG-0737,
Item II. D. 1, requirements.

Testing of valves in the EPRI program was completed by December 31, 1981.

By letter dated April 1, 1982, from D.'. Hoffman, Chairman of the PWR Safety
and Relief Valve Test Program Subcommittee, the EPRI/PWR Owners Group trans-
mitted the following reports to NRC:

(1) Valves Selection/Justification Report

(2) Valve Inlet Fluid Condition for Pressurizer Safety and Relief Valves in
Westinghouse-Designed Plants (note: two other NSSS vendor reports were
also received)

(3) Test Condition. Justification Report

(4) Safety and Relief Valve Test Report

(5) Application of RELAP5/MOD 1 for Calculation of Safety and Relief Valve
Discharge Piping Hydrodynamic Loads
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Additionally, by letter dated June 1, 1982, R. C. Youngdahl transmitted to
H. R. Denton, NRC, reports documenting block valve testing performed by EPRI.
These generic reports are currently being reviewed by the staff.

On the basis of a preliminary review of the EPRI generic reports, the staff has
concluded that they contain data that can be used by the applicant to prepare
an Item II.D.1 plant-specific response for the valves and associated piping for
Shearon Harris.

The staff requires that these plant-specific submittals be made before fuel
load in accordance with the schedule of NUREG-0737 and the September'29, 1981,
clarification letter on this matter. Once the staff has received this informa-'"
tion, it will report its findings in a supplement to this SER.

3.9.3.3 Component Supports

The staff's review of Section 3.9.3.4 of the applicant's FSAR relates to the
methodology used by the applicant in the design of ASME Class 1, 2, and 3
component supports. The review includes assessment of design and structural
integrity of the supports. The applicant has provided in a letter from M. A.
McDuffie to H. Denton dated November 15, 1983, the stress limits and loading
combinations used in the design of ASME Class 1, 2, and 3 piping supports. " The
staff finds the submittal acceptable contingent on a satisfactory finding from
a design audit to be performed at the offices of the pipe support designers,
The staff will discuss 'its audit findings in a supplement to this SER.

The staff is currently reviewing the applicant's response to ICE Bulletin 79-02
concerning the flexibilityof base plates and their effect on anchor bolt loads.
The resolution of this issue will be reported in a supplement to this SER.

Class CS component evaluation findings are covered in SER Section 3.9.5 in
connection with reactor internals.

3.9.4 Control Rod Drive Systems

The staff's review under SRP 3.9.4 covers the design of the control rod drive
system up to its interface with the control rods. The rods and drive mechanism
shall be capable of reliably controlling reactivity changes either under condi-
tions of anticipated normal plant operational occurrences, or under postulated
accident conditions.'he staff reviewed the information in FSAR Section 3.9.4 .

relative to the analyses and tests performed to ensure the structural integrity
and functionality of this system during normal operation and under accident con-
ditions. The staff also reviewed the life-cycle testing performed to demonstrate
the reliability of the control rod drive system over its 40-year life.
A detailed review of the design of the control rod drive system with respect to
its capability of controlling reactivity and cooling the reactor core with appro-
priate margin in conjunction with either the emergency core cooling system or
the reactor protection system was not performed because of the system's similar-
ity with other Mestinghouse plants that have been found to be acceptable. The
staff is not aware of any'significant design changes in'the control rod drive
system for the Shearon Harris plant.
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Based on its review of the above information, the staff concluded that the
design of the control rod drive system is acceptable and meets the requirements
of GDC 1, 2, 14, 26, 27, and 29 and 10 CFR 50.55a.

The applicant has met the requirements of GDC 1 and 10 CFR 50.55a with respect
to designing components important to safety to quality standards commensurate
with the importance of the safety functions to be performed. The design pro-
cedures and criteria used for control rod drive systems are in conformance with
the requirements of appropriate ANSI and ASME codes.

The applicant has met the requirements of GDC 2, 14, and 26 with respect to
designing the control rod drive system to withstand effects of earthquakes and
anticipated normal operation occurrences with adequate margins to ensure its
structural integrity and functional capability and with extremely low probabil-
ity of leakage or gross rupture of RCPB. The specified design transients,
design and service loadings, combination of loads, and limiting the stresses
and deformations under such loading combinations are in conformance with the
requirements of appropriate ANSI and ASME codes and acceptable regulatory posi-
tions specified in SRP 3.9.3.

The applicant has met the requirements of GDC 27 and 29 with respect to design-
ing the control rod drive system to ensure its capability of controlling react-
ivity and cooling the reactor core with appropriate margin, in conjunction with
either the emergency core cooling system or the reactor protection system. The
operability assurance program is acceptable with respect to meeting system de-
sign requirements in observed performance as to wear, functioning times, latch-
ing, and overcoming a stuck rod.

3.9.5 Reactor Pressure Vessel Internals

The staff's review under SRP 3.9.5 is concerned with the load combinations,
allowable stress limits, and other criteria used in the design of the reactor
internals. The staff has limited the review of SRP 3.9.5 to include the design
and analysis of the reactor internals and the deformation limits specified for
those components. A detailed review of the configuration and general arrange-
ment of the mechanical and structural internal elements was not performed be-
cause of the similarity with other Westinghouse plants that were found accept-
able. The staff is not aware of any significant design changes in the reactor
internals for the Shearon Harris plant. The applicant has stated that the core
support structures were built before the adoption of Subsection NG, Core Support
Structures, of the ASME Code Section III. However, the core support structures
were designed and fabricated consistent with the requirements of Subsection NG

but have no stress report or code s'tamp.

Based on its review of FSAR Section 3.9.5, the staff concludes that the design of
reactor internals is acceptable and meets GDC 1, 2, 4, and 10 and 10 CFR 50.55a.

The applicant has met the requirements of GDC 1 and 10 CFR 50. 55a with respect
to designing the reactor internals to quality standards commensurate with the
importance of the safety functions to be performed. The design procedures and
criteria used for the reactor internals are in conformance with the requirements
of Subsection NG of the ASME Code, Section III.
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The applicant has met the requirements of GDC 2, 4, and 10 with respect to .

designing components important to safety to withstand the effects of earthquake
and the effects of normal operation, maintenance, testing, and postulated LOCAs
with sufficient margin to ensure that capability to perform its safety functions
is maintained and the specified acceptance fuel design limits are not exceeded.

The specified design transients, design and service loadings, and combination
of loadings as applied to the design of the reactor internals structures and
components provided reasonable assurance that in the event of an earthquake or
of a system transient during normal plant operation, the resulting deflections
and associated stresses imposed on these structures and components would not
exceed allowable stresses and deformations under such loading combinations.
This provides an acceptable basis for the design of these structures and compo-
nents to withstand the most adverse loading events that have been postulated
to occur during service lifetime without loss of structural integrity or impair-
ment of function.

3.9.6 Inservice Testing of Pumps and Valves

The review under SRP 3.9.6 is concerned with the inservice testing of certain
safety-related pumps and valves typically designated as ASME Class 1, 2, or 3.
Other pumps and valves not categorized as Code Class 1, 2, or 3 may be includedif they are considered to be safety-related by the staff.

Sections 3.9.2 and 3.9.3 above discuss the design of safety-related pumps and
valves in the Shearon Harris plant. The load combinations and stress limits
used in the design of pumps and valves ensure that the component pressure bound-
ary integrity is maintained. In addition, the applicant will periodically test
and perform periodic measurement of all safety-related pumps and valves in gen-
eral accordance with Section XI of the ASME Code. The tests verify that these
pumps and valves will operate successfully when called upon. Various parameters
are measured periodically and compared to baseline measurements to detect long-
term degradation of the pump or. valve performance. The staff review under
SRP 3.9.6 covers the applicant's program for preservice and inservice testing
of pumps and valves with particular attention given to those areas of the test
program for which the applicant has requested relief from the requirements of
Section XI of the 'ASME Code.

The applicant has submitted a description of the proposed inservice testing
program for pumps and valves in FSAR Appendix 3.90. The program includes both
baseline preservice testing and periodic inservice testing. It provides both
for functional testing of components in the operating state and for visual
inspection to verify proper valve position. The staff will require that all
Category A and A/C valves be leak tested according to Section XI of the
ASME Code.

The staff has not completed a detailed review of the applicant's submittal.
However, based on a preliminary review, the staff finds that it is impractical
within the limitations of design, geometry, and accessibility for the applicant
to meet certain of the ASME Code requirements. In the view of the staff, imposi-
tion of those requirements would result in hardships or unusual difficulties
without a compensating increase in the level of quality or safety. The relief
requested will not endanger life or property and is in the public interest.
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Therefore, pursuant to 10 CFR 50.55a, the relief that the applicant has requested
from the pump and valve testing requirements of 10 CFR 50.55(g)(2) and (g)(4)(i)
is granted for the portion of the initial 120-month period during which the staff
completes its review.

There are several safety systems connected to the reactor coolant pressure
boundary that have design pressure below the rated reactor coolant system (RCS)
pressure. There are also some systems which are rated at full reactor pressure
on the discharge side of pumps but have pump suction below'CS pressure. In
order to protect these systems from RCS pressure, two or more isolation valves
are placed in series to form the interface between the high pressure RCS and
the low pressure system. The leaktight integrity of these valves must be
ensure'd by periodic leak testing to prevent exceeding the design pressure of
the low pressure systems and thus causing the intersystem LOCA.

The staff's position on leak rate limiting conditions for operation is that
leak rates must be equal to or less than 1 gpm for each valve to ensure the
integrity of the valve, demonstrate the adequacy of the redundant pressure
isolation function, and give an indication of valve degradation over a finite
period of time. Significant increases over this limiting value would be an
indication of valve degradation from one 'test to another.

The applicant has recently submitted a periodic leak testing program for these
pressure isolation valves. The staff is currently reviewing the program and
will provide its findings in a supplement to this SER.

3. 10 Seismic and D namic uglification of Mechanical and Electrical E ui ment

3. 10. 1 Operability gualification of Mechanical Equipment

The Pump and Yalve Operability Review Team (PYORT), composed of NRC staff
members and consultants from Idaho National Engineering Laboratory (INEL), has
reviewed the applicant's pump and valve operability assurance program, as
discussed in FSAR Section 3.9.3.2 and compared this information with SRP 3;10
(NUREG-0800). The applicant has provided information to define how active
pumps and valves arg generally qualified with respect to operability.

The staff wants the following items clarified: the various events that comprise
the design-basis events and the definition of critical parameters with regard to
specifications and drawings. For those components for w'hich qualification and/
or operability assurance is by analysis alone, some question remains as to the
confidence level ensured by this methodology. The necessity for additional com-
ponent testing is being considered and cannot be established without an inspec-
tion at the plant site. Therefore, for the staff to determine the adequacy of
the implementation of the applicant's pump and valve operability assurance pro-
gram, a plant-site audit of the equipment and supporting documentation is
required. The plant-site audit will include an inspection to observe the as-
built configuration and installation of the equipment. Also during the audit,
the staff will review specific documentation (for example, purchase specifica-
tions and test reports) that is described in the applicant's program. Thus,
the staff's review includes an FSAR review and a plant-site audit of selected
equipment. Both phases of the staff review must be determined acceptable for
the staff to arrive at a favorable conclusion on the applicant's pump and valve
operability assurance program.
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The applicant has been asked to provide information .on the completion status of
the equipment documentation and onsite installation of the equipment. Before
the audit is conducted, both the equipment documentation and the plant-site
installation of the equipment should be more than 85K complete.. Once the
applicant has indicated that the work has reached this status, the staff will
conduct a plant-site audit shortly thereafter.

Because of the limited amount. of equipment that can be audited within a reason-
able time, the audit results must provide a high degree of confidence for the
staff to conclude that the overall implementation of the. applicant's program
is acceptable.

3. 10.2 Seismic and Dynamic Qualification of Electrical and Mechanical
Equipment

The staff's evaluation of the adequacy of the applicant's program for qualifica-
tion of safety-related electrical and mechanical equipment for seismic and
dynamic loads consists of (1) a determination of the acceptability of the pro-
cedures used, standards followed, and the completeness of the program in general,
and (2) an onsite audit of selected equipment items to develop the basis for
the staff to judge the completeness. and adequacy of the implementation of the
entire seismic and dynamic qualification program.

The Seismic Qualification Review Team (SQRT), which consists of staff reviewers
and INEL consultants, has reviewed the methodology and procedures of the equip-
ment seismic and dynamic qualification program contained in FSAR Sections 3.2,
3.9.2, 3.9.3, and 3. 10. The SQRT has concluded that the information reviewed
meets, in general, the intent of the current licensing criteria as described
in RGs 1. 100 and 1.92 and SRP 3. 10 (NUREG-0800). Based on the criteria defined
in SRP 3. 10, the applicable standards are IEEE 323-1974 and 344-1975. By letter
dated June 22, 1983, from M. A. McDuffie to H. R. Denton, the applicant has
clarified the commitment to meet IEEE 323-1974 and 344-1975, and to incorporate
the clarification in a revision of the FSAR. With regard to the use of other
dynamic loads in combination, with seismic loads, the letter of June 22, 1983,
does not discuss either the basis or the criteria for combining seismic loads
with other dynamic loads and appropriate operating loads. A future revision of
the FSAR should include an adequate description of the basis and criteria for
combining seismic loads with other operating and dynamic loads caused by post-
ulated transients.

IEEE 344-1975 covers the seismic qualification aspects; however, the aging and
test sequence aspects of the equipment qualification must be in accor'dance with
the requirements of IEEE 323-1974.

A substantial portion (85%-90X) of the equipment must be qualified, documented
in an auditable manner, and installed on site before the staff can perform an
onsite audit. Whenever the applicant indicates that his work is substantially
complete, the staff will conduct an onsite audit shortly thereafter. The staff
will report the results of its audit and the followup and resolution of staff
concerns described above in a supplement to this SER.
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3. 11 Environmental uglification of Mechanical and Electrical E ui ment

3. 11. 1 Introduction

Equipment that is used to perform a necessary safety function must be demon-

strated to be capable of maintaining functional operability under all service
conditions postulated to occur during its installed life for the time it is
required to operate. This requirement--which is embodied in GDC 1 and 4 and-

in Sections III, XI, and XVII of Appendix B to 10 CFR 50--is applicable to
equipment located inside as well as outside containment. More detailed
requirements and guidance relating to the methods and procedures for demon-
strating this capability for electrical equipment have been set forth in
10 CFR 50.49, "Environmental gualification of Electric Equipment Important to
Safety for Nuclear Power Plants," and NUREG-0588, "Interim Staff Position on
Environmental gualification of Safety-Related Electrical Equipment." NUREG-

0588 supplements IEEE 323 and various NRC regulatory guides and industry
standards.

3. 11. 2 Background

NUREG-0588 was issued in December 1979 to promote a more orderly and systematic
implementation of electrical equipment qualification programs by industry and
to provide guidance to the NRC staff for use in ongoing licensing reviews. The
positions contained in this section provide guidance on (1) how to establish
environmental service conditions, (2) how to select methods that are considered
appropriate for qualifying equipment in different areas of the plant, and

(3) other areas such as margin, aging, and documentation.

In February 1980, the NRC asked the applicant to review and evaluate the envi-
ronmental qualification documentation for each item of safety-related electric
equipment that could be exposed to a harsh environment and to identify the
degree to which the applicant's qualification program complies with the staff
positions described in NUREG-0588. IE Bulletin 79-01B, "Environmental qual-
ification of Class 1E Equipment," issued January 14, 1980, and its supplements
dated February 29, September 30, and October 24, 1980, established environ-
mental qualification requirements for operating reactors. This bulletin and
its supplements were provided to the applicant.

A final rule on environmental qualification of electric equipment important to
safety for nuclear power plants became effective on February 22, 1983. This
rule, 10 CFR 50. 49, specifies the requirements to be met for demonstrating the
environmental qualification of electrical equipment important to safety located
in a harsh environment. In accordance with this rule, equipment for Shearon
Harris Units 1 and 2 may be qualified to the criteria specified in Category II
of NUREG-0588.

The qualification requirements for mechanical equipment are principally contained
in Appendices A and B of 10 CFR 50. The qualification methods defined in NUREG-

0588 can also be applied to mechanical equipment.

In response to the above requirements, the applicant has provided some prelimi-
nary equipment qualification information in FSAR Section 3. 11.
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N ~ ~ 'b3.11.3 Completeness of Environmental gualification Program

To demonstrate compliance with 10 CFR 50.49, the applicant- must submit the
following information before an operating license can be granted:

(1) In accordance with the scope defined in 10 CFR 50.49, provide:

a list of all nonsafety-related electrical equipment located in a harsh
environment whose failure under postulated environmental conditions,c'ould
prevent satisfactory accomplishment of safety functions by the safety-
related equipment. A description of the. method used to identify. this
equipment must be included. The nonsafety-related equipment identified
must be included in the environmental qualification program

a statement that all safety-related electric equipment in a harsh environ-
ment, as defined in the scope of 10 CFR 50.49, is included in the equip-
ment qualification program (including equipment required for mode'rate-
energy line break, fuel handling accident, etc.).

(2)

a list of all Category 1 and 2 post-accident monitoring equipment cur-
rently installed, or to be installed before plant operation, in response
to RG 1.97, Revision 2. The equipment identified must be include'd in the,
environmental qualification program.

Provide information demonstrating qualification of all equipment in a
harsh environment within the scope of 10 CFR 50.49, or provide justifica-
tion for interim operation pending completion of qualification, as r'equired
by 10 CFR 50.49. This material should be submitted to allow sufficient
time for staff review and approval before an operating license 'is issued.

Although there are no detailed requirements for mechanical equipment, GDC 1 and 4,
Sections III and XVII of Appendix B to 10 CFR 50, and SRP 3. 11, Revision 2, con-
tain the following requirements and guidance related to equipment qualification:

(2)

Components shall be designed to be compatible with the postulated environ-
mental conditions, including those associated with LOCAs.

Measures shall be established for the selection and review for suitability
of application of materials, parts, and equipment that are essential to
safety-related functions.

(3)

(4)

Design control measures shall be established for verifying the adequacy of
design.

Equipment qualification records shall be maintained and shall include the
results of tests and materials analyses.

To demonstrate compliance with GDC 4 for mechanical equipment, the staff requires
'that the applicant perform a review and evaluation that includes the following:

identification of safety-related mechanical equipment located in harsh
environmental areas, includin™g required operating time.

(2) 'identification of the nonmetallic subcomponents of this equipment.
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(3) identi f i cation of .the, envir onmental conditions for whi ch thi s,. equipment
must be qualified. The environments defined in the electrical equipment
program are also applicable to mechanical equipment.

(4) identification of nonmetallic material capabilities.

(5) evaluation of environmental effects.

The list of equipment identified should be submitted. From this list the staff
will select approximately three items of mechanical equipment for which docu-
mentation„of environmental qualification should be provided for review. Also,
the results of the review should be provided for all mechanical equipment in
harsh environment areas and corrective actions identified. Justification for
interim operation must be submitted before fuel load for any mechanical equip-
ment whose qualification cannot be established.

For mechanical equipment, the staff review will concentrate on materials that
are sensitive to environmental effects; for example, seals, gaskets, lubricants;,.
fluids for hydraulic systems, diaphragms, etc.

Additionally, all safety-related equipment should be subjected to a maintenance,
surveillance, and periodic testi'ng program, in accordance with RG 1.33, to det'ect
any age-related degradation that could affect the qualification of the equipment
and to maintain the equipment in a qualified condition.

Upon receipt of the final submittal, the staff will review the environmental
qualification program for compliance and request any additional information
needed to establish its acceptability. The staff will then perform an audit
review of electrical equipment environmental qualification files and associated
installed equipment. Following this audit, an SER supplement will be prepared
documenting the results of the review and evaluation. Before it issues an
operating license, the staff must be able to conclude that full compliance with
10 CFR 50.49 and all applicable rules and regulations has been demonstrated.
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4 REACTOR

4. 1 Introduction

The Shearon Harris nuclear steam supply system (NSSS) is supplied by Westing-
house Electric Corporation and is designed to operate at a core thermal power
of 2775 MWt. Sufficient margin exists to ensure that fuel damage will not
occur during steady-state operation or anticipated operational occurrences.

The NSSS is a three-loop design having a total primary coolant flow rate of
109.1 x 10'b/hr. The reactor coolant and moderator are light water at a
pressure of 2250 psia. The reactor core is made up of 157 fuel assemblies
having identical mechanical designs but different fuel pellet enrichments.
Each assembly is comprised of a 17x17 array containing 264 fuel rods. The
center position is used for incore instrumentation while the remaining 24
thimbles are used for rod cluster control assemblies, neutron source assem-
blies, and burnable poison rods.

The design of the Shearon Harris reactors is similar to that of the Y. C.
Summer units.

.2 ~F1 D

The Harris fuel assembly described in the FSAR is a 17xl7 array of fuel rods
having a diameter of 0.374 in. This design will be referred to as the stand-
ard fuel assembly (SFA) in the paragraphs below.

FSAR Section 4.2 presents the design bases for the SFA. For the Westinghouse
analysis, plant design conditions are divided into four categories of operation
that are consistent with traditional industry classification (ANSI N18.2-1973
and N-212-1974): Condition I is Normal Operation; Condition II, Incidents of
Moderate Frequency; Condition III, Infrequent Incidents; and Condition IV,
Limiting Faults. Fuel damage is related to these conditions of operation, which
are coupled to the fuel design bases and design limits. The subsections of'he
design bases section address such topics as (1) cladding, (2) fuel material,
(3) fuel rod performance, (4) spacer grids, (5) fuel assemblies, (6) reactivity
control and burnable poisons," and (7) testing, irradiation, and surveillance.
As part of the discussion of the cladding design bases, material and mechanical
properties, stress-strain limits, vibration and fatigue, and chemical properties
are also presented. A similar approach is taken for the other major subtopics.

The staff review and safety evaluation follow SRP 4.2. The objectives of this
fuel system safety review are to provide assurance that (1) the fuel system is
not damaged as a result of normal operation and anticipated operational occur-
rences, (2) fuel system damage is never so severe as to prevent control rod
insertion when it is required, (3) the number of fuel rod failures is not under-
estimated for postulated accidents, and (4) coolability is always maintained.

"Items (1) through (6) are "core components."
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"Not damaged" is defined as meaning that fuel rods do not fail, that-fuel system
dimensions remain within operational tolerances, and that functional capabi 1-
ities are not reduced below those assumed in the safety analysis. This objec-
tive implements GDC 10 and the design limits that accomplish this are called
specified acceptable fuel design limits (SAFDI s). "Fuel rod failure" means
that the fuel rod leaks and that the first fission product barrier (the cladd-
ing) has, therefore, been breached. Fuel rod failures must be accounted for
in the dose analysis required by 10 CFR 100 for postulated accidents. "Cool-
ability," which is, sometimes termed "eoolable geometry," means, in general,
that the fuel assembly retains its rod-bundle geometrical configuration with
adequate coolant channeling to permit removal of residual heat after a severe
accident. The general requirements to maintain control rod insertabi.lity and
core coolabili-ty appear repeatedly in the GDC (GDC 27 and 35). Specific cool-
abi lity requirements for loss-of-coolant accidents (LOCAs) are given in 10 'CFR

50.46.

To meet the above-stated objectives of the fuel system review, the following
specific areas are critically examined: (1) design bases, (2) description and
design drawings, (3) design evaluation, and (4) testing, inspection, and sur-
veillance plans. In assessing the adequacy of the design, several items in-
volving operating experience, prototype testing, and analytical predictions
'are weighed in terms of specific acceptance criteria for fuel system damage,
fuel rod failure, and fuel coolability. Recently Mestinghouse developed an
improved fuel assembly design, which is described in WCAP-9500 and is called
optimized fuel assembly (OFA). MCAP-9500 was approved by NRC (Rubenstein,
1981), The OFA design also consists of a 17xl7 array of fuel rods having a
diameter of 0.360 in., which is somewhat smaller than the standard assembly.
Because the format of WCAP-9500 followed RG 1.70, some of the fuel design bases
and design limits for the OFA were not presented in WCAP-9500 in a form that
permitted cross-checking with the acceptable criteria provided in SRP 4.2.
Therefore, the applicant was asked (Rubenstein, August 8, 1980) to clarify the
design bases and limits. The responses to those questions (Anderson, August 15,
1980 and April 21, 1981) are applicable to the standard assembly as well
(Petrick,,September 9, 1981). Reference to these questions and answers will
be made at several places -in the review that follows.

4.2. 1 Design Bases

Design bases for the safety analysis address fuel system damage mechanisms and
suggest limiting values for important parameters so that damage will be limited
to acceptable levels. For convenience, acceptance criteria for these design
limits are grouped into three categories in the SRP: (1) fuel system damage
criteria, which are most applicable to normal operation (M plant Condition I)
including anticipated operational occurrences (M plant Condition II), (2) fuel
rod failure criteria, which apply to normal operation (W plant Condition I),
anticipated operational occurrences (W plant Condition II), and accidents (W
plant Conditions III and IV); and (3) fuel coolabi lity criteria, which apply
to accidents (M plant Conditions III and IV).

4.2. 1. 1 Fuel System Damage Criteria

The following paragraphs discuss the NRC staff's evaluation of the design. bases
and corresponding design limits for the damage mechanisms listed in the SRP.
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These design limits, along with certain criteria that define failure (see Sec-
tion 4.2. 1.2 of this SER), constitute the SAFDLs required by GDC '10. The

design limits in this section should not be exceeded during normal operation
including anticipated operational occurrences.

(1) Claddin Desi n Stress

The design basis for fuel rod cladding stress as given in" the response to
g 231.2" is that the fuel system will not be damaged as a result of excessive
fuel rod cladding stresses.- The design limit for fuel rod cladding stress
under the. Condition I and II modes of operation is that the volume-,averaged
effective stress calculated with the von Mises equation, considering inter-
ference due to uniform cylindrical pellet-to-cladding contact (caused by pellet
thermal expansion and swelling, uniform cladding creep, and fuel rod/coolant
system pressure differences), is less than the Zircaloy 0.2X offset yield
stress as affected by temperature and irradiation. This is a traditional limit
consistent with previous Westinghouse design practice and is, therefore, accept-
able without further comment except with respect to the credit that is taken by
Westinghouse for irradiation-induced strengthening.

The NRC does not routinely grant credit for irradiation-induced strengthening
of the cladding, although the SRP does not specifically preclude such practice.
Moreover, in a response, to an NRC question on the Mestinghouse topical report
on fuel material properties (WCAP-9179), it was stated that no credit is taken
for irradiation strengthening of Zircaloy. This restriction was subsequently a

condition of approval (Thomas, September 29, 1982) in the WCAP-9179 SER.

The applicant has stated (Zimmerman, 1983) that credit is taken for irradiation
„strengthening of Zircaloy and has cited the staff's approval of the Westinghouse
17x17 OFA fuel design (WCAP-9500) as a precedent for the use of irradiation
strengthening. Although the 17x17 OFA design is not directly applicable to
Shearon Harris, the staff's approval of the material properties report (WCAP-

9179) was subsequently amended (Rubenstein, 1983) to remove the restriction
described above. As a consequence, the staff finds the use of irradiation
strengthened Zi rcaloy yield strengths acceptable for Shearon Harris Units 1

and 2.

(2) Claddin Desi n Strain

With regard to cladding strain, a design limit for fuel rod cladding plastic
tensile creep (due to uniform cladding creep and uniform cylindrical fuel pel-
let swelling and thermal expansion) of less than 1X from the unirradiated con-
dition is given in response to g 231.2. Furthermore, the total tensile strain
transient limit (due to uniform cylindrical pellet thermal expansion during
the transient) is stated to be less than 1X from the pretransient value. While
the staff has not explicitly reviewed the supporting data for normal operation.
(Condition I), that value appears to be consistent with past practice (no numer-

ical value for normal operation cladding strain is provided as an acceptance
criterion in the SRP), and thus there is reasonable assurance that 1X total

*All questions and responses referred to in this manner will be found in the
correspondence cited above.

Shearon Harris SER 4-3



plastic creep strain is an acceptable design limit f'r normal operati.'on, includ-
ing Condition I power changes (load following). For transient-induced deforma-
tion, the SRP indicates that 1X uniform cladding strain is an acceptable damage
limit that 'should preclude 'some types of pellet/cladding interaction (PCI)
failures. Such a limit, however, while consistent with past practice,- should
not be construed to be a broadly applicable PCI damage limit because there is
ample evidence (Tokar, November 14, 1979) that PCI failures can occur at less
than 1X uniform cladding strain. Westinghouse has indicated in response to
staff question 231.24 that 1X plastic strain from the pretransient value is not

„meant to serve as a broadly applicable PCI criterion. Nevertheless, the staff
finds the 2X cladding transient plastic strain criterion to be an acceptable

,
design limit for the type of application indicated'in SRP 4.2. For fuel assem-
bly structural design, Westinghouse established design limits on stresses and
deformations due to various nonoperational, operational, and accident loads.
As indicated in the FSAR, the stress categories and strength theory 'presented
in Section III of the ASHE Code are used as a general guide. This is consist-
ent with acceptance criterion II.A.1(a) of SRP 4.2 and is acceptable.

The strain fatigue criteria given in response to g 231.2 are the same as those
described in SRP 4.2 (a safety factor of 2 on stress amplitude or of 20 on the
number cycles) and are, therefore, acceptable.

Although the SRP does not provide -numerical bounding-value acceptance criteria
for fretting wear, it does stipulate that the allowable fretting wear should
be stated in the safety analyis report and that the stress and fatigue limits
should presume the existence of this wear.

From the response to g 231.5, it can be seen that the Westinghouse design basis
for fretting wear is that fuel rods shall not fail during Condition I and II
events. Furthermore, Westinghouse does not use an explicit fretting wear limit
in its stress and fatigue analysis for fuel rods. However, Westinghouse does
use a value (proprietary) of wall thickness as a general guide in evaluating
cladding imperfections, including fretting wear. Cladding imperfections--
including fretting wear--are thus considered in the stress and fatigue analysis,
albeit in a very qualitative, nonrigorous manner. In view of the apparently
small effects of these defects and large stress and fatigue margins (see Sec-
tion 4.2.3.'1(4) of this SER), this design method is acceptable.

The design basis for guide thimble tubes is treated differently by Westinghouse,
as described in the response to g 231.41. The design basis is that the thinn-
ing of the guide thimble tube walls should not result in the failure of the
fuel assembly structural integrity or functionability of the guide thimble
tubes. The staff finds this to be an acceptable design basis.

With regard to a desig'n limit for guide thimble tube wear, Westinghouse has
determined from stress analyses that the most limiting load on the fuel assem-
bly structure is that which might occur during a fuel handling accident. For
the analysis of this accident, Westinghouse uses a design criterion of 6 g.
This design limit is therefore used for degraded guide thimble tubes and has
been previously accepted for Westinghouse fuels.
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(5) Oxidation and Crud Buildu
g 4

The SFA design basis for cladding oxidation and crud buildup is that, the in-
crease in cladding temperature due to cladding oxidation and crud buildup is
not excessive (see" Section 4.2. 1.2(3) below).

SRP 4.2 identifies cladding oxidation and crud buildup as potential fuel system
damage mechanisms. Because, of the increased th'ermal resistance of these layers,
there is an increased potential for elevated temperature within the fuel as
well as the cladding. Because the effect of oxidation and crud layers on fuel
and cladding temperature is a function of several different parameters (such as
heat flux and thermal-hydraulic boundary conditions), a design limit on oxide
or crud layer thickness does not, per se, preclude fuel damage as a result of
these layers. Rather, it is necessary that these layers be appropriately con-
sidered in other temperature-related fuel system damage and failure analyses.
This is the approach taken by Westinghouse in the design of the SFA, and the
staff finds this approach acceptable.

(6) ~Rod Bowin

Fuel rod bowing is a phenomenon that alters the pitch dimensions between adja-
cent fuel, rods. Bowing affects local nuclear power peaking and the local heat
transfer to the coolant. Rather than placing design limits on the amount of
bowing that is permitted, the effects of bowing are included in the safety
analysis. This is consistent with the SRP and is acceptable. The methods used
for predicting the degree of rod bowing are evaluated in Section 4.2.3. 1(6) of
this report, and the impact of the resulting bow magnitude is evaluated in Sec-
tions 4.3 and 4.4.

(7) Axial Growth

In the SFA design, the core components requiring axial-dimensional analyses are
the control rods, neutron source rods, burnable poison rods, fuel rods, and fuel
assemblies (thimble plugging rods are omitted because they are short and not
axial-growth limited). The axial growth of the first three of these components
is primarily dependent upon the behavior of poison, source, or spacer pellets
and their 304 stainless-steel cladding. The growth of the latter two is mainly
governed by the. behavior of fuel pellets, Zircaloy-4 cladding, and Zircaloy-4
guide thimble tubes.

The Westinghouse design bases for core component rods are (1) that dimensional
stability and cladding integrity are maintained during Condition I and II events
and (2) that these components do not interfere with shutdown during Condi-
tion III and IV events.

Westinghouse does not, per se, have design limits on the axial growth of con-

troll,

source, and burnable poison rods. However, allowances are made to accom-
modate (1) pellet swelling due to gas production and (2) relative thermal
expansion between the stainless-steel cladding and the encapsulated material.
Westinghouse does not account for irradiation growth of the stainless-steel
c'ladding and has cited experiments (Foster and Strain, 1974) as justification
for the insignificance of irradiation growth of stainless-steel at PWR operat-
ing conditions.
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For. the Zircaloy cladding and fuel assembly components, the axial-dimensional
behavior is governed by creep (due to mechanical or hydraulic loading) and
irradiation growth. The critical tolerances that require controlling are
(1) the spacing between the fuel rods and the fuel assembly (shoulder gap) and

(2) the spacing between the fuel assemblies and the core internals. Failure
to adequately design for the former may result in fuel rod bowing, and for the
latter may result in collapse of the holddown springs. With regard to inadequ-
ately designed shoulder gaps, problems that have necessitated pre-discharge
modifications to fuel assemblies have been reported (Schenk, 1973; Kuffer and
Lutz, 1973; and R. E. Ginna Uni.t 1 FSAR, 1972) in foreign (Obrigheim and Beznau)
and domestic (Ginna) plants.

With regard to a design basis for shoulder gap spacing, Westinghouse stated in
the responses to g 231.2, 231.8, 231.25, and 231.40 that interference is pre-
cluded because there is clearance between the fuel rod end and the top and
bottom nozzles. The design clearance accommodates the differences in growth
and fabrication tolerances, and the differences in thermal expansion between
the fuel cladding and the thimble tubes. Westinghouse does not have specific
limits on growth, but does provide a gap spacing that is equal to or greater
than a percentage (the specific value is proprietary) of the fuel rod length.
The percentage value used by Westinghouse provides gap spacings that are sim-

ilarr

to those employed in other fuel vendor designs.

With regard to fuel assembly growth, the 'Westinghouse design basis provides
that there shall be no axial interference between the fuel assembly and upper
and lower core plates caused by temperature or irradiation. As a design limit,
Westinghouse provides a minimum gap (proprietary value that is a "fraction of
the fuel assembly length) between the fuel assembly and the reactor internals.

The staff finds the above design bases and limits dealing with axial growth
acceptable.

(8) Fuel and Poison Rod Pressure

For Condition I and II events, the mechanical design basis for core component
rods described in the FSAR is that dimensional stability and cladding integrity
are maintained. A necessary corollary of this design basis is that the driving
force, rod internal pressure, is never so great as to result in loss of dimens-
ional stability and cladding integrity.

SRP 4.2 identifies rod internal pressure as a potential fuel system damage

mechanism. In this sense, damage is defined as an increased potential for ele-
vated temperatures within the rod as well as an increased potential for cladd-
ing failure. Although the SRP mentions only fuel and burnable poison rods, the
mechanism also applies to control rods, neutron source rods, and other core
component rods. Because rod internal pressure is a driving force for, rather
than a direct mechanism of, fuel system damage, it is not necessary that a dam-

age limit be specified. It is only necessary that the phenomenon be appropri-
ately considered in other fuel system damage and fuel failure analyses. In
other words, rod internal pressure must be considered in calculating the temper-
ature of the rod internals, cladding deformation, and cladding bursting.

To simplify the analysis of fuel system damage because of excessive rod inter-
nal pressure, the SRP states that rod internal gas pressure should remain below
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the nominal system pressure during normal operation unless otherwise justified.
Westinghouse has elected to justify limits other than that provided in the SRP.

For the fuel rods, revised internal rod pressure criteria as describgd in an
approved topical report (WCAP-8963) were used in the FSAR. Briefly stated,
these criteria allow the fuel rod internal pressure to exceed the system pres-
sure under certain condi.tion's. These are (1) the internal pressure is limited
so that the fuel-to-cladding gap does not increase during steady-state opera-
tion, and (2) extensive departure from nucleate boiling (DNB) propagation does
not occur for postulated transients and accidents. These criteria have been
previously approved and remain acceptable.

For nonfueled rods, the rod internal pressure is limited so that the mechanical
design limits, discussed in Section 4.2. 1.5 of the FSAR, are not exceeded for
Condition I and II events. This implies a stress limit of 2/3 of the material
yield stress and a strain limit of 1X. These limits are unchanged from previ-
ously approved Westinghouse fuel designs and remain acceptable for Shearon
Harris.

(9) A~1Li« f
The SRP calls for the fuel assembly holddown capability (gravity and springs)
to exceed worst-case hydraulic loads for normal operation, which includes antic-
ipated operational occurrences. The SFA design basis provides for positive
holddown for Condition I, but allows momentary liftoffduring one Condition II
event. This design basis is acceptable provided that it can be shown that the
affected fuel assemblies will reseat properly without damage and without other
adverse effects during the event. The ability of the affected fuel assemblies
to satisfy this provision is discussed in Section 4.2.3. 1.

(10) Control Material Leachin

The SRP and GDC require that control rod reactivity be maintained. Control rod
reactivity, can sometimes be lost by leaching of certain poison materials if the
control rod cladding has been breached. The FSAR states that the mechanical
design basis for the control rods is consistent with the loading conditions of
Section III of the ASME Code. Thus, the design basis for the SFA control rods
is to maintain cladding integrity; because cladding integrity would ensure that
reactivity is maintained, this design basis might appear to be acceptable.

*

Under some circumstances, unexpected breaches might go undetected, so the staff
does not normally accept control rod cladding integrity as a sufficient design
basis. However, a discussion in Section 4.2.3. 1 shows that adequate surveil-
lance will be provided to ensure maintenance of reactivity.

4.2. 1.2 Fuel Rod Failure Criteria

The staff's evaluation of fuel rod failure threshold for the failure mechanisms
listed in the SRP is presented in the following paragraphs. When these failure
thresholds are applied to normal or transient operation, they are used as limits
(and hence SAFDLs), because fuel failures under those conditions should not
occur (according to the traditional conservative interpretation of GDC 10).
When these thresholds are applied to accident analyses, the number of fuel fail-
ures must be determined for input to the radiological dose calculations required
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by 10 CFR 100. The basis or reason for establishing these failure thresholds
is thus predetermined, and only the threshold values are reviewed below.

(1) Internal H dridin

Hydriding as a cladding failure mechanism is precluded by controlling the level
of moisture and other hydrogenous impurities during fabrication. As described
in the revised response to g 231.6, the moisture levels in the uranium dioxide
fuel are limited by Westinghouse to less than or equal to 20 ppm. This speci-
fication is compatible with the ASTM specification for sintered uranium dioxide
pellets, which allows 2 pg of hydrogen per gram of uranium (2 ppm), and they
are the same as the limits provided in the SRP; they are, therefore, acceptable.

(2) Claddin Colla se

If axial gaps in the fuel pellet column were to occur as a result of densifica-
tion, the cladding would have the potential of collapsing into a gap (flattening).
Because of the large local strains that would result from collapse, the cladding
is assumed to fail. As indicated in the FSAR and responses to g 231.2, 231.9
and 231.34, it is a Westinghouse design basis that cladding collapse is pre-
cluded during the fuel rod design lifetime. This design basis is the same as
that in the SRP and is therefore acceptable.

(3) .Overheatin of Claddin

The design basis as given in the FSAR for the prevention of fuel failures as a

result of overheating is that there will be at least 95K probability that DNB

will not occur on the limiting fuel rods during normal operation or any tran-
sient conditions arising from faults of moderate frequency (Condition I and II
events) at a 95K confidence level. This design basis is consistent with the
thermal margin criterion of SRP 4.2 and is, thus, acceptable. The specific
departure from nucleate boiling ratio (DNBR) limits and methods of analysis are
reviewed in Section 4.4.

„ (4) Overheatin of Fuel Pellets

As a second method of avoiding cladding failure as a result of overheating,
Westinghouse avoids centerline fuel pellet melting as a design basis. This
design basis is the same as given in the SRP and is thus acceptable.

The design limit corresponding to the design basis given above is that, during
modes of operation associated with Condition I and Condition II events, there
is at least a 95K probability that the peak kW/ft fuel rod will not exceed the
UO> melting temperature. This design limit is an acceptable representation of

the design basis given previously.

(5) Pellet/Claddin Interaction

As indicated in'RP 4.2, there are no generally applicable criteria for PCI

failure. However, two acceptance criteria of limited application are presented
in the SRP for PCI: (1) less than lX transient-induced cladding strain and

(2) no center line fuel melting. The response to g 231. 2 indicates that the 3X

cladding plastic strain limit is met for the SFA design, and as stated in FSAR

Section 4. 2. 1. 2, the SFA design ensures that UO> centerline melting will not
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occur through selection of a calculated fuel centerline temperature of 4700'F
as an overpower limit. Thus the SFA design basis and limits agree with the
only existing licensing criteria for PCI.

(6) Claddin Ru ture

In the LOCA analysis for SFA-designed plants, an empirical model is used to pre-
dict the occurrence of cladding rupture. The failure temperature is expressed
as a function of differential pressure across the cladding wall. There are no
specific design limits associated with cladding rupture, and the rupture model
is a portion of the ECCS evaluation model; which is documented in WCAP-8301 and
WCAP-8302.

4.2. 1.3 Fuel Coolability Criteria

For major accidents in which severe fuel damage might occur, core coolability
must be maintained as required by several GDC (GDC 27 and 35). The following
par agraphs discuss the staff's evaluation of limits that will ensure that
coolability is maintained for the severe damage mechanisms listed in SRP 4.2.

(1) Fra mentation of Embrittled Claddin

For LOCA analysis, Westinghouse uses the acceptance criteria of 2200'F on peak
cladding temperature and 17K on maximum cladding oxidation as prescribed by
10 CFR 50.46.

For events other than the LOCA, the staff does not have separately established
temperature or oxidation criteria. Yet it is clear that for short-term events
such as locked rotor, the 2200'F peak cladding temperature and 17X oxidation
LOCA criteria are not really meaningful, because the temperature history for
such an event is much shorter than that of a.LOCA. For events such as locked
rotor, therefore, Westinghouse uses a unique peak-cladding-temperature (PCT)
criterion of 2700'F.

The Westinghouse 2700'F PCT limit was selected taking into consideration the
short time (a few seconds) that the fuel is calculated to be in DNB for a
locked-rotor type event and the fact that the PCT and total metal-water reac-
tion at the fuel hot spot would not be expected to impact fuel eoolable
geometry. While this limit has been used by Westinghouse for several years,
the basis for the limit has only recently been reviewed. However, a recent
assessment (Van Houten, February 23, 1981) of the available experimental infor-
mation indicates that fuel rod cladding will, indeed, retain its rod-like geo-
metry after exposure to short-term (a few seconds) peak cladding temperature
of 2700'F. That conclusion is based on'four Japanese reports (Shiozawa, 1979;
Hoshi, 1980; JAERI-M-9011, 1980; and Fukishiro, 1980) that describe experi-
mental results for reactor test programs reported since 1979. The staff,
therefore, concludes that there is reasonable assurance that the 2700'F PCT
limit for short-term events such as locked rotor is an acceptable coolability
limit for the Westinghouse SFA design.

It should be noted that staff acceptance of the 2700 F PCT limit for fuel rod
coolability is currently restricted to undercooling events such as locked rotor.
For overpower events such as control rod ejection, which involve a pellet-to-
cladding mechanical interaction, the staff has not determined the applicability
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of a PCT limit and currently uses a fuel rod enthalpy criterion of 280 cal/g
for coolability of a rod-ejection accident.

(2) Violent Ex ulsion of Fuel Material

The design bases that there should be little or no possibility of fuel dis-
persal in the coolant, gross lattice distortion, or severe shock waves are
given in Section 15.4.8. 1.2.and are equivalent to those in the SRP.

The design limits given in the FSAR are

~ Average fuel pellet enthalpy at the hot spot will be below 225 cal/g for
unirradiated fuel and 200 cal/g for irradiated fuel.

Average cladding temperature at the hot spot will be below the temper ature
at which cladding embrittlement may be expected (2700'F).

Peak reactor coolant pressure will be less than that which could cause
pressures to exceed the faulted condition stress limits.

Fuel melting will be limited to less than 10X of the fuel volume at the
hot spot even if the average fuel pellet enthalpy is below the limits
above.

These limits are more conservative than the single 280 cal/g limit given in
RG 1.77. They have been previously approved in the review of WCAP-7588, and
they remain acceptable.

(3) Claddin Balloonin and Flow Blocka e

In the LOCA analyses for SFA-designed plants, empirical models are used to pre-
dict the degree of cladding circumferential strain and assembly flow blockage
at the time of hot-rod and hot-assembly burst. These models are each expressed
as functions of differential pressure across the cladding wall. There are no
specific design limits associated with ballooning and blockage, and the balloon-
ing and blockage models are portions of the ECCS evaluation model, which is
documented in WCAP-8301 and WCAP-8302.

(4) Structural Dama e from External For'ces

FSAR Section 4.2.3 ' states that the fuel assembly will maintain a geometry
that is capable of being cooled under the worst case accident Condition IV
event and that no interference between control rods and thimble tubes will
occur during a safe shutdown earthquake. This is equivalent to the design
basis as presented in the SRP and is therefore acceptable.

4. 2. 2 Description arid Design Drawings

The description of fuel system components, including the fuel rods, bottom and
top nozzles, guide and instrument thimble tubes, grid assemblies, rod cluster
control assemblies, burnable poison rods,-neutron sources, and thimble plugs,
is in FSAR Section 4.2.2. In addition, in FSAR Table 4.3-1 numerical values
are provided for various core component parameters. Although each parameter
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listed in SRP 4.2.2 is not provided in the FSAR, enough information is provided
in sufficient detail to provide a reasonably accurate representation of the SFA
design, and this information is thus acceptable.

4.2.3 Design Evaluation

Design bases and limits were presented and discussed in SER Section 4.2. 1. In
this section the staff reviews<Westinghouse methods of demonstrating that the
SFA fuel design meets the design criteria that have been established. This
section will, therefore, correspond to Section 4.2. 1 point by point. The meth-
ods of demonstrating that the design criteria have been met include operating
experience, prototype testing, and analytical predictions.

4.2.3. 1 Fuel System Damage Evaluation

The following paragraphs discuss the NRC staff's evaluation of the ability
of the SFA fuel to meet the fuel system damage criteria described in Sec-
tion 4.2. 1. 1 above. Those criteria apply only to normal operation and antici-.
pated transients.

(1) Claddin Desi n Stress

As indicated in the response to g 231.2, Mestinghouse used its performance-
analysis and design (PAD) code to analyze cladding stress (WCAP-8720). That
code has been reviewed and found acceptable (Stolz, February 9, 1979). Typical
calculated design values for cladding effective stress provided in response to
g 231.2 are stated to be considerably below the 0.2% offset yield stress design
limit. The staff finds this acceptable.

(2) Claddin Desi n Strain

The NRC-approved Mestinghouse fuel performance code (PAD) was used in the
strain analysis, as indicated in the response to g. 231.2. Typical design
values of steady-state and transient creep strain, as calculated by that code,
are found to be below the 1X strain criterion. Hence, the staff concludes that
the SFA cladding strain design limits have been met.

0) ~F
As indicated in the response to g 231.2, Westinghouse used its -approved PAD
code for the strain range and strain fatigue life usage analysis. Experimental
data (proprietary) obtained from Westinghouse testing programs were used .to
derive the Westinghouse Zircaloy fatigue design curve, according to the re-
sponse to g 231.4. For a given strain range, the number of fatigue cycles is
less than that required for failure, considering a minimum safety factor of 2
on stress amplitude or a minimum safety factor of 20 on the number of cycles,
(the fatigue usage factor is less than 1.0), and the computations were per-
formed with an approved code. Therefore, the staff concludes that the SFA
fatigue design basis has been met.

Mith regard to the Westinghouse fretting analysis of the fuel cladding, the
staff concludes
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~ The out-of-pile flow tests and analyses (WCAP-9401) to determine
the'agnitudeof fretting wear that is anticipated for the OFA design have

been previously reviewed and found acceptable (Rubenstein, April 23,
1981). These analyses are also acceptably conservative for SFA
applications.

~ LWR operating experience demonstrates that the number of fretting-induced
fuel failures is insignificant.

~ There should be only a small dependence of cladding stresses on fretting
wear because this type of wear is local at grid-contact locations and
relatively shallow in depth.

~ The built-in conservatisms "'(that is, safety factors of 2 on the stress
amplitudes and 20 on the number of cycles) in the strain fatigue analysis
as well as the calculated margin to fatigue life limit adequately offset
the effect of fretting wear degradation.

Therefore, the staff concludes that the SFA fuel rods will perform adequately
with respect to fretting wear.

Fretting wear has also been observed on the inner surfaces of guide thimble
tubes where the fully withdrawn control rods reside. Significant wear

is'im-'ted

to the relatively soft Zircaloy-4 guide thimble tubes because the Inconel
or stainless steel control rod claddings are relatively wear-resistant.

The extent of the wear is both time-dependent and plant-dependent and has, in
some non-Westinghouse cases, extended completely through the guide thimble tube
wal 1.

Westinghouse has predicted that an SFA can operate under a rod cluster control
assembly (RCCA) for a period of time (proprietary) that exceeds the amount of
rodded time expected with current three-cycle fuel schemes before fretting wear
degradation would result in exceeding the present margin to the 6 g load criter-
ion for the fuel handling accident. However, the NRC required several appli-
cants to perform a surveillance program because of'the uncertainties in predict-
ing wear rates for the standard 17xl7 fuel assembly design. The objective of
this program was to demonstrate that there was no occurrence of hole formation
in rodded guide thimble tubes, thus providing some confidence that scramm-
ability is ensured. These applicants formed an owners'roup, which has sub-
mitted a generic report (Leasburg, March 1, 1982) that provides post-irradiation
examination results on guide thimble tube wear in the Westinghouse 17x17 fuel
assembly design. Based on this report, the staff has concluded (Rubenstein,
April 19, 1982) that the Westinghouse 17x17 fuel assembly design is resistant
to guide thimble tube wear.

(5) Oxidation and Crud Buildu

In the FSAR, there is no explicit discussion of cladding oxidation, hydriding,
and crud buildup. The applicable models for cladding oxidation and crud bui ld-
up are discussed in the supporting documentation (Salvatori, January 4, 1973)
for the Westinghouse fuel performance code PAD-3. 1. These models were prev-
iously approved by the NRC staff. A new temperature-dependent cladding oxida-
tion model is presented in WCAP-9179. Because the temperature-independent
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model in .PAD-3. 1 is conservative with respect to the approved model in WCAP-

9179, the staff continues to find the older models applicable. These models
affect the cladding-to-coolant heat transfer coefficient and the temperature
drop across the cladding wall. Mechanical properties and „analyses of the clad-
ding are not significantly impacted by oxide and crud buildup. On the basis
of the Westinghouse discussion (Anderson, January 12, 1981) of the impact of
cladding hydriding on fuel performance and on previous staff review of the
oxidation and crud buildup models, the staff concludes that 'these effects have
been adequately accounted for in the standard fuel design.

I

(6) ~Rod Bowin

The NRC has previously approved (Meyer, March 2, 1978) the rod bowing correla-
tion (Anderson, April 19, 1978) that was used by the applicant.

, (7) Axial Growth

Relative to the discussion above on stainless steel growth (Section 4.2. 1), the
staff is aware of supporting information (Bloom, April 1972, and Appleby, April
1972) that was not cited by Westinghouse, but that also implies that irradi-
ation growth of stainless steel should not be significant at the temperatures
and fluences that are associated with PWR operation. Furthermore, because the
staff is unaware of any operating experience that indicates axial-growth-
related problems in Westinghouse NSSS p'lants, the staff concludes that Westing-
house,has made sufficient accommodations for control, source, and burnable
poison rod axial rod growth in their NSSS designs.

The Westinghouse analysis of shoulder gap spacing for the SFA has found that
interference will not occur until burnups beyond traditional values are
achieved. The staff, therefore, finds that the required shoulder gap spacing
has been reasonably accommodated. However, -for extended burnup applications',
the adequacy of the spacing should be reverified. Furthermore, because stress-
free irradiation growth of zirconium-bearing alloys is sensitive to texture
(preferred cystallographic orientation) and retained cold work, which, in turn,
are strongly dependent on the specific fabrication techniques that are employed
during component production, reverification of the design shoulder gap should
be performed if Westinghouse current, fabrication specifications are signifi-
cantly altered.

Finally, the staff finds the Westinghouse analysis of fuel assembly growth
acceptable. However, as stated in the above discussion on shoulder gap spac-
ing, reverification of the fuel assembly growth should be performed if signi-
ficant changes are made in the current Westinghouse fabrication techniques.

(8) Fuel and Poison Rod Pressure

The analysis of fuel rod internal pressure for the standard fuel design is des-
cribed in an approved topical report, WCAP-8963-A. The evaluation relies on
the Westinghouse PAD-3.3 fuel performance code, which has also been approved
(Stolz, February 9, 1979) by the staff.

The analysis of nonfueled rod internal pressure for the SFA is generally based
on Section III, Article NG-. 3000, of the ASME Code. Control rod, neutron source
rod, and burnable poison rod cladding is 10K.cold-worked 304 stainless steel,

Shearon Harris SER 4-13



which is not covered by the Code. Westinghouse therefore defines as the stress
limit an intensity value Sm equal to 2/3 of the material yield stress. The
yield for this material occurs at about 62,000 psi. A strain limit of A also
applies to the cladding. Predicted maximum values of rod internal pressure
have been provided in an answer to NRC question g 231.2 and they are well below
those imposed by the cladding stress and strain limits.

The staff concludes that there is adequate assurance that nonfueled core. compo-
nent rods can operate safety during Conditions I and II modes of operation even
though maximum internal rod pressure may exceed system pressure because appro-
priate stress and strain limits are met.

(9) Assembl Liftoff
In response to the staff's question on this topic, Westinghouse has confirmed
that momentary liftoffwill occur only during a turbine overspeed. Westing-
house has further found that (1) proper reseating will occur after momentaryliftoff, (2) damage to adjacent assemblies wi 11 not occur even if one assembly
is fully lifted and the adjacent ones remain seated, and (3) no ill conse-
quences of momentary liftoffare expected. The staff concludes, therefore,
that fuel assembly liftoffhas been adequately addressed for the SFA design.

(10) Control Material Leachin

While the design basis for the SFA control rods is to maintain cladding integ-
rity, and while the probability of control rod cladding failures appears to be
quite low, the staff has considered the corrosion behavior of the Shearon
Harris control material and concludes that a breach in the cladding should not
result in serious consequences because the Ag-In-Cd absorber material is rela-
tively inert.

4.2.3.2 Fuel Rod Failure Evaluation

The following paragraphs discuss the staff's evaluation of (1) the ability of
the SFA fuel to operate without failure during normal operation and anticipated
transients, and (2) the accounting for fuel rod failures in the applicant's
accident analysis. The fuel rod failure criteria described in Section 4.2. 1.2
were used for this evaluation.

(1) Internal H dridin

Westinghouse has used moisture and hydrogen control limits in the manufacture
of earlier fuel types and has found that typical end-of-life cladding hydrogen
levels are less than 100 ppm--a level below which hydride- blister formation is
not anticipated in fuel cladding.

The staff therefore concludes that reasonable evidence has been provided that
hydriding as a fuel failure mechanism will not be significant in the SFA.

(2) Claddin Colla se

In calculating the time at which cladding collapse will occur, Westinghouse
uses the generic methods described in WCAP-8377, which is approved (Stello,
January 14, 1975) for licensing applications. Input's to the analysis include
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cladding ovality, helium prepressurization, free volume of the fuel rod, and
limiting power histories.

Mestinghouse adjusts the fuel rod pressure so that cladding collapse will not
occur at.a residence time that is less than the design lifetime. The applicant
has stated (Zimmerman, June, 3, 1983) that the Shearon Harris fuel is designed
and operated so that cladding collapse will not occur for residence times less
than 40,000 effective full-power hours. This limit which was calculated with
the methods described in WCAP-8377, is greater than the expected lifetime of
the fuel in Shearon Harris. The staff finds this acceptable.

(3) Overheatin of Claddin

As stated in SRP 4.2, adequate cooling is assumed to exist when the thermal
margin criterion to limit the DNB or boiling transition in the core is
satisfied. 'The method employed to meet the DNB design basis is reviewed in
Section 4.4.

(4) Overheatin of Fuel Pel lets

The design evaluation of the fuel centerline melt limit is performed with the
Westinghouse fuel.performance'code, PAD 3.3 (MCAP-8720). This code, which has
been approved by the NRC (Stolz, February 9, 1979), is also used to calculate
initial conditions for transients and accidents described in Chapter 15 of the
SRP (see Section 4.2.3.3(1) below for further comments on PAD 3.3).

In applying the PAD 3. 3 code to the center line melting analysis, the melting
temperature of the UOq is assumed to be 5081'F unirradiated and is decreased
by 58'F per 10,000 MWd/t. This relation has been almost universally adopted
by the industry and has been accepted by the NRC staff in the past. The ex-
pressions for thermal conductivity and gap conductance, described in FSAR Sec-
tion 4.4.2. 11, are unchanged from that originally described in the PAD code.
The staff considers it unnecessary to further review these models.

To avoid using the PAD code to calculate a continuous set of burnup-dependent
conditions necessary to cause centerline melt, Westinghouse has performed the
calculation for a single case. This was done by assuming a UO~ melting temper-
ature of 4701'F, which corresponds to the melting temperature at 65,000 MWd/t,
and melting occurred at a linear power rating of approximately 21 kW/ft. The
limiting local power for the worst Condition II transient, boron dilution with
automatic rod control, is less than or equal to 18 kM/ft for Westinghouse plants
with 17xl7 fuel. Thus, the centerline melt criterion is satisfied in an accept-
able manner.

(5) Pellet/Claddin Interaction

The only two PCI criteria in current use in licensing (1X cladding strain and
no fuel melting), while not broadly applicable, are easily satisfied. As noted
in the discussion of the cladding stress and strain evaluation, Westinghouse
uses an approved code (PAD) to calculate creep strain, and the values calculated
by that code are found to be below the lX strain criterion. And, as indicated
in the discussion on overheating failures, the no-centerline-melt criterion
is satisfied based on an analysis (described in Chapter 15. 4.6) of the boron

I
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dilution'event, which is analyzed with an approved code.'herefore, the'wo
existing licensing criteria for'CI have been 'satisfied.

In addition to the SRP-type treatment of PCI, however, responses to g 231.23
and FSAR Sectio'n '4.2.3.3(a) address PCI from the standpoint of its effect on
fatigue life. Thus, PCI produces cyclic stresses and strains that can affect
fatigue life of the cladding. Furthermore, gradual compressive creep of the
cladding onto the fuel pellet occurs due to the differential pressure exerted
on the fuel rod by the coolant. Westinghouse contends that, by using prepres-
surized 'fuel rods, the rate of cladding creep is reduced, thus delaying the
time at which fuel-to-cladding contact first occurs. The staff agrees that
fuel rod prepressurization should improve PCI resistance, albeit in a presently
unquantified amount. II

In conclusion, Westinghouse has used approved methods to demonstrate that the
present PCI acceptance criteria have been met.

(6) Claddin Ru ture

Although a revised cladding rupture temperature correlation has been approved
(Miller, December 1, 1981) as an integral part of the 1981 ECCS evaluation
model, the staff previously concluded (NUREG-0630) that the old correlation
in the earlier ECCS evaluation model was nonconservative over some regions of '

applicability., To compensate for'his deficiency, supplemental calculations
have been required for each plant application that uses the earlier Westing-
house ECCS evaluation model. Because the Harris analysis was done with this
earlier model, supplemental calculations were provided to demonstrate that
Harris would conform to the ECCS acceptance criteria of 10 CFR 50.46 if the
staff cladding rupture temperature correlation (NUREG-0630) were substituted
for the Westinghouse model in WCAP-8301.

This requirement for supplemental ECCS calculations is the same as the present
requirement made for all operating license applications and all ECCS reanalyses
of operating reactors (Eisenhut, November 9, 1979, and Denton, November 26,1979).
The supplemental calculations for Harris are evaluated in Section 4. 2. 3. 3(3).
The overall impact of cladding rupture on the response of the SFA design to the
loss-of-coolant accident is evaluated in Section 15.6.5.

4.2.3.3 Fuel Coolability Evaluation

The following paragraphs discuss the staff's evaluation'of the ability of the
SFA fuel to meet the fuel coolability criteria described in Section 4.2. 1.3.
Those criteria apply to postulated accidents.

(1) Fra mentation of Embrittled Claddin

The primary degrading effect of a significant degree of cladding oxidation
is embrittlement of the cladding. Such embrittled cladding will have a re-
duced ductility and resistance to fragmentation. The most severe occurrence
of such embrittlement is during a LOCA. The overall effects of cladding
embrittlement on the SFA design for the loss-of-coolant accident are analyzed
in Section 15.6.5.
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One of the most significant analytical methods that .is used to provide input
to, the analysis in Section 15.6.5 is the steady-state fuel, performance code.
This code provides fuel pellet temperatures (stored energy) and fuel rod gas
inventories for the ECCS evaluation model as. prescribed by Appendix K to 10 CFR
50. The code accounts for fuel thermal conductivity, fuel densification, gap
conductance, fuel swelling, cladding creep, and other phenomena that affect the
initial stored energy.

Westinghouse uses the relatively new fuel performance code called PAD-3.3
(WCAP-8720). This PAD-3.3 was approved with four restrictions as described
in the staff's safety evaluation (Stolz, February 9, 1979). Three of those
restrictions dealt with numerical limits and have been met. The foui th rest-
riction related to the use of the PAD-3.3 code for the analysis of fission
gas re1ease from UO> for power-increasing conditions during normal operation.
This restriction applied to the SFA. However, Westinghouse prepared and sub-
mitted a detailed analysis (Anderson, October 22, l979) of this restriction
in an Addendum to WCAP-8720. The staff completed its review and issued
(Rubenstein, June 30, 1982) a safety evaluation of the Addendum. In that
evaluation, the staff concluded that the fourth restriction on the use of the
PAD-3.3 code is unnecessary. As a result, the staff finds the 'analysis des-,
cribed for the SFA acceptable as docketed for all cycles of operation.

At this time, the staff can therefore state that for the first cycle operation
at full power, the restriction for PAD-3.3 is not significant and the analyses
presented in the FSAR are acceptable. The staff anticipates completion of its
review of the Westinghouse evaluation prior to the attainment of extended burn-
up at the Harris plant.

For non-LOCA events, the locked rotor accident (one-pump seizure with three
loops operating) is the most severe undercooling event that is analyzed. This
event is analyzed in Section 15.3.3 of the FSAR, where it is found that the
peak cladding temperature is 2250'F, which is well below the 2700'F design
limit. The analysis of this event is reviewed in Section 15.3.3 of this report,
but it is clear that the SFA meets the non-LOCA peak cladding temperature
design limit.

(2) Violent Ex ulsion of Fuel Material

The analysis that demonstrates that the design limits are met for this event
for the SFA is presented in Section 15.4.8 of the FSAR and is reviewed in

.Section 15.4.8 of this report.

(3) Claddin Balloonin and Flow Blocka e

Revised cladding rupture temperature, strain, and assembly flow blockage corre-
lations have recently been approved (Miller, December 1, 1981) as integral
parts of the 1981 ECCS evaluation model. The staff had previously concluded

~

(NUREG-0630) that these correlations were nonconservative over some regions of
applicability in the earlier ECCS evaluation model. To compensate for these
deficiencies, supplemental calculations have been required for each plant appli-
cation that uses the earlier Westinghouse ECCS evaluation model. Because the
Harris analysis was done with this earlier model, supplemental calculations
were provided to demonstrate that Shearon Harris would conform to the ECCS

acceptance criteria of 10 CFR 50.46 if the staff cladding rupture temperature,
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strain, and assembly flow blockage correlations (NUREG-0530) were substituted
for the Westinghouse models in WCAP-8301 and WCAP-8302.

The. applicant's calculation responses to Q 490.2 and 440. 101 also accounted for
a nonconservatism identified (Anderson, November 16, 1979) by Westinghouse inits February, 1978 ECCS evaluation model, which used a fast-heatup-rate rupture-
temperature correlation for slow transient analyses. Based on an F of 2. 11,

Qthe applicant's submittal assessed the combined impact of this calculationalerror and the NUREG-0630 correlations to be worth, 855'F peak cladding temper-
ature above that previously calculated.

Subsequently, Westinghouse calculated that a reduction in total peaking
factor'Qof 0. 157 would offset the portion of the 855~F increase in peak cladding

temperature that exceeded 2200 F. However, Westinghouse also identified a
margin in FQ available through the use of UHI thermohydraulic model improve-
ments that are generically approved for the Harris type of three-loop plant.
This margin is worth 0. 15 in FQ.

Consequently, an FQ reduction of only 0.01 is required for Shearon Harris, and
the applicant's Technical Specifications should reflect a new F of 2. 10. The

staff, therefore, concluded that the applicant has satisfied its concerns re-
lated to the swelling and rupture issue.

The overall impact of cladding ballooning and assembly flow blockage models on
the responses of the SFA design to the loss-of-coolant accident is evaluated in
Section 15.6.5.

(4) Structural Dama e from External Forces

Section 4.2.3.5 of the FSAR .refers to WCAP-8236 for this analysis, which has
been approved by the staff. The staff. also has reviewed and approved another
report (WCAP-9401) that essentially augments the information presented in WCAP-
8236 because of the similarity in fuel designs considered. An analysis of the
effects of seismic and LOCA forces on the Shearon Harris fuel has been performed
using the methods described in these two reports. Based on that analysis, the
applicant has shown (McDuffie, 1983c) that maximum grid impact forces obtained
from the safe shutdown earthquake and the asymmetric LOCA event are approxi-
mately 38K and 30K of the allowable assembly grid strength, respectively. The
resulting maximum combined impact force was. determined for all grid elevations.
The resulting maximum combined impact force for the Shearon Harris fuel assem-
blies was found to be approximately 48K of the allowable grid strength. The
stresses in various nongrid components were also analyzed using the same seis-
mic and LOCA conditions. It was found that the induced stresses are gene-
rally small and, in all cases, are below the design limits assumed for these
components.

The analyses provided by the applicant are generally in compliance with Appen-
dix A of SRP 4.2 and are, therefore, acceptable. The effect of steam flashing
on grid impact load was analyzed and found to be negligible. As a result, the
30%%uo increase in grid impact load specified in Appendix A to account for steam
flashing was not included in the grid load calculation. The staff accepts this
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result and considers the analysis of structural damage from external forces
acceptable for Shearon Harris Units 1 and 2.

4.2.4 Testing, Inspection, and Surveillance Plans

4.2.4. 1 Testing and Inspection of New Fuel

As required by SRP 4.2, testing and inspection plans for new fuel should in-
clude verification of significant fuel design parameters. While details of
the manufacturer's testing and inspection programs should be documented, in
quality control reports, the programs for onsite inspection of new fuel and

control assemblies after they have been delivered to the plant should also
be described in the FSAR.

The FSAR discussion of the Westinghouse quality control program addresses fuel
system components and parts, pellets, rod inspection, assemblies, process con-
trol, and so forth. .Fuel system component inspection depends on the component
parts and includes dimensions, visual appearance, audits of test reports, mate-
rial certification, and nondestructive examinations. Pellet inspections, for
example, are performed for dimensional characteristics such as diameter, den-
sity, length, and squareness of ends. Fuel rod, control rod, burnable poison,
and source rod inspection reportedly consist of nondestructive examination
techniques such as leak testing, weld inspection, and dimensional measurements.
Process control procedures are described in detail. In addition, Westinghouse
states in FSAR Section 4.2.4.4 that if any tests and inspections are to be per-
formed by others on behalf of Westinghouse, Westinghouse will review and approve
the quality control procedur'es, inspection plans, and so forth, to ensure that
they are equivalent to the description provided in WCAP-9500 and are performed
properly to meet all, Westinghouse requirements.

The staff concludes, based on the information provided in FSAR Section 4.2.4
and the commitment by Westinghouse to ensure the acceptability of any tests
and inspections performed by others on behalf of Westinghouse, that the fuel
testing and inspection program for new fuel is acceptable.

4.2.4.2 Online Fuel Failure Monitoring

The applicant has provided (McDuffie, 1983d) a description of an online gross
failed fuel detector that is connected to the reactor coolant system loops 2

and 3 hot legs. The detector, which continuously monitors delayed neutrons,
has a preset limit with a control room alarm that will activate if the limit is
exceeded. The staff concludes that the gross failed fuel detector and monitor-
ing plan meet SRP 4. 2 and are acceptable.

4.2.4,3 Post-Irradiation Surveillance

SRP 4. 2. II.0. 3 states that a post-irradiation fuel surveillance program should
be described for each plant to detect anomalies or confirm expected fuel per-
formance. The extent of an acceptable program depends on the history of the
fuel design being considered. In the case of Shearon Harris, the proposed
Westinghouse 17xl7 standard fuel assembly design has been used in a number of
other operating reactors.
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For a fuel design like that in other operating plants, an acceptable program
should include a qualitative visual examination of some discharged assemblies
from each refueling. Such a program should be sufficient to identify gross
problems with the fuel design and conditions under which it has been operated.
The applicant has committed (McDuffie, 1983d) to such a program and has further
stated that, if unusual behavior is noticed in the visual examination, addition-
al surveillance will be performed and analyzed to determine the cause. FSAR
Section 4.2.4.6 has been revised to reflect this position. The staff concludes
that the applicant's post-irradiation surveillance program meets the SRP and is
acceptable.

4.2.5 Evaluation and Findings

The staff concludes that the Shearon Harris fuel has,been designed so that
(1) the fuel system will not be damaged as a result of normal operation and
anticipated operational occurrences, (2) fuel damage during postulated accidents
would not be severe enough to prevent control rod insertion when it is required,
and (3) core coolability will always be maintained, even after severe postulated
accidents, and thereby meets the related requirements of 10 CFR 50.46; GDC 10,
27, and 35; 10 CFR 50, Appendix K; and 10 CFR 100. This conclusion is based on
the following:

(1) The applicant has provided sufficient evidence that these design objec-
tives will be met based on operating experience, prototype testing, and
analytical predictions. Those analy'tical predictions dealing with struc-
tural response, control rod ejection, and fuel densification have been
performed in accordance with (1) the guidelines of RG 1.77, and methods
that the staff has reviewed and found to be acceptable alternatives to

'Gs1.60 and 1. 126, and (2) the guidelines for "Evaluation of Fuel
Assembly Structural Response to Externally Applied Forces" in Appendix A
to SRP 4.2.

(2) The applicant'as provided for testing and inspection of the fuel to
ensure that it is within design tolerances at the time of core loadings.
The applicant has made a commitmeqt to perform online fuel failure
monitoring and post-irradiation surveillance to detect anomalies or
confirm that the fuel has performed as expected.

The staff concludes that the applicant has described methods of adequately
predicting fuel rod fai lures during postulated accidents so that radioactivity
released are not underestimated and thereby meets the related requirements of
10 CFR 100. In meeting these requirements, the applicant has (1) used the
fission product release assumptions of RGs 1.4, 1.25, and 1.77, and (2) per-
formed the analysis for fuel rod failures for the rod ejection accident in
accordance with RG 1.77.

On the basis of its review, the staff concludes that the applicant's fuel
system design has met all the requirements of the applicable regulations,
regulatory guides, and current regulatory positions.
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The Shearon Harris Units 1 and 2 power plants have a reactor core consisting
of 157 fuel assemblies of the Westinghouse 17x17 design. The core has a

design heat output of 2775 MWt and is essentially identical to the Virgil C.

Summer reactor and other recent Westinghouse three-loop reactors. The staff
has reviewed the nuclear design of the Shearon Harris Units 1 and 2 reactors
on the basis of information contained in the FSAR, amendments thereto, and
the referenced topical reports, in accordance with SRP 4.3.

4.3. 1
,

Design'ases

Design bases are presented that comply with the applicable GDC. Acceptable
fuel design limits are specified (GOC 10), a negative prompt feedback coeffi-."
cient is specified (GDC ll) and tendency toward divergent operation (power
oscillation) is not permitted (GDC 12). Design bases are presented that, re-
quire a control and monitoring system (GDC 13) that automatically initiates a

rapid negative reactivity insertion to prevent exceeding fuel design limits .in
normal operation or anticipated transients (GDC 20). The control system -is
required to be designed so that a single malfunction or single operator error
will cause no violation of fuel design limits (GDC 25). A reactor coolant
boration system is provided which is capable of bringing the reactor to cold
shutdown conditions (GDC 26), and the control system is required to control
reactivity changes during accident conditions when combined with the engi-
neered safety features (GOC 27). Reactivity accident conditions are required
to be limited so that no damage to the reactor coolant system boundary occurs
(GDC 28).

The staff finds the design bases presented in the FSAR acceptable.

4. 3. 2 Design, Description

The FSAR contains the description of the first cycle fuel loading, which con-
sists of three different enrichments and has a first cycle length of approxi-
mately 1 year.. The enrichment distribution, burnable poison distribution,
soluble poison concentration and higher isotope (actinide) content as a func-
tion of core exposure are presented. Values-presented for the delayed neutron
fraction and prompt neutron lifetime at beginning and end of cycle are consist-
ent with those normally used and are acceptable.

Power Distribution

The design bases affecting power distribution are

The generic peaking factor for the reactor is 2.32. However, at present,
the peaking factor in the core will not be greater than 2. 11 during normal
operation at full power to meet the initial conditions assumed in the loss-
of-coolant-accident analysis.

Under normal conditions (including maximum overpower) the peak fuel power
will not produce fuel centerline melting.
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~ The core will not operate during normal operation or anticipated opera-
tional occurrences with a power distribution that will cause the departure
from nucleate boiling ratio to fall below 1.3 (W-3 correlation with
modified spacer factor).

The first part of the following discussion assumes the Mestinghouse generic
design total peaking factor, F , of 2.32 provides the (only) required limiting
peak power density. This is, 3t present, the only value of F~ discussed in
Section 4.3 of the FSAR, and the methodology and calculations and surveillance
used to demonstrate limiting conditions of operation are appropriate only to
that value of 2.32 (for first cycle). The F~ limit of 2. 11 will be discussed
following that for 2.32,

The 2.32 F~ peaking factor is determined and maintained via calculations of
extremes of allowed transient power distributions and periodically measured
radial power distributions and radial peaking factors F and F>H. These al'-

xy
so provide maximum initial conditions for events described in Section 15 that
ensure that peak fuel power does not cause center line fuel melting or result
in departure from nucleate boiling during anticipated operational occurrences.

The applicant has described the manner in which the core will be operated and
power distribution monitored to ensure that these limits are met. The core
wi 11 be operated in the constant axial offset control (CAOC) mode which has
been shown to result in peaking factors less than 2.32 for both constant power
and load following operation. The applicant has elected to use an improved
load follow package, developed by Westinghouse.

CAOC is described in WCAP-8385 (Proprietary) and WCAP-8403 (non-Proprietary),
"Power Distribution Control and Load Following Procedures." This report con-
tains methodology for operation with and without part-length control rods.
The former mode allows better return to power capability than the latter. Use
of part-length rods has been withdrawn from Westinghouse reactors. The im-
proved load follow strategy provides a return to power capability during opera-
tion without part-length rods comparable to the level previously obtainable
from operation with part-length rods.

The improved load follow strategy involves a redesigned control rod bank and
modified overlap that allows greater reactivity insertion than the former
design bank within the constraints of a widened, asymmetric CAOC band. The
bank has been changed from eight to four rods. The four rods removed from the
control bank have been redesigned as a shutdown bank, thus maintaining shut-
down margins. (There are also an extra four rods assigned to a shutdown bank,
compared to other Westinghouse three-loop reactors.) The CAOC band has been
changed from +5 to +3, 12, bI (delta flux difference). The greater inserted
reactivity is available for return to power capability upon control rod with-
drawal. Another element in the load follow strategy is the use of moderator
temperature reductions to augment return to power capability. The temperature
reduction adds reactivity during rapid return to power through the inherently
negative moderator temperature coefficient.
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The analysis used to calculate the maximum peaking factor which can occur using
the improved strategy expands the set in the CAOC topical report to 18 calcu-
lational cases. However, with the redesigned control bank, maneuvers resulting
in greater control rod insertion for a longer duration become operationally
practical but tend to become slightly more limiting in terms of total peaking
factors. Therefore, simulated load follow maneuvers which return hI to the
target value (and thereby reduce control rod insertion) have been replaced by
load follow strategies that maintain the deeper rod insertion. As a result of
its evaluation, the staff agrees with the Westinghouse conclusion that sub-
stitution of these more conservative cases will maintain the limiting nature
of the 18-case load following analysis.

The analysis performed by Westinghouse indicated that the peaking factor limit
could not be met at the beginning of life (BOL) of Cycle 1 because of the wide
bI band. This resulted in limiting the width of the band for the first 20K of
the cycle typically, and until 3,000 NWD/MTU burn up to the value of +5%%u'I.
This +5K dI is the value previously justified by the CAOC analysis.

These'eatureswill be incorporated in the plant Technical Specifications.

The staff concludes, for the reasons stated above, that the improved load fol-
low package will continue to prevent the 2.32 peaking factor limit from being
exceeded in normal operation of the power plant and is, therefore, acceptable.

Two types of instrumentation systems are provided 'to monitor core power
distribution. Excore detectors are used to monitor core power, axial offset
and azimuthal tilt for the 2.32 F limit, and movable incore detectors permit
detailed power distributions to b3 measured. These systems are used in operat-
ing reactors supplied by Westinghouse, and the staff finds their use acceptable
for Shearon Harris when a 2.32 limit is the minimum requirement (or possibly
lower when cycle-specific 18-case analyses so indicate).

The 2.32 peaking factor is an acceptable limit for all events considered in
Section 15 with the exception of the LOCA. For that event, the analysis for
Shearon Harris uses a 2. 11 value to maintain a clad temperature of less than
2200'F. Because this is less than the generic 2.32 value, some additional or
altered means of power distribution analysis or surveillance must be used to
ensure compliance with the 2. 11 limit. The generic 2.32 value is essentially
never reached in the reactor-cycle specific normal operation situation, and
lower limiting values can usually be determined and used in conjunction with
cycle-specific 18-case analyses or with improved surveillance.

In response to questions in this area, the applicant has indicated that an
improved surveillance system, the axial power distribution monitoring system
(APDMS), will be provided. This uses a set of four section (axial) excore
neutron detectors rather than the usual two section detectors. This provides
a better measurement of the axial power distribution than is available from the
usual axial offset correlation limit.

Thd APDMS mode of surveillance, using an incore instrument system, has been
previously approved by the staff and used in other Westinghouse reactors. The
excore four section detector and axial distribution monitoring is described in
Topical Report WCAP-9105 in connection with the Westinghouse 414 reactor. It
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has not as yet been used in any domestic operating reactor (other than tests).
The review of WCAP-9105 indicated that it was acceptable for describing the
system and techniques, but that further material was needed to provide asso-
ciated uncertainty levels. The applicant has indicated that a topical report
will be submitted on the subject. Acceptance of thee system will depend on the
results of the staff review of that report.

Until the APDNS--or some alternate system or analysis methodology and result--
is accepted, the issue of the peaking factor to be used for LOCA calculations
remains open to the..'extent that the uncertainties to be used in connection with
the excore APDMS must be confirmed. Until the issue is settled, the reactor
would be limited to about 91K power.

Reactivit Coefficients

The reactivity coefficients are expressions of the effect on core reactivity
of changes in such core conditions as power, fuel and moderator temperature,
moderator density, and boron concentration. These coefficients vary with *fuel
burnup and power level. The applicant has presented "values of the coefficients
in the FSAR and has evaluated the uncertainties of these values. The staff has
reviewed the calculated values of reactivity coefficients and has concluded that
they adequately represent the full range of expected values. The staff also has
reviewed the reactivity coefficients used in the transient and accident analyses
and concludes that they conservatively bound the expected values, including
uncertainties. Further, moderator and power Doppler coefficients along with
boron worth are measured as part of the startup physics testing to assure that
actual values are within those used in these analyses.

Control

To allow for changes in reactivity as a result of reactor heatup, load follow-
ing, and fuel burnup with consequent fission product buildup, a significant
amount of excess reactivity is built into'he core. The excess reactivity is
controlled by a combination of full length control rods and soluble boron.
Soluble boron is used to control changes because of

moderator density and temperature changes from ambient to operating
temperatures

equilibrium xenon and samarium buildup

fuel depletion and fission product buildup (that portion not controled
by lumped burnable poison)

~ transient xenon resulting from load following

Control rods are used to control reactivity change because of

moderator reactivity changes from hot zero to full power

fuel temperature changes (Doppler reactivity changes)
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Burnable poison rods placed in some fuel assemblies are used for radial flux
shaping and to control part of the reactivity change due to fuel depletion and

fission product buildup.

The applicant has provided data to show that adequate control exists to satisfy
the above requirements with enough additional control rod worth to provide a hot
shutdown effective multiplication factor less than the design basis value of
0;9823 during initial and equilibrium fuel cycles with the most reactive con-
trol rod stuck out of the core. In addition, the chemica'1 and volume control
system will be capable of shutting down the reactor by adding soluble boron and

maintaining it shut down in the cold, xenon free condition at any time in core
life. These two systems satisfy the requirements of GDC 26.

Comparisons have been made between calculated and measured control rod bank
worth in operating reactors and in critical experiments. These comparisons
lead to the conclusion that bank worths may be calculated to within approxi-
mately lOX. In addition bank worth measurements are performed as part of the
startup test program to ensure that conservative values have been used in
safety analyses.

Based on these comparisons, the staff concludes that the applicant has made

suitably conservative assessments of reactivity control requirements and that
adequate control rod worths have been provided to assure shutdown capability,.

Control Rod Patterns and Reactivit Morths

The control rods are divided into two categories: shutdown rods and regulating
rods. The shutdown rods are always completely out of the core when the reactor
is at operating conditions. Core power changes are made with regulating rods
which are nearly out of the core when it is operating at full power. Regulating
rod insertion will be controlled by power-dependent insertion limits required in
the Technical Specifications to ensure that

there is sufficient negative reactivity available to permit rapid shutdown
of the reactor with adequate margin

~ the worth of a control rod that might be ejected is not greater than that
which has been shown to have acceptable consequences in the safety
analyses

The staff has reviewed the calculated rod worths and the uncertainties in these
worths, and concludes that rapid shutdown capability exists at all times in core
life, assuming the most reactive control rod assembly is stuckout of the core.

~Stab i lit
The stability of the Shearon Harris Units 1 and 2 cores to xenon-induced spatial
osci llations is discussed in the FSAR. The overall negative reactivity (power)
coefficient provides assurance that the reactor will be stable against total
power oscillation. The applicant also concluded that sustained radial. or azi-
muthal xenon osci llations are not possible. This conclusion is based on mea-

surements on an operating reactor of the same dimensions that showed stability
against these oscillations. The staff concurs with this conclusion.
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This core is predicted to be unstable with respect to axial xenon oscillations
after about 12,000 MWt days per ton of exposure. The applicant has acceptably
shown that axial osci llations may be controlled by the regulating rods to pre-
vent reaching any fuel damage limits.

Criticalit of Fuel Assemblies

Criticality of fuel assemblies outside the reactor is precluded by adequate
design of fuel transfer and storage facilities. The applicant presents infor-
mation on calculational techniques and assumptions used to ensure that crit-
icality is avoided. The staff has reviewed this information and the criter ia
that will be employed and finds them to be acceptable.

Vessel Irradiation

Values are presented for the neutron flux in various energy ranges at mid-height
of the pressure vessel inner boundary. Core flux shapes calculated by standard
design methods are input to a transport theory calculation (Sn) that results in
a neutron flux of 2.9 x 10'eutrons per square centimeter per second having
energy greater than 10 electron-volts at the inner vessel boundary. This
results in a fluence of 2.9 x 10 neutrons per square centimeter for a 40-year
vessel life with an SOX use factor. The methods used for these calculations are
state of the art, and the staff concludes that acceptable analytical procedures
have been used to calculate the vessel fluence. The requirements for surveil-
lance programs and the pressure-temperature limits for operation are discussed
in Section 5.3.3.

4. 3. 3 Analytical Methods

The applicant has described the computer programs and calculational techniques
used to obtain the nuclear characteristics of the reactor design. The calcul-
ations consist of three distinct types, which are performed in sequence:
determination of effective fuel temperatures, generation of macroscopic few-
group parameters, and space-dependent few-group diffusion calculations. The
programs used (e. g., LASER, TMINKLE, LEOPARD, TURTLE, and PANDA) have been
applied as part of the applications for most earlier Mestinghouse-designed
nuclear plant facilities, and the predicted results have been compared with
measured characteristics obtained during many startup tests for first cycle
and reload cores. These results have validated the ability of these methods
to predict experimental results. The staff, therefore, concludes that these
methods are acceptable for use in calculating the nuclear characteristics of
Shearon Harris Units 1 and 2.

4.3.4 Summary of Evaluation Findings

The Shearon Harris nuclear design was reviewed according to SRP 4.3 (NUREG-0800).
All areas of review and review procedures from that section have been followed
either for this reactor or for previous similar reactors (e.g., Summer) or for
topical report reviews.

The applicant has described the computer programs and calculational techniques
used to predict the nuclear characteristics of the reactor design and has pro-
vided examples to demonstrate the ability of the analyses to predict reactivity
and physics characteristics of the Shearon Harris Units 1 and 2 plants.
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To allow for changes of reactivity as a result of reactor heatup, changes in
operating conditions, fuel burnup, and fission product buildup, a significant
amount of excess reactivity is designed into the core. The applicant has pro-
vided substantial information relating to core reactivity balances for the first
cycle and has shown that means have been incorporated into the design to control
excess reactivity at all times. The applicant has shown that sufficient control
rod worth is available to make the reactor subcritical with an effective multi-
pl'ication factor no greater than 0.9823 in the hot condition at any time during
the cycle, with the most reactive control rod stuck in the fully withdrawn
position. On the basis of its review, the staff concludes that the applicant's
assessment of reactivity control requirements over the first core cycle is
suitably conservative, and that adequate negative worth has been provided by the
control system to ensure shutdown capability. Reactivity control requirements
will be reviewed for additional cycles as this information becomes availabe.
The staff also concludes, that nuclear design bases, features, and limits have
been established in conformance with the requirements of GDC 10, ll, 12, 13, 20,
25, 26, 27, and 28.

This conclusion is based on the following:

(1) The applicant has met the requirements of GDC ll with respect to prompt
inherent nuclear feedback characteristics in the power operating range by
calculating a negative Doppler coefficient of reactivity, and using calcu-
lational methods that have been found acceptable. The staff has reviewed
the Doppler reactivity coefficients in this case and found them to be
suitably con'servative.

(2) The applicant has met the requirements of GDC 12 with respect to power
oscillations which could'esult in conditions exceeding specified accept-
able fuel design limits by showing that such power osci llations are not
possible and/or can be easily detected and thereby remedied, and using
calculational methods that have been found acceptable.

(3) The applicant has met the requirements of GDC 13 with respect to provi-
sions of instrumentation and controls to monitor variables and systems
that can affect the fission process by providing instrumentation and
systems to monitor the core power distribution, control rod positions and
patterns, and other process variables such as temperature and pressure,
and providing suitable alarms and/or control room indications for these
monitored variables.

(4) The applicant has met the requirements of GDC 26 with respect to provi-
sion of two independent reactivity control systems of different designs
by having a system that can reliably control anticipated operat'ional
occurrences, having a system that can hold the core subcritical under
cold conditions, and h'aving a system that can control planned, normal
power changes.

(5) The applicant has met the requirements of GDC 27 with respect to reac-
tivity control systems that have a combined capability in conjunction
with poison addition by the emergency core cooling system of reliably
controlling reactivity changes under postulated accident conditions by
providing a movable control rod system and a liquid poison system, and
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performing calculations to demonstrate that the core has sufficient shut-
down margin with the highest-worth stuck rod.

(6) The applicant has met the requirements of GDC 28 with respect to postu-
lated reactivity accidents by (reviewed under Section 15.4.8) meeting the
regulatory position in RG 1.77, meeting the criteria on the capability to
cool the core, and using calculational methods that have been found
acceptable for reactivity insertion accidents.

(7) The-applicant has met the requirements of GDC 10, 20, and 25 with respect
to specified acceptable fuel design limits by providing analyses demon-
strating that normal operation, including the effects of anticipated oper-
ational occurrences, have met fuel design criteria, that the automatic
initiation of the reactivity control system enssures that fuel design cri-
teria are not exceeded as a result of anticipated operational occurrences
and ensures the automatic operation of systems and components important
to safety under accident conditions, and that no single malfunction of
the reactivity control system causes violation of the fuel design limits.

4.4 Thermal-H draulic Desi n

4.4. 1 Design Bases

The principal thermal-hydraulic design basis for the Shearon Harris Units 1 and
2 cores is the avoidance of thermal-hydraulic-induced fuel damage during normal
steady-state operation and anticipated operational transients. To satisfy the
design basis, design analysis is performed and design limits are established
based on the criteria in the subsections which follow.

4.4. 1. 1 Departure From Nucleate Boiling

The margin to departure from nucleate boiling at any point in the core is
expressed in terms of the departure from nucleate boiling ratio (DNBR). The
DNBR is defined as the ratio of the heat flux required to produce departure
from nucleate boiling at the calculated local conditions to the actual local
heat flux.

The thermal-hydraulic design basis in FSAR Section 4.4. l. 1 for the DNBR is as
follows:

There will be at least a 95 percent probability that departure from
nuclear boiling (DNB) will not occur on the limiting fuel rods during
noraml operation, operational transients, or during transient condi-
tions arising from faults of moderate frequency (ANS Condition I and
II events), at a 95 percent confidence level. Historically this
design basis: there must be at least a 95 percent probability that
the minimum departure from nucleate boiling ratio (DNBR) of the
limiting power rod during ANS Condition I and II events is greater
than or equal to the DNBR limit of the DNB correlation being used.

- The DNBR limit for the correlation is established based on the vari-
ance of the correlation such that there is a 95 percent probability
with 95 percent confidence that DNB will not occur when the calcula-
ted DNBR is at the DNBR limit. For SHNPP, a minimum DNBR of 1.30 was
Used.
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4.4.1. 2 Fuel Temperature

The fuel temperature design basis, given in FSAR Section 4.4. 1.3, is evaluated
in'Section 4. 2. 3. 2(4) of this SER.

4.4.1.3 Core Flow

A minimum of 93.9X of the'hermal flow passes through the fuel rod region of
the core and is effective for fuel rod cooling. Coolant flow through the
thimble tubes as well as the leakage from the core barrel-baffle region into
the core are not considered effective for heat removal.

Core cooling
entering the
bypass flow.
head cooling

evaluations are based on the thermal flow rate (minimum flow)
reactor vessel. A maximum of 6. 1X of this value is allowed as
This includes ro'd cluster control guide thimble cooling flow,

flow, baffle leakage, and leakage to the vessel outlet nozzle.

4.4. 1.4 Hydrodynamic Stability

The hydrodynamic stability design basis in the FSAR Section 4.4. 1.4 is:
"Modes of operation assoicated with ANS Condition I and II events shall not
lead to hydrodynamic instability."

4. 4. 2 Thermal-Hydraulic Design Methodology

4.4.2. 1 Thermal-Hydraulic Comparison

The Shearon Harris thermal-hydraulic design is similar to that of V. C. Summer

Units 1 and 2, which have been approved for licensing, and to North An'na Units 1

and 2, which are operating units. Values of critical design parameters for the
three reactor designs are compared in Table 4. 1. There is no change in design
criteria for Shearon Harris; the reactor is designed to a minimum DNBR of 1.30
using W-3, as well as no fuel centerline melting during normal operation, opera-
tional transients, and faults of moderate frequency.

The thermal-hydraulic parameters for Harris are very similar to those of
V. C. Summer, which supports the acceptability of the Harris thermal-hydraulic
design. The staff has also reviewed the differences in flow and inlet temper-
ature between Shearon Harris and the operating North Anna units and has found
these differences in flow and inlet temperatures consistent with the difference
in minimum DNBR.

4.4.2.2 Departure from Nucleate Boiling

DNBRs are calculated by using the W-3 critical heat flux correlation. The
THINC-IV computer code (WCAP-7838) is used to determine the flow distribution
in the core and the local conditions in the hot channel for use in the DNB

'correlation.

Westinghouse has performed a test program (WCAP-8537) on the 17x17 fuel
assembly. A correction factor was developed to adopt the W-3 corre'lation
17x17 assemblies with top split mixing vane grids referred to as "R" grids.
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Table 4. 1 Thermal and hydraulic comparison

Design parameters

Reactor core heat
output, MWt

System pressure, minimum
steady state, psia
Miminum DNBR at nominal
design conditions

Typical flow channel
Thimble (cold wall) flow

channel

Minimum DNBR for design
transients

Shearon
Harris

2775

2220

1. 98

1. 68

1. 30

V. C.
Summer

2775

2220

1. 98

1. 68

1. 30

Nor th Anna
Units'1 8 2

2775

2220

2. 15

1. 77

1. 30

DNB correlation
Coolant flow

"R" (W-3 with modified spacer factors)

Total thermal flow rate,
10e lb hr

Coolant temperatures
Nominal inlet, F

Heat transfer
Active heat transfer
surface area, ft~

Heat transfer
Average heat flux,
Btu/hr-ft~
Average linear power,
kW/ft
Peak linear power for
normal operation, kW/ft

109. 1

556. 0

48,600

189,000

5. 44

12. 6

109. 6

556. 0

48,600

189,800

5. 44

12. 6

105. 2

546. 8

48,600

189,800

5. 45

13. 6
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The Harris design includes a conservative multiplier (",R" grid DNB correlation)
of 0.865 for all DNB analyses.

The test results indicate that a reactor core using this geometry ma'y operate
with a minimum DNBR of 1.28 and satisfy the design criterion. However, a mini-
mum DNBR of 1.30 is used for Harris.

The design value of 6. 1X bypass flow is based on calculations performed using
drawing tolerances in the worst direction and accounting for uncertainties in
pressure drops. These calculations show the core bypass flow to be no greater
than the design value.

These calculations use experimental data from a series of 1/7-scale hydraulic
reactor model tests where core flow distributions and pressure drops were
measured.

The staff has reviewed the 6. 1X bypass flow design basis and has found it to
be consistent and conservative relative to previously approved designs and to
have been properly included in determining the minimum DNBR and is therefore
acceptable to the staff.

The staff finds the use of a 1.30 minimum DNBR as described in FSAR Sec-
tion 4.4.2 acceptable.

4.4.3 Design Abnormalities

4. 4. 3. 1 Crud Deposition

Crud'deposition in the core and an associated change in core pressure drop have
been observed in some PWRs. In response to a staff question concerning crud
deposition, the applicant stated:

There has been no case reported to Westinghouse of significant flow
reduction in a relatively short period of time due to buildup of crud
on the fuel rods of any Westinghouse plant. Additionally, there has
been no report to Westinghouse of a significant flow reduction in a
relatively, short period of time at any Westinghouse plant.

The staff does not agree with implication that crud deposition can not happen
at a Westinghouse plant. However, the staff finds the flow measurement tech-
nique.as described for Harris sufficient to detect a crud buildup if this
should occur. Therefore, Technical Specifications should require that the
reactor coolant system flow is monitored every 24 hours.

In describing the flow measurement technique in Amendment 5 to the FSAR, the
applicant presented a set of uncertainty values indicating a total loop flow
uncertainty of 3.0X and a reactor flow uncertainty of 1.75K. If the applicant
revises the Westinghouse Standard Technical Specification value for flow uncer-
tainty which is 3.5X, such revision must be reviewed by the staff.

4.4.3.2 Hydrodynamic Stability

In steady-state, two-phase, heated flow in parallel channels, the potential
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for hydrodynamic instability exists. The applicant provided the following
information in the FSAR to support the contention that the Shearon Harris core
is thermal hydraulically stable.

Boiling flows may be susceptible to thermohydrodynamic instabilities.
These instabilities are undesirable in reactors since they may cause
a change, in thermohydraulic conditions that may lead to a reduction
in the DNB heat flux relative to that observed during a steady flow
condition or to undesired forced vibrations of core components.
Therefore, a thermohydraulic design criterion was developed which
states that modes of operation under ANS Condition I and II events
shall not lead to thermohydrodynamic instabilities. Two specific
types of'flow instabilities are considered for Westinghouse PWR
operation. These are the Ledinegg, or flow excursion type of static
instability, and the density wave type of dynamic instability.
A Ledinegg instability involves a sudden change in flow rate from
one steady state to another. This instability occurs when the slope„
of the reactor coolant system pressure drop-flow rate curve (GAP/6G
internal) becomes algebraically smaller than the loop supply (pump
head) pressure drop-flow rate curve (GAP/6G external). The criterion
for stability is thus GAP/6G internal >GAP/6G external. The Westing-
house reactor coolant pump head curve has a negative slope (GAP/6G
external<0) whereas the reactor coolant system pressure drop flow
curve has a positive slope (GAP/6G internal>0) over the ANS Condi-
tion I and ANS Condition II operational ranges. Thus, the Ledinegg
instability will not occur.

A simple method has been developed by Ishii (Saha, Ishii, and Zube,
1976) for parallel closed channel systems to evaluate whether a given
condition is stable with respect to the density wave type of dynamic
instability. This method has been used to assess the stability of
typical Westinghouse reactor design including Virgil C. Summer, under
ANS Condition I and II operation. The results indicate that a large
margin to density wave instability exists, e. g., increases on the
order of 200 percent of rated reactor power would be required for the
predicted inception of this type of instability.
The application of the method of'shii to Mestinghouse reactor
designs is conservative due to the parallel open channel feature of
Westinghouse PMR cores. For such cores, there is little resistance
to lateral flow leaving the flow channels of high power density to
lower power density channels. This coupling with cooler channels
has led to the opinion that an open channel configuration is more
stable than the above closed channel analysis under the same boundary
conditions. Flow stability tests (Kakac et al., 1974) have been
conducted where the closed channel systems were shown to be less
stable than when the same channels were cross connected at several

. locations. The cross connections were such that the resistance to .

channel to channel cross flow and enthalpy perturbations would be
greater than that which would exist in a PWR core which has a
relatively low resistance to cross flow.
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Flow instabilties which have been observed have occurred almost
exclusively in closed channel systems operating at low pressure
relative to the Westinghouse PWR operating pressures. Kao, Morgan,
and Parker (1973) analyzed parallel closed channel stablity experi-
ments simulating a reactor core flow. These experiments were con-
ducted at pressures up to 2200 psia. The results showed that for
flow and power levels typical of power reactor conditions, no flow
oscillations could be induced above 1200 psia.

Additional evidence that flow instabilities do not adversely affect
thermal margin is provided by the data from the rod bundle DNB tests.
Many Westinghouse rod bundles have been tested over wide ranges of
operating conditions with no evidence or premature DNB or of incon-
sistent data which might be indicative of flow instabilities in the
rod bundle.

In summary, it is concluded that thermohydrodynamic instabilities
will not occur under ANS Condition I and II modes of operation for
Westinghouse PWR reactor designs.

A large power margin, greater than doubling rated power, exists to
predicted inception of such instabilities. Analysis has been per-
formed which shows that minor plant to plant differences in Westing-
house reactor designs such as fuel assembly arrays, core power to
flow ratios, fuel assembly length, etc. will not result in gross
deterioration of the above power margins.

The staff is presently conducting a generic study of the hydrodynamic stability
characteristics of PWRs. Limitations to the thermal-hydraulic design resulting
from the staff study will be compensated for by appropriate operating restric-
tions if necessary; however, no operating restrictions are anticipated. In the
interim, the staff concludes that past operating experience, flow stability
experiments, and the inherent thermal-hydraulic characteristics of Mestinghouse
PWRs provide a basis for accepting the Shearon Harris stability evaluation for
issuance of an operating license.

4.4.3.3 Fuel Rod Bowing

A significant parameter that influences the thermal-hydraulic design is rod-
to-rod bowing within fuel assemblies.

The staff has developed interim criteria for evaluating the effects of rod bow
on DNB for application to the Westinghouse standard 17xl7 fuel assembly. The
resultant reduction in DNBR due to rod bow is given in Table 4.2.

The appropriate provisions should be incorporated into the Technical Specifica-
tions. The applicant should also insert into the basis of the Technical Speci-
fications any generic or plant-specific margin that may be used to offset the
reduction in DNBR due to rod bowing, and reference the source and staff approval
of each generic margin. With these requirements satisified by the applicant,
the staff concludes that they have adequately accommodated the reductions listed
in Table 4.2.
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Table 4.2 Rod bow penalties

Burnup
(MWD/MTU)

DNBR reduction
(X)

0
3500
5000

10000
15000
20000
25000
30000
35000
40000

0
0
0
2. 15
4.64
6.74
8. 59

10. 59
13. 07
19. 09

4.4.4 Loose Parts Monitoring Systems

The applicant provided final documentation of the loose parts monitoring system
in a letter dated October 28, 1983 from M. A. McDuffie to H. R. Denton. Thestaff has completed its review of this submittal and finds it acceptable for
the reasons discussed below.

Shearon Harris uses the Westinghouse metal impact monitoring system (MIMS),
which is the same system previously reviewed and approved. for the Virgil Summer
plant.

The applicant has provided a description of the MIMS, the operational procedures,
and his evaluation of the MIMS for conformance with RG 1. 133. Shearon Harris
either conforms to or meets the intent of RG 1. 133.

The applicant has committed through the Technical Specification requirement
that the MIMS alarm setpoint established during the startup testing will be
reported to the staff in the startup report.

The applicant is currently developing a revision to the FSAR to address the
Technical Specifications, which will include a Technical Specification for the
MIMS.

" The MIMS at Shearon Harris is capable of detecting an impact having a kinetic
energy of less than 0.125 ft-lbf at a distance greater than 18 feet from the
transducer, and, therefore, conforms to RG 1.133. However, RG 1.133 also
requires that the MIMS be capable of detecting loose parts weighing from 0.25
to 30 pounds. The applicant is performing the sensitivity test with 0.25,
0.5, 1, and 2 pounds from various heights. A test for larger masses up to
30 pounds is under consideration. The applicant should actively pursue the test
for up to 30 pounds or an alternative means to demonstrate that the NIMS meets
RG 1. 133. However, this is only a staff recommendation and this issue is not
considered an open or confirmatory item. On the basis of the above information,
the staff finds the MIMS acceptable.

Shearon Harris SER 4-34



4.4.5 N-1 Loop Operation

In response to staff question 492 ', the applicant stated that he does not
intend to pursue N-1 loop operation as a licensing basis at this time.

Hence, operation at power with fewer than three pumps operating will not be
permitted. The staff will require that the Technical Specifications include
appropriate provisions to ensure that these types of operation are prohibited.

4. 4. 6 TMI-Action Plan - NUREG-0737 Item II.F. 2

The applicant has provided a partial response to the item-by-item documentation
required by NUREG-0737, and in a letter dated August 30, 1983 provided addi-
tional information to support the acceptability of the system for monitoring
inadequate core cooling. The staff has reviewed the information submitted in
the August 30, 1983 letter and has informed the applicant what additional infor-
mation is needed to resolve this item. After the applicant submits the addi-
tional documentation required by NUREG-0737, the staff will review the complete
docum'entation; it must be approved by the staff before the plant is licensed.

4.4.7 Conclusion and Summary

The staff has reviewed the thermal hydraulic design of the core, including the
design basis and the steady-state analysis of the core thermal hydraulic per-
formance, against the criteria in SRP 4.4. The review concentrated on the dif-
ference between the proposed design and those designs that have been previously
reviewed and found acceptable by the staff.

Based on its review, the staff concludes that the thermal hydraulic design of
the initial core is acceptable, provided that the applicant submits, the re-
mainder of the documentation required by Item II.F.2 of NUREG-0737. The entire
documentation package must be reviewed and approved by the staff before the
plant is licensed.

4.5 Reactor Materials

4.5. 1 Control Rod Drive Structural Materials

The staff concludes that the control rod drive mechanism structural materials
are acceptable and meet the requirements of GDC 1, 14, and 26 as well as 10 CFR

50.55a. This conclusion is based on the applicant's having (1) demonstrated
that the properties of the materials selected for control rod drive mechanism
components exposed to the reactor coolant satisfy Appendix I of Section III of
the ASME Code, and Parts A, B, and C of Section II of the Code, and (2) con-
formed with the. staff position that the yield strength of cold-worked austenitic
stainless steels should not exceed 90,000 psi. The applicant has met RG 1.85 by
using materials of construction that are approved for use to ASME Code cases.

In addition, the controls imposed on the austenitic stainless steel of the
mechanisms conform to most of the recommendations of RGs 1.31, "Control of
Ferrite Content in Stainless Steel Weld Metal," and 1.44, "Control of the Use

of Sensitized Stainless Steel." The determination of ferrite content by chemi-
cal analysis of deposited weld metal in lieu of magnetic measuring devices as
recommended in RG 1.31 has been reviewed by the staff and is acceptable. The
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modified sampling plan for determining susceptibility to intergranular attack
in stainless steel is an acceptable alternative to the recommendations of
RG 1.44.

Cleaning and cleanliness controls are in accordance with ANSI N 45.2.1-1973,
"Cleaning of Fluid Systems and Associated Components During Construction Phase
of Nuclear Power Plants," and RG 1.37, "guality Assurance Requirements for
Cleaning Fluid Systems and Associated Components of Mater-Cooled Nuclear Power
Plants."

4.5.2 Reactor Internals Materials

The staff concludes that the materials used for the construction of the reactor
internal and core support structure are acceptable and meet the requirements of
GDC 1.

The applicant has met GDC 1 with respect to ensuring that the design, fabrica-
tion, and testing of the materials used in the reactor internal and core'upport,
structure are of high quality standards and adequate for structural integrity.
The controls imposed on components constructed of austenitic stainless steel
satisfy most of the recommendations of RGs 1.31 and 1.44. The alternative posi-
tions taken by the applicant are acceptable to the staff as discussed in Sec-
tion 4.5.1.

The materials used for construction of components of- the reactor internal and
core support structure have been identified by specification and found to be
in conformance with the requirements of NG-2000 of Section III and Parts A, B,
and C of Section II of the ASME Code. In addition, the applicant has met the
guidelines of,RG 1.85 by using materials of construction that are approved for
use by ASME Code cases. As proven by extensive tests and satisfactory perform-
ance, the specified materials are compatible with the expected environment and
corrosion is expected to be negligible.

The controls imposed on the reactor coolant chemistry provide reasonable assur-
ance that the reactor internal and core support structure will be adequately
protected during operation from conditions that could lead to stress corrosion
of the materials and loss of components structural integrity.

The material selection, fabrication practices, examination and testing procedures,
and control practice performed in accordance with these recommendations provide
reasonable assurance that the materials used for reactor internal and core sup-
port structure will be in a metallurgical condition to preclude inservice dete-
rioration. Conformance with the requirements of the ASME Code and the recom-
mendations of the regulatory guides constitutes an acceptable basis for meet-
,ing in part the requirements of GDC l.
4.6 Functional Desi n of Reactivit Control S stems

The functional design of, reactivity control systems was reviewed in accordance
with SRP 4.6 (NUREG-0800),.

The functional design of the reactivity control systems for the facility has
been reviewed to confirm that they meet the various reactivity control condi-
tions for all modes of operation. These are
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(1) the capability to operate in the unrodded, critical, full-power mode

throughout plant life

(2) the capability to vary power level from full power to hot shutdown and
ensure control of power distributions within acceptable limits at any
power level

~ (3) >the capability to shut down,the reactor in a manner sufficient to mitigate
the effects of postulated events discussed in Section 15 of this SER

The control rod drive system (CRDS), the safety injection system (SIS), and
the chemical and volume control system (CVCS) constitute the reactivity con-
trol systems.

The GROS is composed of control rod drive mechanisms (CRDMs) to which the rod
cluster control assemblies (RCCAs) are attached. The CRDM is a magnetically
operated jack. The magnetic jack is an arrangement of three electromagnets
that are energized in a controlled sequence to insert or withdraw the RCCAs

in discrete steps. The RCCAs are divided into two categories: control and
shutdown.

The control category RCCAs may be automatically inserted or withdrawn to
compensate for changes in reactivity associated with power level changes and

power distribution, variations in moderator and fuel temperature, or changes
in boron concentration. The shutdown category RCCAs, which are fully with-
drawn during power operation, are used solely to insert large amounts of

,. negative reactivity to shut down the reactor. (See Section 4.3 of this SER

for further discussions on these features.)

The RCCAs are used for shutdown during normal operation, accidents, and tran-
sients. They can be inserted automatically upon a reactor trip signal or
inserted manually for normal plant shutdown. Concentrated boric acid solution
is injected by the SIS in the event of a loss-of,-coolant accident (LOCA),
steamline break, steam generator tube rupture, or RCCA ejection, thereby
complying with GOC 29.

Failure of electrical power to an RCCA will result in the insertion of that
assembly, as will shearing of the connection between the RCCA and CRDM.

Single failure of an RCCA is considered in transient and accident analyses
that include the most reactive RCCA assembly stuck outside the core. Analysis
of accidental withdrawal of an RCCA is found to have acceptable results. This
conforms to GOC 23 and 25. (See Section 15 of this SER for a discussion of
the accidental withdrawal of an RCCA.)

The CROM operating coils are cooled by a flow of containment air provided by
four fans dedicated to that duty only. During normal operation, two CROM cool-
ing fans will be in operation to supply air through the CRDM coil area. Two

other CROM cooling fans are standby units that can be started manually by the
control room operator. Should one or both fans fail, lighted indication will
show in the control room because of the loss of air flow. In the event of a

complete loss of CRDM cooling air, the area around the CRDMs would reach 392 F

in 2 to 5 minutes during plant operation. Continued overheating would event-
ually cause the CRDM coils to fail, resulting in tripping of the rods into the
core.
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The CVCS is designed to accommodate slow or long-term reactivity changes such
as those caused by changes in reactor coolant temperature between cold shut-
down and operating temperature, burnup of fuel and burnable poisons, and xenon
transients. The CVCS is used to control reactivity by adjusting the dissolved
boron concentration in the reactor coolant system. The boron concentration is
controlled to allow maintaining the RCCA control bank within a prescribed band
of travel to compensate for reactivity changes associated with variations in
coolant temperature, core burnup, and xenon=-concentration, and to provide shut-
down margin for maintenance and refueling operations or emergencies. A portion
of the CVCS (the char ging pumps, the boric acid transfer pumps, and 'the boric
acid makeup tanks) injects the desired concentration of boric acid solution into
the reactor coolant system for reactivity control. During normal operation,
the boric acid concentration in the reactor coolant system is controlled by the
CVCS boron thermal regeneration subsystem and by the reactor makeup control
subsystem. The boron thermal regeneration subsystem is primarily designed to
compensate for xenon transients occurring during load following, but can also
be used for diluting the primary coolant during startup.

t

The reactor makeup control subsystem is designed to provide a manually pre-
selected makeup boron concentration to the charging pumps by blending reactor
makeup water and boric acid solution. Under normal plant conditions the sub-
system operates in the "automatic makeup" mode to compensate for minor leakage
of reactor coolant without causing significant changes in primary coolant
boron concentration. Operation in the dilution mode permits addition of a
preselected quantity of reactor makeup water and is performed to,decrease the
boron concentration during startup and to compensate for fuel burnup. Opera-
tion in the boration mode permits the addition of a preselected quantity of
concentrated boric acid solution for hot shutdown and to compensate for xenon
decay.

In summary, the concentration of boron in the reactor coolant system is changed
manually under the following operating conditions:

(1) startup--boron concentration decreased to compensate for moderator
temperature and power increase

(2) load follow—boron concentration increased or decreased to compensate for
xenon transients following load changes

(3) fuel burnup--boron concentration decreased'to compensate for burnup

(4) cold shutdown--boron concentration increased to compensate for increased
moderator density as a result of cooldown and xenon decay

The CVCS is discussed further in Section 9.3.4 of this SER.

Solub'le poison concentration is used to control slow operating reactivity
changes. If necessary, RCCA movement can also be used to accommodate such
changes, but assembly insertion is used mainly to control anticipated opera-
tional occurrences even with a single malfunction, such as a stuck rod. In
either case, fuel design limits are not exceeded. The soluble poison control
is capable of maintaining the, core subcritical under conditions of cold shut-
down, which conforms to GDC 26.
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The reactivity control systems, including the addition of concentrated boric
acid solution by the SIS, are capable of controlling anticipated operational
changes, transients, and'accidents. For further information on the performance
of the SIS and the charging and borating portions of the CVCS with respect to
LOCAs and major secondary system pipe breaks, see Section 6.3 of this SER. All
accidents are calculated with the assumption that the most reactive RCCS is
stuck out and cannot be inserted, which complies with GDC 27.

Compliance with the requirements of GDC 28 is discussed in Sections 4.3 and 15
of this SER.

Based on its review, the staff concludes that the reactivity control system
functional design meets GDC 23, 25, 26, 27, and 29 with respect to its fail-
safe design, malfunction-protection design, 'redundancy and capability, combined
systems capability, reactivity limits, and protection against anticipated opera-
tional occurrences. It is, therefore, acceptable.

The reactivity control system meets the acceptance criteria of SRP 4.6.
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5 REACTOR COOLANT SYSTEM

The review for Section 5 has been done in accordance with the SRP (NUREG-0800).

5. 1 Summar Descri tion

The reactor coolant system (RCS) consists of three similar heat transport loops
connected to the reactor pressure vessel. Each loop contains a reactor coolant
pump, steam generator, and associated piping. In addition, the system includes
a pressurizer, a pressurizer relief tank, interconnecting piping, and instru-
mentation necessary for operational control. All of these components are in
the containment building.

During operation, the RCS transfers the heat generated in the core to the steam
generators where steam is produced to drive the turbine generator. Borated de-
mineralized water is circulated in the RCS at a flow rate and temperature con-
sistent with achieving the required reactor core thermal-hydraulic performance.
The coolant also acts as a neutron moderator and reflector and as a solvent for
the neutron-absorbing boric acid used for chemical shim control.

The reactor coolant pressure boundary (RCPB) provides a second barrier against
the release of radioactivity generated within the reactor and is designed to
ensure a high degree of integrity throughout the life of the facility.
The RCS pressure changes during normal operation are controlled by the use of
the pressurizer where water and steam are maintained in equi librium by electrical
heaters and water spray. Spring-loaded safety valves and power-operated relief
valves (PORVs) are mounted on the pressurizer; they discharge to the pressurizer
relief tank where steam is condensed and cooled by mixing with water.

5.2 Inte rit of Reactor Coolant Pressure Boundar

5.2. 1 Compliance with ASME Code and Code Cases

5.2. l. 1 Compliance with 10 CFR 50.55a

The pressure-retaining components of the RCPB, as defined by the rules of
10 CFR 50.55a, have been properly classified in FSAR Table 3.2. 1-1 as ASME
Boiler and Pressure Vessel Code, Section III, Class 1, components. These Sec-
tion III, Class 1, components are designated equality Group A in conformance
with RG 1.26. The equality Group A RCPB components were reviewed in accordance
with SRP 5.2. 1. 1 and the results are presented below. The review of other
pressure-retaining components, such as those constructed to ASME Code, Sec-
tion III, Class 2 or Class 3, is in Section 3.2.2 of this report.

The ASME Code, Section III, edition and addenda used in the construction of
these equality Group A components are identified in FSAR Table 5.2. 1-1 and are
those that were required at the time of procurement of the component or .are,
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where appropriate, to ensure compliance with 10 CFR 50.55a, later editions or
addenda. However, because of the postponement of Units 1 and 2 and the sub-
sequent deferral in the issuance of a construction permit (CP), certain compo-
nents must meet Codes and Standards that are different from those identified
in 10 CFR 50.55a (c), (e), and (f). The Units 1 and 2 guality Group A RCPB
components that are not in compliance with 10 CFR 50.55a are (1) reactor pres-
sure vessels, (2) reactor coolant pumps, and (3) control valves. These compo-
nents were granted relief in a post-CP review, in accordance with paragraph
(a)(2)(ii), from: (1) subsection (c)(3) of the rule with respect to compliance
with the Summer 1972 addenda to ASME Code, Section III, 1971, edition, for the
reactor pressure vessels; (2) subsection (e)(3) of the rule with respect to the
Minter 1972 addenda to ASME Code, Section III, 1971 edition, for the reactor
coolant pumps; and (3) subsection (f)(3) of the rule with respect to the Minter
1972 addenda to ASME Code, Section III, 1971 edition, for control valves.

In addition to the guality Group A components of the RCPB, certain lines that
perform a safety function and that meet the exclusion requirements of footnote 2
of 10 CFR 50.55a are classified guality Group B in accordance with the guidance
provided in Position C. 1 of RG 1.26 and are constructed as ASME Code, Sec-
tion III, Class 2, components. Valve leakage monitoring system lines that do
not perform a safety function and that meet the exclusion requirements of foot-
note 2 of the rule are classified guality Group D on the downstream side of the
isolation valves.

The NRC staff concludes that construction of RCPB components in conformance
with the appropriate ASME Code editions and addenda and the Commission's regu-
lations provides assurance that component quality is commensurate with the
importance of the safety function of the RCPB and constitutes an acceptable
basis for satisfying the requirements of GDC l.
5.2. 1.2 Applicable Codes Cases

The applicant has identified specific ASME Code cases whose requirements have
been applied in the construction of pressure-retaining ASME Code, Section III,
Class 1, components within the RCPB (guality Group A). The staff has reviewed
these cases in accordance with SRP 5.2. 1.2 (NUREG-0800) with the following
exception. The revised SRP includes a new requirement for the review of ASME

Code cases that are used in the construction of Class 2 and Class 3 components.
Because the current revision of 10 CFR 50.55a is applicable only to those ASME

Code cases used in the construction of Class 1 components, the staff has limited
its review in accordance with the regulation.

The basis for acceptance in the staff's review has been the Code cases found to
be acceptable in RG 1.84, "Code Case Acceptability - ASME Section III, Design
and Fabrication," and RG l. 85, "Code Case Acceptability — ASME Section III,
Materials," and the Code cases found to be acceptable by the staff for plants
similar to Shearon Harris Units 1 and 2 before publication of RGs 1.84 and 1.85.
The staff concludes that compliance with the requirements of these Code cases

~will result in a component quality level that is commensurate with the impor-
tance of the safety function of the RCPB and constitutes an acceptable basis
for satisfying GDC l.

Shearon Harris SER 5-2



5.2.2 Overpressure Protection

Overpressure protection for Shearon Harris Units 1 and 2 has been reviewed in
accordance with SRP 5.2.2 (NUREG-0800). Conformance with the acceptance cri-
teria, except as noted below, formed the basis for concluding that the design
of the facility for overpressure protection is acceptable.

Over'pressure protection for''the 'RCPB is provided by three safety and three
power-operated relief valves in combination with the reactor protection system,
and by operating'rocedures. The combination o'f these features provides over-
pressurization protection as required by GDC 15; ASME Code, Section III; and
10 CFR 50, Appendix G. The above requirements ensure RCPB overpressure protec-
tion for both power operation and low-temperature operation (startup and shut-
down). The following is a discussion of both modes of overpressure protection.

5.2.2. 1 Overpressure Protection During Power Operation

For this mode, the pressurizer PORVs are sized to limit system pressure to a
value not exceeding the safety valve setpoint (2485 psig) to minimize challenges
to the safety valves. The pressurizer spray system is designed to maintain the
reactor coolant system pressure below the power-operated relief valve setpoint
of 2335 psig during a step reduction in power level of up to 10K. The PORVslimit the pressurizer pressure to a value below the high pressure reactor trip
setpoint of 2385 psig for all design anticipated transients up to and including
the design basis 50K step load reduction with steam dump to the condensers.

Credit is taken only for safety valves in analyzing operational transients and
faulted conditions. Each pressurizer safety valve is spring loaded and has a
relieving capacity of 380,000 pounds mass per hour of saturated steam at 2485
psig. The combined capacity of two of these three safety valves is adequate
to prevent the pressurizer pressure from exceeding the ASME Code, Section III,limit of 110X design pressure following the worst reactor coolant systems
pressure transient, identified to be a 100X load rejection resulting from a
turbine trip with concurrent loss of main feedwater. This event was analyzed
with'no credit taken for operation of reactor coolant system PORVs, main steam-
line atmospheric steam dump valves, condenser steam dump system, pressurizer
level control system, and pressurizer spray system.

SRP 5.2.2 requires that the applicant demonstrate adequate relief protection
is provided, assuming the reactor trip is initiated by the second safety-grade
signal from the reactor protection system. In the analysis the applicant has
taken credit for a high pressurizer pressure trip (the first safety-grade trip
signal from the reactor protection system). The evaluation is supported by a
generic sensitivity study of required safety valve flow rate versus trip para-
meter presented in MCAP-7769. The applicant provided additional information to
confirm that the primary safety valves are sufficiently sized to accommodate a
reactor trip on the second safety-grade trip signal.

The above analyses were performed using the LOFTRAN Code, a digital simulation
that includes point neutron kinetics and modelling of the reactor coolant system
including the reactor vessel, hot leg, primary side of the steam generator, cold
leg, secondary side of the steam generator, pressurizer, and pressurizer surge
line. This code has been reviewed by the staff and found acceptable.
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The applicant has provided assuran'ce that the secondary safety valves can
provide the required minimum capacity assuming a single failure of one safety
valve per loop. The staff has reviewed the assumed values of temperature and
pressure, together'ith their assumed instrument and control errors that were
used for the overpressure protection system design bases, and found them
acceptable.

The safety valves are designed in accordance with ASME Code, Section III, and
periodic testing and inspection are performed in accordance with Section XI of
this code. In FSAR Chapter 14, the applicant has described the preoperation'al
test program, which includes testing of the pressure-relieving devices dis-
cussed in this. SER section, and has indicated that these tests would be con-
ducted in full compliance with the intent of RG 1.68. Additionally, Items II.D.1
and II.D.3 of NUREG-0737 require performance testing of relief and safety valves
and their position indications. Conformance with these items is addressed'in
Sections 3.9.3.2 and 7.5.3 of this SER.

5.2.2.2 Overpressure Protection During Low-Temperature Operation

The SRP requires that the overpressure protection system during low-temperature
operation of the plant shall be designed in accordance with the

requirements'f

BTP RSB 5-2.

The low-temperature overpressure protection is primarily provided by the pres-
surizer PORVs (two of the three PORVs are used) with automatically adjusted
opening setpoints (to be specified later) that vary as a function of reactor
coolant temperatures. The reactor coolant temperature measurements will be
auctioneered to obtain the lowest value. This temperature is translated into
a PORV setpoint curve that will be below the maximum allowable system pressure
set forth in 10 CFR 50, Appendix G. If the measured reactor coolant pressure
approaches the PORV setpoint curve within a certain limit, an alarm is sounded
in the control room indicating a pressurization .transient. If the reactor
coolant pressure continues to increase, the PORVs are opened to relieve system
pressure. The applicant has performed low-temperature overpressure transient
analyses to determine the maximum pressure for the postulated worst case mass
input (650 gpm) and heat input events. The mass input transient analysis was
performed assuming the inadvertent actuation of a safety injection pump,
which, in combination with other misoperation, pressurizes the RCS. The heat
input analysis was performed for an incorrect reactor coolant pump start assum-
ing that the RCS was water solid at the initiation of the event and that a
50'F mismatch existed between the RCS (250'F) and the secondary side of the
steam generator (300 F). Results concluded that the allowable limits will not
be exceeded. The applicant will provide PORV setpoint values at a later date,
and the staff will report its evaluation in a supplement to this SER.

The PORVs and associated block valves are required to have safety-grade
emergency power supplies in accordance with Item II.G. 1 of NUREG-0737. Sec-
tion 8.4.8 of this SER provides a discussion of Shearon Harris s compliance
with this requirement.

As a backup to the low-temperature overpressure protection system, each inlet
line to the residual heat removal system (RHRS) is equipped with a pressure
suction relief valve with a capacity of 900 gpm each at a setpoint pressure of
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450 psig. The relieving capacity of each valve is adequate to relieve the
combined flow of the three centrifugal charging pumps, which are the high-pres-
sure safety injection pumps of the emergency, core cooling system (ECCS). The
RHR suction relief valves provide overpressure protection after the RHR is put
into operation and the RHR suction isolation valves are open at RCS pressure
less than 425 psig. Also, operating procedures require that below 1000 psig
and 425'F, the operator lock out the accumulator isolation valves in the closed
pos'ition and the charging pumps that are not required to be operable. The
applicant has similar restrictions on reactor coolant pump (RCP) operation.
This prevents accidental accumulator discharge or inadvertent charging pump or
RCP operation under these conditions. The preoperational and initial startup
test pr'ogram of the overpressure protection system complies with RG 1.68.

Subject to the resolution of the aforementioned PORV setpoint value, the staff
concludes that the overpressure protection system for both normal and low-
temperature conditions will be acceptable and meets the relevant requirements
of GDC 15 and 31. The Appendix G to 10 CFR 50 requirements will be confirmed
when the PORV setpoint values are reviewed. This conclusion is based on the
following:

The overpressure protection system prevents overpressurization of the RCPB
under the most severe transients and limits the reactor pressure during normal
operational transients. Overpressurization protection is provided by three
safety valves. These valves discharge to the pressurizer relief tank through
a common'eader from the pressurizer. The safety and power-operated relief
valves in the 'primary system--in conjunction with the steam generator safety
and atmospheric steam dump valves in the secondary system, and the reactor
protection system--will protect the primary system against overpressure in the
event of a complete loss of heat sink.

The peak primary system pressure following the worst transient is limited to
the ASME Code allowable value (110X of the design pressure) with no credit
taken for nonsafety-grade relief systems. The Shearon Harris plant was assumed
to be operating at design conditions (102K of rated power) and the reactor is
shut down by a high pressurizer pressure trip signal. The calculated pressure
is less than llOX of design pressure.

Overpressure protection during low-temperature operation of the plant is pro-
vided by two (of three) PORVs and RHR suction relief valves in conjunction
with administrative controls.

The applicant has met GDC 15 and 31, and Appendix G requirements are expected
to be met when the PORV setpoints are established. In addition, the applicant
has incorporated into the design the recommendations of Task Action Plan Items
II.D.1 and II.D.3 of NUREG-0718 and NUREG-0737.

5.2.3 Reactor Coolant Pressure Boundary Haterials

The staff concludes that the plant design is acceptable and meets the require-
ments of GDC 1, 4, 14, 30, and 31 and the requirements of Appendices B and G of
10 CFR 50. This conclusion is based on the staff's review of the FSAR and addi-
tional information provided by the applicant.
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The materials used for construction of components of the RCPB have been identi-
fied by specification and found to be in conformance with the requirements of
Section III of the ASME Code. Compliance with the above Code provisions

for'aterialspecifications satisfies the quality standards requirements of GDC 1
and 30 and 10 CFR 50.55a.

The materials of construction of the RCPB exposed to the reactor coolant have
been identified, and all of the materials are compatible with the primary
coolant water, which is chemical,ly controlled in accordance with appropriate
Technical Specifications. This compatibility has been, proven by extensive
testing and satisfactory performance. This includes conformance with most of
the recommendations of RG 1.44, "Control of Sensitized Stainless Steel." Where
the recommendations of this regulatory guide were not followed, the alternative
approaches taken have been reviewed by the staff and are acceptable.

General corrosion of all material, except unclad carbon and low alloy steel,
will be negligible. For these materials, conservative corrosion allowances
have been provided for all exposed surfaces in accordance with the require-
ments of ASME Code, Section III. The above evidence of compatibility with the
coolant and compliance with the Code provisions satisfies the requirements of
GDC 4 regarding compatibility of components with" environmental conditions.

'he

materials of construction of the RCPB are compatible with the thermal
insulation used in these areas and are in conformance with the recommendations
of RG 1.36, "Nonmetallic Thermal Insulation for Austenitic Stainless Steels."
Conformance with the above recommendations satisfies the requirements of GDC 14
and 32 regarding prevention of failure of the RCPB.

The ferritic steel tubular products 'and the tubular products fabricated from
austenitic stainless steel have been found acceptable by nondestructive exami-
nations, in accordance with the provisions of the ASNE Code, Section III. Com-
pliance with these Code requirements satisfies the quality standards require-
ments of GDC 1 and 30 and 10 CFR 50.55a.

Fracture toughness of the RCPB components is discussed in Section 5.3. 1.

The controls imposed on welding preheat temperatures for weldihg ferritic steels
are in conformance with most of the recommendations of RG 1.50,, "Control of
Preheat Temperature for Welding Low Alloy,Steels."

The qualification of a welding procedure within the range of preheat tempera-
tures is an acceptable alternative to the regulatory guide's recommendation of
qualification at the minimum preheat temper ature. The staff has accepted the
nuclear steam system supplier's (Westinghouse) alternative to Position C.2
given in WCAP-8577: that the preheat temperature should be maintained until
post-weld heat treatment has been performed. These controls provide reasonable
assurance that cracking of components made from low-alloy steels will not occur
during fabrication and minimize the possibility of subsequent cracking resulting
from residual stresses being retained i n the weldment. These controls satisfy
the quality standards requirements of GDC 2 and 30 and 10 CFR 50.55a.

The applicant has demonstrated that the electroslag welds in the steam genera-
tors for Units. 1 and 2 are of quality equivalent to the recommendations of
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RG 1 ~ 34, "Control of Electroslag Weld Properties," and provide assurance that
welds fabricated by the process will have high integrity and sufficient tough-
ness to furnish adequate safety margins during operating, testing, maintenance,
and postulated accident conditions.

The'ontrols imposed on welding ferritic and austenitic steels under conditions
of limited accessibility are in accordance with most of the recommendations of
RG 1.71, "Welder qualification for Areas of Limited Accessibility." Alternative
approaches taken by the applicant provide adequate assurance of weldment inte-
grity, are acceptable to the staff, and provide assurance that proper requali-
fication of welders will be required in accordance with the welding conditions.
These controls satisfy the quality standards requirements of GDC 1 and 50 and
10 CFR 50.55a. The controls imposed on weld cladding of low-alloy steel compo-
nents by RG 1.43, "Control of Stainless Steel Weld Cladding of Low-Alloy Steel
Components," are not applicable because the steel was melted according to fine
grain practice; and low heat input weld cladding processes were used.

The controls to avoid stress corrosion cracking in RCPB components constructed
of austenitic stainless steels limit yield strength of cold-worked austenitic
stainless steels to 90,000 psi maximum and conform to most of the recommenda-
tions of RG 1.44, "Control of the Use of Sensitized Stainless Steel," as dis-
cussed in Section 4.5. 1, and conform to the recommendations of RG 1.37, "equality
Assurance Requirements for Cleaning of Fluid Systems Associated Components of
Water Cooled Nuclear Plants." The alternative approaches taken by the appli-
cant were reviewed by the staff and are acceptable.

The controls followed during material selection, fabrication, examination,
protection, sensitization, and contamination provide reasonable assurance that
the RCPB components of austenitic stainless steels will be in a metallurgical
condition that minimizes susceptibility to stress corrosion cracking during
service. These controls meet the requirements of GDC 4 regarding compatibility
of components with environmental conditions and the requirements of GDC 14
regarding prevention of leakage and failure. of the RCPB.

The controls imposed during welding of austenitic stainless steels in the RCPB

are in accordance with most of the recommendations of RG 1.31, "Control of
Ferrite Content in Stainless Steel Weld Metal." The alternative approaches
taken by the applicant were reviewed by the staff and are acceptable. These
controls provide reasonable assurance that welded components of austenitic
stainless steel will not develop microfissures during welding and will have
high structural integrity. These controls meet the quality standards require-
ments of GDC 1 and 30 and 10 CFR 50 '5a and satisfy the requirements of GDC 14
that relate to prevention of leakage and failure of the RCPB.

5. 2.4 Reactor Coolant Pressure Boundary =Inspection and Testing

5.2.4. 1 Compliance with the SRP

The review of Shearon Harris Units 1 and 2 is continuing because the applicant
has not submitted a complete preservice inspection (PSI) program and has not
completed the PSI examinations. The staff review to date was conducted in
accordance with SRP 5.2.4, except as discussed below.
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The review according to SRP 5.2.4."II.3 has been completed. The examination-'.
categories and methods are acceptable for the reactor pressure vessel; however,
the PSI program for other Class 1 systems and components has not been receivedfor review.

I

The review according to SRP 5.2.4. II.4 has not been done because this area
applies only to inservice inspections (ISIs), not to PSIs. This subject will
be addressed during the review of the ISI program after licensing.

The review according to SRP 5.2.4. II.5, evaluation of examination results, has
been done. The applicant committed in the FSAR to incorporate ASME Code, Sec-
tion IWB-3000, "Standards for Examination Evaluation," into'the PSI

program.'owever,ongoing NRC generic activities and research projects indicate that thecurrently specified ASME Code procedures may not always be capable of detecting
the acceptable size flaws specified in the IWB-3000 acceptance standards. 'For
example, ASME Code procedures specified for volumetric examination of reactor
vessels, bolts and studs, and piping have not proven to be capable of detecting
the aceptable size flaws in all cases. The staff will continue to evaluate the
development of new or improved procedures and will require that these improved
procedures be made a part of the inservice examination requirements. The appli-cant's repair procedures based on ASME Code, Section IWB-4000, have not

been'eviewed.Repairs are not generally necessarsy in the PSI program. This sub-
ject will be addressed during the staff review of the ISI program.

The review under SRP 5. 2. 4. II.7 wi 11 be done when the applicant submits the
completed PSI program.

The review according to SRP 5.2.4. II.B has not been completed because the
applicant has not identified all limitations to examination. Specific areas
where ASME Code examination requirements cannot be met will be identified as
performance of the PSI progresses. The complete evaluation of the PSI programwill be presented in a supplement to this SER after the applicant submits the
required exmaination information, identifies all plant-specific areas where
ASME Code, Section XI, requirements cannot be met, and provides a supporting
technical justification.

5.2.4.2 Examination Requirements

GDC 32 requires, in part, that components that are part of the RCPB be designed
to permit periodic examination and testing of important areas'nd features to
assess their structural and leaktight integrity; To ensure that no deleterious
defects develop during service, selected welds and weld heat-affected zones
(HAZs) will be examined periodically at Shearon Harris Units 1 and 2.

The design of the ASME Code, Class 1 and 2, components of the RCPB incorporates
provisions for access for inservice examinations, as required by Paragraph
IWA-1500 of Section XI of the ASME Code. 10 CFR 50.55a(g) defines the detailed
requirements for the preservice and inservice inspection programs for light-
water-cooled nuclear power facility components. Based on the construction
permit date of January 27, 1978, this section of the regulations requires that
a preservice inspection program be developed and implemented using at least the
edition and addenda of Section XI of the ASME Code applied to the construction
of the particular components. The components (including supports) may meet
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requirements set forth in subsequent editions of this Code and addenda, which
are incorporated by reference in 10 CFR 50.55a(b), subject to the limitations
and modifications listed therein. It is the intent of the applicant to comply
with the PSI requirements of the 1980 edition of the ASME Code, including
addenda through Winter 1981, except where specific relief is requested. This
represents a voluntary upgrade from the applicable 1974 edition, Summer 1975
Addenda. The initial ISI program must comply with the requirements of the
latest edition and addenda of Section XI of the ASMe Code in effect 12 months
before the date of issuance of the operating license, subject to the limitations
and modifications in 10 CFR 50. 55a(b).

I

5.2.4.3 Evaluation of Compliance with 10 CFR 50.55a(g) for Unit 1

The staff has reviewed the information presented in the FSAR through Amendment 6

and in Revision 2 of the reactor vessel preservice inspection program submitted
March 14, 1983. The preservice examination for Unit 1 will be performed based
on the requirements of the 1980 ASME Code, Section XI through the Winter 1981
Addenda. The selection of welds for the reactor vessel examination is consist-
ent with the applicable Code requirements, and the applicant has committed to
comply with the recommendations of RG 1. 150 for the examination of the vessel
welds. Based on the review of the above documents, additional information has
been requested to complete the review.

The PSI program for the other systems and components within the reactor coolant
pressure boundary has not been received and will not be available until the
first quarter of 1984. However, the applicant has stated in the FSAR that these
sytstems and components will be examined in accordance with the applicable Code

requirements and that the PSI of the steam generator tubes will be performed in
accordance with RG 1 ~ 83, Revision 1. The staff has established, technical posi-
tions that should be included in the PSI program. The staff will review these
sections of the PSI program for compliance and report the results in a supple-
ment to this SER.

The specific areas where the Code requirement cannot be met will be identified
after the examinations are performed. The applicant has committed to identify
all plant-specific areas where the Code requirements cannot be met and provide
a supporting technical justification for requesting relief. The SER input will
be completed after the applicant

(1) dockets a complete and acceptable PSI program plan
(2) submits the requested additional information regarding the PSI/ISI program
(3) submits all relief requests with a supporting technical justification

The staff considers the review of the Shearon Harris Unit 1 PSI program an open
issue subject to the applicant's providing an acceptable response to the above
requirements.

The applicant has not submitted the initial PSI program. This program will be

evaluated after the applicable ASME Code edition and addenda are determined
based on 10 CFR 50.55a(b), but before inservice inspection commences during the
first refueling outage.
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5.2.4.4 Evaluation of Compliance with 10 CFR 50.55a(g) for Unit 2

A PSI program for „Unit 2 has not been submitted. The regulations permit th'
applicant to meet the requirements set forth in subsequent editions of ASME
Code, Section XI, that are incorporated by reference in 10 'CFR 50.55a(b), sub-
ject to the limitations and modifications listed therein. The PSI program and
plant-unique requests for relief from impractical examination requirements will
be evaluated after the applicant provides this information.

The initial ISI program for Unit 2 will be evaluated after the applicable ASME
Code edition and addenda are determined based on 10 CFR 50.55a(b). A support-
ing technical justification evaluating the preservice and inservice inspection
programs for Unit 2 will be presented in' supplement to the SER.

5.2.4.5 Conclusions

The conduct of periodic examinations and hydrostatic testing of pressure-
retaining components of the reactor coolant pressure boundary, in

accordance'ith

the requirements of Section XI of the ASME Code and 10 CFR 50, will provide
reasonable assurance that structural degradation or loss of leaktight integrity
occurring during service will be detected in time to permit corrective action
before the safety functions of a component are compromised. Compliance with
the preservice and inservice examinations required by the Code and 10 CFR 50
constitutes an acceptable basis for satisfying the inspection requirements of
GDC 32.

5. 2.5 Reactor Coolant Pressure Boundary Leakage Detection

The reactor coolant pressure boundary (RCPB) leakage detection systems were
reviewed in accordance with SRP 5.2.5 (NUREG-0800);

A limited amount of leakage is to be expected from components forming the RCPB.
Means are provided for detecting and identifying this leakage in accordance
with the requirements of GDC 30. Leakage is classified into two types, identi-
fied and unidentified. Components such as valve stem packing, pump shaft seals,
and flanges are not. completely leaktight. Because this leakage is expected, it
is considered identified leakage and is monitored, limited, and separated from
other leakage (unidentified) by directing it to closed systems as identified in
Position C. 1 of RG 1.45.

Within the containment building, identified leakage into closed systems is
directed to the reactor coolant drain tank or pressurizer relief tank. - Pump
seal or valve packing leakage is directed to the reactor coolant drain tank.
The tank is monitored for pressure, temperature, level, and flow instrumentation
on the reactor coolant drain tank discharge lines. Leakage past the pressurizer
safety valves or power-operated relief valves is directed to the pressurizer
relief tank. This leakage is monitored by temperature instrumentation in the
piping system as well as by tank pressure,. temperature, and level instrumenta-
tion. Leakage collected in the pressurizer relief tank is directed to the
reactor coolant drain tank for subsequent discharge.

The applicant noted that the pressurizer relief tank and reactor coolant drain
tank are part of the system that is used to monitor the reactor coolant system
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inventory balance. The inventory balance, required by the Standard Technical
Specifications, is an integral part of the Shearon Harris Technical Specifica-
tions. The inventory balance required within each 72-hour period will aid in
establishing the identified leakage rate, thus complying with Position C. 1. b

of RG 1.45.

Unidentified leakage is monitored in several ways. Leakage to the containment
is monitored by airborne particulate and noble gas monitors, containment air
coolers, condensate flow monitors, and containment sump level and flow monitors,
thus complying with Position C.3 of RG 1.45. In normal operation, these pri-
mary monitors show a background level that is indicative of the normal level
of unidentified leakage inside the containment. Increases in airborne radio-
activity, containment sump flow, or humidity of the containment atmosphere
above the normal background level signify an increase in unidentified leakage
and provide notice to the plant operators that corrective action may be re-
quired. Unidentified leakage also results in a flow of water to the contain-
ment sump. The water represents leakage from unidentified sources such as
water leaking from components or excess water vapor in the air that has been
condensed by containment fan coolers and fan coil units. The water is routed
through a single 8-inch-diameter pipe to a measurement tank located inside the
containment sump. The floor of the reactor cavity is sloped to the sump so
that drainage on that floor is also collected and monitored in the measurement
tank.

A flow switch is employed in a drain line on the bottom of the measuring tank.
Water flow past the flow switch will actuate an alarm in the control room when
the set point is reached or exceeded. The switch set point is determined by
first establishing the normal maximum leakage rate and then setting the flow
switch to alarm at 1-gpm flow above the expected normal maximum leakage rate,
thus complying with Position C.2 of RG 1.45.

A level transmitter is installed in the containment sump to indicate water
level on the main control board. Sump level and flow monitoring equipment are
designed to remain functional after an operating basis earthquake (OBE). The
main control board has a seismically qualified monitor light to indicate sump
high-high level. Also, an alarm will sound on sump high-high level and/or when
the leakage rate exceeds 1 gpm above the maximum normal leakage.

a

The airborne particulate and gaseous radioactivity monitoring systems are
designed to remain functional when subjected to the safe shutdown earthquake
(SSE). In addition, the containment temperature and pressure monitors--which
serve as backup indicators of gross leakage--are also qualified for the SSE.

The containment sump flow monitor is capable of pe'rforming its function after
seismic events not requiring plant shutdown. The time to detect a 1-gpm leak
by radioactive coolant monitoring depends on coolant activity and previous
leakage.

The sump level is monitored by a level transmitter and is indicated in per-
centage of sump level in the control room. The .flow rate from the drains is
detected by a flow switch and alarmed in the control room whenever the leakage
rate exceeds the normal maximum leakage rate by 1 gpm. Thus, the guidelines of
RG 1.45, Positions C.2, C.5, C.G, and C.7, with respect to sensitivity and

response time, seismic qualification of the airborne particulate monitoring
systems, and control room indication and alarm are met.
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The containment airborne radioactivity monitors are seismic Category I and are
located in flood- and tornado-protected structures, thus meeting the require-
ments of GDC 2 and the guidelines of RG 1.29, Positions C. 1 and C.2. They are
also testable, and the limiting conditions are specified as identified in the
guidelines of Position C.9 of RG 1.45. The applicant has proposed Technical
Specifications that include (1) the limiting conditions for operation with
identified and unidentified leakage and'2) the limiting conditions for opera-
tion when one or more of the leakage detection systems are unavailable, in
accordance with the guidelines of Position.C.9 of RG 1.45. However, the appli-
cant has proposed no specification to de'al with leakage through reactor coolant
system pressure isolation valves, as contained in the Standard Technical Speci-
fications for Westinghouse pressurized water reactors (NUREG-0452).

Leakage into auxiliary systems connected to the RCPB is detected by an increase
in level, temperature, and/or pressure in the auxiliary system. The auxiliary
systems for which such methods are available are the accumulators and centrifu-
gal charging pump subsystem in the emergency core cooling system and the suction
side of the residual heat removal (RHR) system.

Leakage into the discharge side of the RHR system from the,RCPB wi 11 result=in
pressurizing the discharge side of the RHR system. When the pressure reaches
the relief valve set pressure, the relief valves will lift, discharging fluid
into the boron recycle holdup tanks. Increased levels in the holdup tanks
will result in indication and alarms in the control room.

Leakage from the RCPB into the component cooling water (CCW) system through
any of the following paths will be detected by radiation monitors in the CCW

system:

(1) RHR system heat exchangers
(2) reactor coolant pump thermal barrier
(3) RHR pump
(4) letdown heat exchanger"
(5) seal water heat exchanger"
(6) excess letdown heat exchanger"

The staff finds therefore that the applicant has made provisions to detect
intersystem leakage in accordance with the provisions of Position C. 4 of RG 1. 45.
However, the applicant has proposed no Technical Specification to deal with such
intersystem leakage through valves'and other components that compose the inter-
faces between the reactor coolant system and these auxiliary systems. It must
be noted that determination of intersystem leakage, as required by SRP 5.2.5,
depends on protection of safety-related systems contiguous to the RCS against
damage as a result of leakage from the RCS by continuous surveillance. There-
fore, the applicant will be required to include a limit for leakage into systems
contiguous to the RCS consistent with the requirements of the Standard Tech-
nical Specifications for Westinghouse pressurized water reactors (NUREG-0452)
to comply with the guidelines of Position C.9 of RG 1.45. The staff will review
the Shearon Harris Technical Specifications to ensure that this requirement is

~Actually part of the chemical and volume control system but part of the RCPB

when in operation.
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contained therein and that the,Shearon Harr'is. Technical Specifications for RCPB

leakage„are consistent with the requirements of NUREG-0452 and comply with the
gu'idelines of Position C.9 of RG 1.45.

Leaks through steam generator tubes from the primary system into the secondary
(mai'n steam) system are detected by radiation monitors in the steam generator
blowdown lines. In this way, detection of leaks from the RCPB into auxiliary
systems and into the steam and component cooling water systems complies with
the guidelines of Position C.4 of RG 1.45.

Based on the above, the staff concludes that the RCPB leakage detection systems
are diverse and provide reasonable assurance that primary system leakage (both
identified and unidentified) will be detected and meet the requirements of GDC 2
and 30 with respect to protection against natural phenomena and provisions for
RCPB leak detection and identificati'on, and meets the guidelines of RGs 1.29,
Positions C. 1 and C.2, and 1.45, Positions C. 1 through C.8, with respect to,
seismic classification and RCPB leakage detection system design. Therefore,
the staff concludes that the design of the,.facility for RCPB leakage detection
meets the acceptance criteria of SRP 5.2.5. The staff will provide resolution
of the issues relating to the Technical Specifications in a supplement to this
SER to ensure that RCPB leakage detection complies with the guidelines of Posi-
tion C.9 of RG 1.45.

5.3 Reactor Vessel

5.3. 1 Reactor Vessel Materials

The staff has reviewed the fracture toughness of ferritic reactor vessel and
RCPB materials and the materials surveillance program for the reactor vessel
beltline. The acceptance criteria and references that are the basis for this
evaluation are in Paragraph II.3.a of SRP 5.3.2 and Paragraphs II.5, II.6, and
II.7 (Appendices G and H, 10 CFR 50) of SRP 5.3. 1 (NUREG-0800).

GDC 31 requires,'n part, that the RCPB be designed with sufficent margin to
ensure that, when stressed under operating, maintenance, testing, and antici-
pated transient conditions, the boundary behaves in a nonbrittle manner and
the probability of rapidly propagating fracture is minimized. GDC 32 requires,
in part, that the RCPB be designed to permit an appropriate material surveil-
lance program for the reactor pressure vessel.

The fracture toughness requirements for the ferritic materials of the RCPB are
defined in Appendices G and H of 10 CFR 50.

The staff has reviewed the materials selection, toughness requirements, and
extent of materials testing conducted by the applicant to provide assurance
that the ferritic materials used for pressure-retaining components of the RCPB

possess adequate toughness under operating, maintenance, testing, and antici-
pated transient conditions.

5.3. l. 1 Compliance with 10 CFR 50.55a

Reactor vessels at Shearon Harris were designed to the specifications of the
1971 Edition of the ASME Code, Section III, "Rules for Construction of Nuclear
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Power Plant Components," including Addenda through Winter 1971. The reactor
coolant loop piping and reactor coolant pumps and valves were designed to the
specifications of the 1971 Edition of the Code, Section III, including Addenda
through Summer 1973, Summer 1972, and Summer 1972, respectively. Based on the
January 27, 1978 construction permi-t date, 10 CFR 50.55a requires that the ASME
Code editions and addenda applied to the pressure vessels be no earlier than
those of the Summer 1972 Addenda of the 1971 Edition. 10 CFR 50.55a also
requires that the ASME Code edition and addenda applied to the piping, pumps,
and valves that are part of the RCPB shall be no earlier than those of the
Winter- 1972 Addenda of the 1971 Edition. The design and construction of the
RCPB components of Shearon Harris are, therefore, not in compliance with the
requirements of 10 CFR 50.55a. However, the staff will evaluate the applicant's
RCPB materials, fabrication, and nondestructive examination methods against
SRP 5.3. 1 and 5.2.3 and reactor vessel fracture toughness against Appendix G

'f

10 CFR 50, which will ensure that material properties are equivalent or
superior to those specified in 10 CFR 50.55a.

5.3. 1.2 Compliance of Reactor Vessel Materials, Fabrication, and Nondestructive
Examination Methods to SRP 5.3. 1

The staff concludes that the reactor vessel materials are acceptable and meet
the requirements of GDC 1, 4, 14, 30, 31, and 32 and the material testing and
monitoring requirements of Appendices D, G, and H of 10 CFR 50.

The materials used for construction of the reactor vessel and its appurtenances
have been identified by specification and found to be in conformance with Sec-
tion III of the ASME Code. Special requirements of the applicant regarding
control of residual elements in ferritic materials have been identified and are
considered acceptable. Compliance with the above Code provisions for material
specifications satisfies the quality standards requirements of GDC 1 and 30 and
10 CFR 50.55a.

Conventional processes that are extensively used in reactor vessels were used
for manufacture/fabrication of this reactor vessel and its appurtenances. The
applicant has certified that the materials and fabrication processes comply
with the requirements of Section III of the ASME Code. Compliance with these
Code provisions meets the quality standards requirements of GDC 1 and 30 and
10 CFR 50.55a.

Conventional methods of extensive use in nuclear reactors were used for the
nondestructive examination of this reactor vessel and its appurtenances.
Accordingly, the quality standards requirements of GDC 1 and 30 and
10 CFR 50.55a are satisfied.

When components of ferritic steels are welded, Code controls are supplemented
by conformance with the recommendations of regulatory guides as follows:

(1) The controls imposed on welding preheat temperatures are in
conformance'ith

most of the recommendations of RG 1.50, "Control of Preheat Tempera-
ture for Welding of Low-Alloy Steel." The qualification of a welding pro-
cedure within the range of preheat temperatures is an acceptable alterna-
tive to the regulatory guide's recommendation of qualification at the
minimum preheat temperature. The staff has accepted the nuclear steam
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system supplier's (Mestinghouse) alternative to Position C.2 given in
WCAP-8577: that the preheat temperature should be maintained until post-
weld heat treatment has been performed. These controls provide reasonable
assurance that cracking of components made from low-alloy steels will not

. occur during fabrication and minimize the possibility of subsequent crack-
ing resulting from residual stresses retained in the weldment. These
controls satisfy the quality standards requirements of GDC 1 and 30 and
10 CFR 50.55a.

(2) Electroslag welding was not used for fabrication of the reactor vessel or
its appurtenances, and, accordingly, RG 1.34 is not applicable to this
section of the review.

(3) The recommendations of RG 1.43 are not applicable because the low-alloy
steel components were made according to fine grain melt practice and the
stainless steel weld cladding processes used had low heat inputs.

When components of austenitic stainless steels are welded, Code controls are
supplemented by conformance with the recommendations of applicable regulatory
guides as follows:

(1) The controls imposed on delta ferrite in austenitic stainless steel are
in conformance with most of the recommendations of RG 1.31, "Control of
Ferrite Content in Stainless Steel Weld Petal." The staff has reviewed
and found acceptable the alternative approaches taken by the applicant.

The controls used provide reasonable assurance that the welds wi 11 not
contain micro cracks. These controls also satisfy the quality standards
requirements of GDC 1 and 30 and 10 CFR 50.55a and the requirements of
GDC 14 regarding fabrication to prevent RCPB rapid propagating failure.

(2) The reactor vessel is made of low-alloy stee], and there are no stainless
steel appurtenances to the reactor vessel that are electroslag welded.
Accordingly, RG 1.31, "Control of E'lectroslag Meld Properties," is not
applicable.—

The controls (duri ng all stages of welding) to avoid contamination and sensi-
tization that could cause stress-corrosion cracking in austenitic stainless
steels conform with the recommendations of regulatory guides as follows:

(1) The controls to avoid contamination and excessive sensitization of
austenitic stainless steel are in conformance with most of the recommenda-
tions of RG 1.44, "Control of the Use of Sensitized Stainless Steel." The
staff has reviewed the alternative approaches 'taken by the applicant and
found them acceptable. The controls used provide assurance that welded
components will not be contaminated or excessively sensitized before and
during the welding process. These controls satisfy the quality standards
requirement regarding material compatibility.

(2) The controls to ensure onsite cleaning and the cleanliness of austenitic
stainless steel are in conformance with the recommendations of RG 1.37,
"guality Assurance Requirements for Cleaning of Fluid Systems and Asso-
ciated Components of Water-Cooled Nuclear Power Plants," because the
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controls used provide assurance that austenitic stainless steel compo-
'entswill be properly cleaned on site. The controls satisfy Appendix B

of 10 CFR 50 regarding controls for onsite cleaning of materials and
components.

Conformance with most of the recommendations of RG 1.65, "Materials and Inspec-
tions for Reactor Vessel Closure Studs," ensures the integrity of the reactor
vessel studs and fasteners. The alternative approaches taken by the applicant
in combination with most of these recommendations satisfy the quality standards
requirements of GDC 1 and 30 and 10 CFR 50.55a; the requirement of GDC 31
regarding the prevention of fracture of the RCPB; and the requirements of
Appendix G, 10 CFR 50, as detailed in the provisions of the ASME Code, Sec-
tions II and III.
5. 3. 1. 3 Compliance with Appendix G, 10 CFR 50

Paragraph I.A of Appendix G states that the adequacy of the fracture toughness
of ferritic materials that are used in the RCPB and have a minimum

specified'ieldstrength greater than 50,000 psi be demonstrated on an individual case
basis. FSAR Table 5.22 indicates that SA-533 Grade A, Class 2, and SA-508,,
Class 2a, steels have been used in steam generator and pressurizer components.
SA-533 Grade A, Class 2, and SA-508, Class 2a, steels have specified minimum
yield strengths of 70,000 psi and 65,000 psi, respectively. The applicant must
supply fracture toughness data from a sufficient number of heats to demonstrate
the generic fracture toughness of SA-533 Grade A, Class 2, and SA-508, Class 2a,
steels.

Westinghouse Topical Report WCAP-9292, "Dynamic Fracture Toughness of ASME SA-508
Class 2a and ASME SA-533 Grade A Class 2 Base and Heat Affected Zone Material
and Applicable Weld Metals," contains fracture toughness data from a sufficient
number of heats of SA-533 Grade A, Class 2, and SA-508, Class 2a, steels to
demonstrate the generic fracture of these steels. The applicant indicates that
the conclusions in WCAP-9292 are applicable to Shearon Harris. Based on test
results reported in WCAP-9292, the staff considers the use of SA-533 Grade A,
Class 2, and SG-508, Class 2a, steels in steam generators and pressurizer
components acceptable.

Based on its review of the applicant's submittal, the staff has determined
that. the fracture-toughness requirements of Appendix G to 10 CFR 50 have been
met, except as discussed below.

Appendix G to'10 CFR 50 requires that reactor vessel materials must be frac-
ture-toughness tested to the requirements of Paragraph NB-2322 of the ASME Code.
This paragraph of the Summer 1972 Addenda of the 1971 ASME Code requires that
a reference, temperature, RTNDT, be determined for each ferritic reactor vessel
material and that this RT

DT
be used as a basis for providing adequate margins

of safety for reactor operation., The value of RTNDT is defined in the ASME Code

as the higher of either (1) the nil ductility temperature as determined by the
dropweight test or (2) a temperature 60F'ess than the temperature at which
50 ft-lb of energy and 35 mi ls of lateral expansion is achieved, as determined
by the Charpy V-notch (CVN) impact test. The CVN impact tests for base mate-
rials are to be conducted using specimens oriented in the transverse direction.

Shearon Harris SER 5-16



Appendix G permits the use of an alternative test program, provided the test is
supplemented by test data that demonstrate its equivalence with the fracture
toughness requirements of Appendix G, 10 CFR 50.

The applicant indicates that all Shearon Harris reactor vessel materials were
tested to these requirements except four heats of manual metal, arc electrodes
used in nonbeltline region welds of Units 1 and 2, and inlet nozzle forging
heat no. 406-8 in Unit 2. The applicant estimated that the RTNDT for these
materials was 10 F.

The staff has evaluated the applicant's estimate of RTNDT for these materials

by comparing it to similar materials in the Shearon Harris reactor vessels
that had been tested to determine their RTNDT. The applicant indicates that
11 other nozzles in the reactor vessels were supplied by the same vendor,
fabricated to the same material specification, and processed to the same heat-
treated condition as inlet nozzle heat no. 406-,8. The RTNDT for these nozzles

was O'F or lower, which indicates to the staff that the estimated RTNDT of 10'F

for the inlet nozzle heat no. 406-8 is conservative. The applicant indicates
that six other metal arc electrodes used in the fabrication of the reactor,
vessels were fabricated to the same material specification and processed to the
same heat-treated condition as the four heats of manual metal arc electrodes
that were not tested to determine their RTNDT The RTNDT for the six heats of
tested manual metal arc electrodes was -20'F or lower, which indicates to the
staff that the estimated RTQDT of 10 F for the other four heats of manual metal

arc electrodes is conservative. The staff's review of the alternative test
data submitted by the applicant indicates that the values of RTNDT estimated by

the applicant are conservative and are equivalent to those that would be deter-
mined if the tests were conducted in strict compliance with Appendix G.

Appendix G to 10 CFR 50 requires that the reactor vessel beltline materials
have an unirradiated upper shelf energy of no less than 75 ft-lb, unless it
is demonstrated in a manner approved by the staff that lower values of upper
shelf energy wi'll provide margins of safety equivalent to those required by
Appendix G of the ASME Code. All reactor vessel beltline materials have initial
uni rradiated upper shelf energies greater than 75 ft-lb except for beltli ne
plate no. B4197-2 in Unit 1, which has an upper shelf energy of 74 ft-lb.

The phenomenon of radiation damage versus accumulated fluence is accounted for
in RG 1.99, Revision 1, "Effects of Residual Elements on Predicted Radiation
Damage to Reactor Vessel Materials," which is used by the staff to conserva-
tively predict material property degradation until sufficient data from
irradiated specimens are accumulated for a particular vessel. Using the
RG 1.99 method of estimating radiation damage, the upper shelf energy for plate
no. B4197-2 would exceed 50 ft- lb of ener gy at the end of life, which, accord-
ing to Appendix G, 10 CFR 50, is the minimum upper shelf energy for the life o'

the vessel. Because the upper shelf energy of plate no. B4197-2 is expected to
exceed the minimum end-of- life, upper shelf energy requirement of Appendix G,
10 CFR 50, the staff considers that this plate has adequate unirradiated upper
shelf energy properties.
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5.3.1.4 Compliance with Appendix H, 10 CFR 50

The materials surveillance program at Shearon Harris Units 1 and 2 wi 11 be used
to monitor changes in the fracture toughness properties of ferritic materials
in the reactor vessel beltline region that result from exposure to neutron
irradiation and the thermal environment.

II

Under the Shearon Harris surveillance program, fracture toughness data will be
obtained from material specimens that are representative of the limiting base,
weld, and heat-affected-zone materials in the beltline region. These data wi 11
permit, the determination of the conditions under which the vessel can be operated
with adequate margins of safety against fracture throughout its service life.
The fracture toughness properties of reactor vessel beltline materials must be
monitored throughout the service life of Shearon Harris Units 1 and 2 by a
materials surveillance program that meets the requirements of ASTM E-185-73,
"Standard Recommended Practice for Surveillance Tests for Nuclear Reactor Ves-
sels," and Appendix H of 10 CFR 50.

The staff has evaluated the applicant' information for degree of compliance to
these requirements. Based on its evaluation, the staff concludes that the ap-
plicant has met all the requirements of Appendix H,- 10 CFR 50.

5.3. 1.5 Conclusions for Compliance with Appendices G and H, 10 CFR 50

Appendix G, "Protection Against Nonducti le Failure," to Section III of the ASME

Code, will be used, together with the fracture toughness test results required
by Appendices G and H, 10 CFR 50, to calculate the RCPB pressure-temperature
limitations for Shearon Harris.

The fracture toughness tests required by the ASME Code and by Appendix G of
10 CFR 50 will provide reasonable assurance that adequate safety margins against
the possibility of nonducti le behavior or rapidly propagating fracture can be
established for all pressure-retaining components of the reactor coolant bound-
ary. The use of Appendix G, Section III of the ASME Code, as a guide in estab-
lishing safe operating procedures, and the use of the results of the fracture
toughness tests performed in accordance with the ASME Code and NRC regulations
will provide adequate safety margins during operating, testing, maintenance,
and anticipated transient conditions. Compliance with these Code provisions
and NRC regulations constitutes an acceptable basis for satisfying the fracture
toughness requirement of GDC 31.

The materials surveillance program, required by Appendix H to 10 CFR 50, will
provide information on material properties and the effects of irradiation on
material properties so that changes in fracture toughness of material in Shearon
Harris reactor vessel beltlines caused by exposure to neutron radiation can be
properly assessed and adequate safety margins against the possibility of vessel
fai lure can be provided.

Compliance with ASTM E-185-73 and Appendix H, 10 CFR 50, constitutes an accept-
able basis for monitoring radiation-induced changes, in fracture toughness of
the reactor vessel material and satisfies the materials surveillance require-,
ments of GDC 31 and 32.
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5. 3. 2 Pr essur e-Temperature Limits

The staff has reviewed the applicant's pressure-temperature limits for opera-
tion of the reactor vessels. The acceptance criteria and list of references

'hichare the basis for this evaluation are in SRP 5. 3. 2.

Appendices G and H of 10 CFR 50 describe the conditions that require pressure-
temperature limits for the RCPB and provide the general bases for these limits.
These appendices specifically require that pressure-temperature limits must pro-
vide safety margins for the RCPB at least as great as the safety margins recom-
mended in ASME Code, Section III, Appendix G. Appendix G, 10 CFR 50, requires
additional safety margins whenever the reactor core is critical, except for
low-level physics tests.

The following pressure-temperature limits imposed on the RCPB during operation
and tests are reviewed to ensure that they provide adequate safety margins against
nonductile behavior or rapidly propagating failure of ferritic components as
required by GDC 31:

(1) preservice hydrostatic tests
(2) inservice leak and hydrostatic tests
(3) heatup and cooldown operations
(4) core operation

Appendices G and H, 3.0 CFR 50, require the applicant to predict the shift in
reference temperature as a result of neutron irradiation. The shift in RTN>T

as a result of neutron irradiation is then added to the initial RTN>T of the

limiting reactor vessel belt)ine material to establish the adjusted reference
temperature. The limiting beltline materials for the Shearon Harris Units 1
and 2 reactor vessels are plates 8-4197-2 and 8-4197-1, respectively.

Appendix G, 10 CFR 50, was revised in the Federal Re ister on May 27, 1983, to
require additional safety margins during reactor vessel operation for the highly
stressed closure flange regions of the reactor vessel. This requirement states

.that when pressure exceeds 20K of the preservice system hydrostatic test pres-
sure, the temperature of the closure flange regions that are highly stressed
by bolt preload must exceed the reference temperature of the materials in those
regions by at least 120F'or normal operation and by 90F for hydrostatic pres-
sure tests and leak tests, unless a lower temperature can be justified by show-
ing that the margins of safety for those regions, when they are

controlling,'re

equivalent to those required for the beltline when it is controlling.

The applicant's pressure-temperature-limit curves meet all the requirements of
Appendix G, 10 CFR 50, except for the safety margins required for the closure
flange region materia'1s. However, the applicant has indicated that he will
revise the pressure-temperature limits to conform with the safety margins
required by Appendix G, 10 CFR 50, for the closure flange region materials.
When the revised curves are submitted by the applicant, the staff will con-
firm in a supplement to this SER that the revised pressure-temperature-limit
curves meet the safety margins required by Appendix G, 10 CFR 50, for the closure
flange region materials.
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The pressure-temperature limits to be imposed on the reactor coolant system for
all operating and testing conditions will ensure adequate safety margins against
nonducti le or rapidly propagating failure. These pressure-temperature limits
wi 11 provide reasonable assurance that nonducti le or rapidly propagating failure
will not occur, and will constitute an acceptable basis for satisfying the appli-
cable requirements of GDC 31.

5.3.3 Reactor Vessel Integrity

The staff has reviewed the fracture toughness of ferritic reactor vessel and
RCPB materials, the pressure-temperature limits for operation of the reactor
vessels, and the materials surveillance program for the reactor vessel belt-
line. The acceptance criteria and references that are the basis -for the evalua-
tion are in Paragraphs II.1, II.6, and II.7 (Appendices G and H, 10 CFR 50) of
SRP 5.3.3 ~

Although most areas are reviewed, separately in accordance with other review
plans, reactor vessel integrity is of such importance that a special summary
review of all factors relating to reactor vessel integrity is warranted. The
staff has reviewed the information supplied by the applicant to ensure that it
is complete and that no inconsistencies exist that would reduce the certainty ,

of reactor vessel integrity. The areas reviewed and the related sections of
this SER are

(1) design (5. 3.1)
(2) materials of construction (5.3. 1)
(3) fabrication methods (5.3. 1)
(4) operating conditions (5.3.2).

The staff has reviewed the above factors contributing to reactor vessel struc-
tural integrity and concludes that the applicant has complied with Appendices G

and H, 10 CFR 50, except for the following items:

(1) The RTN>T was not determined in accordance with the requirements of
Appendix G for four heats of manual metal arc electrodes used in"non-
beltline region welds of Units 1 and 2 and for an inlet nozzle forging
in Unit 2. The applicant estimated the RTNQT for these materials based

on test data from materials that were similar to the four heats of manual
metal arc electrodes and inlet nozzle forging. The staff's review of the
alternative test data. indicates that the values of RTNpT estimated by the

applicant are conservative and are equivalent to those that would be
determined if the tests were conducted in strict compliance with
Appendix G.

(2) One beltline plate in Unit 1 did not meet the unir radiated upper shelf
CVN impact energy requirement of Appendix G. The staff has used RG 1.99
to predict the end-of-life, upper shelf energy for this plate. RG 1.99
predicts that this plate will exceed the minimum end-of-life, upper
shelf energy requirements of Appendix G. Hence, the staff considers that
this plate has adequate unirradiated upper shelf energy properties.

The staff has reviewed all factors contributing to the structural integrity of
the reactor vessel and concludes that there are no special considerations that
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make it necessary to consider potential reactor vessel failure for Shearon
Harris.

5.4 Com onent and Subs stem Desi n

5.4. 1 Reactor Coolant Pump Flywheel Integrity

The safety objective of this review is to ensure that the integrity of the pri-
mary reactor coolant pump flywheel is maintained to prevent failure at normal
operating speeds and speeds that might be reached under accident conditions,
and thus preclude the generation of missiles.

The basis for review is outlined in SRP 5.4. 1. 1 and RG 1. 14, which describe and

recommend a method acceptable to the staff for implementing GDC 4 with regard
to minimizing the potential for failure of reactor coolant pump flywheels.

Flywheels are fabricated from SA-533 Grade B, Class 1 steel and consist of two
'hickplates bolted together. The material is vacuum melted with a degassing

process. The materials as well as the finished flywheels are subjected to 100K

volumetric ultrasonic inspection using procedures and acceptance standards
specified in Section III of the ASME Code.

The nil-ductility transition temperature (NDTT) of the flywheel material is no

higher than 10'F. The CVN energy level is at least 50 ft-lb in the WR orienta-
tion at 70'F. Hence, the RTNDT of 10'F can be assumed.

The calculated stresses at the operating speed from centrifugal forces a..d the
interference fit on the shaft are within the RG limits. The pump runs at 1184

rpm and may operate briefly at an overspeed of 111%%uo during the loss of outside
load. The design speed is 125%%uo of the operating speed. The flywheels are also
tested at 125%%uo of the maximum synchronous speed of the motor. The combined
stresses at the design overspeed from interference fit and centrifugal forces
are within the RG limit.

The flywheels can be inspected by removing the cover. Hence, any crack that
develops can be noticed. The critical crack length at the keyways, where the
stress concentration is high, is about 6 in. at the design overspeed.

The staff has reviewed the material, fabrication, design, and inspection
aspects of the pump flywheels for compliance with RG 1. 14. The staff has

concluded that the structural integrity of the flywheels is adequate to with-
stand the forces imposed by overspeed transients without the loss of function,
and the integrity will be verified periodically by inspection to ensure that
the integrity is maintained.

5.4.2 Steam Generators

5.4.2. 1 Steam Generator Materials

The staff concludes that the steam generator materials specified are acceptable
and meet the requirements of GDC 1, 14, 15, and 31, and Appendix B to 10 CFR 50.

The applicant has met the requirements of GDC 1 with respect to codes and stan-
dards by ensuring that the materials selected for use in Class 1 and Class 2
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components will be fabricated and inspected in conformance with codes, standards,
and specifications acceptable to the staff. Welding qualification, fabrication,
and inspection during manufacture and assembly of the steam generator will be
done in conformance with the requirements of Sections III and IX of the ASME
Code.

The requirements of GDC 14 and 15 have been met to ensure that the reactor
coolant boundary and associated auxiliary systems have been designed, fabri-
cated, erected, and tested so that they have an extremely low probability of
abnormal leakage, rapid failure, and gross rupture during'normal operation and
anticipated operational occurences.

The primary side of the steam generator is designed and fabricated to comply
with ASME Class 1 criteria as required by the staff. The secondary-side pres-
sure boundary parts of the steam generators will be designed, manufactured,
and tested to ASME Code, Class 1 criteria, although the staff classification
is ASME Code, Class 2.

The crevice between the tubesheet and the inserted tube will be minimal because
the tube will be expanded to the full depth of insertion of the tube in the
tubesheet. The tube expansion and subsequent positive contract pressure
between the tube and the tubesheet will preclude a buildup of impurities from
forming in the crevice region and reduce the probability of crevice boiling.

A flow distribution plate located below the preheat section encourages recircu-
lating flow to sweep the tubesheet before turning upward on the hot-leg side to
flow axially through the tube bundle. In addition to the bottom preheater
baffle plate, this plate serves to separate the tubesheet from the colder feed-
water entering at a preheat section.

The requirements of GDC 31 have been met with respect to the fracture toughness
of the ferritic materials because the pressure boundary materials of ASME

Code, Class 1 components of the steam generators will comply with the fracture
toughness requirements and tests of Paragraph NB-2300 of Section III of the
Code. The materials of the ASME Code, Class 2 components of the steam genera-
tors will comply with the fracture toughness requirements of Paragraph NC-2300
of Section III of the Code.

The requirements of Appendix B of 10 CFR 50 have been met because the onsite
cleaning and cleanliness controls during fabrication conform to the recommenda-
tions of RG 1.37. The controls placed on the secondary coolant chemistry are
in agreement with staff technical positions.

Reasonable assurance of the satisfactory performance of the steam generator
tubing and other generator materials is provided by the design provisions and
the manufacturing requirements of the ASME Code. Conformance with applicable
standards, staff positions, and regulatory guides constitutes an acceptable
basis for meeting, in part, the requirements of GDC 1, 14, 15, and 31, and
Appendix B, 10 CFR 50.

5.4.2.2 Steam Generator Tube Inservice Inspection

The FSAR was reviewed in accordance with SRP 5.4.2 ', which recommends that the
applicant perform examinations based on RG 1.83 and the applicable Standard
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Technical Specifications. The applicant has committed to perform the examina-
tion of the steam generator tubes in accordance with the recommendations of RG
1.83 and the Technical Specification requirements of Section 3/4.4.5 of
NUREG-0452.

GDC 32 requires, in part, that components that are part of the RCPB be designed
to permit periodic examination and testing of important areas and features to
assess their structural and leaktight integrity. The steam generators at
Shearon Harris Units 1 and 2 have been designed to meet the ASME Code require-
ments for Class 1 and 2 components. Provisions also have been made to permit
inservice inspection of the Class 1 and 2 components, including individual
steam generator tubes. The design aspects that provide access for examination
and the proposed inspection program must follow the recommendations of RG 1 ~ 83,
Revision 1, "Inservice Inspection of Pressurized Water Reactor Steam Generator
Tubes," and NUREG-0452, Revision 2, "Standard Technical Specifications for
Westinghouse Pressurized Water Reactors," and comply with the requirements of
Section XI of the ASME Code with respect to the examination methods to be used,
provisions for a baseline examination, selection and sampling of tubes, inspec-
tion intervals, and actions to be taken in the event that defects are identified.

The FSAR contains a proposed Standard Technical Specification based on
NUREG-0452, in which the applicant commits to perform a preservice examination
of the full length of each tube in each steam generator using eddy-current tech-
niques to establish the baseline condition of the tubing. The examination is to
be performed before initial power operation using the equipment and techniques
expected to be used during subsequent inservice examinations.

A generic problem concerning the potential for tube degradation caused by flow-
induced vibration in the preheater section of Westinghouse Model D steam genera-
tors used at Shearon Harris has been identified. Several conceptual modifica-
tions to reduce these tube vibrations and resultant wear have been developed by
Westinghouse and were reviewed by the staff. In October 1983, the staff issued
NUREG-1014, "Safety Evaluation Report related to the D4/D5/E Steam Generator
Design Modification," which describes the acceptability of the modification
that Westinghouse proposes for the Model D4 steam generators. This modifica-
tion consists of expanding the steam generator tubes and directing some of the
main feedwater flow through the auxiliary feedwater nozzle.

The staff is also closely monitoring developments at V. C. Summer and McGuire
Units 1 and 2, the only domestic operating plants with Model D2/D3 steam gener-
ators that have been modified in accordance with Westinghouse's recommendations
to minimize a similar tube degradation problem caused by flow-induced vibra-
tions. Based on its review of the. Counter Flow Steam Generator Owners Group
(CFSGOG) submittal, the staff found the proposed modifications to Model D4
steam generators acceptable; however, there are certain items that are being
processed on an individual plant basis. The applicant is a member of the
CFSGOG and endorses its submittal, and will update the FSAR to include the
revisions in the transient analysis margins which result from the D4 modifica-
tions. As stated in Section 1.3 of NUREG-1014, there are two additional
requirements that the applicant must incorporate into the Harris Technical
Specifications. The staff will ensure that these requirements are so
incorporated.
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Based on the above, the staff considers the examination of the steam generators
a confirmatory issue, contingent upon satisfactory completion of (1) the pre-
heater modification, (2) preservice examination approved by the staff, and

,

(3) the revisions to the FSAR described above.

Conformance with RG 1.83, NUREG-0452, and the inspection requirements of Sec-
tion XI of the ASME Code constitutes an acceptable basis for meeting, in part,
the requirements of GDC 32.

5.4.3 Deleted~

5.4.4 Deleted*

5.4.5 Deleted"

5.4.6 Reactor Core Isolation Cooling

This section is not applicable to the Shearon Harris design.

5.4.7 Residual Heat Removal System

FSAR Section 5.4.7 has been reviewed in SRP 5.4.7 (NUREG-0800).

The residual heat removal system (RHRS) is designed to remove heat from the
reactor coolant system after the system temperature and pressure have been
reduced to approximately 350~F and 425 psig, respectively. The RHRS is capable
of reducing the reactor coolant temperature to the cold shutdown condition and
of maintaining this temperature until the plant is started up again.

The RHRS operates in the following modes:

(1) Emer enc Core Coolin S stem ECCS In ection Mode

Functions in conjunction with the high head portion of the ECCS to provide in-
jection of borated water from the refueling water storage tank (RWST) into the
RCS cold legs during the injection phase following a loss-of-coolant accident
(LOCA).

(2) Emer enc Core Coolin S stem Recirculation Mode

Provides long-term cooling during the recirculation phase following a LOCA.
This function is accomplished by aligning the RHRS to take fluid from the
containment sump, cool it by circulation through the RHR heat exchangers, and
supply it to the cold legs of the RCS. During this mode of operation, the RHRS
discharge flow may be aligned to the suction of the charging pumps to provide
water supplies for high head recirculation. Flow paths are also available for
hot-leg injection during the long-term recirculation mode to prevent boron
precipitation in the reactor core.

~This section was deleted from the July 1981 edition of the SRP (NUREG-0800).
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(3) ~Refuel la

Used to transfer refueling water between the refueling cavity'and the refueling
water storage tank at the beginning and end of the refueling operations.

(4) Cold Shutdown

Removes RCS decay heat and maintains cold shutdown conditions.

(5) ~Startu

Connected to the chemical and volume control system (CVCS) via the low pressure
letdown line to control reactor coolant pressure.

Design data for the RHRS are as follows:

(1) pressure: 600 psig

(2) temperature: 400'F

(3) pump capacity: 3750 gpm

(4) number of independent trains: 2

The RCS cooldown time with one RHR train from initial conditions of 400 psig
and 350'F to 212 F is approximately 18 hours.

The two RHR trains are independent in action and powered by separate essential
power supplies to provide redundancy.

5.4.7. 1 Functional Requirements

As required by SRP 5.4.7, the RHRS must meet GDC 1 through 5. GDC 1 through 4
are covered in Sections 3 and 9.5. 1 of this SER. GDC 5 is met because compo-
nents are not shared between units.

Redundancy in the RHRS is provided by two independent trains for each unit.
Leak detection for the RHRS is discussed in Section 5.2.5 of this SER. Isola-
tion valve and power supply redundancy are discussed under separate topics in
this section.

The staff has reviewed the description of the RHRS and the piping and instru-
mentation diagrams to verify that the system can be operated with or without
offsite power and assuming a single fai lure. The two RHR pumps are connected
to separate buses, that can be powered by separate diesel generators in the
event of loss of offsite power.

SRP 5.4.7 requires that the RHRS be operable from the control room, in accord-
ance with GDC 19. Limited manual actions are permitted outside the control
room assuming a single failure, if justified. The RHRS is designed to be fully
operable from the control room. To ensure ECCS readiness and to protect RHR

pumps, valve positions and pump running status indications are provided in the
control room.
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The .cooldown time of 18 hours with one RHR train is acceptable. With the stated
'-hour time for cooldown from standby to RHR conditions, the Shearon Harris
plant can be brought to cold shutdown within a reasonable period of time with or
without offsite power, as specified in SRP 5.4.7.

5.4.7.2 RHRS Isolation Requirements

The RHRS valving arrangement is designed to provide adequate protection to the
RHRS from overpressurization when the reactor coolant system is at high pres-
sure operation.

There are two separate and redundant motor-operated isolation valves (MOVs)
between each of the two RHR pump suction lines and the RCS hot legs. These
valves are separately and independently inter locked to prevent valve opening
until the RCS pressure falls to below 425 psig. If the valves are open, they
are separately and independently interlocked to close when the RCS pressure"
rises above 750 psig. Each one of the four RHR suction MOVs is aligned to a
separate motor control center. One MOV in each suction line is powered from'
separate power train. That is, the loss of one power train will prevent open-
ing of both suction lines and establishing normal shutdown cooling. Should
this situation develop, RCS cooling via the steam system can be resumed until
power is regained to the failed power train or manual action is taken. Further
discussion of this valve configuration is addressed in Section 7 of this SER.
In response to the staff's request for additional information with regard to a
potential problem of losing shutdown cooling during reactor maintenance evalua-
tions and the alarms and indications available to alert the operator to'this
event, the applicant indicated in a letter dated September 30, 1982, that flow
and pressure indications downstream of the pump would provide indication that
flow had decreased. When this situation is identified, the affected train
would be isolated and heat removal would be accomplished by the redundant
train. Procedures will be developed to address the provision of alternate
source of cooling should this event occur. The staff concluded that the
applicant's response is acceptable.

There are two check valves and a normally open MOV on each RHR discharge line.
The two check valves protect the system from the RCS pressure during normal
plant operation. The applicant has provided design features to permit leak
testing of each check valve separately during plant operation to fulfill the
staff requirements for high/low pressure. isolation with two check valves. This
testing is further addressed in Section 5.2.5 of this SER.

5.4.7.3 RHR Pressure Relief Requirements

Overpressure protection of the RHRS is provided by four relief valves, one on
each of the suction and discharge, lines. Each suction line relief valve has a
capacity of 900 gpm at 450 psig, which is sufficient to discharge the flow
from three charging pumps at the relief valve set point. Each discharge line
from the RHRS to the RCS is equipped with a pressure relief valve to relieve
the maximum possible back-leakage through the valves separating the RHRS from
the RCS. Each valve has a relief flow capacity of 20 gpm at a set pressure of
600 psig., The fluid discharged by the suction side relief valves is collected
in the pressurizer relief tank. The fluid discharged by the discharge side
relief valves is collected in the recycle holdup tank of the boron recycle
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system. These relief valves are adequate to protect the residual heat removal
system from overpressurization.

In response to a staff request to discuss procedures available to the operator
for responding to the lifting of an RHR relief valve, the applicant stated in
a letter dated September 30, 1982, that specific procedures will be developed
to diagnose a lifted relief valve and isolate the affected train. The staff
finds 'this response acceptable'. The applicant has further committed, in
response to the: staff's request, to provide a relief system for the RHR suction
lines. The provisions will be implemented in a later revision to the FSAR.
The staff finds th'is commitment acceptable.

5.4.7.4 RHR Pump Protection

Each of the two RHR pumps has a miniflow bypass line to prevent overheating in
the event of inadequate pump flow. A valve located in each miniflow line is
regulated by a signal from the flow transmitters located in each pump discharge
header. The control valves open when the RHR pump discharge flow is less than
approximately 500 gpm and close when the flow exceeds approximately 1000 gpm.

A pressure sensor in each pump discharge header provides a signal for an
indicator in the control room. A high pressure alarm is also actuated by the
pressure sensor. The FSAR identifies the indications when component cooling
water to RHR pumps is lost and discusses the frequency of testing the RHR

mini flow lines.

5.4.7.5 Tests, Operational Procedures, and Support Systems

The plant preoperational and startup test program provides for demonstrating
the operation of the residual heat removal system in conformance with RG 1.68,
as specified in SRP 5.4.7 III.12.

The staff has reviewed the component cooling water system to ensure that suf-
ficient cooling capability is available to the RHRS heat exchangers. The
acceptability of this cooling capacity and its conformance to GDC 44', 45, and
46 are discussed in Section 9 of this SER.

The applicant states that the RHRS is housed in a structure that is designed
to withstand tornadoes, floods, and seismic phenomena. This area is addressed
further in Section 3 of this SER.

The RHRS capability to withstand pipe whip inside containment as required by
GDC 4 and RG 1.46 is discussed in Section 3 of this SER. Protection against
piping failures outside of containment in accordance with GDC 4 is discussed
in Section 3 of this SER.

All RHR lines, including instrument lines, have containment isolation features;
thei r satisfaction of the requirements of GDC 56, 57, and RG 1. 11 is discussed
in Section 6.2 of this SER.

The applicant, according to the requirements of SRP 5.4.7. II.D.1, has demon-
strated that suitable plant systems and procedures are available to place the
plant in a cold shutdown condition, with only offsite or onsite power available,
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within a reasonable period of time following shutdown, assuming the most limit-
ing single failure.

5.4.7.6 Conclusions

The RHR function is accomplished in two phases: the initial cooldown phase
and the RHRS operation phase. In the event of loss of offsite power, the
initial phase of cooldown is accomplished by use of the auxiliary feedwater
system and the atmospheric dump valves. This equipment is used to reduce the
reactor coolant system temperature and pressure to values that permit operation
of the RHRS. The review of the initial cooldown phase is discussed in Section 9

of this SER. The review„of the RHRS operational phase is discussed below.

The RHRS removes core decay heat and provides long-term cooling following the
initial phase of reactor cooldown. The scope of review of the RHRS included
piping and instrumentation diagrams, equipment layout drawings, failure modes
and effects analysis, and design performance specifications for essential com-
ponents. The review has included the applicant's proposed design criteria and
design bases for the RHRS and the analysis of the adequacy of these criteria
and bases and the conformance of the design to these criteria and bases.

Except for the above-noted unresolved issues, the staff concludes that the
design of the RHRS is acceptable and meets the relevant requirements of GDC 2,
5, 19, and 34.

The applicant has met GDC 2 with respect to Position C.2 of RG 1.29 concerning
the seismic design of systems, structures, and components whose failure could
cause an unacceptable reduction in the capability of the RHRS.

The applicant has met the requirements of GDC 5 with respect to sharing of
structures, systems, and components by demonstrating that such sharing does not
significantly impair the ability of the RHRS to perform its safety function
including, in the event of an accident to one unit," an orderly shutdown and
cooldown of the remaining units.

Except as noted above,'the applicant has met GDC 19 with respect to the main
control room requirements for normal operations and shutdown and has met
GDC 34, which specifies requirements for the residual heat removal system by
meeting the regulatory position in BTP RSB 5-1.

The staff .reviews of the following Task Action Plan items are addressed in
Section 9 of this SER:

(1) II.E. 3. 2 (NUREG-0660) as it relates to systems capability and reliability
.of shutdown heat removal systems under various transients

(2) II.E. 3. 3 (NUREG-0660) as it relates to a coordinated study of shutdown
heat removal requirements

(3) III.D.1. 1 (NUREG-0737) as it relates to primary coolant sources outside of
containment
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5.4.8 Reactor Water Cleanup System

This section is applicable only to BWRs.

5.4.9 Deleted*

5.4. 10 Deleted"

5.4. 11 Pressurizer Relief Tank (Pressurizer Relief Discharge System)

The pressurizer relief discharge system was reviewed in accordance with
SRP 5.4. 11. Conformance with the acceptance criteria formed the basis for the
staff evaluation of the pressurizer relief discharge system with respect to the
applicable regulations of 10 CFR 50.

The pressurizer relief discharge system consists of the pressurizer relief tank,
the discharge piping from the pressurizer relief and safety valves, the internal
spray header, the nitrogen supply, the vent to containment, and the drain to the "

waste processing system. The system is nonsafety-related (guality Group D, non-
seismic Category I); it is not part of the RCPB because all of its components
are downstream of the reactor coolant systems safety and relief valves. There-
fore, its failure would not affect the integrity of the RCPB.

The pressurizer relief tank is sized to absorb the energy content of llOX of
the full-power pressurizer steam volume through the primary relief and safety
valves. Other relief valves that discharge to the pressurizer relief tank
include those from the residual heat removal system and from the chemical and
volume control system. Releases from these sources are less than the design-
basis release from the pressurizer. The internal spray and bottom drain on the
pressurizer relief tank are used to cool the water within the tank. A nitrogen
blanket is also provided in the tank to permit expansion of entering steam and
to control the tank's internal atmosphere. If a discharge exceeding the design
basis should occur, the rupture discs on the tank would pass the discharge
through the tank to the containment.

The contents of the tank can be drained to the waste holdup tank in the waste
processing system or the recycle holdup tank in the boron recycle system via
the reactor coolant drain tank pumps. The rupture disks on the pressurizer
relief tank have a capacity equal to or greater than the combined capacity of
the pressurizer safety valves. The tank and the rupture disk holders are designed
for full vacuum to prevent collapse if the contents cool following a discharge
without nitrogen being added. The pressurizer relief tank is provided with
instrumentation to indicate and alarm in the control room on abnormal pressure,
temperature, and high and low tank levels.

Failure of the pressurizer relief discharge system in a seismic event will not
affect the capability of the plant to shut down, thus complying with Position
C.2 of RG 1.29, Interfaces between this system and the pressurizer are formed
by valves designed to seismic Category I standards, thus complying with
Position C.3 of RG 1.29.

*This section was deleted from the July 1981 edition of the SRP (NUREG-0800).
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The applicant has examined the area around the pressurizer relief tank and has
concluded that missiles resulting from failure of the rupture disk would not
adversely affect any safety-related systems, structures, or components and that
there were no safety-related cables or electrical equipment within the fragmented
rupture disk missile envelope. Therefore, the pressurizer systems meets the
requirements of GDC 4. For a discussion of environmental qualification of
safety-related equipment as a result of failure of the pressurizer relief tank,
see Section 3. 11 of this SER.

Based on its review, the staff conclude that the pressurizer relief discharge
system meets GDC 2 with respect to the need for protection of safety-related
systems in the event of failure of the pressurizer relief discharge system by
meeting RG 1.29, Positions C.2 and C.3, concerning its seismic classification;
The pressurizer relief system meets the requirements of GDC 4. Therefore, the
staff concludes that the pressurizer relief discharge system meets the accept-
ance criteria of SRP 5.4.11.
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6 ENGINEERED SAFETY FEATURES

6. 1 Materials

6. 1. 1 Engineered Safety Features Materials

The staff concludes that the engineered safety features (ESF) materials
specified are acceptable and meet the requirements of GDC 1,4, 14, 31, 35,
and 41 and Appendix B of 10 CFR 50.

The applicant has met GDC 1, 14, and 31 by providing for the extremely low
probablities of leakage, rapidly propagating failure, and gross rupture. This
compliance has been shown because the materials selected for the ESFs satisfy
Appendix I of Section III of the ASME Code; Parts A, B, and C of Section II of
the Code; and the staff position that the yield strength of cold-worked stain-
less steels shall be less than 90,000 psi. The controls on the use and fabri-
cation of the austenitic stainless steel of the systems satisfy most of the
requirements of'G 1. 31, "Control of Ferrite Content of Stainless Steel Weld
Metal," and RG 1.44, "Control of the Use of Sensitized Stainless Steel." The
alternative approaches taken by the applicant have been reviewed and are accept-
able to the staff. Fabrication and heat treatment practices performed accord-
ingly provide assurance that the probability of stress-corrosion cracking will
be reduced during the postulated accident time interval.

Conformance with the codes and regulatory guides and with the staff positions
mentioned above'onstitutes an acceptable basis for meeting the requirements
of GDC 1, 4, 14, 35, and 41 and Appendix B to 10 CFR 50 to which the systems
are to be designed, fabricated, and erected so that they can perform their
function as required.

The applicant has met GDC 1, 14, and 31 and Appendix B to 10 CFR 50 in part by
ensuring that the reactor coolant boundary and associated auxiliary systems
have an extremely low probability of leakage, rapidly propagating failures, and
gross rupture. The controls placed on concentrations of leachable impurities
in nonmetallic thermal insulation used on components of the engineered safety
features are in accordance with the requirements of RG 1.36, "Nonmetallic
Thermal Insulation for Austenitic Stainless Steels." Compliance with the
requirements of RG 1.36 form a basis for meeting the requirements of GDC 1, 14,
and 31.

The staff has reviewed the controls of the pK of the sprays and cooling water,
and conformance to RG 1.7, "Control of Combustible Gas Concentration in Contain-
ment Following a Loss-of-Coolant Accident."

The controls placed on component and system cleaning are in accordance with
RG 1.37, "equality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants," and provide a basis
for the finding that the components and systems have been protected against
damage or deterioration by contaminants as stated in the cleaning requirements
of Appendix B, 10 CFR 50.
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The applicant has met the requirements of RG 1.71, "Welder qualification,for
Areas of Limited Accessibility," by meeting the regulatory positions in RG 1.71,
or providing and meeting an alternative to the regulatory posistions in RG 1.71
that the staff has reviewed and found acceptable. The onsite cleaning and
cleanliness controls during fabrication satisfy the position given in RG 1.37
and the requirements of ANSI N 45.2. 1(1973), "Cleaning of Fluid Systems and
Associated Components During Construction Phase of Nuclear Power Plants."

The post-accident emergency cooling water chemistry has been reviewed in
accordance with SRP 6. 1. 1 (NUREG-0800).

This review is related to providing and maintaining the proper pH of the
containment sump water and recirculated containment spray water following a
design-basis accident to reduce the likelihood of stress corrosion cracking of
austenitic stainless steel.

r
The applicant will use borated water with a concentration of 2000-ppm boron
from the refueling water storage tank (RWST) during the initial injection phase
of containment spray. The borated water will be mixed with a 30K by weight
sodium hydroxide solution from the containment spray additive tank.

The resulting solution will have a pH greater than 7, and will drain to the
containment sump. Mixing is achieved as the solution is continuously recircu-
lated from the sump to the 'containment spray nozzles during the recirculation
phase of containment spray.

The staff evaluated the pH of the water (mixture of RWST and sodium hy'droxide
solution) in the containment sump. The staff verified by independent calcula-
tions that sufficient sodium hydroxide is available to raise the containment
sump water pH above the minimum 7.0 level to reduce the probability of stress-
corrosion cracking of austenitic stainless steel components. .The removal
effectiveness of the chemical additive for fission products in containment is
revi'ewed in Section 6.5.2 of this SER. The staff will review the surveillance
requirements in the plant Technical Specifications to verify that sufficient
sodium hydroxide is maintained in the containment spray additive tank.

On the basis of the above evaluation, the staff concludes that the post-accident
emergency cooling water chemistry meets the minimum pH acceptance criterion of
SRP 6. 1. 1, the positions of BTP MTEB 6-1., and the requirements of GDC 14. It
is, therefore, acceptable.

6. 1.2 Organic Materials

The description of organic material and protective coating systems inside con-
tainment has been reviewed in accordance with SRP 6. 1.2 (NUREG-0800).

This evaluation is conducted to verify that protective coatings applied inside
containment meet the testing requirements of ANSI N101.2, "Protective Coatings
(Paints) for Light Water Nuclear Reactor 'Containment Facilities" (1972), and
the quality assurance guidelines of RG 1.54, "equality Assurance Requirements
for Protective Coatings Applied to Water-Cooled Nuclear Power Plants."

Compliance with these requirements provides assurance that the protective
coatings will not fail under design-basis accident (DBA) conditions and will
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not generate significant quantities of solid debris or combustible gas to
adversely affect the engineered safety features.

In the FSAR, the applicant referenced the Westinghouse alternative to RG 1.54
for the protective coatings on NSSS equipment inside containment. This infor-
mation was documented in NS-CE-1352 dated February 1, 1977, and was accepted
by the NRC staff by letter dated April 27, 1977, from C. J. Heltemes to
C. Eicheldinger.

For the balance .of plant inside containment, the applicant has committed to use
protective coating systems that meet the testing requirements of ANSI N101.2
(1972) and conform to the quality assurance guidelines of RG 1.54. The organic
materials under DBA conditions are reviewed in Section 6.2.5.

Based on its evaluation, the staff concludes that the protective coating sys-
tems and their applications are acceptable and meet the requirements of Appen-
dix B to 10 CFR 50. The applicant has met the quality assurance requirements
of Appendix B to 10 CFR 50 because the coating systems and their applications
meet the positions of RG 1.54 and the quality assurance standar ds of ANSI
N101. 2. The containment coating systems also have been evaluated as to their
suitability to withstand a postulated DBA environment. The coating systems
chosen by the applicant have been qualified under conditions that take into
account the postulated'BA conditions.

The control of combustible gases that can potentially be generated from the
organic materials and from qualified and unqualified paints is reviewed in Sec-
tion 6.2.5 of this SER. The consequences of solid debris that can potentially
be formed from unqualified paints are reviewed in Section 6.2.2 of this SER.

6.2 Containment S stems

The Shearon Harris containment systems include the containment structures,
containment heat removal systems, the containment isolation system, and the
containment hydrogen control system. The containment and associated systems
all function to prevent or control the release of radioactive fission products
which might be released into the containment atmosphere following a postulated
loss-of-coolant accident (LOCA), secondary system pipe rupture, or fuel-handling
accident.

The staff has reviewed the applicant's design, design bases, and safety analyses
for the containment and the containment systems provided in the FSAR. The
acceptance criteria used as the basis for the staff evaluation are in SRP 6.2. 1,
6. 2. 2, 6. 2. 4, 6. 2. 5, 6. 2. 6 (NUREG-0800).

6.2. 1 Containment Functional Design

6.2. 1. 1 Containment Structure

The Shearon Harris containment is a steel-lined reinforced concrete structure
in the form of a vertical right cylinder with a hemispherical dome and a flat
base with a recess beneath the reactor vessel. The steel liner acts as a leak-
tight membrane. The containment completely encloses the reactor loops, and
portions of the engineered safety features systems (see also Section 3.8 of this
SER).
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Maximum Pressure and Tem erature Anal ses

The applicant has performed containment analyses on a spectrum of postulated
reactor coolant system and secondary system pipe ruptures to verify the contain-
ment functional design pressure and temperature and to establish the pressure
and temperature conditions for environmental qualification of safety-related
equipment located inside containment. The containment functional analyses
included the assumption of the most limiting single active failure and the
availability or unavailability of offsite power, depending on which resulted
in the highest containment temperatures and pressures.

The applicant's spectrum of breaks in the reactor coolant system (i.e., LOCAs)
included a double-ended guillotine break in the hot leg, double-ended guillo-
tine breaks in the cold leg at the reactor coolant pump suction and discharge,
and a 0.6-in. double-ended break and a 3-ft~ split break in the pump suction
line. For the double-ended guillotine pump suction break, both minimum and
maximum emergency core cooling system (ECCS) flow cases were considered. All
other cases assumed minimum ECCS flow. The design-basis LOCA for peak contain-
ment pressure was determined to be the double-ended guillotine break in the hot
leg. The design-basis LOCA for the long-term containment pressure transient
was determined to be the double-ended pump suction guillotine break with minimum
ECCS flow. The analyses for both of these design-basis LOCAs assumed the loss
of offsite power and, for the limiting single active failure, assumed the con-
current failure of one train of the containment spray system and two of the
four containment fan coolers (i.e., one diesel generator failure) ~

The spectrum of secondary system breaks analyzed by the applicant included
various sizes of double-ended and split breaks of the main steamline at four
different power levels from 0 to 102K. Main feedwater line breaks (MFMLBs)
were not included because the pipe break mass flow for the MFMLB is limited by
the steam generator internals design and the break effluent is of a lower
specific enthalpy; thus, MFMLBs are not as severe as main steamline breaks
(MSLBs). All of the MSLB analyses conservatively assumed the availability of
offsite power to maximize the rate of mass and energy released to the contain-
ment. The applicant's analyses found the design-basis pipe break for contain-
ment peak temperature was a full double-ended main steamline rupture at 30K
power with the assumption of a main steam isolation valve (MSIV) failure.

The applicant performed all of the containment pressure and temperature func-
tional analyses using an EBASCO-modified version of the CONTEMPT-LT Mod 26
computer code. Initial conditions and input data, including passive and active
heat removal system parameters, were conservatively chosen to produce the
highest containment pressures and temperatures. The applicant's analysis of
the design-basis LOCA for peak containment pressure gave a maximum pressure of
36.7 psig versus the containment design pressure of 45.0 psig. The analysis of
the design-basis LOCA for the long-term containment pressure transient demon-
strated, as required, that the containment pressure was reduced to less than
50X of the peak calculated pressure within 24 hours. For the full double-ended
MSLB at 30K power with the assumption of MSIV failure, a peak containment
temperature of 376 F was calculated by the applicant.

The staff has reviewed the spectrum of reactor coolant system and secondary
system pipe breaks analyzed by the applicant and the applicant's choice of
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initial conditions, input parameters, and assumptions, and finds them accept-
able. Additionally, the staff performed confirmatory analyses of the design-
basis reactor coolant system and main steamline breaks using the CONTEMPT-LT
Mod 28 computer code. The results of'he staff's confirmatory analyses showed
a peak containment pressure of 37.0 psig for the design-basis LOCA and a peak
containment temperature of 338~F for the design-basis MSLB. These results con-
firm the applicant's analyses. The staff's confirmatory analyses also verified
that„ the containment heat 'remo'Val systems, should reduce the containment pressure
to less than 50X of the peak calculated pressure within 24 hours.

Based on the above review of the applicant's containment pressure and tempera-
ture functional analyses, the staff concludes that the applicant has satisfac-
torily demonstrated the adequacy of the containment design following a LOCA or
MSLB, and also defined an acceptable envelope of containment temperatures and
pressures to which safety-related equipment in containment must be environmen-
tally qualified.

Protection A ainst Dama e from External Pressure
1

To demonstrate the adequacy of the containment external (differential) pressure
design basis, the applicant calculated the resulting external pressure load
from the worst case event, which is the inadvertent actuation of both trains of
the containment spray system during normal plant operation and the resulting
depressurization of the containment'ntil the temperature of the containment
air is approximately the temperature of the spray. The applicant's analysis of
this worst case event calculated a 1.93 psi differential pressure across the
containment, which is less than the external design pressure of 2.0 psid by a
margin of 3.6X.

The staff reviewed the applicant's analysis and found that the applicant gen-
erally assumed initial conditions and containment heat removal system operation
to maximize the differential pressure load on the containment (e.g., maximum
initial containment temperature, maximum containment spray system flow, and
minimum containment spray temperature). The applicant also conservatively
assumed the failure of one of the two containment vacuum relief valves. In
addition, the appliant performed sensitivity studies, where parameters, includ-
ing the containment relative humidity, were varied. The worst case, which
simultaneously combined the worst summer and winter conditions, resulted in the
maximum 1.93 psi differential pressure. Based on the conservative analysis
performed by the applicant, the staff finds that the containment is adequately
designed to accommodate the maximum external loading.

1

6.2. 1.2 Subcompartment Analyses

Subcompartment analyses are required to determine'he acceptability of the
design differential pressure loadings on containment internal structures from
high-energy line ruptures. The applicant has performed the necessary subcom-
partment analyses for the reactor cavity, the three steam generator compart-
ments, and the. pressurizer compartment where high-energy line ruptures are
postulated to occur. A spectrum of pipe breaks was analyzed by the applicant
to determine the break sizes and locations that resulted in peak differential
loads on each of the walls around each subcompartment.
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The mass and energy release rate data used in the subcompartment 'analyses"(FSAR
Tables 6.2. 1-12 through 6.2. 1-18) were calculated using'the analytical model
described in WCAP-8312-A, which was approved by NRC in a'etter dated March 12,
1975. The staff, therefore, concludes that the methodology for computing the
mass and energy release rate data used in the subcompartment analyses is
acceptable.

The applicant used the RELAP-4 MOD 6 computer program to analyze the pressure
transient in the reactor cavity, all of the steam generator compartments, and
the pressurizer compartment. The staff's confi rmatory computer analyses used
the COMPARE-MOD IA computer code'.

A separate discussion and review of the analyses of the reactor cavity and the
steam generator and pressurizer compartments are presented below.

Reactor Cavit Anal sis

The reactor cavity is a heavily reinforced concrete structure that performs the
dual function of providing reactor vessel support and radiation shielding. The
applicant's subcompartment analysis postulated both a 150-in.~ cold-leg and a
150-in.~ hot-leg guillotine break. The inherent stiffness of the systems,
together with the pipe whip restraints, limits the postulated pipe rupture and
flow area to these break sizes. The reactor cavity design basis break was
found to be the 150-in.~ cold-leg rupture. The staff has reviewed the appli-
cant's analysis and concurs in the selection of the design-basis pipe break
contingent upon the acceptability of the mechanically constrained limit on the
pipe break size (see Chapter 3 of this SER).

The reactor cavity subcompartment model employed by the applicant was developed
to account for all critical restrictions to flow. This has been confirmed by
previously performed sensitivity studies carried out during the construction
permit stage for the PSAR. Based on these studies and on an examination of
the applicant's nodal model, the staff finds the model acceptable.

The applicant's subcompartment analysis of the reactor cavity demonstrated
that, for the design-basis 150-in.~ cold-leg guillotine'break, the calculated
peak differential pressure load on the reactor cavity walls of 29.8 psid was
within the design-basis value of 64.0 psid.

The applicant also provided in the FSAR an analysis of the forces and moments
on the reactor vessel due to the differential pressure across the vessel caused
by a reactor coolant system break within the reactor cavity. The applicant
stated the analysis was performed using the methods and modeling techniques in
NUREG-0609, "Asymmetric Blowdown Loads on PWR Primary Systems." The peak resul-
tant forces and moments on the reactor vessel calculated by the applicant for
the design-basis pipe break are shown in FSAR Figures 6.2. 1.307 and 6.2. 1.308,
respectively.

All assumptions utilized by the applicant in the reactor cavity subcompartment
analsis have been reviewed and found to be appropriate. In addition, a con-
firmatory analysis was conducted with COMPARE-MOD lA computer code using the
same nodal model as the applicant used. The staff's subcompartment analysis
gave a higher peak differential pressure of 37.3 psid, but still confirmed
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that the design basis. of the reactor cavity walls is adequate for the differ-
ential*,pressure loads expected from the worst postulated pipe rupture within
the reactor cavity. The staff's confirmatory calculation on forces and moments
on the,.reactor vessel also confirmed the applicant's results.

Steam Generator Com artment and Pressurizer Com artment Anal ses
'I

Each" of the three steam gene'rator compartments contains a steam generator and
a reactor coolant pump. The pressurizer is located in a subcompartment im-
mediately adjacent to steam generator loop 2 and is separated from it by a
fairly large opening. Therefore, the pressurizer and steam generator loop 2
were incorporated by the applicant into a single subcompartment model.

The applicant considered a number of breaks and break locations, chosen to
maximize the subcompartment pressures. In the steam generator compartments,
the ruptures analyzed were double-ended guillotine breaks in the hot leg, in
the cold leg, and in the suction leg. In the pressurizer compartment, double-
ended guillotine breaks in the surge line and the spray line were analyzed.
The applicant performed analyses for each of the postulated breaks in each sub-
compartment to obtain the peak differential pressures across the steam genera-.,
tor and pressurizer compartment nodal boundary surfaces. The staff has re-
viewed the spectrum of postulated breaks utilized by the applicant and finds „=it acceptable.

The applicant's nodal models of the steam generator compartments and pres-
surizer compartment were developed to take into account all critical restric-
tions to flow. Sensitivity analyses done in the PSAR confirmed that a suf-
ficient number of nodes were used in the models to maximize the differential
pressures. The staff has reviewed the applicant's models and finds them ap-
propriately conservative and acceptable.

The results of the applicant's analyses gave differential pressures for the
design-basis break of 22.2, 22.4, and 29.7 psid for steam generator loop 1,
steam generator loop 2 and pressurizer, and steam generator loop 3, respec-
tively. These are all below the design-basis wall loading of 38 psid for the
steam generator and pressurizer compartment walls.

The staff performed confirmatory analyses for the design-basis break in steam
generator loop 3 (double-ended cold-leg guillotine break) and steam generator
loop 2, which included the pressurizer compartment (double-ended suction-leg
guillotine break). The staff results confirmed those of the applicant. There-
fore, the staff finds the design basis of the steam generator and pressurizer
compartment walls adequate to accommodate any postulated pipe break.

6.2. 1.3 Mass and Energy Release Analysis for Postulated LOCA

The applicant has calculated and provided the mass and energy release rate data
for a spectrum of reactor coolant pipe break sizes and locations that were used
in the containment functional analyses (see FSAR Table 6.2. 1-28). The break
locations included the cold-leg piping at the suction and discharge sides of the
reactor coolant pump and the hot-leg piping. The effects of single failures of
various ECCS components on the mass and energy release rates were included by
bounding the possible effects with two cases, the maximum safeguards case where
no failures are assumed and the minimum safeguards case where the single failure
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assumed is the loss of one standby diesel generator resulting in the loss of one
pumped safety injection train. The staff has reviewed the applicant's spectrum
of breaks and the single failures considered and finds them acceptable.

The method used by the applicant to compute the mass and energy release rates
from postulated reactor coolant pipe breaks for the containment functional anal-
yses is documented in a letter from T.M. Anderson (Westinghouse) to J. F. Stolz
(NRC) ("Westinghouse LOCA Mass and Energy Release Model for Containment Design,"
March 1979 Version (FSAR Reference 6.2. 1-10)). This report is still under staff
review and has not been approved. However, in response to an NRC question, the
applicant provided an explanation of the differences between the NRC-approved
method to calculate mass and energy release rates for reactor coolant system
pipe breaks (WCAP-8312-A) and the method in FSAR Reference 6.2. 1-10. Also
included in the applicant's response was a comparison of the resulting contain-
ment pressures from the design-basis double-ended hot-leg guillotine and double-
ended pump suction guillotine breaks using mass and energy release rate data
calculated by both methods. The applicant showed that the containment design
pressure was not exceeded and the containment pressure was reduced to less than
50K of the peak within 24 hours, regardless of which method was used to cal-
culate the mass and energy release rates. Based on the above, the staff finds
the mass and energy release data utilized in the containment functional analyses
for Shearon Harris acceptable.

6.2. 1.4 Mass and Energy Release Analysis for Postulated Secondary System Pipe
Ruptures

The applicant has computed the mass and energy release rates for a spectrum of
postulated MSLBs. The spectrum of break types and sizes included a full double-
ended pipe rupture downstream of the main steamline flow 'restrictor, a small
doubled-ended rupture, and a split break that represents the largest break which
will not generate a main steamline isolation signal from the primary protection
equipment (i.e., main steamline and main feedwater line isolation signals will
be generated by high containment 'pressure signals). Piping loss effects were
conservatively ignored in all blowdown results. The above main steamline breaks
were postulated to occur at plant power levels of 102K, 70K, and 30%%d's well as
zero power. This combination of four power levels and three break types/sizes
were analyzed considering three single failures for a total of 36 cases. The
three safety system failures considered were failure of a main feedwater isola-
tion valve, failure of a main steam isolation valve, and containment heat
removal system fai lure (i. e., loss of one containment spray train).

The applicant's MSLB analyses conservatively included the effects of main
feedwater addition before main feedwater line isolation, auxiliary feedwater
addition up until the time automatic auxiliary feedwater isolation takes place,
and the input of the unisolated main feedwater line volume between the steam
generator and the isolation valve and steam in the main steamlines up to the
turbine. stop valve. The availability of offsite power was also assumed because
this maximizes the mass and energy release rates. In addition, all the blow-
down in the analyses was conservatively assumed to consist of dry steam.

The mass and energy release rates for the spectrum of MSLBs were calculated
using the MARVEL code described in Topical Report WCAP-8822, "Mass and Energy
Release Following, a Main Steamline Break." The„ staff has reviewed and approved
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this report. The staff's findings were transmitted to Westinghouse by letter
dated August 22, 1983.

Based on the above, the staff c'oncludes that the MSLB mass and energy release
rate data used by the applicant are acceptable for the containment functional
analyses of Shearon Harris.

6. 2. 1. 5 Minimum Containment Pressure Analysis for ECCS Performance Capability
Studies

Appendix K to 10 CFR 50 requires that the containment pressure used for evaluat-
ing cooling effectiveness during reactor core reflood shall not exceed a pres-
sure calculated conservatively for this purpose. The calculation must include
the effect of operation of all installed containment pressure-reducing systems
and processes. The corresponding reflood rate in the core will then be reduced
because lessened containment pressure reduces the resistance to steam flow in
the reactor coolant loops and increases the boiloff rate from the core.

The applicant has performed the required containme'nt backpressure calculation
using the methods and assumptions described in "Westinghouse Emergency Core
Cooling System Evaluation Model Summary," WCAP-8339, Appendix A, for the
limiting case LOCA, the double-ended cold-leg guillotine break (CD = 0. 4)

(i. e., the break found to produce the highest peak cladding temperature).
Mass and energy release rates for this break were calculated using the method
described in FSAR Chapter 15. This method is evaluated separately in
Chapter 15 of this SER.

The staff has reviewed the applicant's input parameters used in the minimum
containment pressure analysis including initial containment conditions, con-
tainment net free volume, passive heat sinks, heat transfer to passive heat
sinks, containment active heat removal, and containment purge system operation,
and found them all to be acceptably conservative and in conformance with BTP

CSB 6-1, with two exceptions. The first exception is that the assumed initial
containment pressure used in the analysis (14.7 psia) has not been demonstrated
to be conservative. The initial pressure assumption is acceptable, however,
if the plant Technical Specifications restrict the normal operating contain-
ment pressure to be greater than the value of 14.7 psia that was used in the
analysis. The second exception is that the applicant has not assumed the most
conservative minimum times for post-LOCA initiation of the containment spray
system and fan coolers. However, by letters dated October 20 and 28, 1983,
the applicant has demonstrated that the worst conditions for calculated peak
clad temperature would result from the assumption of loss of offsite power.
Under the assumption of loss of offsite power, the staff finds acceptable the
minimum times for post LOCA initiation of the containment spray system and fan
coolers from the standpoint of overall ECCS evaluation.

Based on the above, the staff finds acceptable the applicant's minimum con-
tainment pressure analysis for ECCS performance capability studies.

6.2. 1.6 Summary and Conclusions

The staff has evaluated the Shearon Harris containment functional design with
respect to all of the acceptance criteria in SRP 6.2. 1. 1.A, 6.2. 1.2, 6.2. 1.3,
6.2. 1.4, and 6.2. 1.5 and concluded that GDC 13, 16, 38, and 50 have been met.
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6.2.2 Containment Heat Removal Systems

The function of the containment heat removal systems is to remove heat from the
containment atmosphere to limit, reduce; and maintain at acceptably low levels
the containment pressure and temperature following a LOCA or MSLB. In addition
to heat removal provided by passive means such as heat transfer through, and
heat storage in, containment walls, structures, and equipment located inside
containment, the Shearon Harris design includes active containment heat removal
systems. The active containment heat removal systems include the containment
spray system (CSS), whose dual function is the removal of fodine and radio-
nuclides from the containment atmosphere following a LOCA (see SER Section
6.5), the containment cooling system (CCS), and the residual heat removal (RHR)
system.

The CSS consists of two independent and redundant 50K capacity trains, each
'ontaininga containment spray pump, a spray additive eductor, an 8-in. riser

pipe leading to two headers which conform to the shape of the containment and
contain 106 spray nozzles, and associated valves, instrumentation, and controls.
Each containment spray pump is rated at 2275 gpm (including a recycle flow of
250 gpm) at a head of 425 ft. The injection and caustic eduction phase is
automatically initiated by a high-high-high (Hi-3) containment pressure signal,
upon receipt of which the containment spray pumps start, the containment sprayisolation valves open, and borated water from'he refueling water storage tank
(RMST) is delivered to the containment spray nozzles. The containment spray
sodium hydroxide addition valves open automatically after a 100-second delay.
Containment spray injection and caustic eduction continue until the low-low
level of the RMST is reached. Transfer from the injection and caustic educ-
tion mode to the recirculation mode is accomplished automatically. The con-
tainment spray system is designed to operate up to 1 year if required.

The CCS consists of four safety-related fan cooler units and three nonsafety-
related fan coil units. The safety-related units are arranged in two inde-
pendent and redundant trains of two fan cooler units each, with each train
capable of providing 50X of the required cooling capacity. Each safety-related
fan cooler unit consists of cooling coil sections, two direct-driven vane axial
flow,fans (each driven by a two-speed motor), a gravity damper at the discharge
side of each fan, a common main discharge duct connected to a concrete air
supply shaft, a pneumatic fail-closed damper to isolate the fan cooler unit from
the concrete air supply shaft, fan cooler housing, and a post-accident discharge
duct that includes a pneumatic fail open isolation damper and high velocity
nozzles to diffuse air to a minimum distance of 40 ft. During normal power
operation, the safety-related units operate in conjunction with the nonsafety-
related units to maintain the required containment temperature. Upon receipt of
a safety injection signal from the engineered safety features actuation system,
both trains of the safety-related fan coolers automatically commence operation
in the post-accident mode, (i.e., one fan per unit running at half speed,
service water to the non-safety fan coils isolated, the pneumatic damper in the
main discharge duct to the concrete air shaft closed, and the pneumatic damper
in the post-accident discharge branch opened). The discharge side gravity
dampers prevent air flow in the reverse direction when only one fan per unit is
operating and protect the fan coolers against possible adverse effects of tran-
sient-induced reverse flow in the discharge ducts. The essential portions of
the CCS ductwork and equipment housings are designed for a 2-psid pressure
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differential to prevent failure from transient differential pressures that
would occur early in the blowdown phase of a LOCA.

The RHR system serves as an active containment heat removal system during the
recirculation phase following a LOCA along with its function of providing long-
term core cooling in its capacity as the low head portion of the ECCS. Both
functions are accomplished by taking water from the containment recirculation
sumps, cooling it by circulation through the residual heat exchangers, and then
pumping this cooled water to the reactor vessel where it absorbs heat to cool
the core before it spills back into the containment sumps through the pipe break.
(For additional description and evaluation of the RHR system, see Section 6. 3
of this report.)

The CCS and the CSS, in conjunction with the RHR system and the passive contain-
ment heat sinks, are designed to be capable of: (1) removing sufficient heat
energy from the containment atmosphere following a LOCA or MSLB to maintain the
containment pressure and temperature below the design values, and (2) reducing
the containment pressure following a LOCA to 50K of its peak value within
24 hours (see Section 6.2. 1 of this report).

The CCS and CSS satisfy the provisions of RGs 1.26, and 1.29, and meet or invoke
the design, quality assurance, redundancy, power source, and instrumentation and
control requirements of engineered safety features. The applicant has provided
single failure analyses and other information demonstrating the ability of the
containment heat removal systems to function following postulated single active
failures. The heat removal capacity of the safety-related fan coolers has been
calculated with a computer model that has been verified by manufacturer analyses
and tests on prototype fan cooler cooling coils. Performance testing of the
containment spray nozzles has verified that they will also perform satisfac-
torily during postulated accidents.

The staff has reviewed the applicant's net positive suction head (NPSH) calcula-
tions and finds satisfactory the NPSH available from either the RWST or the
containment recirculation sumps. The applicant has complied with the provisions
of RG 1. 1, with one exception. RG 1. 1 states that containment heat removal
systems should be designed so that adequate NPSH is provided to system pumps,
assuming maximum expected temperatures of pumped fluids and no increase in con-
tainment pressure from that present before postulated LOCAs. Instead, the
applicant has calculated NPSH available using a saturated sump model (i.e., the
containment atmospheric pressure is conservatively assumed to be equal to the
vapor pressure of the liquid in the recirculation sumps, ensur ing that credit
is not taken for containment pressurization during the transient). The staff
has previously found the saturated sump model to be conservative (SRP 6.2.2,
Acceptance Criterion 2) and, therefore, acceptable.

RG 1.82 provides guidelines to be met by reactor building sumps that are
designed to be sources of water for the ECCS and the containment spray system
following a LOCA. The guidelines address redundancy, location, and arrangement
of sumps as well as provisions to screen out debris and to ensure adequate pump
performance. The applicant's sump design conforms to RG 1.82 and is therefore
acceptable. It should be noted, however, that the staff is reviewing the sump
design in conjunction with unresolved Safety Issue A-43 (see Appendix C of
this report).
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The staff has reviewed the information in the FSAR and in responses to staff
requests for additional information concerning the containment heat removal
systems to assure conformance to all of the acceptance criteria contained, in
SRP 6. 2.2. The staff concludes that the containment heat removal systems
satisfy GDC 38, 39, and 40 and RG 1.82 explicitly and the provisions of RG 1. 1
on an acceptable alternative basis as defined above. The containment heat':
removal systems are therefore acceptable.

6.2.3 Containment Enclosure Emergency Cleanup System

The Shearon Harris design does not include a secondary containment.

6.2.4 Containment Isolation System

The function of the containment isolation system is to allow the normal or
emergency passage of fluids through the containment boundary while maintaining
the ability" of the boundary to prevent or limit the escape of fission products
that may result from such accidents as a LOCA, steamline rupture, or a fuel-
handling accident inside containment. The containment isolation system includes
the portions of all fluid systems penetrating the containment which perform an.
isolation function. In general, for each fluid penetration, 'at least two
barriers are required between the containment atmosphere or the reactor coolant
system and the outside atmosphere, so that failure of a single barrier will not
prevent isolation of the containment.

Shearon Harris. employs a phased containment isolation system. The phase A con-
tainment isolation signal, which isolates the majority of the containment fluid
line penetrations, is initiated by any of the following: (1) high containment
pressure (Hi-1 setpoint); (2) low compensated steamline pressure; (3) pressur-
izer low pressure; or (4) manual actuation. The phase B containment isolation
signal, which isolates the component cooling water supply and retur n lines for
the reactor coolant pump motors and thermal barriers, is initiated by high
containment pressure (Hi-3 setpoint) or by manual actuation. The containment
ventilation isolation signal, which isolates the normal and pre-entry purge
valves and the containment vacuum relief valves, is initiated by a phase A
containment isolation signal, high containment atmosphere radiation signal, or
by manual containment spray actuation. The phase A and B containment isola-
tion containment isolation signals, containment ventilation isolation signal,
and all other actuation signals which initiate containment isolation functions
are summarized in Table 6. 1. The applicant has provided documentation demon-
strating that each line having automatic containment isolation valves, which
must be immediately isolated following an accident, is isolated by one of the
signals in Table 6. 1. Although the phase B isolation signal is not actuated
by diverse parameters, this is acceptable because the affected lines are con-
sidered important to the safe shutdown of the plant and are capable of remote-
manual isolation. The staff concludes that adequate diversity has been provided
with regard to the different monitored parameters which actuate containment
isolation.

The staff has reviewed the applicant's containment isolation system design
information and has found that (1) there are at least two barriers between the
atmosphere outside containment and the containment atmosphere or the reactor
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coolant system on each fluid line penetrating, containment, (2) automatic isola-
tion valves are provided in those lines which must be isolated immediately fol-
lowing an accident, (3) each line which must remain open for safety reasons
following an accident has at least one valve capable of remote-manual isolation,
(4) each power-operated isolation valve is provided with position indication and
a remote-manual switch in the main control room, and (5) each air-, hydraulic-,
or electric-solenoid-operated isolation valve assumes the position=of greater
safety in the event of power failure to the valve operator.

Table 6. 1 Containment isolation signals and
actuation parameters

Phase A containment isolation signal
High containment pressure (Hi-1)
Low compensated steamline pressure
Pressurizer low pressure
Manual actuation

Phase B containment isolation signal

High containment pressure (Hi-3)
Manual actuation

Containment ventilation isolation signal
Phase A containment isolation signal
High containment. atmosphere radiation
Manual containment spray actuation

Safety injection signal
High containment" pressure (Hi-1)
Low compensated steamline pressure
Pressurizer'ow pressure
Manual actuation

Main steam isolation signal

High steamline pressure rate
High containment pressure (Hi-2, Hi-3)
Low steamline pressure
Manual actuation

Feedwater isolation signal
Steam generator high-high water level
Safety injection signal
Low T and reactor trip

av

The applicant has stated that the closure times for all power-operated contain-
ment isolation valves have been selected to ensure rapid isolation of the con-
tainment following postulated accidents. The staff has confirmed that the
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valve closure time for each containment isolation valve is less than 60 seconds.
In addition, the applicant has specifically stated that lines which provide an
open path from the containment to the environment, (e.g., the containment purge
lines), are provided with isolation valves with closure times of 5 seconds or
less in compliance with BTP CSB 6-4. The 42-in. containment pre-entry purge
system isolation valves will also be sealed closed during power operation,
startup, hot standby, and hot shutdown, and will be verified closed at least
every 31 days in accordance with NUREG-0737 Item II.E.4. 2. Based on this, the
staff finds that the containment isolation valve closure times-are acceptable.

Conformance of the containment isolation system design to GDC 1, 2, and 4 also
has been reviewed. The applicant has stated that containment isolation barriers
are protected from missiles and the dynamic effects of postulated pipe ruptures,
and that the containment isolation system components have been designed to
ensure their performance under all anticipated environmental conditions, both
normal and accident. The containment isolation system also meets RGs 1.26, and
1.29. The staff therefore finds that the containment isolation system meets
the explicit requirements of GDC 1, 2, and 4.

Staff review has confirmed that the containment isolation system meets the
explicit requirements of GDC 54, 55, 56, and 57 except in those cases that are
discussed below.

GDC 54

The containment isolation system meets the explicit requirements of GDC 54
except in cases where redundant containment isolation valves in series have not
been powered from diverse power supplies. The lines where redundant containment
isolation valves in series are not powered from diverse power supplies are the
lines to and from the redundant hydrogen analyzers. Because these lines are
part of an engineered safety feature system, the electrical independence of
redundant system lines takes precedence over the diversity of isolation valve
power supply in a particular line. Even so, the containment isolation valves
on the hydrogen monitoring system sample and return lines fail closed so that
no single failure will prevent containment isolation. Therefore, the staff
finds the power supply design for these lines penetrating containment
acceptable.

In conclusion, the staff finds that the containment isolation provisions for
Shearon Harris either meet the explicit. requirements of GOC 54, or, for the
specific lines described above, are acceptable alternatives to the explicit
requirements of GDC 54.

GDC 55

The containment isolation system meets the explicit requirements of GOC 55
except in cases where remote-manual isolation valves are used instead of auto-
matic isolation valves and in cases where automatic isolation valves fail "as

.is" rather than failing closed upon loss of. power to the valve operators.

The cases where remote-manual isolation valves are used instead of automatic
isolation valves include the reactor coolant pump seal water lines, the safety
injection system lines discharging to the hot and cold legs of the reactor
coolant system, and the RHR system hot-leg suction lines. The reactor coolant
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pump -seal water lines and the safety injection system lines discharging to the
hot and cold legs of the reactor coolant system are important to safe shutdown
of the plant or are part of an engineered safety feature system. Provisions
have been made to detect possible leakage from these lines outside containment,
thereby allowing remote-manual instead of automatic isolation valves. Each of
the RHR system hot leg suction lines contains two normally closed, motor-
operated valves in series inside containment. These valves are interlocked so
that they cannot be opened when the reactor coolant system pressure is greater
than the design pressure of the RHR system. Outside containment, the RHR sys-
tem hot-leg suction lines either connect to closed systems or to lines with con-
tainment isolation valves. This design provides assurance that containment
integrity will be maintained following an accident and hence use of remote-
manual valves instead of automatic isolation valves is acceptable.

The cases where automatic isolation valves fail "as is" rather than failing
closed include the chemical and volume control system normal charging line and
the reactor coolant pump seal water return and excess letdown line. Each of
these lines, however, contains either a check valve or an independently powered
automatic isolation valve inside containment in series with the automatic isola-
tion valve outside containment, so a single active failure will not result in
the loss of both containment isolation barriers.

The staff therefore finds that the containment isolation provisions for Shearon
Harris either meet the explicit requirements of GDC 55 or, for the specific
lines discussed above, are acceptable alternatives to the explicit requirements
of GDC 55.

GDC 56

The containment isolation system meets" the explicit requirements of GDC 56
except in cases where remote-manual isolation valves are used instead of auto-
matic isolation valves, in cases where automatic isolation valves fai 1 "as is"
rather than failing closed upon loss of power to the valve operators, and in
cases where fluid lines penetrating containment do not contain two isolation
valves in series. I~

The cases where remote-manual isolation valves are used instead of automatic
isolation valves include the containment spray system lines to the spray nozzles
and the residual heat removal system and containment spray system suction lines
from the containment recirculation sumps. All of these lines are part of
engineered safety feature systems and are required to be open following an
accident. In addition, provisions have been made to detect possible leakage
from these lines outside containment. Based on this, the staff finds the use
of remote-manual instead of automatic isolation valves acceptable.

The cases where automatic isolation valves fail "as is" versus fail closed
include the component cooling water supply and return lines for the reactor
coolant pump motors and thermal barriers and the containment sump pump dis-
charge line. Each of these lines, however, contains either a check valve or
an independently powered automatic isolation valve on each branch inside con-
tainment'in series with the automatic isolation valve outside containment so
a single active fai lure will not result in the loss of both. containment isola-
tion barriers. The staff finds this acceptable.,

Shearon Harris SER 6-15



The cases where fluid lines penetrating the containment, do not contain two.'„
isolation valves in series include the RHR system and containment spray system
suction lines from the containment recirculation sumps, which have single isola-
tion valves, and the containment pressure instrument lines, which contain no
isolation valves. The suction lines from the containment recirculation sumps
must be opened after a LOCA to satisfy their post-accident functional require-
ment (which is to permit long-term cooling of the reactor core and. the contain-
ment atmosphere). For these lines, a single isolation valve located outside
containment is provided since system reliability is greater, with only one. isola-
tion valve in the line and because it is not practical to locate a second valve
inside containment where it would be submerged after a LOCA. The containment
spray system and the ECCS, which are closed engineered-safety-feature-grade sys-
tems outside containment, serve as the second containment isolation barrier.
In addition, the piping from the containment to and including the outside
isolation valve is enclosed in a leaktight concentric guard pipe and valve
chamber. The staff finds the design of these lines with a single containment'
isolation valve outside containment acceptable.

The containment pressure instrument lines are used to monitor containment
pressure for the containment vacuum relief system and the engineered safety
features actuation system (ESFAS). It is essential that these -eight instrument
lines remain functional and not be isolated. The four containment pressure
instrument lines associated with the ESFAS (penetrations 69, 70, 71, and 72)
are of the standard Westinghouse design where the pressure transmitter located
outside containment is connected to a sealed bellows located immediately, adja-
cent to the inside containment wall by means of a sealed filled tube. This
design provides a double barrier by means of a closed system inside and-outside
containment. The four vacuum relief system containment pressure sensing lines
(penetrations 94A and B and 95A and B) are provided with a locked open manual
shutoff valve in series with a manual reset-type excess flow check valve outside
containment. Open/closed status indication is provided in the main control
room for the excess flow check valves. The sensing lines are open to the con-
tainment atmosphere, but the sensing lines and pressure, transmitters form a
closed system outside containment. Based on the above, the staff finds the
containment isolation provisions provided for the ESFAS containment pressure
instrument lines and the containment vacuum relief system pressure sensing
lines acceptable.

The staff finds that the containment isolation provisions for Shearon Harris
either meet the explicit requirements of GDC 56, or, for the specific lines
described above, are acceptable alternatives to the explicit requirements of
GDC 56.

GDC 57

The containment isolation provisions for Shearon Harris meet the explicit
requirements of GDC 57.

Contingent upon the acceptability of the valve operability assurance program,
the containment isolation provisions .of the normal containment purge system
conform to the provisions of BTP CSB 6-4, "Containme'nt Purging During Normal
Plant Operation." As a result of staff study of valve leakage as a result of
seal deterioration, leakage integrity tests must be conducted periodically on
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the containment atmosphere purge exhaust system containment isolation valves.
This requirement, together with testing frequency, will be included in the
plant Technical Specifications. The staff will also require that the need
for continuous operation of the normal containment purge system be'demonstrated
by plant operating experience. This wi 11 also be addressed as part of the
Technical Specification review.

The staff has also reviewed information provided by the applicant to demon-
strate compliance with the provisions of NUREG-0737, Item II.E. 4. 2, "Contain-
ment Isolation Dependability." As previously described, the applicant has
complied with the provisions regarding diversity in parameters sensed for
initiation of containment isolation, closure of containment purge and vent
isolation valves on a high radiation signal, and sealing closed the 42-in.
containment pre-entry purge system isolation valves during power operation,
startup, hot standby, and hot shutdown and verifying that these valves are
closed at least every 31 days. The applicant has also given careful considera'-
tion to the functional requirements of all systems penetrating containment, and
has made acceptable provisions for isolation of all systems not required for
safe shutdown of the plant or mitigation of the consequences of an accident.
In addition, the applicant has stated that resetting of a containment isolation
signal will not result in the automatic reopening of containment isolation
valves and that reopening requires manual operator action from the main control,
room for each valve. The applicant has not, however, adequately demonstrated,
that the containment setpoint pressure that initiates containment isolation
has been reduced to the minimum compatible with normal operating conditions.
Therefore, the staff concludes that the applicant has complied with the pro-
visions of NUREG-0737, Item II.E. 4. 2, with the exception of the containment
isolation setpoint pressure, which will be covered in the plant Technical
Specifications review.

In summary, the staff has reviewed the information in the FSAR and in responses
to staff questions concerning the containment isolation system to ensure con-
formance to all of the acceptance criteria contained in SRP 6.2.4. The staff
concludes that the Shearon Harris containment isolation system meets the
requirements of GDC 1, 2, 4, 16, 54, 55, 56, and 57; satisfies the provisions
of RG 1. 141; and conforms to all staff positions and industry codes and
standards. It is therefore acceptable.

6.2.5 Combustible Gas Control System

After a LOCA, hydrogen may accumulate within containment as a result of (1)
metal-water reaction between the zirconium fuel cladding and the reactor
coolant, (2) radiolytic decomposition of the water in the reactor core and the
containment sump, and (3) corrosion of metals by emergency core cooling and
containment spray solutions. To monitor and control the potential buildup of
hydrogen within containment, the applicant has provided electric hydrogen re-
combiners, a post-accident hydrogen purge system, and a post-accident hydrogen
monitoring system.

Two redundant, independent, full capacity electric (thermal) hydrogen recom-
biners are permanently located inside containment to control the containment
hydrogen concentration. The hydrogen recombiners are designed to seismic

Cate-'ory

I and Safety Class 2 standards and are powered from separate safeguard
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buses. No single active failure, coincident with the loss of offsite power,
will prevent the hydrogen recombiners from performing their intended de'sign
function. When required, the hydrogen recombiners are manually actuated from
the hydrogen recombiner control panels, which are located in an area within
the control room environmental envelope adjacent to the main control room that
will be regularly monitored following a LOCA.

Each of the two Westinghouse electric hydrogen recombiners is capable of pro-
cessing 100 scfm of containment atmosphere for post-accident hydrogen control.
These Westinghouse hydrogen recombiners have undergone extensive testing includ-
ing initial analytical studies, laboratory proof-of-principle testing, full-
scale prototype testing, environmental qualification testing, and functional
testing on a production recombiner. (This testing is described in WCAP-7820
and its supplements.) The results of this testing have been reviewed, and the
staff finds that they demonstrate that the recombiners should be capable

of'ontrollingthe hydrogen concentration in a post-LOCA containment environment.

In accordance with 10 CFR 50.44 and RG 1.7, each Shearon Harris unit includes a
post-accident hydrogen purge system capable of purging 100 cfm of hydrogen and
air from the containment atmosphere. The post-accident hydrogen purge system
consists of a purge make-up penetration line and an exhaust penetration line
and a filtered exhaust system that includes a demister, electrical heating coil,
medium efficiency filter, HEPA pre-filter, charcoal absorber, HEPA after-filter,
and a centrifugal fan that discharges .to the vent stack.

The post-accident hydrogen monitoring system to be provided for each Shearon
Harris unit will consist of two redundant subsystems, each of which contains
independent containment sampling and return lines and identical hydrogen
analyzers. The hydrogen monitoring system valves and piping will all be ASME
Section III, Safety Class 2, seismic Category I. The hydrogen analyzers will
be classified as Class 1E, seismic Category I and will be qualified to IEEE
323-1979. Based on the staff's review, the post-accident hydrogen monitoring
system meets the single failure and other criteria of an engineered safety
feature. Actuation and control of the post-accident hydrogen monitoring system
will be from an area within the control room environmental envelope adjacent to
the main control room. Containment sampling under both positive and negative
containment pressure conditions will be possible and a sample dilution skid
connected to both hydrogen analyzers will allow a containment air sample to be
obtained for laboratory analysis. Although the post-accident hydrogen monitor-
ing system has not yet been purchased, the applicant has stated the hydrogen
monitoring system will have a range of 0-lOX hydrogen concentration by volume
with an accuracy of + 2X of full scale. The system will have redundant
recorders for containment hydrogen concentration on the control panels with
alarms for hydrogen analyzer malfunction, loss of power, and high hydrogen con-
centration (i.e., greater than 3.0X) in the main control room. The applicant
has also stated the hydrogen monitoring system will be capable of continuous
indication of containment hydrogen concentration within 30 minutes of the
initiation of safety injection.

The applicant has analyzed the production and accumulation of hydrogen within
containment using the guidelines provided in RG 1.7 and shown that a single
recombiner, initiated when the containment hydrogen concentration reaches 3.0
volume percent (i.e., approximately 7 days after the accident), is sufficient
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to limit .the hydrogen concentration in containment to below the RG 1.7 lower
flammability limit of 4. 0 volume percent. Using the COGAP computer code, the
staff has confirmed that sufficient time exists before the containment hydrogen
concentration reaches 3.0 volume percent for manual initiation of the post-
accident hydrogen recombiners and that a single recombiner can acceptably con-
trol the hydrogen concentration in containment below 4.0 volume percent.

The ap'plicant has stated in the FSAR that mass diffusion of hydrogen is suf-
ficient to ensure thorough mixing of hydrogen in containment to prevent strati-
fication and to eliminate areas of potential stagnation and hydrogen pocketing.
Although the staff does not fully accept the applicant's analysis that hydrogen
diffusion by itself is sufficient, the containment cooling system, containment
spray system, and the layout and construction of the containment to promote
natural circulation ensure that adequate hydrogen mixing within the containment
will be obtained. Therefore, the staff finds that the applicant's passive and
active provisions f'r hydrogen mixing are acceptable.

The staff concludes, following review of the Shearon Harris design for compli-
ance with all the acceptance criteria of SRP 6.2.5, that the applicant's design,
includes acceptable systems for monitoring and controlling the hydrogen poten-
tially generated in containment following a LOCA. Specifically, the Shearon
Harris design satisfies the design and performance requirements of 10 CFR 50.44,
the provisions of RG 1.7, and the requirements of GDC 41, 42, and 43, and is,
therefore, acceptable.

6.2.6 Containment Leakage Testing Program

The Shearon Harris containment design includes the provisions and features
required to satisfy the testing requirements of Appendix J (10 CFR 50). The
design of the containment penetrations and isolation valves permits periodic
leakage rate testing at the pressure specified in Appendix J (10 CFR 50).
Included are those penetrations that have resilient seals and expansion bellows
(i.e., air locks, equipment hatch, fuel transfer tube, and electrical
penetrations.)

The staff has reviewed the containment leakage testing program in the FSAR and
additional information provided by the applicant in letters dated June 14 and
October 14, 1983, and finds that the proposed reactor containment leakage
testing program complies with the requirements of Appendix J to 10 CFR 50.
Such compliance provides adequate assurance that containment leak-tight integ-
rity can be verified periodically throughout service lifetime on a timely basis
to maintain such leakage within the limits of the Technical Specifications.

Maintaining containment leakage rates within such limits provides reasonable
assurance that, in the event of any radioactivity releases within the contain-
ment, the loss of the containment atmosphere through the leak paths will not
be in excess of acceptable limits specified for the site. Compliance with the
requirements of Appendix J constitutes an acceptable basis for satisfying the
requirements of GDC.52, 53, and 54.

6.2.7 Fracture Prevention of Containment Pressure Boundary

The staff has reviewed the ferritic materials in the Shearon Harris containment
system that constitute the containment pressure boundary to determine if the
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material fracture toughness is in compliance with the requirements of GDC 51,
"Fracture Prevention of Containment Pressure Boundary." GDC 51 requires that,
under operating, maintenance, testing, and postulated accident conditions, (1}
the ferritic materials of the containment pressure boundary behave in a non-
brittle manner and (2) the probability of rapidly propagating fracture is
minimized.

The Shearon Harris containment is a reinforced concrete structure with a thin
steel liner on the inside surface that serves as a leaktight membrane. The
ferritic materials of the containment pressure boundary considered in the
staff assessment are those that have been applied in the fabrication of the
equipment hatch, personnel air lock, penetrations, and fluid system components
including the valves required to isolate the system. These components are
the parts of the containment system that are not backed by concrete and that
must sustain loads during the performance of the containment function under
the conditions cited by GDC 51.

The staff has determined that the fracture toughness requirements contained in
ASME Code editions and addenda typical of those used in the design of the
Shearon Harris Unit 1 containment may not ensure compliance with GDC 51 for all
areas of the containment pressure boundary. The staff has elected to apply the
criteria for Class 2 components identified in the Summer 1977 Addenda of Sec-
tion III of the ASME Code in its licensing reviews of ferritic containment
pressure boundary materials. Because the fracture toughness criteria that have
been applied in construction typically differ in Code classification and Code
edition and addenda, the staff has chosen the criteria in the Summer 1977
Addenda of Section III of the Code to provide a uniform review, consistent with
the safety function of the containment pressure boundary materials. Therefore,
the staff has reviewed the materials of the components of the Unit j. containment
pressure boundary according to the fracture toughness requirements of the Summer
1977 Addenda of Section III for Class 2 components.

Considered in the review were components of the containment system that are
load bearing and provide a pressure boundary in the performance of the contain-
ment function under operating, maintenance, testing, and postulated accident
conditions as addressed in GDC 51. These components are the equipment hatch
personnel airlock penetrations and elements of the main steam and main feed-
water systems. In some cases, materials were not fracture-toughness tested or
were inappropriately tested. Generally; those materials that were not fracture
toughness tested were not tested because the ASME Code edition and addenda in
effect at the time the components were ordered did not require that they be
tested. The staff assessment of the fracture toughness of materials that were
not fracture toughness tested or that were inappropriately tested is based on
the metallurgical characterization of these materials and fracture toughness
data presented in NUREG-0577, "Potential for Low Fracture Toughness and Lamellar
Tearing on PWR Steam Generating and Reactor Coolant Pump Supports" (October
1979) and ASME Code Section III, Summer 1977 Addenda, Subsection NC.

The metallurgical characterization of these materials, with respect to their
fractui e toughness, was developed from a review of how these materials were
fabricated and what thermal history they experienced during fabrication. The
metallurgical characterization of these materials, when correlated with the
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data presented in NUREG-0577 and the Summer 1977 Addenda of the ASME Code Sec-
tion III; provides the technical basis for the staff evaluation of compliance
with the Code requirements.

Based on its review of the available fracture toughness data and materials
fabrication histories, and the use of correlations between metallurgical charac-
teristics and material fracture toughness, the staff has concluded that the fer-
ritic 'materials of the components of the Shearon Harris Unit 1 containment pres-
sure boundary meet the fracture toughness requirements that are specified for
Class 2 components by the 1977 Addenda of Section III of the ASNE Code. Compli-
ance with these Code requirements provides reasonable assurance that the Shearon
Harris RCPB will behave in a nonbrittle manner, that the probability of rapidly
propagating fracture will be minimized, and that the requirements of GDC 51 are
satisfied.

6.3 Emer enc Core Coolin S stem

The staff has reviewed the Harris emergency core cooling system (ECCS) in
accordance with SRP 6. 3 (NUREG-0800). Each of the ar eas listed in the Areas
of Review portion of the SRP was reviewed according to the SRP Review Procedures.
Conformance with the acceptance criteria, except as noted below, formed the
basis for concluding that the design of the facility for emergency core cooling
is acceptable.

As specified in the SRP, the design of the ECCS was reviewed to determine thatit is capable of performing all of the functions required by the design bases.
The ECCS is designed to provide core cooling as well as additional shutdown
capability for accidents that result in significant depressurization of the
reactor coolant system (RCS). These accidents include mechanical failure of
the RCS piping up to and including the double-ended break of the largest pipe,
rupture of a control rod drive, spurious relief valve operation in the primary
and secondary fluid systems, and breaks in the steam piping.

The principal bases for the staff's acceptance of this system are conformance
to 10 CFR 50.46 .and Appendix K to 10 CFR 50, and GDC 2, 5, 17, 27, 35, 36, and
37.

The applicant states that the requirements will be met even with minimum
engineered safeguards available, such as the loss of one emergency power bus,
with offsite power unavailable.

6. 3. 1 System Design

As specified in SRP 6.3. 1.2, the design of the ECCS was reviewed to determine
that it is capable of performing a']1 of the functions required by the design
bases. The ECCS design is based on the availability of a minimum of'wo ac-
cumulators, one charging pump, and one RHR pump, together with associated
valves and piping. Following a postulated LOCA, passive (accumulators) and
active (injection pumps and associated valves) systems will operate. After the
water inventory in the RWST has been depleted, long-term recirculation will be
provided by taking suction from the containment sump and discharging to the RCS

cold and/or hot legs. The low-pressure passive accumulator system consists of
three pressure vessels partially filled with borated water and pressurized with
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nitrogen gas to approximately 660 psia. Fluid level, boron concentration, and
nitrogen pressure can be remotely monitored and adjusted „in each tank. When
RCS pressure is lower than accumulator tank pressure, borated water is injected
through the RCS cold legs.

'I

The high-head injection system consists of three centrifugal charging pumps
that provide high-pressure injection of boric acid solution into the RCS. The
high head pumps are aligned to take suction from -the RWST for the i njection
phase of their operation. Low-head injection is accomplished by two RHR pump
subsystems taking suction from the RWST during the short-term ECCS injection
phase and from the containment sump during long-term ECCS recirculation.

The RWST nominal water inventory is 487,500 gal of 2000-ppm borated water.
To maintain the RWST water above the temperature of boron precipitation and
freezing, the applicant has provided the RMST with a heating system.

In response to the staff request for additional information related to the RWST
and the failure of nonseismic piping in lines connected to the RWST, the appli-
cant stated in a letter dated September 30, 1982 that the pipe, in=question is a
seismically designed and analyzed pipe; failure is thus not expected. This
response is acceptable to the staff.

As specified in SRP 6.3. II, the ECCS is initiated either manually or auto-
matically on (1) low pressurizer pressure, (2) high containment pressure,
or (3) low pressure in any steamline. This meets the requirements of GDC 20.
The ECCS may also be manually actuated, monitored, and controlled from the con-
trol room as required by GDC 19., The ECCS is supplemented by instrumentation
that will enable the operator to monitor and control the ECCS equipment fol-
lowing a LOCA so that adequate core cooling may be maintained.

As specified in SRP 6.3. III.3, the available net positive suction head (NPSH)
for all the pumps in the ECCS, centrifugal charging, and RHR pumps has been
shown to provide adequate. margin by calculations performed to meet the safety
intent of RG 1. 1, "Net Positive Suction Head for Emergency Core Cooling and
Containment Heat Removal System Pumps."

As required in SRP 6.3. III.11, the valve arrangement on the ECCS discharge
lines has been reviewed with respect to adequate isolation between the RCS and
the low-pressure ECCS. In some lines, this isolation is provided by two check
valves in series with a normally closed isolation valve (high-head injection
discharge, and low-head injection discharge to the hot legs). Other discharge
lines have only two check valves in series. This arrangement is acceptable
because periodic leak detection across each check valve is performed during
plant operation. Test lines are provided for periodic leakage checks of reactor
coolant past the check valves forming the reactor coolant system pressure
boundaries. This is discussed further in Section 3.9.6 of this SER.

Containment isolation features for all ECCS lines, including instrument lines,
the requirements of GDC 56 and RG l. ll, "Instrument Lines Penetrating Primary
Reactor Containment," are discussed in Section 6.2 of this SER.

The applicant has provided additional information to address the potential
debris inside containment (including thermal insulation and unqualified paint)
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that may inhibit ECCS performance during the recirculation mode and the effects
of a postulated high-energy line break in the vicinity of the sump.

The effects of primary coolant sources outside containment (NUREG-0737, Item
III.D.l. 1) are discussed in Section 9 of this SER.

During normal oper ation, the ECCS lines wi 11 be maintained in a filled condi-
tion. Suitable vents are provided and administrative procedures will require
that ECCS lines be returned to a filled condition following events such as
maintenance that require draining of any of the lines. Maintaining these lines
in a filled 'condition will minimize the likelihood of water hammer 'occurring
during system startup.

The safety injection lines are protected from intersystem leakage by relief
valves in both suction header and discharge lines. Intersystem leakage detec-.
tion is described in Section 5.3.5 of this SER for the RHR and safety injection
pump systems.

As specified in SRP 6.3. II.B, no,ECCS components are shared between units,
which meets the requirements of GDC 5.

6.3.2 Evaluation of Single Failures

As specified in SRP 6.3. II, the staff has reviewed the system description and

piping and instrumentation diagrams to verify that sufficient core cooling will
be provided during the initial injection phase with and without the availability
of offsite power, assuming a single failure. The cold-leg accumulators '-,.ve

normally open motor-operated isolation valves in their discharge lines. One

accumulator is attached to each of the RCS cold legs. These isolation valves
will have control power removed to preclude inadvertent valve movement that
could result in degraded accumulator performance.

Two active injection systems are available, each with two pumps. The pumps in
each system are connected to separate power buses and are powered from separate
diesel generators in the event of loss of offsite power, as required by GDC 17.
Thus, at least one pump in each injection train would be actuated. The
high-head injection systems contain parallel valves in the suction and discharge
lines, thus ensuring operability of one'rain even if one valve fails to open.
The low head injection systems are normally aligned so that valve actuation is
not required during the injection phase.

The applicant has proposed a partially automatic system with operator action
required to complete switchover of the low head system from the injection to
the recirculation mode. The automatic function of the system opens the RHR

pump suction valves from the containment sump, with operator action required to
isolate the RWST. Several valves that would have to be actuated during the
switchover are interlocked to other components to prevent out-of-sequence
operation. No operator action is required for 20 minutes after a large-break
LOCA.

The staff has reviewed the plant's capability for hot-leg injection during the
recirculation phase to preclude excessive buildup of boron concentration in the
pressure vessel. The staff has concluded that there is sufficient redundancy
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in injection lines and pumps to ensure adequate hot-leg injection after,'l8 hours
of cold-leg injection. This meets the requirements of SRP 6.3. III.6.
During the long-term recirculation cooling phase of ECCS operation, leak detec-
tion is required to identify passive ECCS failures outside of containment, such
as pump seal fai lures. The applicant has provided a system of water-level
monitors and radiation detectors located in each compartment that contains ECCS

components. With this system, the limiting leak (assumed to be 50 gpm) would
be detected and isolated within 30 minutes. The applicant has calculated that
the total leakage in 30 minutes would not compromise long-term cooling. .Leak
rates of less than 50 gpm would result in scenarios in which the de'tection
(alarm) time would be longer, but the time available for operator response
would also be longer. The staff finds the system acceptable because it pro-
vides a means of identifying and isolating a passive fai lure in the ECCS out-
side of containment.

Flooding of ECCS components inside containment following a LOCA has been
evaluated. No ECCS LOCA-related instruments or valve operators will be flooded
following a postulated accident. All electrically operated valves in the ECCS
required to be functional during and following a LOCA are located outside con-
tainment. All other electrical equipment in the ECCS that is required during
post-LOCA is either located outside containment or above the maximum calculated
water level inside containment.

Based on its review of the design features and with satisfactory resolution of
confirmatory items discussed above, the staff concludes that the ECCS complies
with the single-failure criterion of GDC 35.

6.3.3 gualification of Emergency Core Cooling System

The ECCS design to seismic Category I requirements, in compliance with RG 1.29,
and its housing in structures designed to withstand a safe-shutdown earthquake
and other natural phenomena, as required by GDC 2, are discussed in Section 3
of this SER. The equipment design to guality Group B, in compliance with
RG 1.26, is discussed in Section 3.2 of this SER.

The ECCS protection against missiles inside and outside containment by the
design of suitable reinforced concrete barriers which include reinforced
concrete walls and slabs (conformance to GDC 4) is discussed in Section 3.5 of
this SER. The protection of the ECCS from pipe whip inside and outside of
containment is discussed in Section 3.6 of this SER ~

The active components of the ECCS designed to function under the most severe
duty loads, including safe-shutdown earthquake, are discussed in Section 3.9 of
this SER. The ECCS design to permit periodic inspection in accordance with
ASME Code, Section XI, which constitutes compliance with GDC 36, is discussed
in Section 3.9 of this SER. This meets the requirements set'forth in
SRP 6.3.III.23.c.

The ECCS incorporates two subsystems that serve other functions. The RHRS pro-
vides for decay heat removal during reactor shutdown; at other times the RHRS

is aligned for ECCS operation. The centrifugal charging pumps are utilized for
maintaining the required volume and water chemistry of primary fluid in the
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RGB On„an ECCS actuation signal, the system is aligned to ECCS operation, and
the CVCS function is isolated. In neither case (RHR or centrifugal charging)
does the normal system use impair its capability to function as an integral
portion of the ECCS.

6.3.4 'Testing

The applicant, has committed to demonstrate the operability of the ECCS by sub-
jecting all components to preoperational and periodic testings, as required by
RGs 1.68, "Preoperational and Initial Startup Test Programs for Water-Cooled
Power Reactors," and 1.79, "Preoperational Testing of Emergency Core Cooling
System for Pressurized Water Reactors," and GDC 37.

6. 3. 4. 1 Preoperational Tests

One of these tests is to verify system actuation, namely, the operability of
all ECCS valves initiated by the safety injection signal, the operability of
all safeguard pump circuitry down through the pump breaker control circuits,
and the proper operation of all valve interlocks.

Another test is to check the cold-leg accumulator system and injection line to
verify that the lines are free of obstructions and that the accumulator check
valves and isolation valves operate correctly. The applicant will perform a
low-pressure blowdown of each accumulator to confirm the line is clear and
check the operation of the check valves.

The applicant will use the results of the preoperational tests to evaluate the
hydraulic and mechanical performance of ECCS pumps delivering through the flow
paths for emergency core cooling. The pumps will be operated under both mini-
flow (through. test lines) and full-flow (through the actual piping) conditions.

By measuring the flow in each pipe, the applicant will make the adjustments
necessary to ensure that no one branch has an unacceptably low or high resist-
ance. As part of the ECCS verification, the applicant will analyze the results
to ensure there is sufficient total line resistance to prevent excessive runout
of the pumps and adequate NPSH under the most limiting system alignment and RCS
pressure. The applicant will verify that the maximum flowrate from the test
results confirms the maximum flowrate used in the NPSH calculations under the
most limiting conditions and will also confirm that the minimum acceptable flow
used in the LOCA analysis is met by the measured total pump flow and a rela-
tive flow between the branch lines.

The applicant has provided a commitment to perform scale model testing of the
containment recirculation sumps to verify vortex control and acceptable pres-
sure drops across the screens and intake. This commitment is acceptable to the
staff. The staff evaluation of the applicant' test result will be reported in
a supplement to this SER.

The staff concludes that the preoperational test program conforms to the recom-
mendations of RGs 1.68 and 1.79 and is acceptable pending successful completion
of the program. Additional discussion of the preoperational test program is
in Section 14 of this SER.
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6.3.4.2 .Periodic Component Tests

Routine periodic testing of the ECCS components and all necessary support
systems at power will be performed. Valves that actuate after a LOCA are
operated through a complex cycle. Pumps are operated individually in this
test on their miniflow lines except the charging pumps, which are'ested by
their normal charging function. The applicant has stated that these tests
will be performed in accordance with ASME Code, Section NI.

6.3.5 Performance Evaluation

The ECCS has been designed to deliver fluid to the RCS to limit the fuel
maximum cladding temperature following transients and accidents that require
ECCS actuation. The ECCS is also designed to remove the decay and sensible,
heat during the recirculation mode. 10 CFR 50.46 lists the acceptance criteria
for an ECCS. These criteria include the following:

(1) The calculated maximum fuel cladding temperature does not exceed 2200'F.

(2) The calculated total oxidation of the cladding does not exceed 0. 17 times
the total cladding thickness before oxidation.

(3) The calculated total amount of hydrogen generated from the chemical
reaction of the cladding with water or steam does not exceed 0.01 times
the hypothetical amount that would be generated if all the metal in the
cladding cylinders surrounding the fuel, excluding the cladding surround-
ing the plenum volume, were to react.

(4) Calculated changes in core geometry are such that the core remains
amenable to cooling.

(5) After any calculated successful initial operation of the ECCS, the
calculated core temperature is maintained at an acceptable low value and
decay heat is removed for the extended period of time required by the
long-lived radioactivity remaining in the core.

In addition, 10 CFR 50.46 states

ECCS cooling performance shall be calculated in accordance with an
acceptable model, and shall be calculated for a number of postulated
loss-of-coolant accidents. Appendix K to 10 CFR 50, ECCS Evaluation
Models, sets forth certain required and acceptable features of eval-
uation models.

6.3.5. 1 Large-Break LOCA

The applicant has examined a spectrum of large breaks in RCS piping, and these
analyses indicate that the. most limiting event is a cold-leg double-ended
guillotine break with a Moody discharge coefficient of 0.4. The applicant took
credit for one train of active ECCS components and two of the three accumulators
in the analysis. In the large-break analysis, the worst case break was assumed
which resulted in decreasing RCS pressure. ECCS was assumed to be initiated by
low pressurizer pressure trip. The analysis results demonstrated that adequate
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core cooling is provided assuming the worst single failure, with no credit taken
for nonsafety-grade equipment. The staff has requested additionai information
concerning the adequacy of the ECCS during shutdown/startup situations when

portions of the ECCS are isolated to verify compliance with SRP 6.3.22.e. The

staff evaluation of this issue will be discussed in a supplement to the SER.

The large-break LOCA evaluation model utilized in this analysis is described
in WCAP-9220. This model was approved by NRC (letter from J. F. Stolz, NRC to
T. M. Anderson, Westinghouse, dated April 29, 1978) and is used in large-break
LOCA analyses for Westinghouse plants. Concerns expressed in NUREG-0630 about
the conservatism of fuel-cladding swelling and rupture models used in LOCA

analyses have been addressed by the applicant.

Containment parameters are chosen to minimize containment pressure so that core
reflood calculations are conservative. Fuel rod initial conditions are chosen
to maximize cladding temperature and oxidation. Calculations of core geometry
are carried out past the point where temperatures are decreasing. The most
limiting break with respect to peak cladding temperature is the double-ended
guillotine break in the pump discharge leg with a C = 0.4. The peak cladding

D

temperature is 2181'F, which is below the 2200'F limit of 10 CFR 50.46. The

limiting local and core-wide cladding oxidation values calculated by the
applicant were 7.5X and less than 0.3X, respectively.

The amount of bypass flow into the upper head region has been predicted by the
applicants to be sufficient to maintain the upper head region at cold-leg tem-
peratures. Similar calculations performed for other types of Westinghouse
plants have agreed with measured values of upper head temperatures'he appli-
cant has supplied the sensitivity study confirming the upper head region tem-
perature in a plant of the Shearon Harris class to be equal to the cold-leg
temperatures.

6.3.5.2 Small-Break LOCA

The LOCA sensitivity studies determined the limiting small break to be less
that a 10-in.-diameter rupture of the RCS cold leg. A range of small break
analyses was presented that established the limiting break size. The analysis
of this break has shown that the high-head portion of the ECCS, together with
accumulators, provides sufficient core flooding to keep the calculated peak
cladding temperature less than that calculated for a large break and below the
limits of 10 CFR 50.46.

The applicant has submitted analyses for a spectrum of small-break LOCA anal-
yses (3-in., 4-in., 6-in.). These identify that the 3-in. break is the limit-
ing small break; the calculated peak cladding temperature is 1808'F, the local
metal water reactor is 4. 16%%uo, and the core-wide oxidation is less than 0.3X.
In response to the staff request to verify that the 3-in. break is the limiting
small break for peak temperature and to provide the sensitivity study on which
verification is based, the applicant stated (in a letter dated September 30,
1982) that a complete spectrum of small-break loss-of-coolant accidents was

examined in WCAP-9600, "Report on Small Break Accidents for Westinghouse
NSSS." The studies in that report indicated that maximum peak cladding temper-
ature (PCT) occurred for the 3-in. break; thus, the PCT does increase as break
size decreases for the FSAR cases, but then decreases as break sizes decrease
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below 3 in. Because WCAP-9600 has been approved by the" staff, the applicant's
response is acceptable.

In response to the staff's request for additional information (FSAR g 440. 120),
the applicant stated (in a letter dated September 30, 1982) that at 1000 psi,
power is locked out from the accumulator isolation valves and from the non-
operating charging pumps, and that the high containment pressure safety injec-
tion actuation logic cannot be blocked. LOCAs during startup and cooldown
have been evaluated to determine the effects of the unavailability of the ac-
cumulators. Analysis results show that with only one high-head safety injec-
tion (HHSI) pump, two RHR pumps, and no accumulator discharge, peak cladding
temperature would reach only about 1100'F. With only one HHSI pump, one RHR

pump, and no accumulator discharge, the peak cladding temperature reaches only
about 1700'F. This is significantly below the Appendix K requirement. The
staff concludes that this response is acceptable. However, for small LOCAs
(less than approximately 2-in. in diameter), the applicant stated that the
containment high-pressure setpoint may not be reached; the operator would have
to rely on the observation of the safety-related indications to initiate

'sa'fety'njection

manually. Topical Report WCAP-9600 indicates that the operator Mould
have 1400 seconds to initiate safety injection manually in the case of a small
LOCA, which is sufficient time.

The applicant has analyzed the. performance of the ECCS in accordance with the
criteria set-forth in 10 CFR 50.46 and Appendix K to 10 CFR 50. The staff has
reviewed the applicant's evaluation, and concludes that it is acceptable.

6.3.6 Conclusions

The ECCS includes the piping, valves, pumps, heat exchangers, instrumentation,
and controls used to transfer heat from the core after a LOCA. The scope of
review of the ECCS for the Shearon Harris plant included piping and instrumen-
tation diagrams, equipment layout drawings,,failu're modes and effects analyses,
and design specifications for essential components. The review included the
applicant's proposed design criteria and design bases for the ECCS and the
manner in which the design conforms to these criteria and bases.

The staff concludes that the design of the ECCS is acceptable and meets the
requirements of GDC 2, 5, 17, 27, 35, 36, and 37. This conclusion is based on
the following:

(1) The applicant has met the requirements of GDC 2 with regard to the seismic
design of nonsafety systems or portions thereof that could have an adverse
effect on ECCS by meeting Position C.2 of'G 1.29.

(2) The applicant has met the requirements of GDC 5 with respect to sharing
of structures, systems, and components by demonstrating that such sharing
does not significantly impair the ability of the ECCS to perform its
safety function including, in the event of an accident to one unit, an
orderly shutdown and cooldown of the remaining unit.

(3) The applicant has met the req'uirements of GDC 17 with respect to.providing
sufficient capacity and capability to ensure that (a) specified acceptable
fuel design limits and design conditions of the RCPB are not exceeded as a
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result of anticipated operational occurrences and (b) the core is cooled
and vital functions are maintained in the event of postulated accidents.

(4) The applicant has met the requirements of GDC 27 with regard to providing
combined reactivity control system capability to ensure that under postu-
lated accident conditions and with appropriate margin for stuck rods, the
capability to cool the core is maintained and the applicant's design meets
'the guidelines of RG

1.47.'5)

The applicant has met the requirements of GOC 35 to provide abundant cool-
ing capability for ECCS by providing redundant safety-grade systems that
meet the recommendations of RG 1. l.

(6) The applicant has met the requirements of GDC 36 with respect to the
design of ECCS to permit appropriate periodic inspection of important
components of the system.

(7) The applicant. has met the requirements of GDC 37 with respect to designing
the ECCS to permit testing of the operability of the system throughout the
life of the plant, including the full operational sequence that brings the
system into operation.

(8) The applicant has provided an analysis of the proposed ECCS relative to
the acceptance criteria of 10 CFR 50.46, and Appendix K to demonstrate
that the ECCS designs for peak cladding temperature, maximum hydrogen
generation, eoolable core geometry, and long-term cooling are in accord-
ance with the acceptable evaluation model.

6.4 Control Room Habitabilit

The requirements for the protection of control room personnel under accident
conditions are specified in GDC 19. The applicant- has proposed to meet these
requirements by incorporating shielding and emergency ventilation systems in
the control room, and by having an adequate supply of self-contained breathing
apparatus in the control room for the emergency team. The applicant has
stated in the FSAR that the control room habitability system is designated as
seismic Category I and is designed to function properly following any single
active failure.

The control room will be isolated--by the. closure of the isolation dampers--
upon receipt of a containment isolation actuation signal or following detection
at the outside air intake of radiation, smoke, or chlorine. In addition, the
control room will be isolated upon detection of chlorine by remote chlorine
detectors located at the storage site. In the event of a high radiation
signal, the operator would override the intake radiation detectors and/or the
containment isolation actuation signal and open the least contaminated intake
for pressurization of the air in the control room. The operator can also
manually initiate the smoke purge system following an event such as a smoke
alarm in the control room area.

Each emergency filter train in the control room HVAC system supplies approxi-
mately 4000 cfm of filtered air, of which at least 3200 cfm is return air
recirculation, and up to 800 cfm is outside air for pressurizing the control
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room. The emergency filtration units utilize 99K efficient, ESF-grade,''atmo-
spheric cleanup units for removal of radioactive iodine.

The staff has evaluated the control room doses following a postulated LOCA in
accordance with SRP 6.4 The calculated whole-body and thyroid doses are
within the guidelines of SRP 6.4.

The staff has evaluated the habitability of the control room with respect to
toxic gases in accordance with SRP 6.4 and RGs 1.78 and 1.95. The major
potential toxic gas problem at Shearon Harris is the maximum of 60 tons of
chlorine in two tank cars to be stored on site about 1100 feet from the nearest
control room normal air intake. The FSAR evaluation of the chlorine hazard
assumes a maximum inleakage of 142 cfm (i.e., 0.06 volume/hour). Based on
this evaluation, a higher inleakage would result in an unacceptably high
chlorine concentration in the control room following an onsite chlorine tank
car rupture. The staff will, therefore, require Technical Specifications to
the operating license that will require periodic testing to limit the control
room pressurization flow to less than or equal to 142 cfm at pressures greater
than or equal to 1/8-in. wg. Subject to the implementation of this Technical
Specification requirement, the staff concludes that the control room habit-
ability system provides adequate protection against toxic gases.

Based on the foregoing, the applicant had demonstrated that the control room
habitability systems will adequately protect the control room operators in
accordance with the requirements 'of NUREG-0737, Item III.D.3.4, and GDC 19.

6.5 En ineered Safet Feature Atmos heric Cleanu S stem

6.5. 1 System Description and Evaluation

The engineered safety feature (ESF) atmospheric cleanup systems at Shearon
Harris consist of process equipment and instrumentation necessary to control
the release of radioactive iodine and particulate material following a design-
basis accident (DBA). At Shearon Harris, there are three filtration systems
designed for this purpose. These systems are

(1) reactor auxiliary building (RAB) emergency exhaust system
(2) fuel-handling building (FHB) emergency exhaust system
(3) control room emergency filtration system

The RAB emergency air exhaust system consists of, in order, a demister, elec-
trical heating coil, pre-filter, HEPA filter, charcoal adsorber, another HEPA

filter, and a decay heat cooling air connection. The purpose of this system is
to limit the potential for post-accident radiological releases to contaminated
portions of the RAB. Those areas that are filtered include the rooms containing
the charging pump, the RHR heat exchanger, containment spray and RHR pumps, and
the mechanical, electrical, and heating and ventilation penetration areas and
rooms. Upon receipt of a safety injection actuation signal (SIAS), air-operated
valves on the normal ventilation penetration into areas containing equipment
essential for safe shutdown close, and both RAB emergency exhausts are .auto-
matically energized. Either filter unit may then be manually de-energized from
the control room and placed on standby.
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By continually exhausting air, a pressure of -1/8-in. wg is establised.
Pressure is then controlled by the airflow control system, which adjusts the
varible inlet vanes of the exhaust fans.

The FHB emergency air exhaust system consists of components that 'are identical
to the RAB emergency exhaust, except that the charcoal adsorber section is
2 in. deep while that of the RAB system is 4 in. deep. The purpose of the FHB
system is to maintain the fuel storage building at a negative pressure so that
any radioactive iodine or- particulates released to the building will be con-
tained within the building and then filtered before they are released. The FHB
system is actuated by a signal initiated by one of the four radiation monitors
located around the walls of each of the fuel pools. Both trains will be actu-
ated initially. Either train may be manually de-energized from the control
room and placed on standby. Pressure in the FHB is maintained at -1/8-in. wg
and controlled by the airflow control system.

The control room emergency filtration system consists of two lOOX capacityfiltration systems. Each filtration system includes, in order, a demister, two
electric heating coils arranged in series (one operating and one on standby), a
HEPA filter, a charcoal adsorber, and another HEPA filter. The purpose of the
control room emergency filtration system is to limit the amount of radioactivity
introduced into the control room following an accident and filter radioactivity
already in the control room so that doses to control room operators will be
within the design criterion of GDC 19. Upon receipt of an SIS or a high chlo-
rine concentration signal at the outside air intakes, the outside intake isola-
tion valves will be closed, the control room purge system isolation valves will
be closed, one fan in each emergency filtration train will start, and the
respective fan valves will open. All isolation valves in the normal exhaust
system will close and the exhaust fans will de-energize. All of these actions
will occur automatically. Upon receipt of a high radiation signal from the
radiation monitor located within each air intake, the air on the affected side
of the control building will automatically isolate and the emergency filtration
system will start. Upon completion of the above automatic functions, the oper-
ator will place one of the emergency filtration trains on standby, select and
open one emergency outside air intake based on radiation and chlorine readings,
and open exhaust bypass dampers for laboratory and kitchen bypass exhaust.

The control room emergency filtration system will process a mixture of control
room air and a small quantity of outside air through HEPA filters and charcoal
adsorbers and maintain the control envelope under a positive pressure of
+1/8-in. wg. Air is continuously drawn for the supply air subsystem, blended
with outside air, processed through the filtration system, and supplied to the
control room.

FSAR Sections 6.5. 1 and 9.4. 1 contain a detailed description the ESF filtration
systems.

The staff's review included the capability of ESF filter systems 'to operate
after a DBA; an evaluation of the systems design, design criteria, design objec-
tives, component design, and qualification testing; and design provisions incor-
porated to facilitate operation and maintenance and testing of components to
ensure continued acceptable performance. The staff's review was based upon the
relevant requirements of (1) GDC 19 for systems designed for the habitability
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of the control room under accident conditions; (2) GDC 61 for the, design of
systems for radioactivity control under postulated accident conditions; and
(3) GDC 64 for the monitoring of radioactive, releases under postulated accident
conditions.

The ESF filter systems were not reviewed according to SRP 6. 5. 1 of NUREG-0800
because the acceptance criteria of the document call for the design, testing,
and construction of components of the ESF, filter system to ANSI N509-1980.
These standards were not in existence at the time the Harris ESF filter systems
were designed nor when the equipment was purchased. Therefore, the review of
the ESF filter systems was conducted utilizing SRP 6.5. 1, Revision 1, of
NUREG-75/087. This document more adequately reflects the criteria that were
in effect at the time the Harris ESF filter system was designed.

In those instances where the equipment was purchased before the issuance of
Revision 1, conformance with prior document criteria--RG 1.52, Revision 1, or
SRP 6.5. 1, Revision 0--was considered acceptable.

The applicant has provided a comparison of the 'design of the Harris ESF filter
systems with the regulatory position of RG 1.52, Revision 2 (March 1978) in an
FSAR table. The staff has determined that the applicant has proposed few
exceptions to RG 1.52 and that these exceptions are trivial in nature and judged
to be acceptable.

The staff credited the applicant with 95K removal efficiency for methyl and
elemental forms of radioiodine for the FHB emergency exhaust system and 99X for
methyl and elemental forms of radioiodine for all other ESF filter systems.
The filter efficiency for particulate forms of iodine is 99%%uo in all ESF systems.
Inplace leak tests of HEPA filters and charcoal adsorbers will require 99.5X
removal of dioctyl phthalate (DOP) and freon, respectively.

As a result of the staff's review of the applicant's designs, design criteria,
and design bases for ESF atmospheric cleanup systems and their conformance to
applicable regulations, guides, and industry standards, the staff has concluded
that the ESF atmospheric cleanup systems include the equipment and instrumenta-
tion to control the release of radioactive materials in airborne effluents
following a DBA. The staff finds the proposed ESF atmosphere cleanup systems
acceptable and the filter efficiencies given in Table 2 of RG 1.52 appropriate
for use in the accident analyses.

6.5.2 Containment Spray as a Fission Product Control System

The containment spray system incorporates two independent and redundant trains,
either of which would be efficient at fission product removal from the contain-
ment atmosphere in the event of accidents at least as severe as those indicated
by a design-basis release. The system is automatically actuated for injection at
a containment pressure of 4.5 psig with water from the RWST. Approximately 30
minutes after injection begins, the spray pump suction is automatically switched
over to the containment'ump.

The applicant has estimated that 88K of .the total containment free volume will
be covered by the spray. The remainder of the containment will have free
exchange of air as a result of convection with the sprayed region.
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The spray solution is to be dispersed through 106 nozzles in each of the
redundant trains. These nozzles are Spray Engineering Company's Sprayco-1713A,
which have been found to be acceptable in experiments with containment spray
iodine removal

systems'he

spray solution will be borated water (2000-4000 ppm boron) drawn from the
borated water storage tank. To enhance the iodine removal capability of the
spray, a 30K by weight solution'f sodium hydroxide is to be added to the spray
liquid by jet eductors, which are designed to ensure that the injection spray
solution will have-=-'a pH within the range of 8.5 to 10.5 and that the recircu-
lation sump pH will reach 8. 5. The. spr ay flow rate is 1500 gpm per train, and
the spray removal rate is 15 hr-~. However, the staff has conservatively
limited the spray removal rate of 10 hr-~ until a partition factor of 100 is
attained (as indicated in SRP 6.5.2).

The containment spray system reduces the concentration and quantity of fission
products released to the environment following postulated accidents, and pro-
vides suitable redundancy (as stated above) in components and features so that
its safety function can be accomplished assuming a single failure. Thus, the
spray system conforms to GDC 41, "Containment Atmosphere Cleanup." The spray
system is designed to permit periodic inspection and testing and, therefore,
conforms to GDC 42, "Inspection of Containment Atmosphere Cleanup Systems" and
43, "Testing of Containment Atmosphere Cleanup Systems." The staff concludes
that the system is acceptable.

6.5.3 Fission Product Control Systems and Structures

This topic is discussed in Section 15.6.5

6 '.4 Ice Condensers as a Fission Product Cleanup System

The Shearon Harris design does not have an ice condenser.

6.6 Inservice Ins ection of Class 2 and 3 Com onents

6.6. 1 Compliance with the SRP

The July 1981 Edition of the "Standard Review Plan for the Review of Safety
Analysis Reports for Nuclear Power Plants," (NUREG-0800) includes Section 6.6,
"Inservice Inspection of Class 2 and 3 Components." The review of Shearon
Harris Units 1 and 2 is continuing because the applicant has not submitted a
complete preservice inspection (PSI) program and has not completed the PSI
examinations. The staff review to date was conducted in accordance with
SRP 6.6, except as discussed below.

The review according to SRP 6.6. 1. II.3 will be conducted when the completed
PSI program plan has been received.

The review. according to SRP 6.6. l. II.4 has not been conducted because this
area applies only to inservice inspection (ISI) not to PSI. This subject will
be addressed during review of the ISI program after licensing.

The review according to SRP 6.6. l. II.5 has been conducted. The applicant
committed in the FSAR to incorporate ASME Code, Sections IWC-3000 and IWD-3000,
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"Standards for Examination Evaluation," into the PSI program. However, ongoing
NRC generic activities and research'rojects indicate that the currently
specified ASME Code-procedures may not always be capable of detecting the
acceptable size flaws specified in these standards. For example, AMSE Code
procedures specified for volumetric examination of vessels, bolts, studs, and''
piping have not proven to be capable of detecting acceptable siz'e flaws in all
cases. The staff will continue to evaluate the development of new or improved
procedures and will require that these improved procedures be made a part of
the inservice examination requirements. The applicant's repair procedures
based on ASME Code, Sections IMC-4000 and IMD-4000, "Repair Procedures," have
not been reviewed. Repairs are not generally necessary in the PSI program.
This subject will be addressed during review of the ISI program.

The review according to SRP 6.6. 1. II.7 has not been completed because this
'ubjecthas not yet been addressed in the applicant's PSI program. The appli-

cant's augmented ISI program will be reviewed afte'r it is submitted.

The review according to SRP 6.6. 1. II.9 has not been completed because the
applicant has not identified the limitations to examination. Specific areas
where ASME Code examination requirements cannot be met wi 11 be identified as
performance of the PSI progresses. The complete evaluation of the PSI program
will be presented in a supplement to this SER after the applicant submits the
required examination information, identifies all plant-specific areas where
ASME Code, Section XI requirements cannot be met, and provides a supporting
technical justification.

6.6.2 Examination Requirements

GDC 36, 39, 42, and 45'require, in part, that the Class 2 and 3 components'e
designed'o permit appropriate periodic inspection of important components to
ensure system integrity and capability. 10 CFR 50.55a(g) defines the detailed
requirements for the preservice and inservice inspection programs for light-
water-cooled nuclear power facility components.

Based upon the construction permit date of January 27, 1978, this section of
the regulations requires that a preservice inspection program for Class 2 and
3 components be developed and implemented using at least the Edition and
Addenda of Section XI of the ASME Code applied to the construction of the ',

particular components. The components (including supports) may meet the
requirements set forth in subsequent editions of this Code and Addenda that
are incorporated by reference in 10 CFR 50.55a(b), subject to the limitations
and modifications listed therein. It is the intent of the applicant to comply
with the PSI requirements of the 1980'dition of the Code, including Addenda
through Minter 1981, except where specific relief is requested. This repre-
sents a voluntary upgrade from the applicable 1974 Edition, Summer 1975 Addenda.—

The initial ISI program must comply with the requirements of the latest Edition
and Addenda of Section XI of the ASME Code in effect 12 months before the date
of issuance of the operating license, subject to the limitations and modifica-
tions listed in 10 CFR 50.55a(b).

6.6.3 Evaluation of Compliance with 10 CFR 50.55a(g) for Unit 1

The staff review has been completed on the information presented in the FSAR

through Amendment 10. The preservice examination for Unit I will be performed
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based on the requirements of the 1980 ASME Code, Section XI, through the Winter
1981 Addenda. The PSI program plan for the Class 2 and 3 components has not
been received and wi 11 not be available until the first quarter of 1984.
However, the applicant has stated in the FSAR that these components will be
examined in accordance with the applicable Code requirements. The staff has
established technical positions that should be included in the PSI program.
The staff will review these sections of the PSI program for compliance and
rep'ort the results in a suppl'e'me'nt to the SER. Based on review of the above
documents, additional information has been, requested to complete the review.

The specific areas where the Code requirements cannot be met will be identified
after 'the examinations are performed. The applicant has committed to identify
all plant-specific areas where the Code requirements cannot be met and provide
a supporting technical justification for requesting relief. The issue will be
addressed in a supplement to this SER after the applicant

(1) dockets a complete and acceptable PSI program

(2) submits the requested additional information regarding the PSI/ISI
program

(3) submits all relief requests with a supporting technical justification
Evaluation of the Shearon Harris Unit 1 PSI program will be presented in a
supplement to the SER after the applicant provides an acceptable response to
the above requirements.

The initial inservice inspection program has not been submitted by the
applicant. This program will be evaluated after the applicable ASME Code
Edition and Addenda are determined based on 10 CFR 50.55a(b), but before
inservice inspection, commences during the first refueling outage.

6.6.4 Evaluation of Compliance with 10 CFR 50.55a(g) for Unit 2

A preservice inspection program for Unit 2 has not been submitted. The regula-
tions permit the applicant to meet the requirements set forth in subsequent
editions of Section XI that are incorporated by reference in 10 CFR 50.55a(b),
subject to the limitations and modifications listed therein. The PSI program
and plant-unique requests for relief from impractical examination requirements
will be evaluated after the applicant provides this information.

The initial inservice inspection program for Unit 2 will be evaluated after
the applicable ASME Code Edition and Addenda are determined based on 10 CFR
50.55a(b). A supporting technical justification evaluating the preservice and
inservice inspection program for Unit 2 will be presented in a supplement to
the SER.

6.6.5 Conclusions

Compliance with the preservice and inservice .inspections required by the ASME
Code and 10 CFR 50 constitutes an acceptable basis for satisfying applicable
requirements of GDC 36, 39, 42, and 45.
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6.7 Main Steam Isolation Valve Leaka e Control S stem BWR

This is not included in the Shearon Harris design.
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7 INSTRUMENTATION AND CONTROLS

7. 1 Introduction

7. 1. 1 Acceptance Criteria

The staff has reviewed FSAR Section 7. 1 on safety-related instrumentation and
control systems and their design bases against the acceptance criteria in SRP
Table 7-1, "Acceptance Criteria for Instrumentation and Control Systems Impor-
tant to Safety," and Table 7-2, "TMI Action Plan Requirements for Instrumenta-
tion and Control System Important to Safety.". These acceptance criteria include
the applicable GDC and the Institute of Electrical 'and Electronics Engineers
(IEEE) Standard 279, "Criteria for Protection System for Nuclear Power
Generating Stations" (10 CFR 50.55a(h)). Guidelines for implementation of the
requirements of the acceptance criteria are provided in the IEEE standards,
RGs, and BTPs identified in SRP 7. 1. Conformance to the acceptance criteria
provides the bases for concluding that the instrumentation and control systems
meet the requirements of 10 CFR 50.

7. 1.2 Method of Review

Shearon Harris uses a Westinghouse NSSS with balance-of-plant (BOP) design pro-
vided by Ebasco. Many safety-related instrumentation and control systems are
similar to those at North Anna, Beaver Valley, and Virgil Summer, and have been
previously reviewed and approved by the staff. The staff concentrated its
review on those areas where the Shearon Harris design differs from previously
reviewed designs and on those areas that have remained of concern during reviews
of other similar plants. Several meetings have been held with the applicant
and the NSSS and BOP designers to clarify the design and to discuss concerns
the staff has with the design. Detail drawings--including piping and instru-
mentation diagrams, logic diagrams, control wiring diagrams, electrical one-line
diagrams, and electrical schematic diagrams —were audited during the review.

7. 1.3 General Conclusion

The applicant has identified the instrumentation and control systems important
to safety and the acceptance cri,teria that are applicable to those systems as
identified in the SRP. The applicant has also identified the guidelines--
including the RGs and the industry codes and standards--that are applicable to
the systems as identified in FSAR Table 7. 1.0-1.

Based on the review of FSAR Section 7. 1, the staff concludes that the imple-
mentation of the identified acceptance criteria and guidelines satisfies the
requirements of GDC 1, equality Standards and Records, with respect to the
design fabrication, erection, and testing to quality standards commensurate
with the importance of the safety functions to be performed. The staff finds
that the NSSS and the BOP instrumentation and control systems important to
safety, addressed in FSAR Section 7. 1, satisfy the requirements of GDC 1 and,
therefore, are acceptable.

1
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7.1.4 Specific Findings

7.1.4. 1 Confirmatory Items

In a number of cases, the applicant has committed to provide additional docu-
mentation to address concerns raised by the staff during its review. Based on
information provided during meetings and discussions with the applicant, the
technical issue has been resolved in an acceptable manner. However, the appli-
cant must formally document his commitments for resolution of these items. The
sections of this report that address these items are noted in parentheses.

(1) design modification for automatic reactor trip using shunt coil trip
attachment (7.2.2.4)

(2) solid-state logic protection system test circuit (7.3.3.11)

(3) testing for remote shutdown operation (7.4.2.2)

(4) reactor coolant system overpressur e protection during low temperature
operation (7.6.2.2)

7. 1.4.2 Site Visit

A site review will be performed to confirm that the physical arrangement and
installation of electrical equipment are in accordance with the design criteria
and descriptive information reviewed by the staff. The site review will b'

completed= before a license is issued; any problems found will be addressed in
a supplement to this report.

7. 1.4.3 Fire Protection Review

The review of the auxiliary shutdown panel discussed in Section 7.4 of this
report covered the compliance of this panel with GDC 19, Control Room. The
aspects of the auxiliary shutdown panel related to fire protection and the
review for conformance to 10 CFR 50, Appendix R (safe shutdown analysis), are
included in Section 9.5 of this report.

7. 1.5 TMI Action Plan Items

Guidance on implementation of the TMI Action Plan was provided to applicants in
NUREG-0737. The items related to instrumentation and control systems are listed
below. The specific section of the report addressing each item is indicated in
parentheses.

(1) II.D.3 - Direct Indication of PORV and Safety Valve Position (7.5.2.2)

(2) II.E. 1.2 - Auxiliary Feedwater System Automatic Initiation and Flow
Indication (7. 3. 3. 1)

(3) II.F. 1 - Accident Monitoring Instrumentation Positions (4), (5), and (6)
(7.5.2.2)

(4) II.F.3 - Instrumentation for Monitoring Accident Conditions (7.5.2.2)
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(5) II.K.3.9 - Proportional Integral Derivative Controller Modification
(7.7 2 3)

(6) II.K. 3. 12 - Confirm Existence of Anticipatory Reactor Trip Upon Turbine
Trip (7.2.2.„5)

7.2 Reactor Tri S stem

~ 7.2. 1 Description

The reactor trip system (RTS) is designed to automatically limit reactor opera-
tion within the limits established in the safety analysis. This function is
accomplished by tripping the reactor whenever predetermined safety limits are
approached or reached. The RTS monitors variables that are directly related to
system limitations or calculated from process variables. Whenever a variable
exceeds a setpoint, the reactor is tripped by the insertion of control rods.
The RTS initiates a turbine trip when a reactor trip occurs. The RTS consists
of sensors and analog and digital circuitry arranged in coincidence logic for
monitoring plant parameters. Signals from these channels are used in redundant
logic trains. Each of the two trains opens a separate and independent. reactor
trip breaker. During normal power operation, a dc undervoltage coil in each
reactor trip breaker holds the breaker closed. For a reactor trip, the removal
of power to the undervoltage coils opens the breakers. Opening either of two
series-connected breakers interrupts the power from the rod-drive motor genera-
tor sets', and the control rods fall by gravity into the core. The rods cannot
be withdrawn until the trip breakers are manually reset, and the trip breakers
cannot be manually reset until the abnormal condition that initiated the trip
is corrected. Bypass breakers are provided to permit the testing of the pri-
mary breakers.

In addition to the automatic trip of the reactor described above, there is also
provision for manual trip by the operator. The manual trip consists of two
switches. Actuation of either switch removes power 'from the undervoltage coils
and energizes the shunt trip coils of both reactor trip breakers. The shunt
trip coils are a diverse means for tripping the reactor trip breakers. The
reactor will also be tripped by actuating either of the two manual switches
for safety injection.

The generic implications of the Salem anticipated transient without scram
(ATWS) events are discussed in Section 7.2.2.4 of this report.

The reactor trips listed below are provided in the Shearon Harris design. The
numbers in parentheses after each trip function indicate the coincident logic;
for example, two out of three (2/3).

(1) nuclear overpower trips

(a) power range high neutron flux trip (2/4)
(b) intermediate range high neutron flux trip (1/2)
(c) source range high neutron flux trip (1/2)
(d) power range high positive neutron flux rate trip (2/4)
(e) power range high negative neutron flux rate trip (2/4)
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(2) core .thermal overpower, trips

(a) overtemperature hT trip (2/3)
(b) overpower bT trip (2/3)

(3) reactor coolant system pressurizer pressure and water level trips
1

(a) pressurizer low pressure trip (2/3)
(b) pressurizer high pressure trip (2/3)
(c) pressurizer high water level trip (2/3)

(4) reactor coolant system low flow trips

(a) low reactor coolant flow (2/3 per loop), (2/3)
(b) reactor coolant pump undervoltage trip (2/3)
(c) reactor coolant pump underfrequency trip (2/3)

(5) steam generator low-low level trip (2/3)

(6) low feedwater flow (1/2 steam/feedwater flow mismatch coincident with
1/2 low steam generator level),

(7) turbine trip (anticipatory)

(a) low auto stop oil pressure (2/3)
(b) turbine stop valve close (4/4)

(8) safety injection signal actuation trip (2/4, 2/3, or 1/2)

(9) manual trip (1/2)

(10) general warning alarm (2/2)

The power range high neutron flux trip -has two bistables for a high and a low
trip- setting. The high setting trip is active during all modes of operation.
The low setting trip is active only during reactor startup and shutdown when
the reactor is below lOX power.

The intermediate range trip provides protection during reactor startup and
shutdown when the reactor is below lOX power.

The source range trip provides protection during reactor startup and shutdown
when the neutron flux channel is below the P-6 interlock (6 x 10-11 amp).

A power range high positive neutron flux rate trip occurs when a sudden abnor-
mal increase in nuclear power is detected. This trip provides departure from
nucleate boiling (DNB) protection against low-worth rod ejection accidents from
midpower and is active during all modes'f operation..

A power range high negative neutron flux rate trip occurs when a,sudden abnormal
decrease in nuclear power is detected. This trip provides protection against
two or more dropped rods and is active during all modes of operation.
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The overtemperature hT trip protects the core against a low departure from
nucleate boiling ratio (DNBR). The setpoint for this trip is continuously
calculated by analog circuits to compensate for the effects of temperature,
pressure,- and axial neutron flux difference 'on DNBR limits.

The overpower bT trip protects against excessive power (fuel rod rating protec-
tion). The setpoint for this trip is continuously calculated by analog circuits
to compensate for the effects of temperature and axial neutron flux difference.

The pressurizer low pressure trip is used to protect against low pressure that
could lead to DNB. The reactor is tripped when the pressurizer pressure (com-

pensated for rate of change) falls below a preset limit. This trip is blocked
below approximately 10K power (P-7 interlock) to allow startup and controlled
shutdown.

The pressurizer high pressure trip is used to protect the reactor coolant sys-
tem against system overpressure. The same transmitters used for the pressurizer
low-pressure trip are used for the high-pressure trip. The reactor is tripped
when pressurizer pressure exceeds a preset limit.

The pressurizer high water level trip is provided as a backup to the pressurizer
high pressure trip and serves to prevent water relief through the pressurizer
safety valves. This trip is .blocked below'approximately 10K of full power (P-7
interlock) to allow startup.

The low reactor coolant flow trip protects the core against DNB resulting from
a loss of primary coolant flow. Above the P-7 setpoint (approximately 10K

power), a reactor trip will occur if any two loops have low flow. Above the
P-8 setpoint (approximately 38K power), a trip will occur if'ny one loop has

low flow.

The reactor coolant pump undervoltage trip is provided to protect against the
low flow that can result from loss of voltage to the reactor coolant pump motors.
Three undervoltage sensing relays are provided for each pump motor. The relays
provide an output signal when the voltage falls below approximately 70%%uo of rated
voltage. Signals from these relays are time delayed to prevent spurious trips.
The reactor coolant pump underfrequency trip is provided to protect against low
flow resulting from underfrequency as a result of a major power grid disturbance.
One sensing relay is provided for each reactor coolant pump motor (time delayed
up to approximately 0. 1 second to prevent spurious trips caused by short-term
frequency perturbations). Two out of three signals trip the reactor if the
power level is above 10K power (P-7 interlock).

The steam generator
of heat sink in the

A reactor trip on'

pressure signals or
steam stop valves'.

low-low water level trip protects the reactor from loss
event of a sustained steam/feedwater flow mismatch.

4

turbine trip is actuated by two out of three trip fluid
by all (four out of four) closed signals from the turbine
A turbine trip causes a direct reactor trip above 10K power

(P 7 interlock).

A safety injection signal initiates a reactor trip. This trip protects the
core against a loss of reactor coolant or overcooling.
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The manual trip-'onsists of two'witches. . Operation of either switch de-
energizes the undervoltage coils in each logic train. The breaker shunt coils
in these breakers are energize'd at the same time; which provides a diverse
means to ensure:that the trip and bypass breakers are tripped.

A general warning alarm in both solid-state protection system trains initiates
a reactor trip. The general warning alarm is provided for each train of the
solid-state protection system and is activated when the corresponding train is
being tested or is otherwi'se inoperable. The'trip resulting from the general
warning alarm in both trains provides protection for conditions'under which

'othtrains of the protection system may be inoperable.

The analog portion of the RTS consists of a portion of the process instrumenta-
tion system (PIS) and the nuclear instrumentation system (NIS). The PIS includes
those devices that measure temperature, pressure, fluid flow, and level. The
PIS also includes the power supplies, signal conditioning, and bistables that
provide initiation of protective functions. The NIS includes the neutron flux
monitoring instruments, including power supplies, signal conditioning, and
bistables that provide initiation of protective functions.

The digital portion of the RTS consists of the solid-state logic protection
system (SSLPS). The SSLPS"takes binary inputs (voltage/no voltage) from the
PIS and NIS ch'annels corresponding to normal/trip conditions for plant param-
eters. The SSLPS uses these signals in the required logic combinations and
generates trip signals (no voltage) to the undervoltage coils of the reactor
trip circuit breakers. The system also provides annunciator, status'ight,
and computer input signals that indicate the condition of the bistab'le output
signals, partial and full trip conditions, and the status of various bl'ocking,
permissive, and actuation functions. In addition, the SSLPS includes the logic
circuits for testing.

Analog signals derived from protection channels used for nonprotective functions
such as control, remote process indication, and computer monitoring are pro-
vided by isolation amplifiers located in the"protective system cabinets. The
isolation amplifiers a'e designed so that a short circuit, open circuit, 'or the
application of credible fault voltages from within the cabinets on the isolated
output portions of "the circuit (nonprotective side) will not affect the input
signal. The signals obtained from the isolation amplifiers are not returned to
the protective system cabinets.

7.2.2 Specific Findings

7.2.2. 1 Cable Separation 'in NSSS Process Cabinets

Preservation of independence and redundancy is achieved in the protection system
rack by using isolation amplifiers to separate individual channel inputs from
both the control system outputs and the protection system outputs. Westinghouse
personnel performed tests to demonstrate that credible faults'r electrical
interference in cables associated with the reactor trip system would not degrade
the system performance requirements for the nuclear instrumentation system and
the solid-state protection system. These tests were made in support of the
Diablo Canyon license application. Similar tests were conducted by Westinghouse
on the 7300 series process control system and are described in Westinghouse

Shearon Harris SER



Topical Report WCAP-'892A, "7300 Series Process Control System Noise Tests."
The staff has reviewed and approved the procedures'for and results of these
tests. All cables external to the reactor trip system racks are installed to
satisfy the requirements specified in the Westinghouse test reports.

7. 2. 2. 2 Trip Setpoint and Margins

The setpoints for the various functions in the reactor trip system are deter-
mined on the basis of the accident analysis requirements. As such, during any
anticipated, operation and occurrence, the reactor trip system limits the fol-
lowing parameters to

(1) minimum DNBR of 1.30

(2) maximum system pressure of 2750 psi (absolute)

(3) fuel rod maximum linear power of 18.0 kW per foot

The reactor trip system bistable setpoints are established considering the
following:

(1) safety limit setpoint--value assumed in the accident analysis

(2) limiting setpoint--Technical Specification value

(3) normal setpoint--value set into the equipment and obtained by subtracting
allowance for instrument drift, calibration uncertainty, transmitter error,
and base starting margin from the limiting setpoint

The detailed trip setpoint review will be performed as part of the staff's
review of the plant Technical Specifications and will be completed before the
operating license is issued. The applicant was requested to provide an evalua-
tion and/or an analysis of the. effect of post-accident environmental conditions
on the setpoint for the reactor trip system instrumentation (Technical Speci-
fication Table 2.2-1) and the engineered safety feature actuation system instru-

~ mentation (Technical Specification Table 2.2.2). This information will be pro-
vided for review with the applicant's proposed Technical Specifications.

7.2.2.3 Response-Time Testing

To ensure that the response time of each protective function of the reactor
trip system and the engineered safety features actuation (ESFA) system is
within the time limit assumed in the accident analyses, the Technical Specifi-
cation requires response-time testing at specified intervals. This aspect of
the design will be reviewed when the plant test procedures are available.

C

7.2.2.4 Design Modification for Automatic Reactor Trip Using Shunt Coil
Trip Attachment

In response to the Salem ATWS events, the Westinghouse Owners Group (WOG) sub-

mitted a generic design modification to provide automatic RTS actuation of the
breaker shunt trip attachments. The staff reviewed and accepted the generic
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design modification and identified additional information required on a plant-
specific basis. By letters dated October 21 and November 18, 1983, the appli-
cant has committed to implement the, shunt trip attachment modification'as pro-
posed by the WOG. The staff finds this commitment acceptable, pending an
acceptable response to the information identified as required on a plant-
specific basis. The staff will provide'its conclusions on this matter in a
supplement to this report.

7.2.2.5 NUREG-0737 Item II.K.3. 12--Confirm Existence of Anticipatory Reactor
Trip on Turbine Trip.

The Shearon Harris design includes an anticipatory reactor trip on a turbine
trip. Two-out-of-three logic from trip fluid pressure signals or all-closed
signals from the turbine steam stop valves will cause a direct reactor trip"
above 10K of rated thermal power (P-7 interlock). The staff finds the appli-
cant's compliance with the guidelines for this item acceptable.

7.2.3 Evaluation Findings

The staff has conducted an audit review of the RTS for conformance to applicable
RGs and industry codes and standards. In Section 7. 1 of this SER, the staff
concluded that the applicant had adequately identified the guidelines applicable
to these systems. Based on its audit review of the design for conformance to
the guidelines, the staff finds that there is reasonable assurance -that the
systems will conform to the applicable guidelines. The scope of the review
included the FSAR descriptive information; electrical, instrumentation, and
control drawings; and piping and instrumentation diagrams. In addition, the
staff met with the applicant, architect/engineer, and the NSSS vendor. These
meetings provided a forum for information exchange and the answering of staff
questions.

The staff review has included the identification of those systems and components
for the RTS that are designed to survive the effects of earthquakes, other
natural phenomena, abnormal environments, and missiles. Based on its review,
the staff concludes that the applicant has identified the systems and components
consistent with the design bases for the RTS. Sections 3. 10 and 3. 11 of this
SER address the qualification programs to demonstrate the capability of these
systems and components to survive applicable events. Therefore, the staff
finds that the identification of the systems and components satisfies this
aspect of GDC 2 and 4.

Based on its review, the staff concludes that the RTS conforms to the design-
basis requirements of IEEE 279. The RTS includes the provision to sense acci-
dent conditions and anticipated operational occurrence and initiate reactor
shutdown consistent with the analyses presented in Chapter 15 of the FSAR.
Therefore, the staff finds that the RTS satisfies the requirements of GDC 20.

The RTS adequately conforms to the guidance. for periodic testing in RG 1.22,
"Periodic Testing of Protection System Actuation Functions," and IEEE 338, as
supplemented by RG 1. 118, "Perriodic Testing of Electric Power and Protection
System." The bypassed and inoperable status indication adequately conforms to
RG 1.47, "Bypassed and Inoperable Status Indication for Nuclear Power Plant
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Safety Systems." The RTS adequately conforms to the guidance on the applica-
tion of the single-failure criterion in IEEE 379, as supplemented by RG 1.53,
"Application of the Single-Failure Criterion to Nuclear Power Plant Protection
Systems." Based on its review, the staff concludes that the RTS satisfies the
requirements of IEEE 279 with regard to system reliability and testability.
Therefore, the staff finds that the RTS satisfies the requirements of GOC 21.

The RTS adequately conforms to the guidance in IEEE 384 as supplemented by
RG 1.75 for protection system independence. Based on its review, the staff
concludes that the RTS satifies the requirements of IEEE 279 with regard to
independence of systems and hence satisfies the requirement of GDC 22.

Based on its review of failure modes and effects for the RTS, the staff con-
cludes that the system is designed to fail into a safe mode if conditions such
as disconnection of the system, loss of energy, or a postulated adverse environ-
ment are experienced. Therefore, the staff finds that the RTS satisfies the,
requirements of GDC 23.

Based on its review of the interface between the RTS and plant-operating control
systems, the staff concludes that the system satisfies the requirements of IEEE
279 with regard to control and protection system interaction. Therefore, the
staff finds that the RTS satisfies the requirements of GDC 24.

Based on its review of the RTS, the staff concludes that the system satisfies
the protection system requirements for malfunctions of the reactivity control
system, such as accidental withdrawal of control rods. Section 15 of the FSAR

addresses the capability of the system to ensure that fuel design limits are
not exceeded for such events. Therefore, the staff finds that the RTS satis-
fies the requirements of GOC 25.

The staff's conclusions are based on the requirements of IEEE 279 with respect
to the design of the RTS. Therefore, the staff finds that the RTS satisfies
the requirements of 10 CFR 50.55a(h) with regard to IEEE 279.

The review of the RTS has examined the dependence of this system on the availa-

bilityy

of essential auxiliary support (EAS) systems. Based on its review, the
staff concludes that the design of the RTS is compatible with the functional
performance requirements of EAS systems. Therefore, it finds the interfaces
between the RTS design and the design of the EAS systems acceptable.

7.3 En ineered Safet Features S stems

7.3. 1 Engineered Safety Features Actuation System

The engineered safety features actuation system (ESFAS) is a portion of the
plant protection system that monitors selected plant parameters and, when it
detects out-of-limit conditions of these parameters, initiates actuation of
appropriate engineered safety features (ESF) systems and essential auxiliary
support systems equipment. The ESFAS includes both automatic and manual initi-
ation of these systems. Also included with the ESF systems are the control
systems that regulate operation of ESF systems following their initiation by
the protection system.
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The ESFAS is a functionally defined system and consists of

(1) process instrumentation and control

(2) solid-state and relay logic

(3) ESF test circuits

(4) manual actuation circuits

The ESFAS includes two distinct portions of circuitry: (1) an analog portion
consisting of three to four redundant channels per parameter or variable to
monitor various plant parameters such as reactor coolant and steam system pres-
sures, temperatures, and flows and containment pressure and (2) a digital por-.
tion consisting of redundant logic trains that receive inputs from the analog
protection channels and perform the logic to actuate the ESF equipments. The
ESFAS is composed of an NSSS designed by Mestinghouse and the BOP designed by
Ebasco,

There are seven ESFAS actuation functions in the Shearon Harris design. The
initiation signals for each of the ESFAS functions are listed below. The num-
bers in parentheses after each initiation channel indicate the coincident logic;
for example, two out of four (2/4).

(1} emergency core cooling actuation (safety injection S signal)

(a) low pressurizer pressure (2/3)
(b) low steamline pressure (2/3 in any line)
(c) high containment pressure (HI-1} (2/3)
(d) manual actuation (1/2)

(2) containment isolation phase A actuation (T signal)

(a) safety injection S signal
(b) manual actuation (1/2),

(3) containment spray system actuation and containment isolation phase 8
actuation (P signal)

(a) high containment pressure (HI-3) (2/4)
(b) manual actuation (2/4)

(4) main steamline isolation actuation

(a) low steamline pressure (2/3 in any line)
(b) high containment pressure (HI-2) (2/3)
(c) high negative steam pressure rate (2/3 in any line)
(d) manual actuation (1/2 for all lines or 1/1 for each valve)
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(5) feedwater line isolation actuation

(a) safety Injection S signal
(b) steam generator high level (2/3 in any generator)
(c) low T (2/3) coincident with reactor tripavg

(6), auxiliary feedwater system actuation

(a) safety injection S signal
(b) Steam generator low-low level (2/3 on any generator)
(c) blackout signal (complete loss of offsite'lectric power)
(d) loss of both main feedwater pumps

The turbine-driven auxiliary feedwater pumps will be started on any of
the following signals:

(a) low-low level in two steam generators
(b) blackout signal

(7) containment combustible gas control manual actuation (1/2)

The essential auxiliary support (EAS) systems are

(1) onsite power supply system
(2) emergency service water system
(3) component cooling water system
(4) essential services chilled water system
(5) 120-V ac plant protection power system
(6) safety-related 125-V dc power system
(7) control room air conditioning system
(8) reactor auxiliary building (RAB) equipment cooling system
(9) diesel generator building ventilation system
(10) RAB switchgear room ventilation system
(11) emergency exhaust systems
(12) spent fuel pool pump room ventilation system
(13) RAB electrical equipment protection room ventilation system
(14) fuel oil transfer pumphouse ventilation system
(15) emergency service water intake structure ventilation system

7.3.2 ESF and EAS System Operation

7.3.2. 1 Emergency Core Cooling System Actuation

The emergency core cooling system (ECCS) cools the reactor core and provides
shutdown capability for pipe breaks in the reactor coolant system (RCS) that
cause a loss of primary coolant greater than'hat which can be made up by the
normal makeup system, for rod cluster control assembly ejection, for pipe breaks
in the secondary coolant system, and for steam generator tube failure. The
primary function of the ECCS is to remove the stored and fission product decay
heat from the reactor core during accident conditions. The ECCS consists of
the centrifugal charging (safety injection) and residual heat removal pumps,
accumulators, residual heat removal heat exchangers, refueling water storage
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tank (RWST), and boron injection tank with the associated piping, valves, and
instrumentation.

The ECCS provides shutdown capability for the accidents described above by
injecting borated water into the RCS. The system's safety function can be
performed with a single active failure (short term) or passive failure (long
term). The emergency diesel generators supply power if offsite power is
unavailable.

The safety injection S signal will start the diesel generators and automaticallyinitiate the following actions in the ECCS:

(1) starts centrifugal charging pumps (safety injection)

(2) opens RWST suction valves to charging pumps

(3) opens boron injection tank inlet and outlet discharge parallel isolation
valves

(4) closes normal charging path valves

(5) closes charging pump miniflow valves

(6) closes boron injection tank recirculation valves

(7) stops boron injection tank recirculation pumps

(8) starts residual heat removal pumps

(9) closes volume control tank outlet isolation valves

(10) opens any closed accumulator isolation valves

Switchover from the injection mode to recirculation involves the interlocks
described below. The changeover from the injection mode to recirculation mode
is initiated automatically and completed manually by operator action from the
main control room. Protection logic is provided to automatically open the two
containment sump isolation valves when the RWST level (two out of four) reaches
a low-low level setpoint in conjunction with an S signal. This automatic action
will align the two residual heat removal pumps to take suction from the contain-
ment sump and deliver water directly to the RCS.

The charging pumps (safety injection) will continue to take suction from the
RWST following the above automatic action, until manual operator action is
taken to align these pumps in series with the residual heat removal pumps. A
spare charging pump is provided to allow continued plant operation when one of
the two charging pumps is out of service.

7.3.2.2 Containment Isolation System Actuation

The function of the containment isolation system (CIS) is to isolate nonessen-
tial lines that pass through the containment boundary. The CIS is designed to
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limit the release of radioactivity from the containment during abnormal events
and accidents.

The CIS is automatically actuated by signals developed by the ESFAS in two
phases: phase A containment isolation and phase B containment isolation.
Phase A isolates all nonessential process lines penetrating the containment.
Phase B isolates all other process lines not included in phase A containment
isolation, except the safety injection and containment spray lines.

Containment isolation valves, which are equipped with power operators and are
automatically actuated, may also be controlled individually by positioning
hand switches in the control room. Containment isolation valves with power
operators are provided with an open/closed indication, which is displayed in
the control room at the main control board and the status panel. All electric
power supplies and equipment necessary for containment isolation are Class 1E.

7.3.2.3 Containment Spray System Actuation

The two redundant trains of containment spray provide borated water, containing
sodium hydroxide, to the upper regions of the containment to reduce the contain-
ment pressure and temperature and to remove fission products following a loss-
of-coolant accident, a main steamline break, or a feedwater line break.

The containment spray system (CSS) has two phases of operation, which are
initiated sequentially following system actuation; they are the injection
phase and the recirculation phase. Once the CSS actuation signal is initiated,
isolation valves open to begin the injection phase, and the valves associated
with the spray additive tank open to allow sodium hydroxide to mix with the
spray. For the recirculation phase, the spray pump suction is automatically
switched from the RMST to the containment sump when a low level in the RMST is
reached. The system includes features for periodic testing to confirm proper
functioning.

7.3.2.4 Hain Steamline Isolation Actuation

The main steamline isolation signal is generated on low steamline pressure or
high-high containment pressure. A manual block permissive is provided for the
low steamline pressure signal for use during normal plant, cooldowns and heatups.
A high rate of steamline pressure decrease is used to initiate main steam
isolation when the low steamline pressure signals are blocked during normal
plant startup and shutdown. The block of the low steamline pressure signal is
automatically removed and the high rate signal is automatically blocked when

the pressurizer pressure is above a preset value. Stored energy for closing
the main steamline isolation valves is supplied by pneumatic/hydraulic accumu-

lators. Hydraulic fluid is pumped into the valve actuator to open the valve
against a pressurized pneumatic system. The valve is closed by pneumatic pres-
sure when the hydraulic fluid pressure is relieved. A dual hydraulic control
system is provided to ensure redundancy. The main steam isolation valve is
capable of being tested online by partial closure of the valve.
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7.3.2.5 Feedwater Line Isolatio'n Actuation

Feedwater line isolation is provided to terminate main feedwater following a
pipe rupture or excessive feedwater event. The feedwater line isolation signalis generated on safety injection, high steam generator water level, or low
reactor coolant temperature coincident with a reactor trip. On receipt of this
signal, the main feedwater isolation valves and other valves associated with
the main feedwater lines are closed. Redundant actuation systems are providedfor each valve operator and receive closure signals from the two redundant
ESFAS trains. I r

7.3.2. 6 Auxi 1 iary Feedwater System

The function of the auxiliary feedwater system (AFWS) is to provide an ade'quate
supply of water to the steam generators if the main feedwater system is

not'vailable.The AFWS consists of two motor-driven pumps and one turbine-driven
pump with associated valves, controls, and instrumentation. The motor-driven
supply is independent of the turbine-driven supply for each steam generator.
The two supplies connect in the containment at the auxiliary feedwater nozzle
on the steam generator. The auxiliary feedwater (AFW) actuation system will
automatically start the pumps and position the valves to provide feedwater to
the steam generators. The initiating conditions are listed in Section 7.3. 1',
item (6). The AFW pump suction is normally supplied from the seismic Category'I.
condensate storage tank. The pump can be manually aligned by remote control to
take suction from the emergency service water system.

The AFWS can be manually initiated and controlled from the main control board
or the auxiliary shutdown panel. The AFWS control is addressed in Section 7.4
of this report. The AFWS has automatic isolation logic to terminate auxiliary
feedwater to a faulted steam generator. The detailed design evaluation is
addressed in Section 7.4. 1.3.

7.3.2.7 Combustible Gas Control System

The combustible gas control system controls the buildup of hydrogen gas inside
the containment. The combustible gas control system consists of hydrogen moni-
toring, hydrogen recombiners, and the hydrogen purge system. The hydrogen moni-
toring system has redundant and separate hydrogen analyzers located outside
containment. Each analyzer is powered from an independent onsite power source.
Two hydrogen recombiners are manually controlled and are located inside 'contain-
ment. The design meets functional requirements in the post-accident containment
environment including seismic Category I criteria. The two hydrogen recombiners
are powered from separated safeguard buses. The containment hydrogen purge
system is provided as a backup means of controlling hydrogen inside the con-
tainment building. It consists of a purge makeup penetration line, an exhaust
penetration line, and a filtered exhaust system that discharges to the vent
stack. The hydrogen purge system would be used only if the recombiners'ere
ineffective.

7.3.2.8 Onsite Power Supply System

The onsite ac power system consists of two 6. 9-kV diesel generators, two 6. 9-kV
ESF buses, various ESF and non-ESF 480-V buses, motor control centers, and
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208/120-V power panels. The dc power system consists of two safety-related
125-Y batteries, one nonsafety-related 125-V battery, and one nonsafety-related

'50-V battery, each with its own battery chargers and dc load center. There
are four 120-Y ac safety-re1ated power distribution panels for safety-related
vital instrumentation and control loads. Each power panel has a separate
rectifier/inverter.

7.3.'2.9 Emergency Service Water System

The normal service water pumps take suction from the cooling tower basin. If
both cooling tower s are inoperative, service water will be provided by the
emergency service water pumps. Only equipment essential to accident mitigation
or safe plant shutdown wH 1 be supplied by the emergency service water system.
The emergency service water pumps take suction from either the main reservoir
or the auxiliary reservoir. The emergency service water system is designed to
seismic Category I requirements. The nonsafety-related parts of the service
water system will be automatically isolated during emergency operation by a
safety injection actuation signal.

7.3.2. 10 Component Coolant Water System

The component cooling water (CCW) system provides an intermediate closed cooling
loop for removing heat from reactor plant auxiliary systems and transferring it
to the service water system. Two 100K redundant CCW loops are provided. One
installed spare pump can be manually connected to either CCW loop and supplied
emergency power from the source associated with that loop.

7. 3. 2. 11 Essential Service Chilled Mater System

The essential service chilled water system provides chilled water to various
safety-related air conditioning systems in the auxiliary buHding. It consists
of two 100'ystems, which are powered from redundant emergency buses. The
nonessential portions of the chilled water system are automatica11y isolated
from the essential portions on receipt of a safety injection actuation signal.

7. 3. 2. 12 Control Room Area Ventilation System

The control room area ventilation system is designed to (1) maintain suitable
control room temperature and humidity for continuous plant operation; (2) detect
radioactive material, chlorine, or smoke in the control room', and (3) automati-
cally isolate the control room on detection of the above hazardous conditions.
The control room area ventilation system serves both the Units 1 and 2 control
rooms. The system consists of four 50K capacity air-handling units, four 50K
capacity exhaust fans, four 50K capacity purge fans, and two lOOX capacity
filtration systems.

7;3. 2. 13 ESF Ventilation System

The ESF ventilation system consists of auxiliary building ESF equipment cooling,
switchgear room ventilation, fuel oil transfer pumphouse ventilation, diesel
generator buHding ventilation, emergency service water intake structure venti-
lation, and spent fuel pool pump room ventilation. The ESF ventilation system
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is designed to serve all areas containing equipment essential for accident
mitigation and safe shutdown.

?.3.2. 14 Containment Vacuum Relief System

There are two redundant vacuum relief trains. Each of the redundant trains has
a butterfly valve that can be remotely operated by a control switch in the con-
trol room. Each train is automatically controlled when negative containment
building pressure is between 0. 25 and 2. 5 inches water gage. The butterfly
valve and damper will close and be prevented from opening when a containment
isolation signal is present.

7.3.3 Evaluation Findings

7.3.3. 1 NUREG-0737 Item II.E. 1.2--AFWS Automatic Initiation and Flow
Indication

The automatic system used to initiate the operation of the auxiliary feedwater
system is part of ESFAS. The redundant actuation channels that provide signals
to the pumps and valves are physically separated and electrically independent.
Redundant trains are powered from independent Class lE power sources. The
initiation signals and circuits are testable during power operation, and the
test requirements are included in the plant Technical Specifications. Manual
initiation and control can be performed from the main control board or the
auxiliary shutdown panel. No single failure within the manual or automatic
initiation system for the auxiliary feedwater system will prevent initiation of
the system by manual or automatic means. The environmental qualification of
this system is addressed in Section 3. 11 of this report.

One auxiliary feedwater flow indicator and one wide range level indicator are
provided for each steam generator. The level and flow indications for two
steam generators are powered from the Class lE channel A power source, and
those for the other steam generators from the channel B power source. The
staff concludes that the Shearon Harris design satisfies the requirements of
NUREG-0737 Item II.E.1.2.

7.3.3.2 System Level ESF Manual Initiation Capability

IEEE 279-1971 requires that the protection system shall include means. for
manual initiation> of each protective action at the system level. Manual init-
iation should depend on the operation of a minimum of equipment. In the
Shearon Harris design, some of the protection systems do not have system level
ESF manual initiation capability. These protection systems include the feed-
water line isolation, containment ventilation isolation, control room, isolation,
fuel-handling building ventilation isolation, RAB ventilation isolation, and
auxiliary feedwater isolation. By letter dated July 1, 1983, the applicant has
addressed the manual initiation capabilities of the above systems. The staff
has reviewed the design and finds it acceptable.

7. 3. 3. 3 Test of Engineered Safeguards P-4 Interlock

On November 7, 1979, Westinghouse notified the Commission of an undetectable
failure that could exist in the engineered safeguards P-4 interlocks. Test
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procedures were developed to detect failures that might occur. The procedures
require the use of voltage measurements at the terminal blocks of the reactor
trip breaker cabinets.

The staff raised a concern on the possibility of accidental shorting or ground-
ing of safety system circuits during testing of the P-4 interlocks.

In response by letter dated July 15, 1983, the applicant committed to incorpo-
rate built-in test features that will consist of the addition of two voltmeters
and two selector switches to the reactor trip switchgear assembly wired to the
P-4 contact matrix. The staff finds that this modification is acceptable and
eliminates the identified concern.

7.3.3.4 IE Bulletin 80-06

As was done for operating reactors through IE Bulletin 80-06, the staff re-
quested that the applicant review all safety systems to determine if any safety
equipment would change state after reset. The applicant has stated that the
requested reviews have been performed and that safety-related equipment will
remain in its associated emergency mode following reset. Confirmatory tests
requested by the Bulletin will be performed to verify the conclusion of this
review. The staff finds this acceptable.

7.3.3.5 Level Measurement Errors Resulting From Environmental Temperature
Effects on Level Instrument Reference Legs

The staff requested that the applicant evaluate the effects of high tempera-
tures in reference legs of water level measurement after high energy-line breaks.
This issue was addressed for operating reactor through IE Bulletin 79-21. By
letter dated July 15, 1983, the applicant has committed to insulate the steam
generator reference legs as a permanent solution to the heatup concern addressed
in IE Bulletin 79-21 'he staff finds this acceptable.

7.3.3.6 Steam Generator Level Control and Protection

Three steam generator level channels are used in a two-out-of-three logic for
isolation of feedwater on high steam generator level, and one of the three level
channels is used for control. This design for actuation of feedwater isolation
does not meet Paragraph 4.7 of IEEE 279, "Control and Protection System Inter-
action," in that the failure of the level channel used for control could require
protective action and the remainder of the protection system channels 'would not
satisfy the single-failure criterion. By letter dated July 15, 1983, the
applicant has committed to add a fourth steam generator level channel. A two-
out-of-four high-high steam generator water level signal will then be used to
initiate turbine trip and feedwater isolation in place of the existing two-
out-of-three logic. The staff finds this acceptable.

7. 3. 3. 7 Containment Spray System Chemical Additional Control
J

The containment spray system cools the containment atmosphere and removes the
fission products after a LOCA. The staff has identified the concerns on the
adequacy of the instrumentation for terminating sodium hydroxide addition in
the containment spray system and the capability to test the spray additive tank
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isolation valves. The applicant has modified, the design to provide redundant
Class lE level indicators for the spray additive tank and to provide testing
capability for tank isolation valves. The staff finds these design modifica-
tions acceptable.

7.3.3.8 Non-Class 1E Inputs to Class 1E Control Circuits

In response to a staff request, the applicant provided a list of non-Class lE,
control signals that are used as inputs to Class lE control circuits. The
applicant stated that all of non-Class lE signals are through an isolation
device before signals are input to Class 1E control circuits. Failure of non-
Class lE input will not affect the Class 1E control circuits. The staff has
audited the schematic drawings and finds the design acceptable.

7.3.3.9 Spare Component Cooling Mater (CCM) Pump

A spare CCW pump is provided to allow continued plant operation when one of the
two CCW pumps is out of service. The spare pump can replace either pump in the
redundant CCW loops and still maintain the required safety train separation in
the electrical power supplies and control circuits. The applicant was requested
to revise the proposed Technical Specifications to include the testing of the
spare pump breaker and the CCW surge tank level instruments.

7.3.3. 10 Spare Charging Pump

A spare charging pump is provided to allow continued plant operation when one
of the two charging pumps is out of service. The spare pump can replace either
pump in the redundant safety injection trains and still maintain the required
safety train separation of electrical power supplies and control circuits. The
applicant was requested to revise the proposed Technical Specification to
include the testing of the spare pump breaker.

7.3.3. 11 Solid-State Logic Protection System

On August 6, 1982, Westinghouse informed NRC under 10 CFR 50.55(e) that a poten-tial significant deficiency was identified in the solid-state logic protection
system (SSLPS) test circuits.

During testing of the master relays, the voltage applied to the slave relay is
reduced from 120-V ac to 15-V dc to preclude their operation during this phase
of the testing. Also during this test a light is placed in series with the
master relay contact, which is normally used to pick up the slave relays. On
completion of these tests, the light used to confirm the continuity of master
relay contacts and slave relay coil is removed from the circuit. The problem
revealed is that these tests do not confirm that the continuity light is re-
moved from the circuit. If the light remained in series with the slave relay
coil, the operability of the protective action would not be assumed. The appli-
cant has proposed a circuit modification developed by the equipment vendor
(Westinghouse) to resolve the concern. Based on a review of the proposed modi-
fication, the staff finds it acceptable, subject to the applicant's submittal
of the required FSAR changes.
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7.3.3.12 Failure Modes and Effects Analyses of ESFAS

The description of the ESFAS analysis, which is provided in FSAR Section 7.3.2. 1,
is incomplete. It does not provide all of the information required by RG 1. 70,
Section 7.3.2, which demonstrates how the requirements of the GDC and IEEE
279-1971 are satisfied and the extent to which the recommendations of the appli-
cable RGs are satisfied. Tge applicant has referred to the, failure modes and
effects analysis (FMEA) referenced in FSAR Section 7.2.2 and Table 7.3. 1-1.
The staff has requested the applicant to confirm that this FMEA

(1) is applicable to all engineered safety features equipment within the BOP

and NSSS scope of supply

(2) is applicable to design changes subsequent to the design analyzed in the
referenced Mestinghouse Topical Report

(3) has met the interface requirements

In FSAR Amendment 9, the applicant confirms that Shearon Harris complies with
the interface requirements of Appendix B of MCAP 8584/8760. This FMEA together
with the assumption of compliance to the interface requirements of Appendix B

and the considerations of Appendix C is applicable to ESF equipment within NSSS

and BOP scope and design changes subsequent to the design analyzed. The staff
finds this acceptable.

7.3.4 Evaluation Conclusion

The review of the instrumentation and control aspects'f the ESF systems
included the ESFASs and the ESF control systems. The ESFAS detects a plant
condition requiring the operation of an ESF system and/or EAS system and initi-
ates operation of these systems. The ESF control systems regulate the opera-
tion of the ESF systems following automatic initiation by the protection system
or manual initiation by the plant operator.

The staff concl'udes that the ESFAS and the ESF control systems are acceptable
and meet the relevant requirements of GDC 2, 4, 20 through 24, 34, 35, 38, and
41, and 10 CFR 50.55a(h).

Based on its audit review of the system design for conformance to the SRP guide-
lines, the staff finds that there is reasonable assurance that systems conform
fully to the guidelines applicable to these systems.

The staff's review has included the identification of those systems and compo-
nents for the ESFAS and ESF control systems that are designed to survive the
effects of earthquakes, other natural phenomena, abnormal environments, and
missiles. Based on its review, the staff concludes that the applicant has
identified those systems and components consistent with the design bases for
those systems. Sections 3. 10 and 3. 11 of this SER address the qualification
programs to demonstrate the capability of these systems and components to sur-
vive these events. 'herefore, the staff finds that the identification of these
systems and components satisfies this aspect of GDC 2 and 4.
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Based on its review, the staff concludes that the ESFAS conforms to the design-
basis requirements of IEEE 279 and that the system includes the provision to
sense accident conditions and anticipated operational occurrences to initiate
the operation of ESF and EAS systems consistent with the accident analysis pre-
sented in Chapter 15 of the FSAR. Therefore, the staff finds that, the ESFAS
satisfies the requirements of GOC 20.

The ESFAS conforms to the guidelines for periodic testing in RG 1.22 and IEEE
338, as supplmented by RG 1. 118. The bypassed and inoperable status indication
conforms to the guidelines of RG 1.47. The ESFAS conforms to the guidelines on
the application of the single-failure criterion in IEEE 379, as 'supplemented by
RG 1.53. Based on its review, the staff concludes that the ESFAS meets„ thecriteria of IEEE 279 with regard to the system's reliability and testability.
Therefore, the staff finds that the ESFAS satisfies the requirement of GDC 21.

The ESFAS conforms to the guidelines in IEEE 384, as supplemented by RG 1.75,for the protection system independence. Based on its review, the staff con-
cludes that the ESFAS satisfies the requirement of IEEE 279 with regard to the
system's independence. Therefore, the staff finds that the ESFAS satisfies'he
requirement of GDC 22.

Based on its review of the analysis for the ESFAS, the staff concludes that the,
system is designed with due consideration of safe failure modes if conditions
such as disconnection of the system, loss of energy, or postulated adverse
environment are experienced. Therefore, the staff finds that the'ESFAS satis-
fies the requirements of GDC 23.

Based on its review of the interfaces between the ESFAS and plant operating
control systems, the staff concludes that the system satisfies the requirements
of IEEE 279 with regard to control and protection system interactions. There-
fore, the staff finds that the ESFAS satisfies the requirement of GDC 24.

The staff's conclusions noted above are based on the requirements of IEEE 279
with respect to the design of the ESFAS. Therefore, it finds that the ESFAS
satisfies the requirement of 10 CFR 50.55a(h) with regard to IEEE 279.

The staff's review of the ESF control systems included conformance to the
requirements for testabi lity, operability with onsite and offsite electrical
power, and single failures consistent with the GDC applicable to these ESF
systems. The staff concludes that the ESF control systems are testable and are
operable on either onsite or offsite power (assuming only one source is avail-
able) and that the controls associated with redundant ESF systems are independ-
ent and satisfy the single-fai lure criterion. Therefore, they meet the relevant
requirements of GDC 34, 35, 38, and 41.

7.4 S stems Re uired for Safe Shutdown

7.4. 1 Description

This section describes the equipment and associated controls and instrumentation
of systems requi'red for safe shutdown. It also describes controls and instru-
mentation located outside the main control room that enable safe shutdown of
the plant in the event the main control room is evacuated.
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7.4. l. 1 Safe Shutdown System

The systems required for safe shutdown are those required to (1) control the
reactor coolant system temperature and pressure, (2) borate the reactor coolant,
and (3) to provide adequate- residual heat removal. Equipment used for the
identified mode of shutdown includes

(1) 'ot standby

(a) auxiliary feedwater pumps and associated valves*

(b) boric acid transfer pumps and associated valves
(c) steam generator safety valves
(d) reactor coolant charging pumps and letdown orifice valves
(e) pressurizer heaters
(f) pressurizer sprays
(g) steam generator power-operated relief valves (PORVs)

Items (e), (f), or (g) are desirable but not required to maintain hot
standby conditions.

(2) hot shutdown

(a) auxiliary feedwater pumps and associated valves
(b) boric acid transfer pumps and associated valves
(c) steam generator PORVs
(d) reactor coolant charging pumps and letdown orifice valves
(e) residual heat removal pumps and associated valves
(f) pressurizer heaters and sprays

(3)

Item (f) is desirable but not required -to maintain hot shutdown
conditions'old

shutdown

(a) residual heat removal pumps and associated valves
(b) boric acid transfer pumps and associated valves
(c) reactor coolant charging pumps and letdown orifice valves
(d) reactor coolant pumps

Item (d) is desirable but not required to reach cold shutdown conditions.

(4') supporting systems and associated equipment required for all modes of
shutdown

(a) component cooling water system
(b) service water system
(c) onsite power supply system
(d) diesel generator fuel oil storage and transfer system
(e) ,safety-related heating, ventilation, and air conditioning systems
(f) control room panels or auxiliary control panels
(g) emergency lighting

To achieve and maintain safe shutdown, the reactor and the turbine are tripped.
Automatic protection and control system functions are discussed in Sections 7.2
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and 7.3. The controls and the indicators for all of the equipment listed above
are provided in the main control room. In addition, an auxiliary control panel
is provided that allows the plant to be maintained in a hot shutdown condition
or taken to cold shutdown should the main control room become uninhabitable.

7.4. 1.2 Remote Shutdown Capability

If temporary evacuation of the control room becomes necessary, .an auxiliary
shutdown panel located, outside the control room is provided to bring the plant
to a hot-standby condition. The plant can also be taken to,cold shutdown from
outside the control room by using instrumentation and controls on the auxiliary
shutdown panel in conjunction with local control stations and local operator
actions. Two transfer panels are provided for the two safety trains. The
transfer of control, by the transfer panels, will arm the controls of the
respective electrical trains on the auxiliary shutdown panel. Control wi.ll
take place only when the switch at auxiliary shutdown panel is activated. The
transfer panels are designed as enclosed cabinets and all controls are mounted
inside. Opening of the cabinet activates an alarm on the main control board.
The auxiliary shutdown panel and the two transfer panels are designed in accord
ance with Class 1E requirements and are located in three separate fire zones.

The instrumentation on the auxiliary shutdown panel has sufficient backup.
controls and indications to satisfy the single-failure criterion.

7.4. 1.3 Auxiliary Feedwater Control

The staff's review on the" AFWS includes the following considerations:

(1) automatic initiation (discussed in Section 7.3)

(2) capability of controlling flows to establish and maintain steam generator
level

(3) capability of controlling the steam generator pressure

(4) capability of isolating a faulted steam generator resulting from feedwater
or steam line.breaks

(5) capability for post-trip control from auxiliary shutdown panel

Steam generator level is operator controlled by positioning the AFW regulating
valves. The two motor-driven pumps and their associated controls are redundant
and powered from safety train A and B, respectively. The AFW pump turbine is
driven by steam supplied from the main steam piping of two steam generators.
The pump speed is automatically controlled by the differential pressure between
pump discharge pressure and the turbine steam inlet pressure. Operator speed
control can be performed at the main control board or the auxiliary control
panel.

During plant cold shudown, the main steam PORVs are automatically controlled
by steamline pressure with remote operator adjustment of the pressure setpoint
from the control room or the auxiliary shutdown panel. Operator adjustment of

Shearon Harris SER 7;22



the AFW flow rate and steam generator pressure setpoint is used to control the
cooldown rate.

A system is provided to terminate AFW to a faulted steam generator. A compari-
son of the differential pressures between all steam generators is made and used
in conjunction with the main steam isolation signal (MSIS) to determine a steam-
line break and terminate auxiliary feedwater flow to the faulty steam generator.
The steam generator pressure mismatch signal and MSIS are combined in a coinci-
dence logic to develop a steam generator available signal (SGAS). An SGAS'ill
perform the following actions:

(1) Open the auxiliary feedwater regulating and pump discharge valves to the
intact steam generator.

(2) Close the auxiliary feedwater regulating and pump discharge valves to the "

faulty steam generator.

When the plant is in a shutdown condition, manual initiation of the selected
auxiliary feedwater pumps is required. This can be accomplished by using the
manual control switches provided on the main control board or the auxiliary
shutdown panel. Auxiliary feedwater flow indication, pump suction and discharge
pressures, AFW turbine speed, valve positions, steam gene'rator level control,
and level indications are provided on the main control board and the auxiliary
shutdown panel. The staff finds the design of the auxiliary feedwater control

'cceptable.

7.4.2 Specific Findings

7.4.2. 1 Capability To Achieve Cold Shutdown

The Shearon Harris design uses the steam generator PORVs in conjunction with
the AFWS to allow the plant to be cooled from the pressure setpoint of the
lowest safety valve setting down to the point where the residual heat removal
system can be placed in service. However, the PORVs are located in the steam
tunnel, and the PORV actuator is only qualified to 165'F (the normal tempera-
ture of the steam tunnel is around 105~F). The staff identified a concern that
the PORV may not function under a postulated steamline break accident in the
steam tunnel; therefore, the plant may not be able to achieve cold shutdown.
By letter dated July 1, 1983, the applicant has committed that the main steam
power-operated relief valve operators will be qualified to function during a
postulated steamline break in the steam tunnel. The staff finds this acceptable.

7.4.2.2 Testing for Remote Shutdown Operation

During the review process, a concern was raised by the staff regarding the
remote shutdown capability and the need for a test to verify design adequacy.
The applicant stated that emergency procedures will be prepared to include
remote shutdown, and a test will be conducted during startup testing to confirm
'the capability for remote shutdown. This item is confirmatory, subject to
confirmation that this test has been successfully completed.
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7.4.3 Evaluation Findings

The review of systems required for safe shutdown included the sensors, circuitry,
redundancy features, and actuated devices that prevent the reactor from return-
ing to criticality and provide means for adequate residual heat removal. The
review included the FSAR descriptive information, logic diagrams, single-line
diagrams, schematic diagrams, and piping and instrumentation diagrams.

Based upon its audit review of the system designs for conformance to the guide-
lines, the staff finds that there is reasonable assurance that the systems con-
form to the applicable guidelines.

The staff review has included the identification of those systems and compo-
nents required for safe shutdown that are designed to survive the effects of
earthquakes, other natural phenomena, abnormal environments, and missiles.

Based upon its review, -the staff concludes that the applicant has identified
those systems and components consistent with the design bases for the systems.
Sections 3. 10 and 3. 11 of this SER address the qualification programs to demon-
strate the capability of these systems and components to survive applicable
events. Therefore, the staff finds that the identification of these systems
and components satisfies this aspect of GDC 2 and 4.

The staff concludes that instrumentation and controls have been provided to
maintain variables and systems that can affect the fission process, the integ-
rity of the reactor core, the reactor coolant pressure boundary, and the con-
tainment and its associated systems within prescribed operating ranges during
plant shutdown. Therefore, the staff finds that the systems required for safe
shutdown satisfy the requirements of GDC 13.

Instrumentation and controls have been provided within the control room to
allow actions to be taken to maintain the nuclear power unit in a safe condi-
tion during shutdown including a shutdown following an accident. Equipment at
appropriate locations outside the control room has been provided with (1) a
design capability for prompt hot shutdown of the reactor, including instrumenta-
tion and controls to maintain the unit in a safe condition during hot shutdown
and (2) a potential capability for subsequent cold shutdown of the reactor
through the use of suitable procedures.

The staff review of the .instrumehtation and controls required for safe shutdown
has examined the dependence of these systems on the availability of EAS systems.
Based on its review, the staff concludes that the designs of EAS systems are
compatible with the functional performance requirements of the systems reviewed
in this section. Therefore, it finds the interfaces between the designs of
safe shutdown systems and the design of EAS systems acceptable.

'4

The staff review of the instrumentation and control systems required for safe
shutdown included conformance to the requirements for testability, operability
with onsite and offsite electrical power, and single failures consistent with-
the GDC applicable to safe shutdown systems. The staff concludes that, in
general, these systems are testable and are operable on either onsite or off-
site electrical power, and that the controls associated with redundant safe
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shutdown systems are independent and satisfy the requirements of the single-
failure criterion.

In summary, the staff concludes that the systems required for safe shutdown are
acceptable and meet GDC 2, 4, 13, and 19 and RGs 1.47, 1.53, and 1.62, subject
to the closeout of the confirmatory items noted in Section 7.4.2.

7. 5 'nformation S stems Im ortant to Safet

7.5.1 Description

The safety-related display instrumentation systems provide the information
necessary for the operator to perform the required manual safety functions fol-
lowing a reactor trip. Information that the operator needs to maintain the
plant in a hot-standby condition or to proceed to cold shutdown within the
limits of the Technical Specifications is also displayed. The operator uses
these information systems to monitor conditions in the reactor, the reactor
coolant system, the containment, and the process systems during normal opera-
tion of the plant, including anticipated operational occurrences and for post-
accident monitoring. The. display system also includes bypassed and inoperable
status information.

The following information systems are provided:

(1) plant process display instrumentation
(2) reactor trip system monitoring
(3) ESF system monitoring
(4) ESF support systems monitoring
(5) auxiliary control panel instrumentation
(6) control rod position indication system
(7) safe shutdown monitoring system
(8) post-accident monitoring instrumentation

,(9) bypassed and inoperable status indication
(10) control board annunciation and light boxes

The bypass and inoperative status indication for the Harris design is in con-
formance with RG 1.47. The bypass indication on the bypass panel is arranged
for the ESF and the EAS system on a train basis. The system bypass indication
will be indicated automatically whenever an ESF system is bypassed or becomes
inoperable as a result of loss of control power or a valve not being in its
proper position. A bypassed or inoperable condition can be actuated or reset
manually by the operator by depressing the system window pushbutton. The
subsystem level bypassed and inoperable status will be monitored by the plant
computer system.

The post-accident monitoring system is designed to monitor plant variables
during and following an accident. Instrumentation provided for the monitoring
of post-accident parameters is qualified for operation in post-accident environ-
mental and seismic conditions. The instruments are powered from 120-V ac instr u-
ment buses, which are normally energized from the onsite emergency buses. Each
channel is powered from a separate power supply.
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The following systems parameters are included in the postaccident monitoring
system:

(1) reactor coolant cold-leg and hot-leg temperature (loops 1 and 2 only)
(2) pressurizer water level
(3) reactor coolant pressure (wide range)
(4) containment pressure
(5) steamline pressure
(6) steam generator water level (wide range)
(8) component cooling water heat exchanger discharge pressure
(9) component cooling water surge tank level
(10) component cooling water heat exchanger discharge temperature
(11) refueling water storage tank level
(12) containment spray pump A and B discharge header pressure
(13) auxiliary feed water flow to steam generator
(14) auxiliary feed water pumps A and B discharge pressure
(15) turbine auxiliary feedwater pumps discharge pressure
(16) emergency service water pumps A and B discharge pressure
(17) service water pumps A and B header flow
(18) service water booster pumps A and B pressure
(19) service water booster pumps A and B flow
(20) diesel generators A and B voltage
(21) diesel generators A and B field voltage
(22) diesel generators A and B current
(23) batteries A and B voltage
(24) containment sump level

7.5.2 Specific Findings

7.5.2. 1 Loss of Non-Class 1E Instrumentation and Control Power System Bus
During Operation (IE Bulletin 79-27)

The staff requested that the applicant review the adequacy of emergency operat-
ing procedures to be used by control room operators to attain safe shutdown
on loss of any Class lE or non-Class 1E buses supplying power to safety- or .

nonsafety-related instrument and control systems. This issue. was addressed for
operating reactors through IE Bulletin 79-27.

In a letter dated October 14,, 1983, the applicant responded to the concerns
of IE Bulletin 79-27. The effects on the plant and the ability to reach and
maintain cold shutdown upon loss of power to the individual Class lE or non-1E
instrument buses were evaluated. The applicant has determined that loss of
power to any one of the buses would not prevent reaching and maintaining cold
shutdown.

The appropriate emergency procedures are being prepared for use at Shearon
Harris; they will address appropriate actions to be taken on the loss of an
instrument bus. Therefore, the applicant concluded that because, based on
this review, no deficiencies existed, the capability will be provided to
achieve shutdown conditions using plant procedures. The staff agrees with
this conclusion and finds it acceptable.
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7. 5. 2. 2 NUREG-0737 Items

II.D.3--Direct Indication of Relief and Safet Valve Positions

Each of the three pressurizer safety relief valves is equipped with a reed-type
switch, which provides a position indication (open or closed) in the control
room. An alarm is provided in conjunction with this indication. The valve

„position indication is powered from a vital instrument bus. The code safety
valve position is derived from reed-type switches mounted on the valve top.
The safety valve positions are displayed on the'mergency Response Facility
Information System (ERFIS) cathode ray tube (CRT) located on the main control
board. The resistance temperature detectors (RTDs) are provided as the backup
device to detect any valve seat'eakage. If there is any leakage, the RTDs
will .actuate an annunciator on the main control board. The valve position in-,;,.
dicating switch will be seismically and environmentally, qualified. The staff
finds the applicant's compliance with the NUREG-0737 guidelines for this item
acceptable.

II.F. 1—Accident Monitorin Instrumentation Positions 4 5 and 6

Positions (4), (5), and (6) of this action plan item require installation of a
containment pressure monitor, containment water level monitor, and

containment'ydrogenconcentration monitor.

The Shearon Harris design includes containment pressure monitoring and contain-
ment water level monitoring instrumentation as required by NUREG-0737 Item
II.F. 1 Attachments 4, "Containment Pressure Monitor," and 5, "Containment Water
Level Monitor." Continuous indication, display, and, if desired, recording of
containment pressure over a range of -5 to 135 psig will be provided in the
main control room by redundant Class lE pressure transmitters. Continuous
Class lE indication of containment water level from the bottom of the contain-
ment sump to the top of the sump (narrow range) and from the bottom of contain-
ment to the elevation equivalent to 600,000 gallons (wide range) will also be
provided in the main control room from redundant instrumentation channels. The
staff, has reviewed the accuracies of the containment pressure and water level
instrumentation and found them acceptable. - In addition, the applicant has
stated that the containment pressure monitoring channels shall meet the design
and qualification criteria of RG 1.97, Revis'ion 2, and, for the containment
water level instrumentation, qualification will be in accordance with the cri-
teria for Class 1E transmitters located inside containment, and the narrow range
monitors will meet the requir'ements of RG 1.89.

The hydrogen monitoring system has a range of 0-10K hydrogen concentration by
volume with an accuracy of + 2X of full scale. The system has redundant re-
corders for containment hydrogen concentration on the control panels with alarms
for hydrogen analyzer malfunction, loss of power, and high hydrogen concentra-
tion (i.e , greater than 3.0X) in the main control room. The applicant has
also stated the hydrogen monitoring system is capable of continuous indication
of containment hydrogen concentration within 30 minutes of the initiation of
safety injection. Based on its review of the post-accident hydrogen monitoring
system, the staff finds that the requirements. of NUREG-0737 Item II.F. 1,
Attachment 6, "Containment Hydrogen Monitor," have been met.
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II.F.3--Instrumentation for Monitorin Accident Conditions RG 1.97 Revision 2

The Commission has instructed the staff to use Supplement I to NUREG-073'7 (Generic
Letter 82-33) in the implementation of energency response capability (including)
requirements for post-accident monitoring). Therefore, conformance to the
guidelines of RG 1.97, Revision 2, will be included in the evaluation of designs
for the emergency support facilities. The implementation schedule will be
established in conformance with Supplement 1 of NUREG-0737. The completion of
the review of this item will be performed during the post-implementation review
discussed under NUREG-0737 III.A.1.2, "Upgrading Emergency Support Facilities,"
in Section 13.3 of this report.

7.5.3 Evaluation Conclusions

The information systems important to safety provide the operator with informa-
tion on the status of the plant to allow manual safety actions to be performed
when necessary. The scope of review included tables of system variables and
component status to be indicated, function control diagrams, electrical and
physical layout drawings, and descriptive information. The review has included
the applicable acceptance criteria and guidelines and design bases, including
those for indication of bypassed or inoperable safety-related systems. The
review has also included the applicable acceptance criteria and guidelines and
design bases, including those for indication of bypassed or inoperable safety-
rel'ated systems. In addition, the review included the applicant's analyses of
how the design of information systems conforms to the SRP. The staff concludes
that the information systems important to safety are acceptable and meet GDC 2,
4, 13, and 19.

Based on its audit review of the system design for conformance to the guidelines,
the staff finds that there is reasonable assurance that these systems conform
to the guidelines- applicable to these systems.

The staff review has included the identification of those systems and components
for the information systems that are designed to survive the effects of earth-
quakes, other natural phenomena, abnormal environments, and missiles. Based on
its review; the staff concludes that the applicant has identified those systems
and components consistent with the design basis for those systems. Sections
3. 10 and 3. 11 of this SER address the qualification programs, to demonstrate the
capability of these systems and components to survive these events. Therefore,
the staff finds that the identification of these systems and components satisfies
this aspect of GDC 2 and 4.

The staff concludes that the information systems 'important to safety, including
the accident monitoring instrumentation, are consistent with the plant safety
analysis 'and show substantial compliance with RG 1.97, Revision 2. Therefore,
the, staff finds that the information systems satisfy the requirements of GDC 13
for monitoring variables and systems over their anticipated ranges for normal
,operation, for anticipated operational occurrences, and for accident conditions.
Further, the staff finds that conformance to GDC 13 and the applicable guide-
lines satisfies the requirements of GDC 19 with respect to information systems
provided in the control room from which actions can be taken to operate the
unit safely under normal conditions and to maintain it in a safe condition under
accident conditions.

Shearon Harris SER 7-28



In 'summary, the staff concludes that the information systems important to safety
are acceptable and meet the requirements of GDC 2, 4, 13, and 19.

7.6 Interlock S stems Im ortant to Safet

7. 6. 1 Description

This section addresses the safety-related interlocks that

(1) prevent the overpressurization of low pressure systems

(2) prevent the overpressurization of the primary coolant system during low
temperature operation

(3) ensure the availability of ECCS accumulators

(4) automatically open sump isolation valves for the recirculation mode of
operation

The objectives of the review have to confirm that design considerations such
as redundancy, independence, single failures, qualification, bypasses, status
indication, and testing are consistent with the design bases of these safety-
related systems.

7.6.2 Specific Findings

7.6.2. 1 Residual Heat Removal System Isolation Valves Interlock

The residual heat removal isolation valve interlocks are provided to prevent
overpressurization of the RHR system. There are two motor-operated valves in
series in each of the two residual heat removal pump suction lines from the
reactor coolant system hot legs. Separate and diverse pressure transmitters
powered from separate safety power trains are used for the isolation valve
interlocks. Each valve is interlocked to prevent it from opening if RCS

pressure is greater than 425 psig and to automatically close it if RCS pressure
exceeds 750 psig. Valve position indication is provided in the control room.

The redundant valve inter lock design includes independence, separation, and
diversity and satisfies BTP ICSB 3, "Isolation of Low Pressure Systems from
the High Pressure Reactor Coolant System," and therefore is acceptable.

7.6.2.2 RCS Overpressure Protection During Low Temperature Operation

The overpressure protection during low temperature operation is provided by
automatic actuation of the pressurizer PORVs. In its review of the automatic
control logic for these valves, the staff found that a failure resulting in a
high output signal'rom either of the two auctioneers would prevent both of the
valves from 'opening when needed. Because no indication of the auctioneered
safety output signals is provided to the operator, such a failure could remain
undetected. Furthermore, even if such a failure would be detected, the system
would remain inoperative. By letter dated September 19, 1983, the applicant
has committed to install redundant auctioneering devices. The control logic
for the low temperature overpressure protection system will be modified so
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that a single failure would not prevent both of the PORVs,from opening when
needed. The staff finds that design acceptable subject to staff review of
updated drawings and FSAR changes for this system to be submitted by the
applicant.

7.6.2.3 Accumulator Isolation Valve Interlock
4

A motor-operated isolation valve is provided at each accumulator outlet. These
valves are normally open during plant operation. To prevent an inadvertent
closing of these valves, power is removed from the valve motor circuit breakers.
Administrative control is required to ensure that power is restored to the valve
circuit breakers dur ing plant shutdown. These valves are interlocked so that
they

(1) open automatically on receipt of a safety injection (SI) signal

(2) open automatically whenever the RCS pressure is above SI unblock (P-ll)
setpoint

(3) they cannot be closed as long as the SI signal is present

Administrative controls require the performance of a periodic check valve leak-
age test. The interlock will ensure that the safety function is maintained
during the test.

There are two sets of valve position indicating lights on the main control
board. One set of lights is operated by a valve motor limit switch, and the
other set is actuated by a valve stem limit switch. An alarm will also sound
when either of the limit switch senses that the valve is not fully open. The
valve position indicating lights are operated by a valve motor limit switch
located at the'ontrol module for each valve. These lights are powered by a
separate Class 1E, 120-V ac power supply that will not be affected by the
removal of power from the valve motor circuit breakers. The valve position
indicating lights are operated by a stem light switch located at the safeguard
light box, which is powered from 125-V dc power supply. The staff finds that
the design satisfies BTP ICSB-4 and is acceptable.

7.6.2.4 RHR Recirculation System Sump Isolation Valves Interlock

This interlock is provided to automatically open the four safety injection
system recirculation sump isolation valves (two series valves per train) when
two out of four RWST levels reach the low-low level setpoint after safety injec-
tion actuation. The valve cannot be closed as long as an SI signal is present.
The interlock from an SI signal can be removed by a reset switch, which is
separate from the system level SI reset switch. The interlock reset switch
only resets the slave relay in the solid-state protection system output cabinet.
The purpose of this reset, capability is to permit the operator to remove the
actuation signal if the corresponding sump isolation valve must be closed and .

maintained in a closed position following a LOCA. The staff finds the de'sign
acceptable.
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7.6.3 Evaluation Conclusion

The staff concludes that the design of the interlock systems important to safety
is acceptable and meets the relevant requirements of GDC 2 and 4.

The review of the interlock systems important to safety included the interlocks
to prevent overpressurization of low-pressure systems when they are connected
to the primary coolant system. The staff position" with regard to this inter-
lock system is BTP ICSB-3, "Isolation of Low Pressure Systems from the High
Pressure Reactor Coolant System." Based on its review, the staff'concludes
that the design of this system satisfies the staff s guidelines.

The staff review included the interlock for the ECCS accumulator isolation
valve. The staff's position with regard to this interlock system is BTP
ICSB-4, "Requirements of Motor Operated Valves in the ECCS Accumulatory Lines."
Based on its review, the staff concludes that these interlocks satisfy the
staff's guidelines. Based on its review of the interlock systems important to
safety, the staff concludes that the systems'esign bases are consistent with
the plant safety analysis and their importance to safety. Further, the staff
concludes that the aspects of the design of those systems with respect to single
failures, redundancy, independence, qualification, and testability are adequate
to ensure that the functional performance requirements of these systems will be
met and that they meet the applicable requirements of GDC 2 and 4.

7.7 ~17
7.7. 1 Description

The plant control systems that are not r'elied on to perform safety functions
but that control plant processes having an impact on plant safety are described
in this section and include the following:

(1) rod control system
(2) plant control interlocks
(3) pressurizer pressure and level control
(4) steam generator water level control
(5) steam dump control
(6) safety instrumentation freeze protection

The rod control system provides for reactor power modulation by manual or auto-
matic control of control rod banks in a preselected sequence. It displays con-
trol rod positions, alerts the operator in the event of control rod deviation
exceeding a preset limit, 'and alerts the operator on inadequate shutdown mar-
gins resulting from excessive control rod insertion. The automatic rod control
system is designed to maintain a programmed average temperature in the reactor
coolant by regulating the reactivity'ithin the core. The system is capable
of restoring reactor coolant average temperature to within t3.5F'f the pro-
grammed temperature. 'The automatic rod control is performed between 15 and
100K of rated power.

The plant control interlocks prevent further withdrawal of the control rod banks
either by a control system malfunction or an operator error. The interlocks are
derived from nuclear instrument channels or reactor coolant overtemperature,
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overpower channels. The interlocks also limit automatic turbine load increases
during a rapid return to power transient (through the negative moderator
coefficient). The interlock can be cleared by an increase in coolant tempera-
ture, which is accomplished by reducing the boron concentration in the coolant.

The reactor coolant pressure is controlled by using either the heaters or the
spray of the pressurizer plus PORV steam relief for large transients. The
water inventory in the RCS is maintained by the chemical volume and control
system. During normal plant operation, the charging flow varies to match the
flow demanded of the pressurizer water level controller. The pressurizer water
level is programmed as a function of coolant average temperature. During
startup and shutdown operations, the charging flow is manually regulated to
maintain pressurizer water level.

The steam generator level is programmed by a,three-element feedwater controller,
which regulates the feedwater valves by continuously comparing the feedwater
flow signal, the water level signal, the programmed level setpoint, and the
steam flow signal. An override signal closes all feedwater valves when the
reactor coolant T „ is below setpoint and the reactor has tripped. During

avg
startup or low power operation, a feed-forward control scheme uses steam gen-
erator level and nuclear power signals to position a bypass control valve,
which is in parallel with the main feedwater regulating valve.

The steam dump system is designed to accept a 100K load rejection without
tripping the reactor. The system functions automatically by bypassing steam
directly to the condenser and/or atmosphere to maintain an artificial load on
the primary system. The rod control system can then reduce the reactor coolant
temperature to a new equi librium value without causing overtemperature and/or
overpressure conditions.

A demand signal for the load-rejection steam dump controller is generated if
the difference between the reference reactor coolant average temperature (based
on turbine impulse chamber pressure) and the measured reactor coolant average
temperature exceeds a preset value. To prevent actuation of steam dump as a
result of a small load perturbation, an independent load rejection sensing
circuit is provided. This circuit senses the rate of decrease in the turbine
load as detected by the turbine impulse chamber pressure and blocks the steam
dump unless the rate exceeds a preset value. The applicant stated that no
credit for steam dump other .than ASIDE Code safety relief valves is taken in any
safety analysis.

A freeze protection system is provided to'ensure that instrumentation sensing
and sampling lines for systems important to safety are protected from freezing
during extremely cold weather.

The freeze protection system is designed to protect preselected piping systems
exposed to ambient temperatures between 40'F and -2'F. Two thermostats are.
connected in parallel to turn the heating devices off and on. The thermostats
are preset to turn on at 40'F and off at 45'F. Redundancy for the freeze pro-

. tection system is provided for the systems which are critical to the safe oper a-
tion and essential for safe shutdown of the plant.
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7. 7. 2 Specific Findings

7.7.2.1 Control System Failure Caused by Malfunctions of Common Power Source
or Instrument Line

To provide assurance that the FSAR Chapter 15, safety analyses adequately bounds
events initiated by a single credible failure or malfunction, the staff asked
the'pplicant to identify any'power source or sensors that provide power or
signals to two or more control functions, and demonstrate that failures or
malfunctions of=these power sources or sensors will not result in consequences
more severe than those of Chapter 15 analyses or beyond the capability of
operator or safety systems.

By a letter dated November 3, 1983, the applicant submitted a control system
failure study. A detailed analysis of the effects of power source, sensor,
and impulse line failure was performed for each of the following control
systems:

~ steam generator water level

~ pressurizer water level

~ pressurizer pressure

~ steam dump

~ electric power distribution

avg
~ rod control

~ main steam PORVs

~ CVCS (dilution mode only)

instrument air

The effects of the power source, sensor, and impulse line failures on the
control system and controlled components were determined by developing and
analyzing logic models of these systems.

The applicant provided a summary of, the events resulting from each postulated
failure and identified the specific safety analysis that delineates the
bounding consequences of the failure.

The staff has reviewed the bases for the applicant's study and concludes there
is reasonable assurance that the consequences of single failures within the
control systems are bounded by analyses in Chapter 15 of the FSAR. The staff
finds the results of the applicant's study acceptable and considers this issue
resolved.
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Unresolved Safety Issue A-47, "Safety Implications of Control Systems," will
address control system design and the need for any control system 'design
modifications. The applicant will be required to address any new guidance
which may result from the resolution of the unresolved safety issue.,

7. 7. 2. 2 Control System Failure Caused by High-Energy Line Breaks

Operating reactor licensees were informed by IE Information Notice 79-22, issued
September 19, 1979, that if certain'onsafety-grade control equipment were sub-
jected to the adverse environment of a high energy line break, it could impact
the safety analyses and the adequacy of the protection functions performed by
the safety-grade equipment. The staff requested a review by the applicant to
determine whether the harsh environment associated with high-energy line breaks
might cause control system malfunction and result in a consequence more severe
than those of the FSAR Chapter 15 analyses or beyond the capability of
operators or safety systems.

By a letter dated October 27, 1983, the applicant submitted a report on effects
of high-energy line breaks on control systems. The applicant has performed a
review to evaluate the impact of control system failures as a consequence of
harsh environments due to high-energy line breaks. Based on this review; the
applicant concludes that the power and signal cables from excore neutron detec-
tor NE-44 of the rod control system could be severed by a high-energy line break.
This could result in an inadvertent rod withdrawal in conjunction with the ini-
tiating high-energy line break.

Because this event is not bounded by the existing FSAR Chapter 15 analyses, by
a letter dated November 14, 1983, the applicant committed to reroute the
cables from NE-44 to an area unaffected by high-energy line breaks. The staff
finds that the licensee's commitment provides an acceptable resolution of this
matter.

The applicant identified the pressurizer pressure transmitters PT-444 and
PT-445 as instruments that are subject 'to the effects of high energy line
breaks but not qualified for a harsh environment. Because these transmitters
provide input signals for the control of the PORVs, their failure as a result
of the high-energy li.ne break environment could result in inadvertent opening
of the PORVs. The applicant takes credit for an interlock based on signals
from qualified pressurizer pressure transmitters to prevent the inadvertent
opening of the PORVs. The staff has reviewed this design and concludes that
the interlock used for the PORV control system does not meet the single
failure criterion. A secondary-side high-energy line break would require the
PORV inter lock to mitigate this event to limit the consequences within the
bounds of the safety analyses.

By a letter dated November 14, 1983, the applicant committed to replace the
two pressure transmitters, PT-444 and PT-445, with pressure transmitters that
are qualified for a harsh environment and thereby preclude consideration of
the consequential failure of the PORV control system as a design-basis event.
The staff finds that the licensee's commitment provides an acceptable resolu-
tion of this matter.

Shearon Harris SER 7-34



7.7.2.3 NUREG-0737 Item II.K.3.9 - Proportional Integral Derivative (PID)
Controller Modification

Westinghouse recommended that the derivative time constant in the pressurizer
PORV PID controller be set to "off." This action removes the derivative action
from the controller so that the actuation signal to this valve is no longer
sensitive to the rate of change of pressurizer pressure. The applicant has
implemented this recommendation The staff finds that the applicant's compli-
ance with the NUREG-0737 guidelines for tPis item is acceptable.

7.7.3 Evaluation Conclusions

The control systems used for normal operation, which are not relied on to per-
form safety functions but which control plant processes having a significant
impact on plant safety, have been reviewed. These control systems include the.
reactivity control systems and the control systems for the primary and secondary
coolant systems.

The staff concludes that the control systems are acceptable and meet the rele-
vant requirements of GDC 13 and 19.

On the basis of its review of the plant transient response to normal load
changes and anticipated operational occurrences such as reactor trip, turbine
trip, and„,upsets in the feedwater and steam bypass systems, the staff concludes
that the control systems are capable of maintaining system variables within
prescribed operating limits. Therefore, it finds that the control systems
satisfy this aspect of GDC 13.

The staff review of control systems included features of these. systems for both
manual and automatic control of the process systems.

The staff concludes that the features for manual and automatic control facili-
tate the capability to maintain plant variables within prescribed operating
limits. It finds that the control systems permit actions that can be taken to
operate the plant safely during normal operation, including anticipated opera-
tional occurrences, and, therefore, the control systems satisfy GDC 19 with
regard .to normal plant operations.

The conclusions of the analyses of anticipated operational occurrences and
accidents presented in Chapter 15 of the FSAR have been used to confirm that
plant safety is not dependent upon the response of the control systems. The
staff concludes that failure of the systems themselves or as a consequence of
the failure of a supporting system--such as power source--does not result in
plant conditions more severe than those bounded by the analyses of anticipated
operational occurrences.
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8 ELECTRIC POWER SYSTEMS

8. 1 General

The staff has reviewed the Shearon Harris electric power systems in accordance
with the criteria in Table 8-1 of the SRP (NUREG-0800). The primary bases
within these criteria are provided by GDC 5, 17, and 18, and by RGs 1.6, 1.9,
1.75, 1.63, and 1.32, and Institute of Electrical and Electronics Engineers
(IEEE) Standard 308-1974, "Criteria for Class lE Power Systems for Nuclear
Power Generating Stations."

The following sections provide the staff's evaluation of the offsite and
onsite electric power system design and how it meets the requirements of the
above-cited acceptance criteria. The staff also will visit the site to view
the installation and arrangement of electrical equipment and cables, to review
electrical drawings, and to verify the adequacy of the design and the proper
implementation of the design criteria. The confirmatory site visit will be
completed before the license is issued, and, if any problems are found, they
will be addressed in a suppplement to this report.

The conclusions in the following sections are subject to acceptable imple-
mentation of any design changes that may be required as a result of the
staff's site visit.

8.2 Offsite Power S stem

8.2. 1 General Description

The offsite power system is the preferred source of power for the plant. This
system includes the grid, transmission lines, transformers, switchyard components
and associated control systems provided to supply electric power to safety-
related and other equipment. The electrical grid is the source of energy of
the offsite power system. The safety function of the offsite power system
(assuming that the onsite power systems are not available) is to provide suf-
ficient capacity and capability to ensure that the structures, systems, and
components important to safety perform as intended. The objectives of the
staff review are to detelmine that the offsite power system (1) satisfies the
SRP criteria and (2) reliably performs its design functions during normal
plant operation, anticipated operational occurrences, and accident conditions.

The Shearon Harris plant is connected to the CP8L transmission grid by six
230-kV transmission lines. These lines come from five different substations
and will approach the plant from different directions. As these lines enter
the plant area, four of the six lines share a common corridor; however, the
physical separation between the lines is such that no single event (such as a

tower falling or a line breaking) can simultaneously cause the failure of more

than one circuit. Thus, at least two separate and independent circuits from
the transmission network are available to supply offsite power to the Shearon
Harris plant. A third source of power to each emergency bus can be made
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available in approximately 8 hours by disconnecting the generator links, and
thus backfeeding power through the unit auxiliary transformer. This exceeds
the requirements of GDC 17 and is acceptable.

The 230-kV switchyard is configured partially in a breaker-and-a-half mode'nd
partially in a single breaker mode; it is located approximately 500 feet from
the Unit 1 turbine building. The full development of the 230-kY switchyard
will utilize a complete breaker-and-a=half scheme to connect the output o'f the
two units and six 230-kV transmission lines. 'he 230-kV switchyard breakers
are provi'ded with redundant and independent trip circuits powered from,two
125-V dc independent power sources. Each 125-V dc system consists, of a
separate battery, battery charger, and distribution system. One additional
battery charger is provided as a spare. These batteries are independent of ,

those discussed in Section 8.3.2 of this report.'he switchyard will be
protected by two independent protective relaying schemes.

Offsite power to the 6.9-kV redundant and independent Class lE buses is pro-
vided through two star tup transformers for each unit. These are half-capac'ity
transformers, each having a two winding secondary. One of the windings feeds
a non-Class lE 6.9-kV bus from which power is fed to its associated Class lE
6.9-kV bus, and the other winding feeds a 6.9-kV non-Class 1E bus. Each trans-
former has sufficient capacity to supply the auxiliary load requirements for
normal shutdown or following a LOCA with the other transformer out of service.
The startup transformers for each unit are physically separated from each other'o prevent a single event (e. g., fire or explosion) causing both transformers
to tail. One spare startup transformer is provided to min'imize outage time in
case of a transformer failure. This transformer can be placed in service within
the time period specified in the Technical Specification.

During normal operation, the main generator for each unit supplies power to the
230-kV switchyard and grid through isolated phase buses and the main step-up
transformers. The generator also supplies power to two auxiliary transformers,
each with a two-winding secondary. During normal operation, one winding of
each auxiliary transformer supplies one 6. 9-kV non-Class 1E bus from which
power is fed to its associated Class 1E 6.9-kV bus, and the other winding sup-
p'lies a 6.9-kV non-Class 1E bus. On a unit trip, an automatic fast bus transfer
initiated by the main generator lockout relay transfers the onsite distribution
system from the auxiliary transformers to the startup transformers.

Based on the above, the staff concludes that the offsite power system provides
adequate capacity and capability to supply all'station auxiliary loads as well
as to start and operate all safety-related equipment. In addition, the offsite
power system provides sufficient redundancy and electrical and physical inde-
pendence so that no single event is likely to cause simultaneous outage of both
circuits to the onsite power distribution system.

8.2.2 Testability

The design of the offsite power system permits appropriate periodic inspection-
and testing of important features to assess the continuity of the system and
the functionability and condition of its components. The switchyard components
for the offsite power supply system are testable during reactor operation.
The system meets the requirements of GDC 18 and is acceptable.
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8.2.3, Grid Stability =

The applicant has conducted grid stability studies on the portion of the
network contiguous to and in the vicinity of the CP8L grid supplying the
offsite power for Shearon Harris Units 1 and 2.

I'he

simulated contingencies included (1) sudden loss of the entire generating
capability at any plant (2495 MM), (2) sudden loss of any large load or load
center,'3) sudden loss of all lines on a common right of way, (4) delayed
clearing of a three-phase fault at any point on the system to breaker failure,
and (5) the outage of the most critical transmission line caused by a three-
phase fault during an outage of any other critical transmission line. The ",
results of these grid stability studies indicate that the grid that supplies
offsite power to Shearon Harris Units 1 and 2 remains stable for the condi-
tions noted above.

Studies were made of grid frequency decay for three different cases. Each
disturbance was simulated over a 3-second period. The study indicated that
the frequency of the 230-kV preferred power sources would decay to above
57.7 Hz by the end of 3 seconds. The applicant has stated that this decay of
the system is well within the acceptable limits established by the NSSS vendor
for normal reactor coolant pump coastdown.

8.2.4 Conclusions

Based on the review of the above information, the staff concludes that the
offsite power system for Shearon Harris plant meets GDC 5, 17, and 18 and is,
therefore, acceptable.

8.3 Onsite Emer enc Power S stem

8.3. 1 AC Power System

The ac onsite emergency power system is a Class lE system that serves as a

standby to the offsite power system. The safety function of the ac onsite
emergency power system (assuming the offsite power system is not functioning)
is to provide capacity and capability sufficient to ensure that the structures,
systems, and components important to safety perform as intended. The objec-
tives of the staff review are to determine that the ac onsite emergency power
system has the required redundancy, meets the single failure criterion, is
testable, and has the capacity, capability, and reliability to supply power to
all required safety loads, in accordance with GDC 2, 4, 5, 17, and 18.

The ac onsite power is comprised of two redundant and independent 6.9-kV ESF

distribution systems, each with its 480-V load centers and motor control cen-
ters, 120-V vital ac power system, and the standby power supply (diesel genera-
tor units). The normal source of power for the two independent Class 1E ESF

distribution system buses is through two unit auxiliary transformers. Each of
these transformers has a two-winding secondary, one that feeds one 6.9-kV
Class 1E ESF division bus through its associated non-Class 1E bus, and the
other that feeds a 6.9-kV non-Class 1E bus. The offsite power source to the
two 6.9-kV ESF buses is provided through two startup transformers. Each of
these has a two-winding secondary, one that feeds one 6.9-kV ESF bus through
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its associated non-Class lE bus, and the other that feeds the 6.9-kV non-
Class lE bus. On unit trip, an automatic bus transfer initiated by the main
generator protective relays transfers the onsite distribution system from the
unit auxiliary transformers to the startup transformers.

The applicant has provided certain installed spare emergency loads. Power c'n
be supplied to these loads from either redundant division of the emergency
power system. These loads consist of a component cooling water pump and a
charging pump. These loads are normally not in use, and two separate inde-
pendent feeder circuits (one from each division) are- routed to separate loca-
tions close to the motor. However, only one feeder circuit breaker is provided
for each spare load. Reconnection from one division to another'equires that
the breaker be physically removed from one bus and that the same breaker be
installed in the other bus. The staff has reviewed the details of this design
and concludes that it is acceptable because (1) the independence of the
two redundant emergency divisions cannot be compromised by a single failure
and (2) multiple manual actions are required to energize the load.

Onsite emergency power is supplied by two diesel generator units. Both units
are automatically started by either a safety injection actuation signal or bus
undervoltage signal. Each diesel generator is"connected automatically to its
respective emergency bus upon loss of offsite power. Under accident condi-
tions with a loss of offsite power, the safety loads are automatically con-
nected in a predetermined sequence to their respective diesel generator.
There is one diesel generator per bus. Each diesel generator with its auxil-
iaries is located in a separate seismic Category I room and is rated for
6500 kM for continuous operation and 7150 kM for 2-hour operation. The total
loads do not exceed the continuous rating of the diesel generator, and during
the loading sequence the frequency and voltage are maintained at 95K and 75K
of nominal, respectively. This conforms with RG l.9, Position 4, and is
acceptable.

The staff requires that new diesel generator designs to be used in nuclear
power plant service undergo a reliability establishment testing program in
accordance with RG 1.9 and IEEE 387. The applicant has documented that the
diesel generators used for Shearon Harris Units 1 and 2 are the same model
engine generator set as those used for Grand Gulf Unit 1 with minor dif-
ferences. The staff finds that the 300-start reliability tests done on the
Grand Gulf diesel generators, together with the 69-start reliability tests to
be performed during preoperational testing on the Shearon Harris diesel
generators, provide reasonable assurance that the Shearon Harris diesel
generator units will have the required reliability. In addition, during plant
operation, application of RG l. 108 would provide periodic testing of the
diesel generator reliability. On the basis of the above, the staff concludes
that the diesel generators meet RG 1.9, Position 13, and are, therefore,
acceptable.

The staff requires that the diesel generator protective trips be bypassed when
the diesel generator is required for a design-basis event. All protective
trips are required during periodic testing. The allowed exceptions to the
above requirement for bypassing are diesel overspeed and generator differential
trips. Any other trips retained must utilize coincident logic to avoid spur-
ious trips. The applicant has provided the two trips mentioned above plus
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generator bus differential, the latter using a 2-out-of-3 coincident logic
under emergency operation. This conforms. with RG 1.9, Position 7, and the
staff finds this acceptable.

The diesel generators are controlled from the main control board, auxiliary
control panel, and local control panel. Controls and instrumentation are
provided in all three locations. A key-locked "operational" or "maintenance"
switch is provided at each local control panel. Mhen the switch i's in the
"operational" position, all remote and local starting will'be operable.'n
the "maintenance" mode, all remote and local starting will be disconnected.
The placing of the "maintenance" mode will be annunciated in the control room
and indicated on the ESF bypass panel as an inoperable condition. In addition,
a key-locked control selector switch is provided at each control panel to
select "local" or "remote" mode. Mhen the switch is in the local position, a
diesel generator inoperable alarm is initiated in the control room. Unless
the diesel generator has been deliberately shut down for maintenance, by plac-
ing an "operator maintenance" switch in the'aintenance position, the automatic
starting signal overrides all manual controls, irrespective of the position of
other switch.

Local and control room alarms are provided for each diesel generator. The
control room annunciation consists of single-input alarms and common-input
alarms. The annunciator window engraving for the single-input alarms identi-
fies the specific nature of the problem. The engraved window for the common-

input alarms is 'activated by any of several alarms, and the operator must
determine the source of the alarm at the local control panel.

The FSAR also describes conditions that render the diesel generator units incap-
able of responding to an automatic emergency start signal. The staff has
reviewed this information and concludes that each condition that can render a
diesel generator unit incapable of responding to an automatic emergency start
signal is alarmed in the control room. The staff finds this aspect of the
design acceptable.

Four redundant and independent divisions of 120-V Class 1E vital instrumenta-
tion and control power systems provide power to the four channels (I, II, III,
and IV) of the reactor protection system and nuclear instrumentation system
and other safety-related instrumentation and control loads. Each vital instru-
mentation and control power supply consists of one inverter that is normally
supplied through its rectifier from the .480-V ESF motor control center. Should
this voltage drop below the required level, the inverter is automatically trans-

ferredd

from a Class 1E 125-V dc system. Action of the automatic transfer of
the inverter input from ac power to dc power is annunciated in the control room.
If an inverter is inoperable or is to be removed from service for maintenance
or testing, a backup supply to the inverter bus is provided from a separate
Class lE regulated power supply through a normally open circuit breaker. There
are no provisions for either manually or automatically transferririg loads or
sources between redundant systems. Based on the above, the staff has deter-
mined that the four vital instrumentation and control power supplies are
independent.

The Class 1E portion of the onsite power and distribution system is designed
to permit appropriate periodic inspection and testing of all important
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cqmponents of the Class lE,ac power systems, including periodic testing of the
emergency diesel generators. This is in accordance with GDC 18 and is
acceptable.

Class lE motors are designed so that the motors develop the horsepower required
by the driven load under maximum expected flow and pressure. The Class 1E
motors are designed to start at 75K„nominal voltage at „their terminals. The
motor starting torque is capable of starting and accelerating the connected
load to normal speed within sufficient time to perform its safety function for
all expected operating conditions. The staff finds this design acceptable.

Based on the above, the staff concludes that the onsite standby ac power
system conforms to GDC 2, 4, 5, 17, and 18 and is, therefore,'cceptable.

8.3.2 DC Power System

The dc power system provides (1) control power to the ac offsite and onsite
emergency power systems as required, (2) power to the four inverters of the
Class 1E vital instrumentation and control ac power subsystem, and .(3) motive
and control power to selected safety-related equipment.

Two Class 1E 125-V dc systems (A and B) are provided for each unit. The dc sys-
tems A and B provide control power for redundant ac load groups A and B, respec-
tively. The systems also provide vital instrumentation and control power for
channels I, II, III and IV of the reactor protection system and diesel genera-
tor groups A and 8 ~ The dc system A provides vital instrumentation and control
power for channels I and III, and dc system B provides vital instrumentation
and control power for channels II and IV. Each Class 1E dc system consists of
one 125-V battery, two lOOX battery chargers, and one distribution panel. The
two battery chargers of each system are supplied by 480-V Class 1E ac power
from a motor control center associated with the same load group.

The Class 1E batteries, chargers, and dc switchgear are located in separate
rooms of the seismic Category I auxiliary building, which provides protection
from the effects of tornadoes, tornado missiles, and floods. This is in
accordance with GDC 2 and 4. Each battery room is provided with a separate
ventilation system. The ventilation system is designed to preclude the
possibility of hydrogen accumulation.

Each Class 1E dc subsystem--including batteries, chargers, switchgear, and dis-
tribution equipment--is physical,ly separate and independent from its redundant
counterparts. Sufficient capacity, capability, independence, redundancy, and
testability are provided in the Class 1E dc systems to ensure the performance
of safety functions, assuming a single failure. This is in accordance with
GDC 17. In addition, each Class lE 125-V dc system is designed to permit
inspection and testing during plant operation and shutdown to assess the opera-
bility and continuity of the system. This is in accordance with GDC 18.

During normal operation, the 125-V dc load is supplied from the battery charg-
ers with the batteries floating on the system. Upon loss of station ac power,
the entire load is powered from the batteries until the power is restored by
the emergency diesel generator or the offsite preferred power source. No pro-
visions exist for either manually or automatically transferring loads between
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the redundant dc systems. This is in accordance with RG 1.6. There is no shar-
ing of dc power sources between the units, which is in accordance with GDC 5
and RG 1.81. Based on this review, the staff concludes that the dc subsystems
are independent.

Each Class 1E battery has sufficient capacity to independently supply the
required safety loads for 2 hours in the event of total loss of station ac
powe'r. Each battery charge'r has'nough capacity to recharge the battery from
its design minimum charge state -to the fully charged state within 12 hours
while simultaneously supplying the largest combined demand of various steady-
state loads, irrespective of the status of the plant when these demands occur.
The battery chargers also have the capability to perform their required func-
tion if their associated battery is disconnected for any reason. The above is
in accordance with RG 1.32.

The specific requirements for dc power system monitoring derive from the generic
requirements in Sections 5.3.2(4), 5.3.3(5), and 5.3.4(5) of IEEE 308-1974.
These general requirements state that the dc system (batteries, distribution
systems, and chargers) shall be monitored to the extent that it is shown to be
ready to perform its intended function. Accordingly, the staff review requires
that the following indications and alarms of Class lE dc power system status
be provided in the control room:

(1) battery current (ammeter-charge/discharge)
(2) battery charger output current (ammeter)
(3) dc bus voltage (voltmeter)
(4) battery charger output voltage (voltmeter)
(5) battery high discharge rate alarm
(6) dc bus undervoltage and overvoltage 'alarm
(7) dc bus ground alarm (for ungrounded system)
(8) battery breaker(s) or fuse(s) open alarm
(9) battery charger output breaker(s) or fuse(s) open alarm
(10) battery charger trouble alarm (one alarm for a number of abnormal

conditions which are usually indicated locally)

The above-cited monitoring, augmented by the periodic test and surveillance
requirements included in the Technical Specifications, provides reasonable
assurance that the Class lE dc power system is ready to perform its intended
safety function.

The staff has reviewed the .local and control room instrumentation provided for
the Shearon Harris Units 1 and 2 design to monitor the status of the batteries
and battery chargers and to ensure the continual operability of the Class lE
dc power system. The staff concludes that the monitoring instruments and
alarms called for by the above-cited guidelines have been provided in the con-
trol room-with the exception of items 5 and 8. In justification, the applicant
has stated that no separate battery discharge alarm (item 5) is provided because
all conditions that may result in a high battery discharge condition can be
detected by an undervoltage condition that is alarmed in the control room
(item 6). Item 8 is not applicable to the Shearon Harris design because the
batteries are directly connected to their distribution systems. The staff
finds these exceptions acceptable.
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Based on its evaluation= of the onsite power system as described in the FSAR,
the staff concludes that the Class -1E onsite power system is testable and inde-
pendent; meets GDC 5, 17, and 18 and RGs 1.6 and 1.32; and is, therefore,
acceptable.

8.4 Other Electrical Features and Re uirements for Safet

This section presents other electrical features and requirements applicable to
the Shearon Harris design for safety that deal with distinct aspects of the
design of ac onsite power systems.

8.4. 1 Physical Identification and Independence of Redundant Safety-Related
Electrical Systems

The FSAR provides the criteria for physical identification and separation of
electrical equipment to preserve the independence of redundant equipment.
Each cable and raceway is color coded by paint or tape to indicate its separa-
tion group. Each cable and raceway is given a unique numeric identification
that provides a means of distinguishing a circuit or raceway associated with a
particular channel or load group. All electrical safety-related equipment

is'dentifiedby color coded tags or nameplates.

This identification meets RG 1.75, Position C. 11, and the staff finds it
acceptable.

The applicant has documented that the separation of redundant safety circuits
is in accordance with RG 1.75 and IEEE 384. The separation of circuits and
equipment is achieved by independent structural design, distance, barriers, or
a combination thereof. The redundant Class 1E circuits are run in separate
and independent raceways,

In general plant areas, cable trays for redundant circuits are separated by a
minimum of 3 feet horizontally or 5 feet vertically. In the cable spreading
room cable trays are separated by a minimum of 1 foot horizontally or 3 feet
vertically. Totally enclosed raceways for redundant circuits are separated by
a minimum of 1 inch. Where the above separation criteria cannot be met,
barriers are placed between the redundant raceways. Where non-Class lE
circuits are connected to Class lE equipment, an isolation device is provided
to protect the Class 1E equipment (see Section 8.4.3 for more details). A
6-inch-minimum physical separation is maintained between cables of different
separation groups internal to the control boards. If these separation distances
are not maintained, barriers are installed between redundant Class 1E wiring.

Associated circuits are not utilized in the Shearon-Harris design.

The staff has reviewed the above information and finds the applicant's criteria
for physical identification, independence, and separation of safety-related
electrical systems to be in conformance with IEEE 384 and RG 1.75. Thus, they
are acceptable.
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8.4.2 Adequacy of Station Electric Distribution System Voltages

Events at the Millstone station have shown that adverse effects on the Class 1E
loads can be caused by sustained low grid voltage conditions when the Class 1E
buses,,are connected to offsite power. These low voltage conditions will not
be detected by the loss of voltage relays (loss of offsite power) whose low
voltage pickup setting is generally in the range of 0.7 per unit voltage or
less.

The events at Millstone also demonstrated that improper voltage protection
logic can itself cause adverse effects on the Class lE systems and equipment,
such as spurious load shedding of Class lE loads from the standby diesel genera-
tors and spurious separation of Class lE systems from offsite power as a result
of normal motor starting transients.

An event at the Arkansas Nuclear One (ANO) station and its subsequent analysis
disclosed the possibility of degraded voltage conditions on the Class 1E buses
even with normal grid voltages, as a result of (1) deficiencies in equipment
between the grid and the Class lE buses or (2) starting transients experienced
during certain accident events not originally considered in the sizing of
these circuits.

Because of the Millstone and ANO events, the staff developed BTP PSB-1 (which
is in the SRP). The following paragraphs address how the Shearon Harris
design conforms with the specific positions in BTP PSB-1.

8,4.2. 1 Position 1--Second Level Undervoltage Protection with Time Delay

The undervoltage protection scheme at Shearon Harris consists of two levels of
protection for each unit. Each le'vel is provided with a separate set of three
instantaneous undervoltage relays that are utilized in a two-out-of-three
logic scheme. The relays monitor the 6.9-kV essential bus voltages; each bus
is provided with its own set of relays.

The first level. of protection is set to drop out at 72K (72X of the nominal
bus voltage is equivalent to 75K of the motor voltage) of 6.9-kV with a time
delay of 0.5 second. Mhen these relays sense a loss of voltage and after
0.5 second delay, they automatically disconnect the offsite source from the
Class 1E buses, start the diesel generator, and load shed the bus. When the
diesel generator has attained rated speed and voltage (10 seconds) the diesel
generator incoming breakers to Class lE buses are closed and the Class 1E
loads are sequenced on the bus.

The second level of undervoltage protection scheme is set to drop out at 89%%uo

of 6. 9-kV with two definite time delays of 15 seconds and 60 seconds. At the
end of the 15-second delay (which is long enough to accommodate the starting
of the motor that has the longest starting time), an alarm is actuated at the
main'control'oom. A safety injection signal following the 15-second delay
will immediately separate the Class 1E loads from the offsite power system.
In the absence of an accident signal, a second delay of 60 seconds is allowed
before the automatic tripping actions are initiated. This delay is based on
the maximum time for which the most sensitive load can perform its safety
function without impairment at the degraded voltage.
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This protection scheme is in accordance with Position 1 of BTP PSB-1 and is,
therefore, acceptable.

8.4.2.2 Position 2--Interaction of Onsite Power Sources with the Load
Shedding Feature

The load shedding feature is initiated by bus undervoltage relays in Shearon
Harris design. The operation of the load shedding undervoltage relays is
blocked during diesel generator load sequencing to ensure=that inadvertent
load shedding o'f the safety-related loads does not occur while the diesel
generator is supplying power to them. The load shedding relays are auto-
matically reinstated into the load shedding circuit after load sequencing onto
the diesel generator is completed. This is in accordance with Position 2 of
BTP PSB-1 and is acceptable.

The load shedding feature is retained during sequencing of loads following an
accident with offsite power available because, during sequencing of loads onto
the offsite source, the voltages do not decrease to a level where the load
shedding feature will be actuated. The staff concludes that retaining the
load shedding feature during utilization of offsite power system will

allow'afetyloads to be powered from the diesel generator in the event of a
mal-'unctionin the offsite power system. Therefore, the staff finds this design

acceptable.

8.4.2.3 Position 3--Optimization of Voltage Levels of the Safety-Related
Buses

The applicant has submitted an analysis to demonstrate that the transformer
tap settings have been fully 'optimized for Shearon Harris design. The staff
has reviewed this information and found it is insufficient. The applicant is
aware of the staff's requirements to resolve this issue and has committed to
provide the information necessary to resolve the staff's concern. Based on
this, the staff concludes that thi's item is resolved, subject to confirmation
of final documentation.

8.4.2.4 Position 4--Analytical Techniques and Assumptions Used in the Voltage
Analyses Must Be Verified by Actual Measurement

The applicant has committed to perform a test, prior to plant operation, to
verify that the analytical methods used for calculating the voltages at all
distribution levels are valid. The staff firids this commitment acceptable.

8.4.3 Nonsafety Loads on Emergency Power Sources

Present regulatory practice for operating license applications allows the
connection of nonsafety loads to Class 1E (emergency) power sources in addi-
tion to the required safety loads if it can be shown that the connection of
the nonsafety loads will not result in degradation of the Class 1E system.

The Shearon Harris design provides for the connection of both safety and
selected nonsafety loads to the Class lE ESF buses of the ac onsite power
systems. The connection of these nonsafety loads to the Class 1E buses does
not exceed the continuous rating of the emergency power sources.
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The isolation of Class lE power circuits from the nonsafety loads is provided
by Class 1E circuit breakers that are actuated under design-basis accident
conditions by an accident signal. Nonsafety loads that are not disconnected
by an accident signal are powered through two breakers in series. Restoration
of power to those loads that are disconnected by the accident signal is
permitted by manual action initiated under administrative control.

Based on the above, the staff concludes that connection of nonsafety loads to
the emergency buses meets RG 1.75 and is acceptable.

8. 4. 4 Containment Electrical Penetrations

To meet GDC 50, IEEE 317-1972, and RG 1. 63, Position 1, the containment
electrical penetration assemblies must be designed to withstand, without loss
of mechanical integrity, the maximum available fault current for a period long
enough to allow backup circuit protection to operate, assuming a failure of
the primary protective device.

The medium-voltage power circuits have primary and backup overcurrent protec-
tion systems that provide two lines of protection for the maximum available
fault current. The primary and backup protection systems are coordinated to
interrupt faults before the capability of the penetration assembly to with-
stand the fault current is exceeded. The signals for tripping the primary and
backup circuit breakers are independent. Separate relays and current trans-
formers are used to provide these signals. In addition, the primary and
backup circuit breakers are provided with independent dc control power.

The low-voltage control circuits also have primary and backup overcurrent,
protection systems that provide two lines of protection for the maximum
available fault current. This is accomplished by circuit breakers that have
long time and instantaneous trip functions in series with current limiting
fuses. The fuses are equipped with an anti-single-phase device to ensure that
all three phases of the circuit are tripped when a fuse blows. The primary
and backup protection systems are coordinated to interrupt faults before the
capability of the penetration assembly to withstand the fault current is
exceeded.

Each 480-V penetration circuit fed from the motor control center (MCC) is
provided with a backup thermal magnetic circuit breaker in series with the
primary circuit breaker or with a circuit breaker/current-limiting fuse
combination, with the exception of containment fan cooler motor feeder
circuit. For this circuit, backup protection is provided by the bus feeder
breaker. The load feeder breaker will be coordinated with the bus feeder
breaker to protect the penetration.

Each 208/120-Y circuit is provided with either two breakers in series or a
breaker in series with a fuse to provide primary and backup overcurrent
protection.

DC circuits are supplied f'rom an ungrounded dc power system, and each circuit
is protected with two fuses.
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The 120-V ac circuits energized by a control transformer in an MCC are pro-
vided with one line of overcurrent protection because the impedence of the
control transformers limits the fault currents below the

continuous-current-,'arrying

capability of the penetration conductors. For these circuits, the
staff believes that these transformers cannot limit the short circuit current
indefinitely; the impedance of these transformers cannot act as a backup
overcurrent protection device in accordance with RG 1.63. Therefore, the
staff required that the applicant provide a separate backup protection device
for these circuits or justify the present design.

By letter dated November 13, 1983, the applicant presented a justification for
not providing backup protection for the 120-V control circuits. The 6.9 kVI
480-V transformer that is the source of 480-V power has its secondary neutral
grounded through a resistor. The grounded resistor is sized to limit ground .

current to 15 amps, which is below the continuous current carrying capability
of the"penetration conductors.

On the basis of its review of the above information, the staff concludes that
one line of overcurrent protection for 120-V control circuits is acceptable.

Instrumentation circuits are also provided with one line of overcurrent
protection because of the inherent low energy levels and the current limiting
effects of the instrument power supply. The staff finds this design acceptable
because the instrument power supplies are limited to a few milliamperes and
the related penetration circuit conductor has a continuous current rating of
several amperes.

Based on its evaluation, the staff concludes that the above design will
'provide independent primary and backup fault protection for each penetration
conductor to preclude a single failure impairing the integrity of a contain-
ment electrical penetration. This meets GDC 50, RG 1.63, and IEEE 317 and
is, therefore, acceptable.

8.4.5 Thermal Overload Protection Bypass

Motor-operated valves with thermal overload protection devices for the valve
motors are used in safety systems and their auxiliary supporting systems.
Operating experience has shown that indiscriminate application of thermal
overload protection devices to the motor associated with these valves could
result in needless hindrance to successful completion of safety functions.
RG 1. 106, Position C. 1, recommends bypassing thermal overload relays during
accident conditions, and RG 1. 106, Position C.2, recommends selecting the set-
points for the thermal overloads in a way that precludes spurious trips.

I

In the Shearon Harris design, the thermal overload protection devices on the
motor-operated valves are bypassed dur ing accident conditions by a safety
injection signal. This conforms with RG 1. 106, Position C. 1, and is
acceptable.

8. 4. 6 Power Lockout to Motor-Operated Valves

In regard to safety-related manually controlled electrically operated valves,
the staff asked the applicant to provide the following:
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(1) a list in the Technical Specifications of all valves that require power
lockout to meet the single failure criterion in the fluid system.

(2)

(3)

a description of th'e design feature for locking out control power to these
valves, and of how electrical power can be restored to the valves from the
control room if valve repositioning is required at a later time

a description of redundant and independent valve status indication in the
control room that meets the single failure criterion

The FSAR lists the valves that require power lockout to meet the single failure
criterion in the fluid systems. Power to "passive" valves can be locked out
by padlocking the breaker at the NCCs. Power to "active" valves can be locked
out by two manually operated switches for each valve. These switches will
interrupt power on both sides of the contactor coil circuit so that any single
short in the valve control circuit will not result in valve operation.

To meet the staff requirement on redundant valve status indication, the appli-
cant has provided each valve with redundant indicating lights activated by sepa-
rate sets of limit switches. These redundant valve position indicators are
powered from redundant power supplies.

Based on the above, the staff concludes that the list of valves, their methods
of power lockout, and valve position indication are in accordance with BTP
ICSB-18 (PSB) and are acceptable,

'.4.7

Use of a Load Sequencer With Offsite Power

The Shearon Harris design includes the use of a load sequencer for the connec-
tion of emergency safety features loads to the emergency buses when power is
being supplied either from off site or from the diesel generators. The'staff
asked the applicant to provide the following information on the sequencer
design:

(1) a full description of this design feature in the FSAR, including load
sequencer components, power supplies, test features, and alarms

(2) a reliability study on the load sequencer

(3) A detailed analysis to ensure that there are no credible sneak circuits
or common mode failures in the load sequencer design that could render
both onsite and offsite power sources unavailable.

(4) a load sequencer logic diagram in the FSAR

The applicant is aware of the staff's requirements to resolve this issue and
has committed to provide the necessary information to resolve the staff's con-
cern. On this basis, the staff concludes that this item has been resolved, sub-
ject to final documentation.
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8.4.8 TMI Action Plan Requirements
V

Item II.E. 3. 1 Pressurizer Heater Power Su 1

Item II.E. 3. 1 requires that emergency power be available to' minimum number
of pressurizer heaters. Shearon Harris uses a Westinghouse pressurized water
nuclear steam supply system. Mestinghouse has determined that 400-kM of
pressurized heater capacity is needed to maintain natural circulation in a hot
standby condition when offsite power is lost. Westinghouse recommends, that
this minimum pressurizer heater capacity be available within 1 hour following
loss of offsite power.

The Shearon Harris design provides two Class 1E pressurizer heater groups,
each rated at 400 kM. These heaters are connected to separate 480-V Class "1E
buses that are energized from separate and independent diesel generators upon
loss of offsite power. The connection of the pressurizer heaters and controls
to the Class 1E buses is through safety-grade circuit breakers. Procedures for
manually loading the pressurizer heaters onto the Class lE buses following

a'ossof offsite power wi 11 be available to the operator. Because the heaters
are not Class lE, they will be automatically disconnected from the safety buses
on a safety injection signal. On the basis of its review, the staff concludes
that the power supply criteria used in the Shearon Harris plant for pressurizer
heaters are consistent with NUREG-0737 requirements and are, therefore,
acceptable.

Item II.G. 1 Power Su lies for Pressurizer Relief Valves Block Valves
and Pressurizer Level Indicators

Item II.G. 1 requires that the power supply and associated controls for these
items be safety grade. The power-operated relief valves (PORVs) for the
Shearon Harris plant are powered from a Class lE dc system. The block valves
for the PQRYs are ac motor-operated valves and are powered from the safety-
related emergency power supply. The power supplies for the PORVs and their
associated valves are, therefore, independent and diverse.

All pressurizer level indication instruments are powered from the emergency
vital instrument buses, which are capable of being powered from the diesel
generators on loss of offsite power.

Based on its review, the staff concludes that the power supplies for PORVs,
block valves, and pressurizer level instruments are capable of being powered
from both offsite and onsite emergency power systems. This is in accordance
with NUREG-0737 requirements and is, therefore, acceptable.
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9 AUXILIARYSYSTEMS

FSAR Chapter 9, "Auxiliary Systems," has been reviewed in accordance with the
SRP (NUREG-0800). The staff has reviewed the design of the auxiliary systems
necessary for safe reactor operation, shutdown, and fuel storage.

The auxiliary systems necessary for safe reactor operation or shutdown include
the essential service water system (ESWS), the component cooling water system
(CCWS), the ultimate heat sink (UHS), the condensate storage facility, the
essential services chilled water system, the control room area ventilation
systems, and the engineered safety feature ventilation system.

The auxiliary systems necessary to ensure the safety of the fuel storage
facility include new fuel storage, spent fuel storage, the spent fuel pool-
cooling and cleanup system, fuel-handling systems, and the spent fuel pool
area ventilation system.

~ The staff has also reviewed other auxiliary systems to verify that their failure
will not prevent safe shutdown of the plant or result in unacceptable release
of radioactivity to the environment. These systems include the nonessential
service water system, the demineralized water makeup system, potable and sani-
tary water system, the nonessential services chilled water system, the waste
processing building cooling water system, the compressed air systems, the equip-
ment and floor drainage systems, the turbine building area ventilation system,
and the control rod drive mechanism ventilation system. This review also
included nonessential portions of the essential systems discussed above.

9. 1 Fuel Stora e and Handlin

9. 1. 1 New Fuel Storage

The new fuel, storage facility was reviewed -in accordance with SRP 9. 1. 1.

The acceptance criteria for the new fuel storage facility include meeting ANS

57. 1, "Design Requirements for Light-Water Reactor Fuel Handling System," and
ANS 57.3, "Design Requirements for New LMR Storage Facilities." The SRP guide-
lines were used in lieu of ANS 57. 1 and ANS 57.3.

The new fuel storage facility is located in the fuel-handling building.
Although the new fuel is stored dry, the new fuel storage facility is designed
to also be used as optional wet storage space for spent PWR fuel. The storage
facility consists of two new fuel pools, one for each unit., The pools are
interconnected by means of a transfer canal whose length is that of the fuel-
handling building. However, the two new fuel pools are normally isolated by
removable gates designed to seismic Category I standards.

Each new fuel pool can store 580 PWR fuel assemblies; this constitutes enough
fuel for more than three fuel cores. The new fuel is stored in rack modules
of several designs that can be removed and installed under water. There are
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separate new fuel pools for each unit. Nevertheless, the new fuel storage
system is designed so that new fuel for either unit may be stored in either new
fuel. pool, space permitting. However, no failure resulting from sharing of the
storage area prevents safe shutdown of either or both units. Therefore; the
requirements of GDC 5 are satisfied.

The fuel-handling building, which houses the facility, and the storage racks
and pools,:are designed to seismic Category I criteria. This building is also
designed against flooding and tornado missiles (see Sections 3.4. 1 and 3.5.2 of
this SER). Thus, GDC 2 and 4 and RG 1.29, Position C. 1,'re satisfied.

The new fuel storage facility is not located in the vicinity of any moderate-
or high-energy lines or rotating machinery. Separation from such potential
missile sources protects the new fuel from internally generated missiles and
the effects of pipe breaks (see Sections 3.5.1. 1 and 3.6. 1 of this SER).,

Accidental damage to the new fuel would release relatively minor amounts- of
radioactivity that would be accommodated by the spent fuel pool area ventila-
tion system. Thus, GDC 61 is satisfied.

The applicant stated that the new fuel storage racks are designed so that with
fuel of the highest anticipated enrichment and with the pool flooded with
unborated water, K ff wi 11 still be 0. 95 or less. If the unbor'ated water iseff
replaced by moderators such as foam or water mist, K ff will still be 0.95 oreff
less. The staff is making an independent evaluation of new fuel reactivity
under the most adverse conditions to ensure that the new fuel storage facility
complies with GDC 62 with regard to criticality as a result of storage of new
fuel assemblies.

The storage racks can withstand an uplift force equal to the maximum uplift
capability of the spent fuel bridge crane and are designed to preclude the
inadvertent placement of a fuel assembly in other than the prescribed spacing.
Thus, GDC 62 is satisfied.

Based on its review, the staff concludes that the new fuel storage facility is
in conformance with GDC 2, 4, 5, and 61 as'hey relate to new fuel protection
against natural phenomena, missiles, shared functions, and radiation protection
and prevention of criticality, and with 1.29, Position C. 1, as it relates to
seismic classification. The staff is making an independent evaluation as to
whether the design of the new fuel storage facility complies with the require-
ments of GDC 62. Pending completion of this evaluation, the staff concludes
that the design of the new fuel storage facility meets SRP 9. 1. 1.

9. 1.2 Spent Fuel Storage

The spent fuel storage facility was reviewed in accordance with SRP 9. l. 2.

The acceptance criteria for the spent fuel storage facility include meeting
various portions of the guidelines of ANS '57.2, "Design Objectives for Light
'Water Reactor Spent Fuel Storage Facilities at Nuclear Power Stations." The
guidelines contained in the SRP were used in lieu of ANS '57.2. The acceptance
criteria also include RG 1. 115, "Protection Against Low-Trajectory Turbine
Missiles. " Tu"bine missiles are evaluated in Section 3. 5. 1. 3 of this SER.
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A spent fuel storage facility is provided for each unit. These pools are inter-
connected by the main fuel transfer canal, but they are normally isolated by
removable gates designed to seismic Category I standards. The maximum storage
capacity of the two spent fuel pools is 3024 PWR assemblies, which is more than
19 full PWR cores. Fuel may be stored in a combination of 6 x 10, 6 x 8, and
7 'x 7 PWR rack modules. 'The'pplicant stated that rack rearrangement would
have no effect on stored fuel criticality. The spent fuel pools may also be
used for the storage of BWR fuel; the 7 x 7 PWR fuel storage modules may be
interchanged with ll x 11 BWR fuel storage modules because both cover the same
floor area. The PWR racks have a center-to-center distance of 10.5 inches
between cells, while the BWR racks have a center-to-center distance of 6.25
inches. PWR fuel assemblies cannot be inserted into BWR rack modules, but BWR

fuel assemblies can be inserted into PWR rack modules. Introduction of a BWR

fuel assembly into a PWR rack module, however, will result in a subcritical „

array of fuel assemblies with K < 0.95. The applicant has provided suffi-
cient information regarding fuel enrichment, geometry of spent fuel and racks
in pool, and calculational methodology to permit the staff to make an indepen-
dent evaluation of spent fuel pool reactivity under the most adverse conditions.
The staff has reviewed the information provided and concludes that K ff < 0.95

under the most adverse conditions. Therefore, the staff concludes that the
spent fuel facility complies with a GDC 62.

The structure housing the spent fuel storage facility (the fuel-handling build-
ing) is designed to seismic Category I criteria, as are the storage racks, pool
liners, gates, canals, and storage pools. The building is also designed against
flooding and tornado missiles (see Sections 3. 4. 1 and 3. 5. 2 of this SER). The
staff concludes that GDC 2 and RGs 1. 13, Position C.3; 1.29, Positions C. 1 and
C. 2; and 1. 117, Positions C. 1 through C. 3, are satisfied for the spent fuel
storage facility.
The spent fuel storage facility is not in the vi'cinity of any high-energy lines
or rotating machinery. Therefore, physical protection by means of separation
is utilized to protect the spent fuel from internally generated missiles and
the effects of pipe breaks (see Sections 3.5. 1. 1 and 3.6. 1 of this SER). Thus,
GDC 4 and RG l. 13, Position C.3, are satisfied.

The shared portion of the facility has sufficient redundancy of services and is
of seismic Category I, guality Group C design, so that an accident in one unit
with loss of offsite power will not impair its ability to safely store the spent
fuel. This satisfies GDC 5.

The racks can withstand the impact of a dropped fuel assembly without unaccept-
able damage to the fuel and can withstand the maximum uplift forces exerted by
the spent fuel bridge crane. In addition, loads greater than a fuel assembly
are not carried over spent fuel, in compliance with the guidelines of Position
C.5.c of RG 1. 13 (see Sections 9. 1.4 and 9. 1.5 for discussion of protection of
spent fuel in both new and spent fuel pools against damage from light and heavy
loads).

The fuel-handling building has a ventilation system (the spent fuel pool area
ventilation system) to limit the potential release of radioactivity in the
event of an accident (see Section 9.4.2 of this SER for a discussion of the
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spent fuel pool area ventilation system) in accordance with Position C:4 of
RG 1.13. In this way, the spent fuel storage facility complies with GDC 61.

Control room and local alarms are provided to alert the operator to high and
low pool water level and high temperature in the fuel pool. The fuel-handling
building has a radiation monitoring system. These features satisfy GDC 63.

The staff also has reviewed the compatibility and chemical stability of the
materials of the spent fuel pool and storage racks wetted by the pool water.
The pool liner, rack lattice structure,'nd fuel storage tubes are stainless
steel. The pool contains oxygen-saturated demineralized water containing 2000
to 4000 ppm boron as boric acid.

In this environment of oxygen-saturated borated water, the corrosive deteriora-
tion of the type 304 stainless steel should not exceed a depth of 6.00 x 10- in.
in 100 years (Weeks, 1977), which is negligible relative to the initial thick-
ness. Dissimilar metal contact corrosion (galvanic attack) between the stain-
less steel of the pool liner, rack lattice structure, fuel storage tubes; and

'heInconel and the Zircaloy in the spent fuel assemblies will not be signifi-
cant because all of these materials are protected by highly passivating oxide
films and are therefore at similar potentials. Provisions are incorporated to
allow for the periodic inspection of spent fuel pool components.

The staff, therefore, concludes that the environmental compatibility and stabil-
ity of the materials used in the spent fuel storage pool are adequate based on
test data and actual service experience in operating reactors. The staff also
concludes that the selection, of appropriate materials by the applicant meets
GDC 61 by having a capability to permit appropriate periodic inspection and
testing of components, and GOC 62 by preventing criticality by maintaining
structural integrity of components.

Based on its review, the staff concludes that the spent fuel storage facility
is in conformance with GOC 2, 4, 5, 61, 62, and 63 as they relate to protection
of spent fuel against natural phenomena, missiles, environmental effects, the
facility's shared functions, radiation protection, periodic inspecting and
testing of components, prevention of criticality, and performance monitoring,
and with RG 1. 13, Positions C.l, C.3 and C.4; 1.29, Positions C. 1 and C.2; and
1. 117, Positions C. 1 through C.3, relating to the facility's design, seismic
classification, and protection against tornado missiles. Therefore, the staff
concludes that the spent fuel storage facility meets SRP 9. 1.2.

9. 1.3 Spent Fuel Pool Cooling and Cleanup System

The fuel pool cooling and cleanup system was reviewed in accordance with SRP

9. 1. 3.

The acceptance criteria for the cooling portion of the fuel pool cooling and
cleanup system (FPCCS) include meeting RG 1.52, "Design, Testing, and Mainte-
nance Criteria for Post Accident Engineered-Safety-Feature Atmosphere Cleanup
System Air Filtration and Adsorption Units of Light-Water-.Cooled Nuclear Power
Plants," if the cooling portion of the system does not meet GDC 2. This does
not apply to Shearon Harris because the fuel pool cooling portion of the FPCCS

meets GDC 2, as discussed below,

Shearon Harris SER



The two new fuel storage pools (one for each unit) and two spent fuel storage
pools (one for each unit) are housed in the fuel-handling building (FHB). The
FPCCS consists of two fuel pool cooling systems (one for each unit); the fuel
pool cleanup systems for both units are separate from the cooling systems.
Each fuel pool cooling system services the new and spent fuel pool storage
pools associated with that unit. Each FPCCS contains two fuel pools cooling
trains; each train contains a,heat exchanger, strainer, and fuel pool cooling
pump, with each pump capable of being manually loaded onto a separate emergency
power supply in case of loss of offsite power. Each cooling training is a
lOOX subsystem, servicing both the new and spent fuel storage pool in that unit.

The cleanup systems contain two fuel pool skimmer pumps, two demineralizers,
filters, and skimmers for all the pools (including the cask loading pool in
Unit 1), skimmers for the transfer canals, and two fuel pool and water purifi-
cation pumps. The main fuel transfer canal, which runs almost the length of
the'HB, interconnects the two spent fuel pools.

The new fuel storage pools, at opposite ends of the FHB, are each connected'o
the main fuel transfer canal via fuel transfer canals; each spent fuel pool is
also connected to the fuel transfer canal in its unit. All pools and canals
are kept separate by means of removable gates. Makeup to the pools may be pro-
vided from a seismic Category I source (the refueling water storage tank) by
means of the fuel pool cooling pumps. This complies with Position C.S of
RG 1. 13, "Spent Fuel Storage Design Basis."

The fuel pool cooling portion of the FPCCS is designed to seismic Category I,
guality Group C standards, while the fuel pool cleanup systems portion of the
FPCCS is designed to nonseismic Category I, guality Group D standards. The
FPCCS is designed to remove the decay heat from the spent fuel assemblies
stored in the pools and to maintain the clarity of the water in the pools.

The essential portions of the system are housed in the seismic Category I,
flood- and tornado-protected fuel-handling building (see Sections 3.4. 1 and
3.5.2 of this SER). The system itself, with the exception of the cleanup por-
tion, is designed to guality Group C and seismic Category I requirements.
Failure of the nonseismic Category I, guality Group D cleanup portion will not
affect operation of the cooling train because isolation capability of that
portion of the piping system is provided, and no adverse effect on safety-
related equipment would result from such a failure.

The applicant reported the elevations at which the fuel pool cooling and cleanup
system (FPCCS) pipelines entered and left the 'fuel pools. The applicant also
noted that skimmer hose length was limited so that only 5 feet could be sub-
merged. Based on this information, the staff concludes that the minimum level
to which the water in the pool could be drawn down, assuming syphoning or the
worst pipe failure, is about 274.5 feet, while the level of the top of the
spent fuel would be 260 feet. This would leave at least 14.5 feet of water
above the top of the fuel. Therefore, the design satisfies Positions C. 1 and
C. 2 of RG 1. 29; Positions C. 1, C. 2, and C. 6 of RG 1. 13; and Position C. 2 of
RG 1.26, thus meeting GDC 2.

The various components of the system are located in separate missile-shielded
cubicles within the tornado-missile-protected fuel-handling building and are
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separated from other moderate- and high-energy piping systems (see Sections
3.5. l. 1 and 3.6. 1 of this SER). Thus, GDC 4 and RG 1. 13, Position C.2; are
satisfied.

The applicant had originally intended (FSAR Section 1.2.3c, page 1.2.3-1) to
make the Unit 1 FPCCS operative with one cooling train. However, in response
to a staff question regarding possible fai lure of the FPCCS, the applicant
committed to install two fuel pool cooling pumps and heat exchangers for opera-
tion of Unit 1. The applicant has made a similar commitment for Unit 2.

1

The fuel storage pools and FPCCS have been designed to permit transfer of fuel
assemblies between uriits; this does not affect operation of the FPCCS becauseit is intended to be used to remove the decay heat from the fuel pools with a
full complement of spent fuel assemblies. Therefore, the FPCCS meets the
requirements of GDC 5 ~

The applicant has designed the fuel pool cooling system to maintain the tempera-
ture of the Unit 2 spent fuel pool (the pool with the greatest estimate'd,maximum
heat load) at 124 F with both trains of cooling in operation, assuming a full
inventory of fuel assemblies, including PMR and BWR spent fuel from the H. B.
Robinson and Brunswick plants. Under these same conditions, with only'one
train in operation, the pool temperature would reach 142'F. The staff has con-
firmed the applicant's estimate for the cooling heat load with a full complement
of spent fuel assemblies, calculated in accordance with BTP ASB 9-2. Thus, the
staff concludes that the FPCCS has been designed to meet GDC 44 with regard to
cooling capability.

The safety-related component cooling water system provides cooling water to the
fuel pool heat exchanger and transfers its heat to the ultimate heat sink (see
Sections 9.2.2 and 9.2.5 of this SER). The spent fuel pool pumps can be powered
from the emergency (Class 1E) power sources; thus the design meets GDC 44.

Normally, makeup water to the fuel pool is supplied from two seismic Category I
refueling water storage tanks, one in each unit. The applicant has stated that
the emergency service water system (ESWS) is available to fill the fuel pool
through valved and flanged emergency connections as a backup seismic Category I
water source. While Unit 2 is being built, only the Unit 1 refueling water
storage tank (RWST) is available for normal spent fuel pool makeup. If an
accident during that period incapacitates the Unit 1 RWST and causes failure of
one of the two spent fuel pools cooling system trains of Unit 1 (single failure),
the other train could maintain the pool water at a temperature of approximately
141 F. Mater would be lost from the pool only through an evaporative process.
In this case, makeup would not be required for several days and could easily be
provided within 24 hours by the emergency connections to the ESWS. The staff
finds this acceptable and in compliance with the requirements of GDC 44.

The design of the spent fuel pool cooling system and its accessible location
are such that periodic testing and inservice inspection of the system can be
accomplished. The active components of the spent fuel pool cooling system are
either in continuous or intermittent operation during all plant operating
conditions. Thus, GDC 45 and 46 are satisfied.

The system incorporates control room alarmed pool water level, temperature, and
building radiation level monitoring systems. Although the liners for the new
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fuel storage pools and spent fuel storage pools are classified as nonnuclear
safety, they are designed as seismic Category I. A low flow alarm is provided
to warn the operator of any interruption or cessation of flow in each fuel pool
cooling train. Thus, the requirements of GDC 63 are satisfied.

The spent fuel pool cleanup system is designed to maintain optical clarity of
and to remove corrosion products, fission products, and impurities from the
spent fuel pool water.'he spent fuel pool water will be sampled weekly for
chlorides, fluorides, pH, boron, calcium, magnesium, and radioactivity. The
applicant has provided the chemical impurity limits to be maintained in the
pool water in accordance with the chemistry criteria and specifications for
Westinghouse PWRs (WCAP-7452, Revision 2, 1977). A decontamination factor for
the demineralizer will be measured to determine when the resin is to be replaced.
A high pressure drop in the filter is the basis for changing the filter car-
tridge. Area radiation monitors are provided.

The staff has determined that the spent fuel pool cleanup system (1) provides
the capability and capacity of removing radioactive materials, corrosion prod-
ucts, and impurities from the pool water, and thus meets the requirements of
GDC 61 as it relates to appropriate filtering systems for fuel storage; (2) is
capable of reducing occupational exposure to radiation by removing radioactive
products from the pool water, and thus meets the requirements of 10 CFR 20. 1(c),
as it relates to maintaining radiation exposures as low as is reasonably achiev-
able; (3) confines radioactive materials in the pool water in the demineralizer
and filters, and thus meets Position C.2.f(2) of RG 8.8, as it relates to
reducing the spread of contaminants from the source; and (4) removes suspended
impurities from the pool water by filters and thus meets Position C.2.f(3) of
RG 8.8, as it relates to removing crud through physical actions.

Thus, the staff concludes that the spent fuel pool cleanup system meets GDC 61,
10 CFR 20. 1(c), and the appropriate sections of RG 8.8.

Based on its review, the staff concludes that the FPCCS is in conformance with
GDC 2, 4, 5, 45, 46, 61, and 63 as they relate to protection against natural
phenomena, missiles and environmental effects, sharing of systems, cooling capa-
bility, inservice inspection, functional testing, fuel cooling and radiation
protection, and monitoring provisions, and with the guidelines of RGs .1. 13,
1.26, and 1.29 as they relate to the system's design and quality and seismic
group classification. The applicant has provided assurance that the operation
of the new and spent fuel storage pools for Unit 2 will not be initiated with
less than two fuel pool cooling pumps and two heat exchangers operable. There-
fore, the staff finds the FPCCS acceptable. The FPCCS meets SRP 9. 1.3.

9. 1.4 Fuel-Load Handling System

The light-load-handling system was reviewed in accordance with SRP 9. 1.4.
Except as noted below, conformance with the acceptance criteria, formed the
basis for the staff evaluation of the light-load-handling system with respect
to the applicable regulations of 10 CFR 50.

The acceptance criteria for for the light-load-handling system include meeting
the guidelines of ANS 57. 1, "Design Requirements for LWR Fuel Handling Systems."
The SRP guidelines were used in lieu of ANS 57. 1.
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The light-load-handling system provides the means of transporting and~handling
new and spent fuel. The system consists of the equipment necessary to facili-
tate the periodic refueling of the reactor and includes the manipulator crane,
spent fuel bridge crane, new fuel elevator, the fuel transfer system," and asso-
ciated handling tools and devices. The handling of fuel during refueling is
controlled by a series of interlocks to ensure that fuel-handling procedures
are maintained. 'he design ensures that no failure will result in release of
radioactivity in excess of that assumed in the design-basis fuel-handling
accident.

The manipulator crane is a recti linear bridge and trolley crane with a vertical
mast extending down into the refueling water. The machine is used to handle
new and spent fuel assemblies within the reactor vessel and refueling cavity-
inside the containment. Electrical interlocks and limit switches on the bridge
and trolley drives prevent damage to the fuel assemblies. Redundant limit
switches on the mast winch prevent a fuel assembly from being raised above a
safe shielding-water depth. The applicant has stated that the manipulator
crane will not collapse or become disengaged as a result of an SSE.

The spent fuel pool bridge crane is wheel mounted, with a monorail hoist. It
is used exclusively for handling fuel assemblies within the spent fuel storage
area, including loading the spent fuel racks and the spent fuel cask. The
monorai 1 hoist has access to all spent fuel, new fuel pools, and interconnect-
ing transfer canals. The applicant has stated that the spent fuel bridge crane
will not drop its load or leave the rails as a consequence of an SSE.

The new fuel elevator is used to lower new fuel assemblies (one at a time) to
the bottom of the fuel storage area where they are transported by the spent
fuel bridge crane to the storage racks.

The fuel transfer system includes an underwater conveyor car that runs on tracks
extending from the refueling cavity through the transfer tube and into the
refueling canal. Fuel assemblies are placed on the car within the refueling
cavity by the refueling machine and are removed within the fuel transfer canal
by the spent fuel bridge crane after passing through the transfer tube.

The entire system is housed within the fuel-handling building and reactor build-
ing (containment), which are seismic Category I, flood- and tornado-protected
structures (see Sections 3.4. 1 and 3.5.2 of this SER). Although fuel-handling
system components are not required to function following an SSE, critical com-
ponents of the'uel-handling system are designed to seismic Category I require-
ments so that they wi 11 not fail in a manner that results in unacceptable con-
sequences such as fuel damage or damage to safety-related equipment. The spent
fuel bridge crane that travels over the spent fuel storage racks as described
above is designed to seismic Category I requirements. The applicant has shown
that the removable barrier between the spent fuel cask pool and the northern
new fuel storage pool will not damage spent fuel or safety-related equipment in
a seismic event, thus complying with Position C.2 of RG 1.29. Thus, the design
satisfies GDC 2 and RGs 1. 13, Positions C. 1 and C.6, and 1.29, Positions C. 1
and C.2.

Each unit has its own separate equipment within each containment and has sepa-
rate fuel transfer conveyor systems for handling fuel. The rest of the fuel-
handling system is common to both units within the common fuel-handling building.
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Normally, fuel handling will not be required simultaneously for both units.
In'ddition,the fuel-handling system is not required to mitigate transients or to

aid in safe plant shutdown. Therefore, the staff concludes that sharing of the
common structures, systems, and components between units is acceptable and meets
GDC 5.

The, applicant states that permanent mechanical stops have been provided to pre-
vent'he spent fuel cask handl'ing crane (capacity 150 tons) from carrying the
cask over either of the two spent fuel storage pools or over the new fuel
storage pool in the southern part of the fuel-handling building.

The applicant has stated, further, that the limit switches prevent the cask crane
from getting closer than 15 feet from the north edge and 10.5 feet from the
east edge of the new fuel storage at the north end of the fuel-handling building.
(The cask pool and crane are west of the north new fuel pool.) In addition,
the cask handling operation is under administrative control. There is also a.
removable barrier between the cask pool and the northern new fuel pool that is
intended to prevent the spent fuel cask from falling into the new fuel pool -if
it is dropped. This complies with Position C.3 of RG 1. 13.

Further discussion regarding protection of spent fuel and safety-related equip-
ment against damage by heavy loads, such as the spent fuel cask, is in Section
9. 1.5 of this SER.

The applicant was asked to verify that light loads (those that weigh less than
a fuel assembly plus handling fixture) will not be raised high enough so that
a light load drop will result in greater fuel damage than that assumed for the
case in which a fuel assembly and its handling tool are dropped from the height
to which the fuel assembly is normally raised during the handling operation.
The applicant noted that the operational height to which the burnable poison
rod assembly (BPRA) tool had to be lifted over the spent fuel pool caused it
to acquire a kinetic energy of 6677 ft-lbs; in contrast to the kinetic energy
acquired by a spent fuel assembly and its handling'fixture, which is 4961 ft-lbs.
The applicant analyzed the fuel damage resulting from a dropped BPRA tool and
concluded that this damage was substantially less than that assumed in the
design-basis fuel-handling accident, which assumes that all the fuel pins in
one spent fuel assembly are damaged when a spent fuel assembly is dropped into
the spent fuel pool. Thus, the staff concludes that GDC 61 and 62 are satisfied.

Based on its review, the staff concludes that the light-load-handling system is
in conformance with RGs l. 13, Positions C. 1 and C.3, and 1.29, Positions C. 1
and C.2, with respect to overhead crane interlocks and seismic quality=and with
GDC 2 and 5. The applicant has provided further information regarding handling
light loads other than a fuel assembly, as noted above, to ensure compliance
with GDC 61 and 62. The applicant has also provided assurance that the remov-
able barrier will not damage spent fuel or safety-related equipment in a seismic
event, to comply fully with Position C.2 of RG 1.29. Thus, the fuel-handling
system meets the acceptance criteria of SRP 9. 1.4.

9. 1.5 Overhead Heavy-Load-Handling System

The overhead heavy-load-handling system was reviewed in accordance with SRP

9. 1. 5.
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The acceptance criteria for the overhead heavy-load-handling system include
meeting the guidelines of ANS 57. 1, "Design Requirements for Light Water Reactor
Fuel Handling Systems," and ANS 57.2, "Design Objectives for Light Water Reactor
'Spent Fuel Storage Facilities at Nuclear Power Plants." The SRP guidelines and
NUREG-0612, "Control of Heavy Loads At Nuclear Power Plants," were used in lieu
of ANS 57. 1 and ANS 57. 2.

The overhead heavy-load-handling (OHLH) system consists of equipment necessary
for the safe handling of the spent fuel cask and removable protective bar riers,
and for safe disassembly, handling, and reassembly of the reactor vessel, head,
and internals during refueling operations. The containment circular bridge
crane is used for handling heavy loads in containment, and the spent fuel cask
handling crane and auxiliary crane are used for handling heavy loads in the
fuel storage building.

The entire system is housed in the fuel-handling building and reactor building
(containment), which are seismic Category I, flood- and tornado-protected struc-
tures (see Sections 3.4. 1 and 3.5.2 of this SER). Although the fuel-handling
system components are not required to function following an SSE, critical compo-"
nents of the fuel-handling system are designed so that they will not fail in a

way to cause damage to safety-related systems or components. The 250-ton cir-
cular bridge crane is capable of retaining a 175-ton lifted load (weight of the
integrated rig, which is the heaviest component to be lifted during refueling
operations) during an OBE or SSE, although the crane may not be operable after
the seismic event. The bridge and trolley are prevented from leaving their run-
ways with or without the 175-ton lifted load during operation or under either
seismic event. Both the 150-ton spent fuel cask handling crane and the 12-ton
auxiliary crane are capable of retaining their maximum loads during an SSE,
although the cranes may not be operable after the seismic event. The design
thus satisfies GDC 2 and RGs 1. 13, Positions C. 1 and C.6, and 1.29, Positions
C. 1 and C.2.

Each unit of the plant has its own containment building circular bridge crane.
The spent fuel cask-handling and auxiliary cranes are shared between both units
in the fuel-handling building. For Unit 1, prior to completion of Unit 2, the
fuel-handling and unloading area and the, spent fuel cask area will be completely
constructed and available., During two-unit operation, sharing of the OHLH

system between units is not a safety consideration. Thus, GDC 5 is not
applicable.

The spent fuel cask-handling and auxiliary cranes are carried on common rail
supports that travel the length of the fuel-handling building. Movement of
the cask crane is restricted to the cask-handling area by mechanical stops, a

removable barrier, and administrative controls. The mechanical stops or limit
switches prevent longitudinal movement of the cask crane portion of the fuel-
handling building areas containing the spent fuel storage pools as well as into
areas containing the new fuel storage pools. The spent fuel cask-handling crane
is also equipped with stops that limit main hook vertical travel to ensure the
shipping cask could neve~ fall more than 30 feet through air to any load-bearing
surface. The applicant has agreed to limit the lifting yoke so that the cask
will not be raised more than 6 inches above the operating floor.

There is no safety-related equipment within the administratively controlled
area of main hook travel, either on the operating floor level or on floors
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beneath. The floors of the cask decontamination area, cask. head storage area,
cask loading pool, railroad car unloading bay, and the operating deck can with-
stand a postulated drop of the spent fuel cask from the maximum height to whichit can be raised. There is a removable barrier between the cask pool and new

„fuel storage pool at the north end to prevent damage to any spent fuel stored
i'n that fuel pool in the event of a cask drop.

The auxiliary crane is used for handling gates between the transfer canals and
the fuel pools and for handling fuel racks and the removable barrier discussed
above. This crane has access to the entire fuel-handling building and is allowed
to carry loads up to 10 tons. The applicant has stated that the auxiliary crane
is designed to meet the requirements of ANSI B30.2, "Safety Standards for Over-
head and Gantry Cranes," and CMAA Specification No. 70, "Specifications for
Electric Overhead Traveling Cranes," and meets the recommendations of NUREG-0554,
"Single-Failure-Proof Cranes for Nuclear Power Plants."

In response to a staff question regarding analyses of dropping heavy loads other
than the spent fuel cask, the applicant has provided an analysis in which the
consequences of dropping the integrated reactor vessel head (IRVH) was discussed.
(The IRVH includes the vessel head and handling fixture.) The applicant con-
cluded that, as a result of the analysis, the integrity of the reactor vessel
was not jeopardized, nor was cooling capability or makeup to the reactor vessel.
Thus fuel would not be uncovered. The applicant further stated that automatic
actuation of containment isolation on high radiation would limit releases so
that doses that might be encountered in the event of an IRVH drop would be
"well below" one-quarter of the limits required by 10 CFR 100. The applicant
also stated that protection for required safe shutdown equipment is afforded by
redundancy because the dropped IRVH could damage only the limited amount of
equipment directly below it. The staff finds this acceptable.

The applicant has dealt only with the portion of the overhead heavy-load-
handling system dealing with fuel handling. The applicant must deal with any
heavy load that could damage safety-related equipment required for safe shut-
down and/or removal of decay heat, in addition to a heavy load that could
damage the core or spent fuel, thereby releasing radioactivity. (Note that a
heavy load he'rein refers to any load which could cause such damage). Such
analyses are required as part of the applicant's response to NUREG-0612, which
was transmitted to the applicant for action by NRC generic letters dated
Oecember 12, 1980, and February 3, 1981, and will be addressed in the staff's
review of the applicant's response.

The applicant has committed to complete Phase I of NUREG-0612 (Section 5. 1. 1)
in a manner acceptable to NRC before fuel load. Similarly, the applicant has
committed to complete Phase II (Sections 5. 1.2 through 5. 1.6 of NUREG-0612) in
a manner acceptable to the styff before the end of the first refueling outage.
The staff finds these commitments, acceptable. When reviewing the plant for
compliance with the recommendations of NUREG-0612, the applicant should con-
sider loads carried by the auxiliary crane in the fuel-handling building when
reviewing the Shearon Harris heavy-load-handling system and should also con-
sider the movement of any load (e.g., spent fuel) onto the plant or between
plant structures.

Based on its review, the staff concludes that the fuel-handling portion of the
overhead-heavy-load-handling system is in conformance with GOC 2, 4, and 61 as
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they relate to protection against natural phenomena and safe handling of fuel
and the spent fuel cask, and with RGs 1. 13 and 1.29 with respect to overhead
crane interlocks and maintaining plant safety in a seismic event. The appli-
cant has committed to complete Phases I and II of NUREG-0612 in a manner accept-
able to the staff before fuel loading and before completing the first reload,
respectively. When reviewing the plant for compliance with the recommendations
of NUREG-0612, the applicant should consider loads carried by the auxiliary
crane and those loads carried onto the plant or between'lant structures. Thus,
the staff finds the portion of the fuel-handling system related to handling of
overhead-heavy loads acceptable. Therefore, the fuel-handling system meets
the requirements of SRP 9. 1.5. The staff will report resolution of the heavy
loads issues related to Phases I and II of NUREG-0612 in a supplement to this
SER.

9.2. 1 Station Service Water System

The service water system (SWS) was reviewed in accordance with SRP 9.2. 1.

The SMS performs both safety and nonsafety functions supplying cooling water
to the plant from one of three ultimate heat sink sources. During all normal
operations, each plant unit is furnished cooling water from its nonseismic
Category I main circulating water cooling tower. During emergency operations,
the emergency ultimate heat sink serves as the cooling water source. The
seismic Category I auxiliary reservoir system is the primary source, and the
nonseismic Category I main reservoir system is the backup source. The ultimate
heat sink is further discussed in Section 9.2.5 of this SER.

The SMS for each unit serves two trains of safety-related equipment. These
trains include the component cooling water heat exchanger, containment fan
coolers, reactor auxiliary building HVAC chiller, diesel generator coolers,
emergency service water intake structure fan coolers, diesel generator building
fan coolers, and the charging pump oil coolers. Nonessential components in
the waste processing and turbine buildings are also cooled by the SWS.

When the plant is operating in the normal mode, water is drawn from the main
cooling tower, basin through one of two lOOX capacity nonseismic Category I
normal service water pumps, to a header supplying nonsafety-related loads in
the turbine and waste processing buildings and safety-related loads in the
reactor auxiliary building. Heated water from these buildings is returned to
the main circulating water lines, and through these lines to the main cooling
towers. Adequate isolation of the nonsafety-related portions of the normal
system from the seismic Category I safety-'related portions is provided. This
automatic isolation is activated upon loss of flow from both normal service
water pumps and involves sequencing isolation valve operation and emergency
service water pump startup. Cooling water flow loss during this alignment does
not affect safety-related equipment operation because of its short duration.

When the plant is operating in the emergency mode, cooling water is drawn from
the auxiliary reservoir, through the emergency service water intake channel,
emergency service water intake screening structure, emergency service water and
cooling tower makeup water intake structure, and one of two lOOX capacity emer-
gency service water pumps. All of these structures and equipment are seismic
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Category I. As a backup, the emergency service water pump can be aligned to
draw cooling water from the nonseismic Category I cooling tower makeup water
intake channel, which is fed from the main reservoir. This alignment is made
by manual remote switching of electrically interlocked valves so that only one
set of valves is open at one time. After cooling the redundant trains of
safety-related equipment in the reactor auxiliary building, the heated water
is returned to the emergency. service water discharge channel, then to the
auxiliary reservoir, and ultimately over its spillway to the main reservoir.
Nonessential loads in the turbine and waste processing buildings are not cooled
in the emergency operating mode.

There is no interconnection between units except at the cooling tower basins,
and structures associated with the ultimate heat sink are shared between units.
Because the entire normal cooling tower portion of the system is isolated in
the emergency mode and adequate compartmentalization of the common ultimate
heat sink structures is provided, GDC 5 is satisfied.

The system is housed in seismic Category I flood- and tornado-protected struc-
tures (see Sections 3.4. 1 and 3.5.2 of this SER). The redundant service water
lines routed between the reactor auxiliary building and the emergency service
water and cooling tower makeup intake structure are buried below the maximum
missile-penetrating depth. The system itself is designed to seismic Category I,
equality Group C requirements. Thus, GDC 2 and RG 1.29, Positions C. 1 and C.2,
are satisfied.

The design of the emergency portion of the SWS described above ensures that
system function would not be lost, assuming a single active component failure
coincident with a loss of offsite power. The applicant has provided sufficient
information to ensure that the SWS is capable of transferring heat loads from
safety-related components to a heat sink under all modes of operation and that
nonsafety-related components and subsystems can be isolated so that the system's
safety function will not be compromised. Therefore, the staff concludes that
GDC 44 is satisfied.

The normal service water pumps normally alternate in operation while the emer-
gency service water pumps are not normally operating. The availability of the
emergency SWS is ensured by periodic functional tests and inspections, as de-
lineated in the plant Technical Specifications. The system design also incor-
porates provisions for accessibility to permit inservice inspection as required.
Thus, GDC 45 is satisfied.

The applicant has provided Technical Specifications that do not include periodic
testing of the safety-related portion of the SWS as a unit with all valves oper-
ating to isolate nonsafety-related loads from safety-related loads and with
two emergency service water pump trains starting to serve the safety-related
loads upon a suitable initiating signal. The applicant must include such a sur-
veillance test requirement in the Technical Specifications, to be performed
every 18 months during shutdown, to satisfy GDC 46.

I

Based on the above, the staff concludes that the emergency SWS meets GDC 2, 5,
44, 45, and 46 with respect to the system's protection against natural phenom-
ena, sharing of systems, capability for transferring the required heat loads,
inservice inspection, and functional testing, and meets RG 1.29, Positions C. 1
and C.2, with respect to the system's seismic classification.
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The staff will review the Technical Specifications to ensure that surveillance
testing includes periodic initiation of both ESW trains to have the ESM system
comply with the requirements of GDC 46. Pending the review of the final Shearon
Harris Technical Specifications, the staff finds the service water system
acceptable.

9.2.2 Primary Component Cooling Mater System

The component cooling water (CCWS) system was reviewed in accordance with SRP

9. 2. 2.

The CCMS system serves as an intermediate closed cooling water system between
radioactive or potential radioactive systems and the nonradioactive service
water system. The CCMS rejects its heat via the station service water system
(see Section 9.2. 1 of this SER) to the auxiliary and main reservoirs and cooling
towers comprising the ultimate heat sink (discussed in Section 9.2.5 of this
SER). This arrangement minimizes the possibility of leakage of radioactive
material into the environment. The system is not shared between Units 1 and 2.
Thus, GDC 5 does not apply.

The CCWS provides cooling for the following heat sources:

(1) reactor coolant pump motor bearing oil cooler
(2) reactor coolant pump thermal barrier
(3) letdown heat exchanger (chemical and volume control system)
(4) seal water heat exchanger (chemical and volume control system)
(5) excess letdown heat exchanger (chemical and volume control system)
(6) residual heat removal pumps (residual heat removal system)
(7) residual heat exchangers (residual heat removal system)
(8) recycle evaporator package (boron recycle system)
(9) reactor coolant drain tank heat exchanger (waste processing system)
(10) spent fuel pool heat exchanger (spent fuel pool cooling and cleanup system)
(11) sample heat exchangers (process sampling system)
(12) gross failed fuel detector (process sampling system)

1

The applicant noted that the safety-related heat loads include only the RHR

pumps (item 3), RHR heat exchangers (item 7),. and spent fuel pool heat exchangers
(item 10).

The CCWS'contains two separate trains, each containing a component cooling heat
exchanger. There are three component cooling pumps for the two trains. Two

pumps are operated during cooldown, with each pump supplying half of the total
component cooling water (CCM) flow. Normal operation only requires one pump
with another on standby; in the event of a LOCA, only one pump is required but
two CCM pumps start, to ensure cooling flow to the safeguards pumps in the event
of a single failure. The motor-operated valves and pumps in one train are con-
nected to one emergency power supply; the valves and pump in the other train are
connected to another power supply. The third pump has a dual breaker arrangement
so that if it is needed to replace a failed pump, it can be connected to the
same power supply as the pump it replaces. Interlocks are provided so that the
third pump cannot be connected to both redundant circuits simultaneously. Thus,
cooldown can be achieved with two pumps, even with a single active failure.
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The CCWS contains a surge tank on the suction side of the pumps. This tank will
accommodate an increased system water volume resulting from thermal expansion
and/or inleakage from components being cooled and provide CCWS makeup in the
event of small system leaks. The surge tank is separated into two parts by a

baffle to permit operation of one train in the event of a failure of part of
the surge tank. Inleakage may be detected by an increase in the surge tank
level or by an increase iq radiation level (if from a radioactive source). The
two trains are connected downstream by a crossove'r with four motor-operated
valves; these are closed when necessary to maintain train s'eparation. Thus,
the two trains are isolated and the CCW system will have one operable train (in
the event of a failure in the other train) or two operable CCW pumps (in the
event of a pump failure). This will be sufficient to provide cooling to a

single train of the safety-related heat loads requiring cooling by the CCW.

This complies with GDC 44.

The CCW system is used to cool the reactor coolant pump (RCP) thermal barrier
and RCP upper bearing and low bearing oil coolers. In the event of a Phase B

containment isolation signal, the cooling water headers to the RCPs are isolated
with no CCW to the pump motor bearing and thermal barrier. Seal injection
water is provided to the RCP seals to prevent overheating via the chemical and
volume control system, but no water is provided to cool the RCP motor bearings.
The applicant stated that loss of CCW to the RCP bearings will be detected by
control room flow instrumentation with low flow alarms, to be designed in ac-
cordance with IEEE 279. Further, the applicant stated that procedures must be
provided to trip the reactor and reactor coolant pumps if CCW to the RCPs cannot
be restored within 10 minutes. This complies with GDC 44.

The safety-related portions of the CCW system are designed in conformance with
seismic Category I and Safety Class C standards, thus complying with Position
C. 1 of RG 1,29. The applicant stated that lines to and from the excess letdown
and reactor coolant drain tank heat exchangers are isolated on a Phase A con-
tainment isolation signal, while the lines to and from the reactor coolant
pumps close automatically on a Phase B containment isolation signal. An S

signal (safety injection actuation signal) will cause the nonsafety-related
heat loads, the sample heat exchangers, and gross failed fuel detectors
(items 11 and 12) to be isolated from the CCW system. No further action is
required until a residual heat removal (RHR) heat exchanger is required to cool
the reactor coolant to establish the post-LOCA recirculation phase. In that
event, the remaining nonessential safety-related heat loads would-.be isolated
manually. However, the staff noted that this manual isolation would include
the isolation of the spent fuel pool heat exchanger. In response to a staff
concern regarding the spent fuel pool, the applicant noted that the fuel pool
load would be reduced from 38.3 x 10 to only 18.2 x 10 Btu/hr because a LOCA

in Unit 1 would not be expected to occur simultaneously with the need to
completely unload the Unit 1 core. In that case, the applicant states that
5600 gpm would be required for the RHR heat exchanger. The flow remaining from
one operating CCW train (3550 gpm) would be sufficient to keep the Unit 1 spent
fuel pool at a temperature of 150 F or less. The applicant noted that, after
isolating the spent fuel pool heat exchanger, the operator would have approxi-
mately 4.5 hours in which to disconnect the nonsafety-related loads on the same

header as the spent fuel pool before the water in the spent fuel pool tempera-
ture reached 150'F (12 hours before the water started boiling). The staff
finds that this satisfies Position C.2 of RG 1.29. The applicant has stated
that the safety-related portions of the CCM system are protected against natural
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phenomena such as tornadoes, floods, and hurricanes, thus meeting GDC 2. The
capability to maintain the RHR heat exchanger and spent'fuel pool heat exchanger
after a LOCA also satisfies GDC 44.

The safety-related portion of the CCW system is designed and located to permit
preservice and inservice inspection, in compliance with GDC 45.

The CCW system is testable to ensure its capability including during reactor
shutdown and in mitigating accidents. In addition, the CCW system is constantly
in use to cool those heat loads required during normal operation. The applicant
must provide Technical Specifications that include periodic testing of all of
the safety-related portions of the CCW system as a unit with all valves operating
to isolate nonsafety-related loads and with two component cooling water pump
trains starting to serve the safety-related loads upon a suitable initiating
signal. The applicant should propose such a surveillance test requirement in
the Technical Specifications to be performed every 18 months during shutdown.
The staff will review the Technical Specifications to ensure this is included.
Thus, the CCW system will comply completely with GDC 46.

The CCW system complies with GDC 2, 5, 44, 45, and 46, with the exception of
periodic tests in the Technical Specifications. The CCW system complies with
RG 1. 29. Therefore, the CCW system meets SRP 9. 2. 2. The staff will address.
the resolution of the Technical Specification issue in a supplement to this
SER.

9.2.3 Demineralized Water Makeup System

The demineralized water makeup system (DWMS) was reviewed in accordance with
SRP 9. 2. 3.

The nonsafety-related, nonseismic Category I, guality Group D demineralized
water makeup systems include all components and piping from the main cooling
tower makeup pumps to points of discharge to othe~ systems. The ultimate
source of water is the main reservoir. The systems are shared by both units
and have no safety-related function. The portions of the systems providing
pretreatment and the clearwell tank are shared with the potable water system
(see Section 9.2.4 of this SER). The DWMS is capable of supplying normal
makeup demands for the condensate storage, refueling water storage, and reactor
makeup water storage tanks, and its water is also pumped directly to other loads
chiefly in the fuel handling and waste processing buildings.

The DWMS consists of a double train of equipment exhibiting adequate redundancy.
Protection from flooding for safety-related equipment resulting from failure of
the system is discussed in Section 9.3.3 of this SER. Entry of potentially
radioactive water into the systems is precluded by ensuring a-greater pressure
for demineralized makeup water than in the potentially radioactive sources to
which it discharges, thus complying with GDC 60. Alarmed instrumentation has
been provided to prevent delivery of off-specification water to safety-related
systems'he DWMS is located in the water treatment building, which is sepa-
rated from seismic Category I structures. Failure of the systems will not
affect plant safety, as described above, and sharing of these systems between
units will not impair any safety function. Thus, GDC 2 and 5 and RG 1.29,
Positions C. 1 and C.2, are met.
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Based on the above, the staff concludes the system meets GDC 2, 5 and 60 with
respect to the need for protection against natural phenomena and shared func-
tions and meets RG 1.29, Positions C. 1 and C.2, concerning the seismic clas-
sification. It is, therefore, acceptable. The DWMS meets SRP 9.2.3.

9.2.4 Potable and Sanitary Mater Systems

Th'e potable and sanitary water systems were reviewed in accordance -with SRP
9. 2.4.

The nonsafety-related (equality Group D, nonseismic Category I) potable and
sanitary water systems provide water for human consumption and sanitary waste
water treatment. These systems are supplied from the main cooling tower makeup
pumps with the main reservoir as the ultimate source.

The portion of the systems providing pretreatment filtering and the clearwel.l
tank is shared with the demineralized water makeup system (see Section 9.2.3 of
this SER).

There are no cross-connections between the potable and sanitary water systems
and potentially radioactive systems, and backflow preventers are used in the
supply to the diesel generator jacket water makeup lines. Protection from
flooding for safety-related equipment resulting from failure of the systems is
discussed in Section 9. 3. 3 of this SER. Failure of the systems does not affect
plant safety, as described above. Thus, the requirements of GDC 60 are met.

Based on its review, the staff concludes that the potable and sanitary water
systems meet the requirements of GDC 60 with respect to prevention of release
of potentially radioactive water, and are, therefore, acceptable. The potable
and sanitary water systems meet the acceptance criteria of SRP 9.2.4.

9.2.5 Ultimate Heat Sink

The ultimate heat sink (UHS) was reviewed in accordance with SRP 9.2.5.

The UHS provides a cooling source for the essential service water (ESW) system,
which is evaluated in Section 9. 2. 1 of this SER. The UHS is composed of three
separate possible cooling sources, which are used independently: the main cool-
ing towers for normal service and the auxiliary, or„.„main reservoir .for emergency'ervice. The main cooling towers are discussed in Section 10.9.5 of this SER.
The emergency UHS consists of the auxiliary reservoir and its retaining and
conveyance systems, which are the auxiliary dam, auxiliary reservoir separating
dike, emergency service water intake and discharge channels, and auxiliary
reservoir channel. All these structures are equality Group C, seismic Category I.
The backup emergency UHS is the main reservoir, which has a seismic Category I
dam but other nonseismic Category I features. The main reservoir serves to
provide makeup water for the main cooling towers.

In emergencies, water from the auxiliary reservoir is ducted through the open
emergency service water intake channel to the screening structure and through
pipes to the emergency service water and cooling tower makeup intake structure
where it enters the ESWS. After cooling the essential equipment, the heated
water is discharged through the emergency service water discharge structure and
open discharge channel to the auxiliary reservoir.
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All structures are shared by both units, with adequate partitioning between
portions serving units and trains within units, where appropriate. The ESW

screening structure and the ESW and cooling tower makeup intake structure are
separated into bays. Each bay in the ESW screening structure contains screens,
a stop log guide, and screen guider. The ESW intake structure has four screen
bays, each containing an ESW cooling pump, and the cooling tower makeup intake
structure has" three screen bays, one for each cooling tower makeup pump. All
above-grade structures are tornado protected, and other structures are either
submerged or below grade so there is inherent protection from natural phenomena.
The staff concludes that this complies with GDC 2 and 5 and RG 1.29, Position C. l.
The applicant has used a conservative estimate of the heat loads rejected to
the emergency UHS for a 4-month period including an estimate for the decay heat
that satisfies the recommendations of BTP ASB 9-2, "Residual Decay Energ'y for .

Light Water Reactors for Long Term Cooling."

When the auxiliary reservoir is needed, it is able to function as the ultimate
heat sink for at least 30 days, thus satisfying Position C. 1 of RG 1.27. The
cooling water channels have been sized to transport more than the maximum
safety-related cooling water requirements (86,000 gpm). The auxiliary reservoir
separating dike adequately mixes water in the reservoir to prevent direct recir-
culation of the heated water.

Ice formation in the auxiliary reservoir will not be severe enough to affect
the operation of the emergency service water pumps. As a precaution, warmed
water is circulated from the normal main cooling tower system to the auxiliary
reservoir during low temperature periods, and the screens upstream of the emer-
gency service water pumps are adequate to prevent pump damage.

A single failure will not siphon excessive water from the preferred auxiliary
reservoir to the backup main reservoir, because the reservoirs can be isolated
by two motor-operated butterfly valves located in each emergency service water
pump bay. Thus, GDC 44; RG 1.27, Positions C.2 and C.3; and BTP ASB 9-2 regard-
ing the ability to maintain proper system temperature under all modes of opera-
tion are met.

The applicant satisfies the requirements of GDC 45 by meeting RG 1. 127. Per-
formance of periodic testing of the emergency UHS equipment in accordance with
the Technical Specifications satisfies GDC 46.

Based on the above, the staff concludes that the UHS meets GDC 2, 5, 44, 45,
and 46 with respect to protection against natural phenomena, missiles, pipe-
break effects, shared system function, and heat dissipation capability, inser-
vice inspection and functional testing, and meets RGs 1.29, Position C. 1; 1.27,
Positions C.2 and C.3; and BTP ASB 9-2, with respect to seismic classification
and the capability to remove sufficient decay heat to maintain plant safety.
It is, therefore, acceptable.

The ultimate heat sink meets the applicable acceptance criteria of SRP 9.2.5.

9.2.6 Condensate Storage Facility

The condensate storage and transfer system was reviewed in accordance with SRP

9. 2. 6.
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The condensate storage facilities have both a safety-related and nonsafety-
re'lated function. They serve as the only normal safety-related source of water
for the auxiliary feedwater system and provides makeup and surge capacity for

,secondary inventory changes. Excess water in the'condenser hotwell can be

pumped into the CST via the condensate pump while makeup to the condenser flows
from the CST to the condenser hotwell by gravity during normal operation. The
condensate transfer pump may be used to fill the hotwell, initially, with wate'r
from the CST. Each plant unit has an independent condensate storage facility
that consists of a codensate storage tank (CST), a condensate transfer pump,
level and temperature transmitters, and associated piping and valves. Thus,
GDC 5 is not applicable.

Those portions of the condensate storage facility required for safety-related
functions meet the standards of a seismic Category I, equality Group C system.,
These portions include the CST itself, piping and valves to the auxiliary feed-
water system, and the water level transmitters. The CST is located in the tank
building and is protected against tornado missiles on the sides and top by a

concrete enclosure. The concrete enclosure will contain the tank contents in
the event of a tank rupture and provide protection from high- and moderate-energy
pipe breaks. Of the total tank capacity of 415,000 gal, a dedicated volume of
240,000 gal is reserved for the auxiliary feedwater system. All piping connec-
tions to the tank below an elevation sufficient to store this reserve capacity
are seismic Category I, equality Group C, and are used only for the AFW system.
The concrete enclosure of the CST will minimize the possibility of freezing in
the tank. .In addition, the system has the capability of recirculating warm
water from the condenser hot well to maintain the water temperature in the tank
above the freezing point. Thus, GDC 2 and Positions C. 1 and C.2 of RG 1.29 are
met.

A minimum volume of 240,000 gal is maintained in the CST during plant operation
for use by the AFW system.

There is a single, common, seismic Category I line between the CST and the
suction of the three auxiliary feedwater pumps. This is acceptable because
there are no active components in this line. Isolation from nonsafety-related
portions of the condensate storage facility is provided by the elevation differ-
ences in the CST, which preclude draining or syphoning below the reserve level
through any nonsafety-related line. The. demineralized water system and liquid
waste management system provide makeup water to the condensate storage tank.
Thus, GDC 44 is met.

The condensate storage system wi 11 be
tional testing of both the condensate
inspection of the tank and associated
operation to ensure system integrity.

functionally tested during the preopera-
and auxiliary feedwater systems. Visual
piping will be performed during plant

Thus, GDC 45 and 46 are met.

Safety-related CST water level indicators and a CST low-water-level alarm are
provided in the control room. A high-level alarm is also provided to prevent
overfilling. The system has the capability to warm the CST tank contents with
water from the condenser hotwell, at a temperature of approximately 125 F.

There is a single temperature element in the CST with a signal that is fed
to the plant process computers. The operator's log in the temperature every
12 hours but can obtain a CST temperature readout on demand to determine the
temperature of the water in the CST.
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Based on the above,.the staff concludes that the condensate storage facilities
meet GOC', 44, 45, and 46 with respect to protection against natural phenomena,
shared systems, decay heat removal function, and inservice inspection and test-
ing, and RG 1.29, Positions C.l and C.2, with respect to design capability and
seismic classification. They are, therefore, acceptable. The condensate
storage facilities meet the acceptance criteria of SRP 9.2.6.

9.2.7 Essential Services Chilled Mater System

There is no section of the SRP "that provides guidelines for review of the 'essen-
tial services chilled water system (ESCWS). Therefore, SRP 9.2.2 was used as a
guide for this review.

The ESCWS consists of two redundant trains,, A and B, for each unit. Each train
consists of a package water chiller, an expansion tank, a chemical, addition
tank, and a chilled water pump together with associated piping. The service
water system (see Section 9.2. 1 of this SER) supplies water for the condenser
section of the water chiller during normal and emergency conditions. The expan-

'iontank accommodates system volume changes, maintains positive pressure on
the system because it is located above the chilled water pump, and is used to
add water to the system. The chemical addition tank contains chemicals designed
to prevent corrosion and scale buildup; chemical addition is done manually, as.
a need is indicated by periodic water

analysis'he

ESCWS serves both safety-related and nonsafety-related systems, which
include the control room air conditioning system (CRACS) (see Section 9.4. 1 of
this SER); spent fuel pool pump ventilation system (FPPRVS) (see S'ection 9.4.2);
and reactor auxiliary building (RAB) subsystems. The RAB subsystems include

(j.) RAB NNS (nonnuclear-safety) ventilation system (see Section 9.4.3)

(2) RAB ESF equipment cooling system (see Section 9.4.5)

. (3) RAB switchgear rooms ventilation system (see Section 9.4.5)

(4) RAB electrical equipment protection rooms ventilation system (see
Section 9.4.5)

The system is designed in compliance with seismic Category I requirements, thus
satisfying Position C. 1 of RG 1.29. Part of the system is designed to operate
during accidents; this safety-related portion of the ESCWS is automatically
isolated from the nonsafety-related portion, thus complying with Position C.2
of RG 1.29. In this way, the system complies with the seismic portion of
GOC 2.

The ESCWS design requires a separate ESCWS (two chi llers) per unit. While
Unit 2 is under construction, the applicant intends to supply temporary piping
between the chilled piping systems of Unit j. and 2 to provide chilled water for
the Unit 2 control room. The temporary piping will be removed when Unit 2
becomes operational, and each unit will have a separate ESCWS. The applicant
stated that the coolant flow to Unit 2 will be shut off automatically during
post-accident operation throughout the Unit 2 construction period. The staff
finds this acceptable and in compliance with GOC 5.
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The applicant has shown that the safety-.related portion of the ESCWS is capable
of cooling the safety-related components after an accident under the most
adverse conditions (which include loss of one train), in compliance with
GDC 44.

The applicant has not proposed suitable periodic testing for this system in the
Technical Specifications in accordance with the requirements 'of the Standard
Technical Specifications for Westinghouse pressurized water reactors (NUREG-

0452). The staff will review the Shearon Harris Technical Specifications, when
they become available, to ensure that they include periodic surveillance test-
ing of the ESCWS in accordance with the provisions of NUREG-0452. The applicant
has provided information to show that the ESCMS can be pressure tested by apply-
ing pressure at any conveniently located valve outlet. The ESCMS is supplied
with an orifice meter at each main chilled water supply source, with which to,
confirm the required flow rate; each cooling coil is equipped with a flow mea-

suring device so that flow rates may be adjusted, individually, to those neces-
sary at each cooling coil. Therefore, the staff concludes that the ESCWS has
been designed to permit appropriate pressure and functional testing, thus meet-
ing GDC 46, "Testing of Cooling Water System."

The applicant stated that the ESCWS has been designed to provide accessibility
for inspection. The staff finds this acceptable and in compliance with GDC 45.

Based on the above, the staff concludes that the ESCWS complies with GDC 2, 5,
44, 45, and 46. The ESCWS meets the acceptance criteria of SRP 9.2.2.

9.2.8 Nonessential Services Chilled Mater System

There is no SRP section that provides guidelines for the review of the non-
essential services chilled water system. Therefore, SRP 9.2.2 was used as
a guide for this review.

The nonessential services chilled water system (NESCWS) is designed to provide
cooling water to air-handling units for the fuel-handling building air condi-
tioning system (see Section 9.4.2) and for the waste processing areas ventila-
tion system (see Section 9.4.3).

The NESCWS consists of two 50K water chi llers in series, each containing a

cooler and condenser. Cooling water to the condenser section of each chiller
is supplied by the service water system (see Section 9.2. 1). The system con-
tains an expansion tank to accommodate volume changes and to permit water
addition, a chemical addition tank (for manual. addition of chemicals used to
prevent corrosion and scale buildup), two chilled water pumps in parallel (one
operating, one on standby), and associated piping.

The NESCWS is not required to operate to mitigate accidents nor is it required
to shut down the plant. Therefore, GDC 5, 44, 45; and 46 are not applicable.

The applicant has verified that a crack in an NESCWS pipe will not cause flood-
ing to an extent sufficient to reduce the functioning of any safety-related
system to an unacceptable safety level in the event of an SSE, or other seismic
events, considering the most adverse single failure. This complies with Posi-
tion C.2 of RG 1.29. Therefore, the NESCWS meets GDC 2 and is acceptable. The
NESCMS complies with SRP 9. 2. 2.

I
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9.2.9 Waste Processing Building Cooling Water System

There is no SRP section that provides guidelines for the review of the waste
processing building cooling water system. Therefore, SRP 9.2.2 was used as a
guide for the review that follows.

The WPBCWS is used to 'cool various components in the waste processing building.
The system serves as an intermediate barrier between the waste processing
system (WPS) and service water system to ensure the retention of radioactive
water within the plant.

The waste processing building is shared by Units 1 and 2 and is served by the
WPBCWS. The WPBCWS is not required for mitigation of transients or accidents~-»
or for plant shutdown; no credit is taken for operation of this system under
those conditions, thus complying with GDC 5. Therefore, GDC 44, 45, and 46 do
not apply.

The applicant has not shown how radioactive fluids are prevented from entering
the service water system in the event of a leak into the WPBCWS as a result of
a seismic event, which must be done to comply with Position C.2 of GDC 1.'29
and meet GDC 2. This concern will be addressed in a supplement to this SER
in Section 11.5.

9. 3 Process Auxiliaries

9.3. 1 Compressed Air System

The compressed air systems were reviewed in accordance with SRP 9.3. 1..
The acceptance criteria for the safety-related compressed air systems include
meeting GDC j., "(Iuality Standards and Records." Compliance with the require-
ments of GDC 1 is evaluated separately in Section 3.2.

Each unit has its own compressed air system, which consists of two separate
subsystems: the instrument air subsystem and the service air subsystem. The
compressed air system employs two, lOOX capacity oil-free compressors. Each
subsystem is classified as nonsafety related (nonseismic Category I, equality
Group D), except for containment penetrations and certain valves and accumu-
lators within containment, which are seismic Category I, equality Group C.
Containment penetrations and associated isolation valves and piping are equality
Group B.

The main components for both the instrument and service air subsystems are
located in the turbine buildings of each unit. Air is drawn from the outdoors
through two parallel trains of silencer/filters, intercoolers, compressors,

.,moisture separators, and aftercoolers. At this point, air for the instrument
, subsystem is separated from that for the service subsystem and passed through

further filtering and drying components.

Separate instrument and service air ring headers and branch lines supply the
compressed air requirements of the containment building, fuel-handling building,
water treatment. building, reactor auxiliary building, turbine building, waste
processing building, and various yard facilities. Service air ring headers are
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provided for the service building and the diesel generator building. Buildings
that are common between units, such as the turbine and auxiliary buildings,
have interconnections between compressed air subsystems. Such interconnections
are operated with locked closed valve or, in the case of the common areas of
the auxiliary building, are fed by a common manifold, receiving air through
check valves from both units. Adequate isolation in the form of blind flanges,
capped lines, and locked-closed valves allows operation of Unit 1 before con-
struction of the other unit is completed.

Operation of the compressed air system is not required for the initiation of
any engineered safety feature systems, safe shutdown system, or any other
safety-related system; therefore, the compressed air system is not considered
a safety-related system except for the containment penetration and associated
isolation valve and check valve for both the instrumentation and service air
subsystems. In addition, the accumulators associated with isolation valves-'in
the containment cooling system are safety related. The safety-related accumu-
lators and lines from them to the valves they serve are all designed to seismic
Category I, guality Group B standards.

Air-operated valves not provided with accumulators are designed so that they
will fai l in their required safe position on loss of instrument air pressure.
Those inside containment will fai 1 in their required safe position, even with
a maximum post-accident containment pressure.

During and after an accident, there are no air-operated valves that require
cycling to bring the plant to safe shutdown. The accident analyses do not
assume that the instrument air system is operable and do not take credit for
the system.

During post-accident conditions, the sudden loss of instrument air would have
no effect on the safety injection system and containment spray system. These
systems are designed so that air-operated valves fail in the preferred position.
Valves required to transfer from the injection phase to the recirculation phase
are not air-operated valves. Air-operated valves in the component cooling water
system and the service water system are designed so that on loss of instrument
air they fail to allow full flow of cooling water through the heat exchangers
and equipment required for post-accident operation.

All safety-related instrumentation is .designed so that complete loss of instru-
ment air during full-power operation would in no way reduce the ability of the
engineered safety features and their supporting systems to safely mitigate the
consequences of an accident, shut down the reactor, or prevent significant
release of radioactivity to the environment.

Containment isolation valves and the associated piping are guality Group B,
seismic Category I. These valves are located in seismic Category I, flood- and
tornado-protected structures (see Sections 3.4. 1 and 3.5.2 of this SER). They
are protected from the effects of missiles and pipe breaks (see Sections 3.5. 1. 1

and 3.6. 1 of this SER). Thus, GDC 2 and RG 1.29, Positions C. 1 and C.2, are
satisfied.

Each plant unit has its own compressed air systems that can function to meet

the requirements of its associated unit. There are normally closed interties
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between compressed air systems (service and instrument air) in common buildings.
These normally closed interties provide adequate isolation. GDC 5 is not appli-
cable because separate compressed air systems are provided for each unit and
because the systems have no safety-related function.

The staff has determined that the system is capable of providing normal instru-
ment and service air needs. Preoperational testing of the compressed air
systems is in compliance with RG 1.80, "Preoperational Testing of Instrument
Air Systems," and is acceptable.

However, the applicant has not met the full requirements for periodic air
quality testing, as. recommended in ANSI MCll.1-1976 (ISA S7.3). This standard
requires a maximum particle size of 3 micrometers,(pm), while the filters

used,'re

5 pm. Although the applicant has agreed to install 3-pm filters in the
instrument air systems, the applicant has not committed to periodic testing of
instrument air quality to ensure quality is maintained in accordance with the
recommendations of the standard to maintain operability of the safety-related
accumulators.

Based on its review, the staff concludes that the systems meet of GDC 2,.and 5
regarding seismic design and shared systems, and of RG 1.29, Positions C. 1 and
C.2, with respect to seismic classification. . The staff cannot conclude that ,.-
the systems meet the requirements of GDC 1 with respect to the criteria of
ANSI MCll.1-1976 (ISA S7.3) concerning periodic instrument air quality testing.
The staff will report the resolution of this concern in a supplement to this
SER.

9. 3. 2 Pr ocess Sampling System

9.3.2. 1 Process Sampling System

The process sampling system was reviewed according to SRP 9.3.2 (NUREG-0800).
A separate process sampling system is furnished for each unit. Each sampling
system is designed to provide liquid and gaseous samples drawn from the primary
and secondary coolant systems, the associated auxiliary system process streams,
and the spent fuel pool cleanup system. Provisions are made to ensure that
representative samples are obtained from well-mixed streams or volumes of
effluent by the selection of proper sampling equipment and location of sampling
points as well as proper sampling procedures. In the event of an accident, all
sample lines that pass through the containment are automatically isolated by
fail-closed valves on either side of the containment.

The process sampling system includes piping and other components associated
with the system from the point of sample withdrawal from a fluid system up to
the analyzing station, sampling station, or local sampling point. The staff
review included the provisions proposed to sample all principal fluid process
streams associated with plant operation and the applicant's proposed design of
these systems, including the location of sampling points, as shown on piping
and instrumentation diagrams.

The staff has determined that the proposed process sampling system meets
(1) GDC 13 to monitor variables that can affect the fission process for normal
operation, anticipated operational occurrences, and accident conditions, by
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sampling the reactor coolant, the ECCS core flooding tank, the refueling water
storage tank, the boric acid mix tank, and the boron injection tank for boron
concentration; (2) GDC 14 to ensure a low probability of abnormal leakage,
rapidly propagating failure, and gross rupture, by sampling the reactor coolant
and the secondary coolant for chemical impurities that can affect the RCPB

material integrity; (3) GDC 26 to control the rate of reactivity changes by
sampling the reactor coolant, the refueling water storage tank, and the boric
acid mix tank for boron concentration; and '(4) GDC 63 and 64 to monitor radio-
activity that may be released from normal operations, including anticipated
operational occurrences, and from postulated accidents, by sampling the reactor
coolant, the pressurizer tank, the steam generator blowdown, the secondary
coolant condensate treatment waste, the sump inside containment, the contain-
ment atmosphere, the spent fuel pool, and the gaseous radwaste storage tank for
radioactivity.

The staff further determined that the proposed process sampling system meets
(1) ANSI N13. 1-1969 for obtaining airborne radioactive samples; (2) the require-
ments of 10 CFR 20. 1(c) and Positions 2.d(2), 2.f(3), 2.'f(8), and 2.i(6)

of'G

8.8, Revision 3, to maintain radiation exposures to as low as is reasonably
achievable, by providing (a) ventilation systems and gaseous radwaste treatment
system to contain airborne radioactive materials, (b) liquid radwaste treatment
system to contain radioactive material in fluids, (c) spent fuel pool cleanup-
system to remove radioactive contaminants in the spent fuel pool water, and
(d) remotely operated containment isolation valves to limit reactor coolant
loss in the event of rupture of a sampling line; (3) GDC 60 to control the
release of radioactive materials to the environment by providing isolation
valves that will fail in the closed position; and (4) Positions C. 1, C. 2, and
C.3 of RG 1.26, Revision 3, and C. 1, C.2, C.3, and C.4 of RG 1.29, Revision 3,
by designing the sampling lines and components of the process sampling system
to conform to the classification of the system to which each sampling line and
component is connected, and thus meets the quality standards requirements of
GOC 1 and the seismic requirements of GDC 2.

On the basis of the above evaluation, the staff concludes that the proposed
process sampling system meets the relevant requirements of 10 CFR 20. 1(c);
GOC 1, 2, 13, 14, 26, 60, 63, and 64; and the appropriate portions of RGs 8.8,
1.26, and 1.29. It is, therefore, acceptable.

9.3.2.2 Post-Accident Sampling System

The post-accident sampling system is to provide a capability to obtain and
quantitatively analyze reactor coolant and containment atmosphere samples,
without radiation exposure to any individual exceeding 5 rems to the whole body
or 75 rems to the extremities (according to GDC 19) during and following an
accident in which there is core degradation. Materials to be analyzed and
quantified include certain radionuclides that are indicators of severity of
core damage (e. g., noble gases, iodines, cesiums, and nonvolatile isotopes),
hydrogen in the containment atmosphere, and total dissolved gases or hydrogen,
boron, and chloride in reactor coolant samples in accordance with the require-
ments of NUREG-0737.

To satisfy the requirements, the applicant should (1) review and modify his
sampling, chemical analysis, and radionuclide determination capabilities as
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necessary to comply with NUREG-0737, II.B.3, and (2) provide the staff with
information pertaining to system design, analytical capabilities, and proce-
dures in sufficient detail to demonstrate that the requirements have been met.

In the FSAR the applicant committed to install a post-accident sampling system
to meet the criteria of Item II.B.3 in NUREG-0737 and to follow the sampling
and analysis guidelines of RG 1.97, Revision 2. The system is capable of
obtaining and analyzing undiluted and diluted grab samples from the reactor
coolant and diluted grab samples from the containment atmosphere within 3 hours
after a decision is made to take a sample. Hydrogen in the containment atmos-
phere is also analyzed by an online analyzer. The post-accident sampling sys-
tem is separated from the process sampling system, which will be isolated in
case of an accident. The reactor coolant and containment sampling during

post-'ccidentconditions will not require an isolated auxiliary system to be opera-
tional. Onsite electrical power sources are available for the post-accident
sampling system in the event of loss of offsite power. All valves located-in
inaccessible post-accident sampling areas are environmentally qualified.

The sample container and the sampling panel will be shielded so that the oper-
ators will not receive radiation exposure in excess of that specified in GDC 19.
Provisions are available for complete purging of the sample lines and associated
equipment, for reducing plateout in sample lines, for minimizing sample loss'r
distortion, for preventing blockage of sample lines, and for proper disposal of '---
samples. Passive flow restriction is provided to limit reactor coolant losses
from rupture of sample lines. Gaseous effluent from the sampling cabinet wi 11
be filtered through charcoal adsorbers and high-efficiency particulate filters.
Grab samples are taken to the onsite laboratory for measurement of radionuclides
(noble gases, iodines, cesiums, and nonvolati les), boron, dissolved oxygen,
hydrogen, and pH. Chloride can be analyzed within 4 days after an accident.
Dissolved oxygen can be measured at levels less than O.j. ppm. However, the
applicant has not provided (1) a procedure for relating radionuclides to esti-
mated degrees of reactor core damage; (2) a summary of the laboratory procedure
for chemical analyses; (3) the accuracy, range, and sensitivity of each of the
radionuclide and chemical analyses; and (4) schematic diagrams of the sample
lines and panels.

The applicant stated that periodic operational testing of the post-accident
sampli'ng system will be performed, but has not indicated the frequency and type
of testing and operator training requirements for post-accident sampling.

The staff has determined that the proposed post-accident sampling system par-
tially meets the acceptance criteria of Item II.B.3 in NUREG-0737. Before
exceeding 5/o power operation, the applicant shall have installed and have opera-
tional the post-accident sampling system.

Before 5/o power operation, the applicant also shall (1) submit for NRC approval
a core damage assessment procedure that incorporates, as a minimum, hydrogen
levels, reactor coolant system pressure, core exit thermocouple temperatures,
and containment radiation levels, in addition to radionuclide data; (2) demon-
strate applicability of procedures and instrumentation in the post-accident
water chemistry and radiation environment, and retraining of operators on
semiannual basis; (3) provide the plant procedures for chemical analyses and
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provide the accuracy, range, and sensitivity of each of the radionuclide and
chemi cal analyses.

9.3.3 Equipment and Floor Drainage System

The equipment and floor drainage system was reviewed in accordance with SRP
9. 3. 3.

I

The nonsafety-related (guality Group D, nonseismic Category I) equipment and
floor drainage system includes all piping from equipment or floor drains to the
sump, sump pumps, and piping necessary to carry potentially radioactive and
nonpotnetially radioactive effluents thr ough separate subsystems. Potentially
radioactive drainage is collected from the radioactive drainage subsystems,
which include equipment, floor, detergent waste, chemical waste, and secondary
waste drainage subsystems. Equipment and floor drainage subsystems are located
in all major buildings; the detergent, chemical, and secondary drainage sub-
systems handle wastes from specialized areas. Collection sumps for these sub- .

systems discharge to the waste holdup tanks in the waste processing building.
These effluents are treated further in the waste processing building to prevent
uncontrolled release of radioactivity to the environment. Drainage from sources
that are not potentially radioactive is handled by the nonradioactive systems
and includes storm water, acide and caustic waste, oil, industrial waste,
sprinkler discharge, and HVAC condensate drainage subsystems.

All industrial waste in the turbine building is routed to two industrial waste
sumps. If high radiation is detected in the industrial waste discharge header,
automatic valves activate, discharging the waste to the secondary waste tanks
in the waste process building. The radiation monitor will also cause an alarm
to be sounded in the control room if this occurs. Otherwise, the normal path
of the industrial wastes is to an oil separator in the yard from which the sepa-
rated water will be pumped to the cooling tower blowdown system.

Drainage from sprinkler systems acting in the event of a fire will be directed
to various locations. Radioactive or potentially radioactive drainage will be
routed to tanks in the waste processing building for further treatment to pre-
vent uncontrolled release of radioactivity to the environment. Drainage from
the fuel oil storage and diesel generator buildings will be directed ultimately-
to the yard oil separator, and drainage from nonradioactive areas in" the waste
processing building will be directed to the site sanitary drainage system.
When the water in a reactor auxiliary building is found to be not radioactive,it is discharged to the storm water system. Separation of radioactive and
potentially radioactive sources from nonradioactive sources and the routing of
potentially radioactive and radioactive sources to the waste processing building
for further treatment (see Section 11.2) satisfies GDC 60.

Reactor building sump pump discharge piping penetrating the containment is
designed to seismic Category I, guality Group 8 requirements. It is provided
with isolation valves and is located in seismic Category I, flood- and tornado-
protected structures. All other portions of the equipment and floor drainage
systems are not seismic Category

I'o

prevent flooding, each building housing safety-related equipment is provided
with drainage and sump pumps. The control room operator is alerted to water
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accumulation in these areas via Class lE monitor lights and annunciators. There-
fore, the staff concludes that GDC 2 and 4 and Positions C. 1 and C.2 of RG 1.29
are satisfied.

The staff review considered those systems that have redundant safety-related
components located in enclosed areas and floor drains and/or open equipment
drains that interconnect between areas housing redundant trains (for probable
flooding) through a common drain header. It was concluded that this condition
exists in the areas housing the charging pumps at elevation 236.00 feet and
heating and ventilating units at 305.00 feet of the reactor auxiliary building.
However, a water backflow that might result from blockage of a drain header
will not flood any train of any safety-related system. The resultant water has
a direct flow path to adjacent open areas for adequate dispersion and'removal
by the open area floor drain system. The applicant has shown that drains in
other safety-related areas ensure that the worst case hypothetical leakage,
including failure of nonseismic fluid systems in safety-related e'quipment areas,
does not result in a water level that will impair the functioning of safety-
related systems before corrective action can be taken.

The failure of nonsafety-related components of the equipment and floor drain
systems that could affect the operation of safety-related equipment has been
investigated as to its influence on the failed component. Mhere such interac-
tion was possible, the following designs were employed:

(1) encasement or embedment of components and floor drain systems in concrete
walls, floors, or pipe chases

(2) isolation of the equipment and floor drain system by concrete barriers

(3) seismic support, where required, of components of the equipment and floor
drain system

(4) relocation of drains or equipment

Based on the above, the staff concludes that the equipment and floor drainage
system complies with GDC 2, 4, and 60 with respect to protection against natural
phenomena, environmental effects (flooding), and releases of radioactive mate-
rial to the environment, and with RG 1.29 concerning seismic classification. It
is, therefore, acceptable. The equipment and floor drainage system meets the
acceptance criteria of SRP 9.3.3.

9.3.4 Chemical and Volume Control System

The chemical and volume control system (CVCS) is designed to control and main-
tain reactor coolant inventory and to control the boron concentration in the
reactor coolant through the process of charging (makeup) and letdown (drawing
off). The system is also designed to provide seal-water injection flow to the
reactor coolant pumps, control the primary water chemistry unit activity level
by ion exchange and chemical addition, and process the reactor coolant to
recover the boron and makeup water. An essential portion of the system con-
sists of the three charging pumps. These pumps are used during normal opera-
tion. The centrifugal charging pumps are also used for high pressure safety
injection when the emergency core cooling system (ECCS) is required to function.
(The ECCS is evaluated in Section 6 '.)
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The volume control tank serves as a volume surge for the reactor coolant let-
down system to provide for control of hydrogen concentration in the reactor
coolant and to provide a reservoir of makeup for. the charging pumps. The boric
acid makeup system provides for boron additions to compensate for reactivity
changes and provide shutdown margin for maintenance and refueling operations or
emergencies. The charging and letdown portions of the system are designed to
seismic Category I requirements and contain redundant active components and an

alternate flow path to meet the single failure criterion.

The CVCS has been reviewed in accordance with SRP 9.3.4. The CVCS (including
the boron recovery system) includes components and piping associated with the
system from the letdown line of the primary system to the charging lines that
provide makeup to the primary system and the reactor coolant pump seal water
system.

The basis for acceptance in the staff review has been conformance of the design
of the CVCS with (1) GDC 1 and RG 1.26 by assigning quality group classifica-
tions to system components in accordance with the importance of the safety
function to be performed; (2) GDC 2 and RG 1.29 by designing safety-related
portions of the system to seismic Category I requirements; (3) GDC 14 by main-
taining reactor coolant purity and material compatibility to reduce corrosion
and thus reduce the probability of abnormal leakage, rapid propagating failure,
or gross rupture of the RCPB; (4) GDC 29 as related to the reliability of the
CVCS to provide negative reactivity to the reactor by supplying borated water
to the reactor coolant system in the event of anticipated operational occur-
rences; (5) GDC 33 and 35 by designing the CVCS with the capability to supply
reactor coolant makeup in the event of small breaks or leaks in the RCPB and to
function as part to ECCS assuming a single fai lure coincident with loss of
offsite power; and (6) GDC 60 and 61 with respect to confining radioactivity
by venting and collecting drainage from the CVCS components through closed
systems.

Based on the review of the CVCS and the requirements for system performance of
necessary functions during normal, abnormal, and accident conditions, the staff
concludes that the design of the CVCS system and supporting system meets GDC 1,
2, 14, 29, 33, 35, 60, and 61, and is, therefore, acceptable.

9.3.5 Item III.D.1. 1 Integrity of Systems Outside Containment Likely To

Contain Radioactive Material

The applicant has provided a description of the program designed to reduce
leakage from systems outside containment that would or could contain primary
coolant or highly radioactive fluids during a serious transient or accident.
The applicant's program will be initiated during the preoperational test phase
and will be performed in accordance with the applicable provisions of ASME

Code, Section XI. The program is designed to detect leakage to RAB atmosphere
from systems that would be used to bring the plant to a safe shutdown following
a serious transient or accident. The following systems are included in the
leak reduction program:

(1) residual heat removal system
(2) safety injection system, except boron injection recirculation subsystem

(3) containment spray system, except spray additive subsystem and RWST
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(4) chemical and'olume control system

letdown subsystem, except demineralizers
boron recycle holdup tanks
charging pumps

(5) post-accident sample system
(6) post-accident RAB ventilation system
(7) valve leakoff equipment drain system

The following systems have been excluded. by the applicant from the leak reduc-
tion program because they will not be used to mitigate the consequences of an
accident:

(1) chemical and volume control

demineralizers
boron thermal regeneration system
seal water return
boric acid transfer system
boron recycle system except recycle holdup tanks

(2) the boron injection recirculation subsystem of the safety injection system
(3) filter backwash system
(4) fuel pool cooling and cleanup system
(5) radioactive waste disposal
(6) process sampling system

The applicant's leak reduction program will employ visual inspections of the
mechanical joints and seals of the system to detect leakage and measurement of
observed leakage. These inspections will be conducted with the system pres-
surized to normal operating pressure using the system fluid or demineralized
water as a test medium. The applicant will document the observed leakage and
will compare it against the acceptance criteria. Corrective action will be
taken as appropriate, but in all cases the action will be to reduce leakage to
as-low-as-practical levels. Testing of gaseous systems will include helium
leak detection or equivalent testing methods.

The applicant will initiate a program of preventative maintenance to reduce
leakage to as-low-as-practical levels after commercial operation. This program
will include periodic leak tests at each refueling.

The applicant has evaluated potential leak paths as discussed in the NRC letter
regarding the North Anna incident dated October 17, 1979 and, if a need is iden-
tified, has committed to implementing design changes before fuel loading to
eliminate the open paths to the atmosphere as discussed in the letter.

The staff reviewed the applicant's proposed program to reduce leakage from sys-
tems containing primary coolant or highly radioactive fluids outside contain-
ment in accordance with Item III.D.1. 1 of NUREG-0737. Based on this review,
the staff has concluded that portions of the applicant's, program do not meet
the requirements of NUREG-0737.
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The applicant has restricted the program to only those systems in the RAB and

only those systems that are used to bring the plant to a safe shutdown following
a transient or an accident. NUREG-0737 indicates that the systems that are to
be included are systems outside containment that would or could contain primary
coolant or other highly radioactive fluids or gases during or following a

,serious transient or accident. Therefore, limiting this program to systems
utilized to bring the plant to a safe shutdown following an accident or a

transient is an incorrect interpretation of this item, and, in the case of
Shearon Harris systems, should not be limited to those in the RAB.

The applicant has excluded the gaseous waste processing system (GWPS). The

applicant's basis for excluding this system is that the system operates conti-
nuously and, hence, the integrity of the system is continuously verified through
the use of airborne radiation detectors. The applicant stated that an alarm
from one of these monitors would require prompt isolation and repair of that
portion of the system that is leaking.

The staff does not agree with the applicant's position. If the fuel failure
level is low, then a leak from the GWPS would never result in an alarm from
this airborne radiation monitor. The leak reduction program would detect this
sooner than the monitor in this case. In addition, according to the FSAR,

there are no airborne radiation monitors in the areas of the GWPS. Thus, the
GWPS should be included in the leak reduction program.

The applicant has excluded the seal water return because this system is not
used after an accident and because it discharges its contents to the pressurized
surge tanks on a Phase A containment isolation signal (T signal). The staff
agrees with this. However, if the accident is a steam generator tube rupture
with a coincident iodine spike, it is desirable to have the reactor coolant
,pumps operating and the seal water return would also be operating. No Phase A

signal would result. Therefor e, the seal water r'eturn should be included in
the leak reduction program.

The applicant has also excluded the fuel pool cooling cleanup system. This
,system is utilized to maintain fuel pool temperature and to remove particulate
material from leaking or defective fuel assemblies. This system would be oper-
ating during a fuel-handling accident. In addition, the purification system
will be started on a high radiation alarm in the fuel-handling building. There-
fore, this system should be included in the leak reduction program.

The applicant has also deleted the CVCS demineralizers from the leak reduction
program. However, these demineralizers are used during cold shutdown and RHR

operation. Bypass flow from the RHR system is admitted into the letdown line
upstream of the letdown heat exchanger and flows through a mixed-bed demineral-
izer and the reactor coolant filter to the volume control tank. Again, these
demineralizers should be included in the program.

Except for the recycle holdup tanks, the boron recycle system (BRS) has been

excluded from the leak reduction program because (1) the applicant considered
this tank to be the only component of the system that would be required during
or following an accident and (2) this system performs no safety-related func-
tions following an accident. The applicant stated that if the feed pumps and

feed filters were required after an accident, then the system could be leak
tested before it is used and repairs made. This is not acceptable to the staff.
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First, the requirements of Item III.D.1.1 are not limited to safety-related
systems. Second, the time to leak test the feed pumps and feed filters is not
after an accident, but before. The recycle evaporator feed pumps are utilized
to transfer the contents of one recycle holdup tank to another, and should be
included in the program. The recycle evaporator demineralizer and the feed
filter should be included in the program because the normal flowpath is through
these components.

The filter backwash system was excluded by the applicant because the filters
would be bypassed during letdown to the recycle holdup tank. That possibility
does exist but there are a number of other filters that must be considered.
They include seal water injection and return filters and reactor coolant
filters. The filter backwash system should be included in the leak reduction
program.

The applicant should modify the proposed leak reduction program to include the
above systems or components in the leak-reduction program. The applicant. must
also provide the initial leak-test, results at least 4 months before a fuel
loading license is issued.

9.4 Heatin Ventilation and Air Conditionin S stems

9. 4. 1 Control Room Area Ventilation System

Ventilation systems in control complex were reviewed in accordance with SRP
9. 4. l.
The control room air conditioning system (CRACS) is composed of normal, purge,
and emergency subsystems. In addition to serving the control room itself, the
CRACS serves the office area, relay and termination cabinet rooms, kitchen and
sanitary facilities, and the component cooling water surge tank room. Units 1
and 2 share a common control room, and CRACS is designed as two identical and
redundant trains, each with sufficient capacity for the total control room.

The supply subsystem mixes a small amount of outside air with a larger capacity
normal recirculating system. System balance is maintained by exhausting a flow
at a rate equal to the rate of intake of outside air, less exfiltration. The
purge subsystem feeds a large capacity of outside air into the recirculating
portion of the normal subsystem and discharges a like amount of air to the
atmosphere through the unit stacks. The emergency subsystem takes a small
amount, of filtered outside air as makeup to the normal recirculating subsystem.

The normal supply subsystem for the control room consists of four 100%%u'ir-
handling units with dampers, isolation valves, filters, cooling and heating
coils, fans, and ductwork. All components are equality Group C, seismic Cate-
gory I, except for a tornado-protected inlet check valve. The exhaust for the
normal subsystem consists of dampers and fans that are not seismic Category I.
This is acceptable because the small normal exhaust is not needed for emergency
or safe shutdown operation, and double seismic Category I isolation valves are
provided to the outside exhaust.

The purge system consists of two identical subsystems, one for each half of the
common control room. Two butterfly valves, in parallel, and two smoke exhaust
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fans, in parallel, with a single duct connecting the valves and fans, serve as
one subsystem; the valves are designed to seismic Category I, guality Group C

standards, while the fans are designated nonsafety and are not designed to
seismic Category I or to guality Group A, B, or C standards. Smoke detectors
in the control room will actuate an alarm so that the control room operators

'can initiate 'the purge system.

The applicant stated that the emergency filtration system is initiated auto-
matically upon a high radiation signal, a safety injection actuation signal
(SIAS), or high chlorine concentration signal. Under those conditions, all
isolation valves at the normal outside air intakes will close, as will the dis-
charge valves in the purge and normal exhaust subsystems. Thus, air will be
taken in only through infiltration until the operator opens one of the two air

'ntakesin the emergency filtration system. In the event of a chlorine signal,
the operator will not open an air intake, and if one is open, the operator will
close it to completely isolate the control room to prevent entrance of chlorine.
In the event of a chlorine signal, an audible alarm will indicate the need for
the use of breathing apparatus by the operators. There are radiation monitors
in normal air intake and in each air intake associated with the emergency fil-
tration system.

The emergency filtration systems consist of two identical, parallel trains.
Each train contains two subtr ains, also in parallel. The subtrain consists of
a motor-operated (butterfly) supply valve, a 100K centrifugal fan, and,a motor-
operated (butterfly) discharge valve. One subtrain duct in each train unites
with a subtrain duct in the other train to form a single duct; that single duct
contains a charcoal filtration unit consisting of a demister, two electric heat-
ing coils, a HEPA filter, a charcoal adsorber, and a HEPA filter, in series.
Downstream of the last filter, there are crossovers between the two single ducts
so that one charcoal filtration train and one centrifugal fan can supply air to
both halves of the common control room, thus complying with Position C. 2. a of
RG 1.52.

The emergency filtration systems are designed to seismic Category I standards,
thus complying with Position C.2.c of RG 1.52.

The charcoal filtration train in each emergency filtration train is designed to
permit a volume flow rate of 4000 cfm, thus complying with Position C.2.f of
RG 1.52, which requires the flow rate to be less than 30,000 cfm.

The normal outside air intakes are louvered, with wiremesh screen, thus comply-
ing with Position C.2.k of RG 1.52.

The charcoal filter unit is designed to be removed and replaced in two segments,
in compliance with Position C.2.j of RG 1.52. The applicant states that the
emergency filtration system complies with the requirements of Position C.2. 1

of RG 1.52; Position C.2. 1 requires that the charcoal filtration unit show pres-
sure boundary leakage, in accordance with Section 4. 12 of ANSI 509-1976, and
that leakage tests be performed in accordance with the provisions of Section 6

of ANSI 510-1975.

The CRACS has redundant chlorine detectors near the chlorine storage site, in
addition to detectors in each normal and emergency air intake. The applicant

Shearon Harris SER 9-33



has provided two isolation valves in each duct leading from each normal air
intake. Each valve is operated by power supplied by a separate emergency power
supply. Thus, in the event of a single failure, the control room will be
isolated by at least one set of valves, and at least one emergency filtration
subtrain will be initiated automatically upon a high radiation signal, a high
chlorine signal, or SIAS, thus complying with the guidelines of Position C. 14
of RG 1.78 and Position C.4.d of RG 1.95. The operator may intervene to use
standby valves to isolate the control room in the event of failure of any two
isolation valves in series, thus complying with the guidelines of Position C.7
of RG 1.78. The emergency (charcoal) filtration trains are initiated automati-
cally, thus complying with the guidelines of Position C.4.a of RG 1.95. The
applicant has considered the release of all toxic chemicals on site, thus com-
plying with Position C.3 of RG 1.78.

All essential portions of the CRACs are designed in accordance with the stand-
ards for seismic Category I and equality Group C, and are located in the control
building, which is a seismic Category I, flood- and tornado-protected structure.
Thus, GDC 2 and RG 1.29, Positions C. 1 and C.2, are met.

The CRACS is physically separated from high-energy systems and is thus protected
from the mechanical and environmental effects of postulated pipe failures in.
high-energy systems. The redundant equipment is located in separate missile-
protected rooms provided with suitable drainage for protection against flooding
as a result of moderate-energy piping system failure and failure in nonseismic
water systems. All CRACS air intakes are provided with tornado-missile bar-
riers. The CRACS is designed to remove the heat generated in the areas served
and maintain the environmental conditions within the limitations of the equip-
ment involved during all operating modes, including LOCA conditions. Therefore,
the CRACS satisfies the requirements of Position C.2.b of RG 1.52 and the
requirements of GDC 4 (see Sections 3.5. 1. 1, 3.6. 1, and 9.3.3 for protection
of essential control room area ventilation system components from internally
generated missiles, postulated failures in piping systems, and internal flood-
ing, respectively). The applicant has stated that a single failure of a heating
unit or a cooling unit will not prevent the CRACS from fulfilling its safety
function because redundant valves are available to isolate malfunctioning units
and redundant units are available to effect the required air conditioning. The
staff finds this acceptable.

The applicant has considered the effect of a pipe break. (especially one con-
taining radioactive fluid) in adjacent areas or buildings and has concluded
that the control room would not be adversely affected by any such breaks.
Thus, the staff concludes that the applicant has provided information to show
that the CRACS is capable of maintaining the desired control room area environ-
ment under the most adverse conditions. This meets the requirements of GDC 4
relating to environmental conditions.

Interconnections between the ductwork are provided with motor-operated valves
or locked closed dampers. During the construction of Unit 2, with Unit 1 in
operation, a temporary wall will be erected to isolate the uncompleted Unit 2

control room portion from Unit 1. The Unit 1 portion of the essential emergency
subsystem of CRACS has sufficient capacity to perform its safety function, with
redundancy, for the control room during the Unit 2 construction. Thus, the
design conforms to GDC 5 and is acceptable.
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CRACS components are separated and redundant so that a single failure of an
active component in a shared system or the single failure of an emergency power
supply in each unit coincident with loss of offsite power cannot result in loss
of the system's functional performance capability. During loss of offsite power,
all active components--such as valve and damper operators, fan motors, control
and instrumentation--wil'1 be. served by their respective redun'dant emergency
power sources (Class 1E).

Based on the above, the staff concludes that the CRACS complies with the posi-
tions of RG 1. 29 and GDC 2, 4, and 5. The applicant has provided information
to show that the CRACS complies with Positions C.7 and C. 14 of RG 1.78 relating
to isolation of the control room and the single failure criterion. The appli-
cant has shown compliance with Position C.3 of RG 1.78 relating to the release
of hazardous chemicals. The applicant has also provided information to show
compliance of the CRACS with Positions C.4.a and C.4.d of RG 1.95 relating to
initiation of operation and single failure of the charcoal filtration unit,
thus meeting the requirements of GDC 19.

The charcoal filtration unit of the CRACS complies with the requirements of "

Positions C.2.a, C.2.b, C.2.c, C.2.f, C.2.j, C.2. k, and C.2. 1 of RG 1.52. The
charcoal filtration unit is used only for emergencies. Thus, it is not required
to comply with RG 1. 140. Therefore, the CRACS meets the requirements of GDC 60.
The staff finds this acceptable. Therefore, the CRACS meets the

acceptance'riteriaof SRP 9.4. 1.

9.4.2 Spent Fuel Pool Area Ventilation System

The spent fuel pool area ventilation system was reviewed in accordance with
SRP 9.4.2.

The spent fuel pool area ventilation system consists of four subsystems: the
nonsafety-related normal operating-floor ventilation subsystem, the nonsafety-
related normal below-operating-floor ventilation subsystem, the safety-related .

emergency exhaust subsystem, and the safety-related spent fuel pool pump room
ventilation subsystem. These four subsystems are independent of each other and
are not interconnected by ductwork. The normal operating-floor subsystem oper-
ates only under normal and fuel-handling conditions; the normal below-operating-
floor subsystem operates during normal, fuel-handling, and accident conditions,
except loss of offsite power; the emergency exhaust subsystem operates only
following a fuel-handling accident; and the spent fuel pool pump room subsystem
operates at all times.

The operating floor air conditioning subsystem, the normal below-floor venti-
lating subsystem, and the spent fuel pool pump room subsystems are designed to
maintain a suitable temperature, environment, and negative pressure during
maintenance, testing, and periods of general personnel access. The emergency
exhaust subsystem is designed to maintain a negative pressure within the fuel-
handling building, to remove and retain airborne particulates and iodine, and
to exhaust filtered air following a fuel-handling accident.

The normal operating-floor ventilation subsystem consists of four supply air-
handling units with outside air intakes, dampers, filters, heating and cooling
coils, and fans. Air is continuously supplied along two sides of each fuel
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pool, the decontamination area and transfer canals, and exhausted at the ceiling
through four exhaust trains of'ampers and fans to the vent stack for Units 1
and 2.

" All fans are normally in operation.

The'normal below-operating-floor ventilation subsystem consists of two supply
trains with "outside air intakes, dampers, filters, heating coils, and two paral-
lel fans per train. Air is supplied to all below-operating-floor rooms and
areas and the loading area, except the spent fuel pool pump and heat exchanger
rooms. Exhaust is through four fan and damper sets to the vent stack for
Units 1 and 2.

The emergency exhaust subsystem consists of two lOOX capacity redundant fan and
filter systems containing valves, demisters, heating coils, medium-efficiency
prefilter, HEPA filters, charcoal absorbers, fans, and dampers to remove and
retain airborne particulates and iodine, and to exhaust filtered air. Follow-
ing a fuel-handling accident, the radiation monitors located around the walls
of each of four fuel pools will initiate operation of both emergency exhaust
trains. Either train may then be manually de-energized from the control room
and placed on standby. Negative pressure is established by continuously
exhausting air from the operating floor. After passing radiation monitors,
air is exhausted through the vent stack for Units 1 and 2.

The spent tuel pool pump room ventilation subsystem is an internal room cooler
system consisting of two 100'apacity air-handling units (one operating and
one standby). Each air-handling unit includes medium-efficiency filters, a
chilled water cooling coil, and a centrifugal fan. The air-handling units sup-
ply cooled air to the safety-related spent fuel pool pump and heat exchanger
areas, electrical rooms, heating and ventilating equipment area, and emergency
filtration area during normal and emergency conditions. Makeup air to this
internal cooling system is from the normal below-operating-floor subsystem.

The nonsafety-related normal operating floor ventilation subsystem is not
seismic Category I, except for seismically supported ductwork, radiation moni-
tors, and double isolation dampers used to isolate the operating floor area in
the fuel-handling building in case of a fuel-handling accident, and seismically
supported ductwork and radiation monitors. The subsystem is not required during
an accident; it is shut down, and the entire operating floor. of the fuel-handl-
ing building is isolated at this time.

The normal below-operating-floor ventilation subsystem is not seismic Category I,
except for the double isolation dampers located in the supply and return ducts
.of the loading areas. The isolation dampers are equality Group C, seismic Cate-
gory I and are automatically closed during a fuel-handling accident to complete
isolation of the operating floor area from other areas of the fuel-handling
building. The normal below-operating-floor ventilation subsystem will continue
to function in all emergencies except loss of offsite power. The system is
designed so that air flows in the direction of progressively higher potential
radioactivity.

The safety-related emergency exhaust and spent fuel pool pump room ventilation
subsystems are entirely seismic Category I, equality Group C. The emergency
exhaust subsystem is operated only following a fuel-handling accident, while
the spent fuel pool pump room subsystem operates at all times. These subsystems
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are located within the fuel-handling building, which is a seismic Category I,
flood- and tornado-protected structure. The nonessential normal subsystems are
separated from the essential portions so that failure will not prevent essential
safety functions. Essential portions are physically separated from high-energy
systems. Thus GDC 2 and RG 1.29, Positions C. 1 and C.2, are met. (See Sections
3. 5. 1. 1, 3. 6. 1, and 9. 3. 3; of this SER for discussion of protection of essential
spent fuel pool area ventilation system components from internally generated
missiles, postulated failures in piping systems, and internal flooding.)

The fuel-handling building and the spent fuel pool area ventilation system are
shared between both units. The safety-related equipment is powered from redun-
dant Class 1E Unit 1 sources. Chilled water from the essential service chilled
water system of Unit 1 supplies the spent fuel pool pump room ventilation sub-''
system. Centralized control of the fuel-handling building equipment is accom-
plished from the Unit 1 control room. Precautions will be taken during con-
struction of Unit 2 to protect operating features of the spent fuel pool area
ventilation system. Thus, GDC 5 is met.

The emergency exhaust subsystems are designed to mitigate the consequences of a
fuel-handling accident by removing airborne radioactivity from the fuel-handling
building atmosphere, thereby preventing its release to the environment. Any
single active failure of the emergency exhaust or spent fuel pool pump room
ventilation subsystems will not impair the ability of the systems to perform
their safety functions; failures of nonseismic Category I equipment or compo-
nents will not affect the safety-related systems. Active components in each
safety-related train are powered from separate emergency (Class lE) power
suppl i es.

The charcoal filtration units are physically separated and are designed to
seismic Category I standards, thus complying with Positions C.2.b and C.2.c of
RG 1.52.

The charcoal filtration units are designed so that each unit processes 6000 cfm
of air, in accordance with Position C.2. f of RG 1.52, which limits the capacity
of each train to 30,000 cfm.

The outdoor air intakes are louvered with wiremesh screen in accordance with
Position C.2. k of RG 1.52. FSAR Table 6.5. 1-2 states that the emergency
exhaust system complies with Position C.2. 1 of RG 1.52 regarding leakage from
the charcoal filtration unit; the staff finds this acceptable.

Compliance with RG 1. 140 is not required because the emergency exhaust system
is used only for fuel-handling accidents. The system complies with Position
C.4 of RG 1. 14 because it is activated to limit the release of radioactivity
in the event of a fuel-handling accident.

The design meets the requirements of GDC 60 and 61 and RGs l. 13, Position C.4,
and l. 52, Positions C. 2. a, C. 2. b, C. 2. c, C. 2.f, C. 2. k, and C. 2. 1.

Based on the above, the staff concludes that the spent fuel pool area venti-
lation system is in conformance with GDC 2, 5, 60, and 61 as they relate to
protection against natural phenomena, shared systems, control of releases of
radioactive materials, and radioactivity control, and with RGs 1. 13, Position
C.4; 1.29, Positions C. 1 and C.2; and 1.52, Positions C.2.a, C.2.c, C.2.f, C. 1

Shearon Harris SER 9-37



and C.2, as they relate to protection against radioactive releases, seismic
classification, and emergency operation. It is, therefore, acceptable. The
spent fuel pool area ventilation system complies with SRP 9.4.2.

9.4.3 Auxiliary and Radwaste Area Ventilation Systems

The reactor auxiliary building ventilation system and the waste processing
building HVAC system were reviewed in accordance with SRP 9.4.3.

The auxiliary and radwaste area ventilation systems consist of two separate,
independent systems, the reactor auxiliary building (RAB) ventilation system
and the waste processing building (WPB) heating, ventilating, and air condi-
tioning (HVAC) system.

One of the systems that constitutes a part of the auxiliary and radwaste. area
ventilation systems is required to operate after an accident to limit

the'eleaseof radioactivity from areas of the RAB. Therefore, the RAB emergency
exhaust system must comply with Position C.2 of RG 1.52. SRP 9.4.3, however,
does not normally require compliance with RG 1.52. V

The reactor auxiliary building (RAB) ventilation system has both safety-related
and nonsafety-related subsystems consisting of the. nonsafety-related normal
ventilation system, the nonsafety-related nonnuclear safety (NNS) ventilation
system, the safety-related emergency exhaust system, and the safety-related ESF
equipment cooling system. Ventilation for the RAB switchgear rooms and elec-
trical equipment protection rooms is discussed in Section 9.4.5 of this SER.

The nonsafety-related WPB HVAC system is entirely nonseismic Category I, guality
Group D, and consists of the ventilation system for waste processing areas, the
HVAC system for the WPB control room, the HVAC system for the personnel-handling
facility, the HVAC system for the office and laundry areas, the HVAC system for
the laboratory areas, and the instrumentation and control shop HVAC system.

The nonsafety-related RAB normal ventilation system is a once-through system
that provides normal ventilation for areas containing equipment essential for
safe shutdown including CVCS chiller area, 480-V auxiliary bus area, areas
containing nonessential equipment, surrounding access aisles and RAB stairways,
and heating and ventilation equipment rooms. Those portions of the system,
such as dampers, that must isolate the areas containing equipment essential for
safe shutdown following a design-basis accident are seismic Category I, redun-
dant, provided with Class 1E electrical power, and designed to withstand a
single active failure. The RAB normal ventilation system draws outside air
through a tornado damper, evaporative air cooler, filters, electric heaters,
and two 100/o capacity fans into a ductwork distribution system to safety- and
nonsafety-related rooms. Air is exhausted through ductwork from these rooms
to four 25K capacity exhaust trains consisting of medium-efficiency and HEPA
filters, charcoal adsorbers, and exhaust fans to the vent stack. Individual
safety-related equipment rooms are isolated by redundant seismic Category I
dampers on the supply and exhaust ductwork to each room. These safety-related
equipment rooms are exhausted through the RAB emergency exhaust system following
a safety injection signal.

The nonsafety-related RAB NNS ventilation system is a combination once-through
and recirculation system which venti lates heating and ventilation equipment
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rooms. The system is not required for a safe shutdown, and all parts are non-
seismic Category I. The RAB NNS ventilation system consists of an outside air
intake, medium-efficiency filter, electric heating coil, water cooling coil,
and supply and exhaust fans.

The safety-related RAB emergency exhaust system serves to limit the post-

the RAB

accident radiological releases from the potentially contaminated porti f
These areas include the charging pump; RHR heat exchanger, contain-

or ions o

ment spray and RHR pump room; mechanical, electrical and heating a d t'1—
tion rooms.

n veni a-
ms; and meehan)cal, electrical, and heating and ventilation penetration

areas. The RAB emergency exhaust system consists, of two lOOX capacity fan and

coolin - 'iltertrains, each containing a motor-operated butterfly valve d c -h t/e ay- ea
ng-air connection, dempster, electric heating coil, medium-efficiency

filter, HEPA prefilter, charcoal adsorber, HEPA, after-filter, and a variable
inlet fan. Upon receipt of a safety injection signal, air-operated valves on
the normal ventilation penetrations into the areas containing equipment essen-
tial for safe shutdown close, and both RAB emergency exhaust system trains are
automatically energized. Either train may then be manually de-energized from.
the control room and placed on standby. The system establishes and maintains
the potentially contaminated areas of the RAB below atmosplieric pressure fol-
lowing a safety injection signal, preventing unfiltered outleakage of airborne
ra ioactive materials. The system is designed with sufficient redundancy to
meet the single active failure criterion and to withstand an SSE without loss
of function.

Cooling for all areas exhausted by the RAB emergency exhaust system is provided
by the safety-related, seismic Category I, guality Group 8, RAB ESF equipment
cooling system. The system consists of a room cooler for each RAB ESF equip-
ment room and the steam tunnel ventilation system. Each train consists of a
fan, cooling coil, and filter. Cooling water is supplied from the essential
services chilled water system. The ESF emergency exhaust system operat s
during accident conditions to maintain an acceptable operational environment
for the ESF equipment located in the areas served. The system and associated
ductwork are seismic Category I, guality Group C. In the event of loss of
offsite power coincident with a safety injection signal, the fan motors are
powered by the same standby power source that serves the ESF equipment in that
room. During normal operation, the ESF fan coolers are energized when the room
temperature rises above its set point. Loss of one ESF unit cooler will ltresu

e loss of cooling to only the area its serves. Therefore, no single active
failure can result in loss of cooling to more than one area. The RAB ESF equip-
ment cooling system is protected from the effects of high- and moderate-energy
line breaks.

Failures of nonseismic Category I equipment or components will not result in
damage to essential portions of the RAB ESF equipment cooling system.

The nonsafety-related, nonseismic Category I, guality Group D, WPB HVAC system
is not required to operate during accident conditions. Upon loss of power, the
system will not be available. The system consists of a supply system, a fil-
tered exhaust system for contaminated areas, and a nonfiltered exhaust and
return system. No connections are made to safety-related systems, and failures
of any portion of the WPB HVAC system will not result in damage to essential
safety-related systems.
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Thus, GDC 2 and RG 1.29, Positions C.l and C.2, are satisfied for all RAB and
WPB ventilation systems.

The RAB ventilation systems, both safety related and nonsafety related, are
independent for both units. There is no interconnection between units, except
at the common vent stack used by each units. There is a single WPB HVAC system
for both units. All powered equipment for the WPB HVAC is supplied from Unit 1
sources. The WPB HVAC system is designed to be shared between units and shar-
ing does not compromise safe plant operation because it is not a safety-related
system. Thus, GDC 5 is satisfied.

All normal ventilation air is exhausted through the common vent stack for
Units 1 and 2, which is provided with a radiation monitor. In addition, the
RAB normal exhaust and WPB HVAC exhaust systems are provided with medium-
efficiency, HEPA and charcoal adsorption filters. They are also provided with
adequate instrumentation to alarm and monitor temperature, pressure, and .flow-
rate. Thus, GDC 60 and RGs 1. 140, Positions C. 1 and C.2, and 1.52, Positions
C.2.a, C.2.b, C.2.f, C.2.g, and C.2. 1, are satisfied.

Based on the above, the staff concludes that the auxiliary and radwaste area
ventilation systems are in conformance with GDC 2, 5, and 60 as they relate to
protection against natural phenomena, shared systems, and control of release of
radioactive materials to the environment, and with RGs 1.29, Positions C. 1 and
C. 2; 1. 140, Positions C. 1 and C. 2; and 1. 52, Positions C. 2. a, C. 2. b, C. 2. c,
C. 2.f, C. 2. g, and C. 2. l, relating to seismic classification and system design
for emergency and normal operation. They are, therefore, acceptable. The RAB
and WPB ventilation systems meet SRP 9.4.3.

9.4.4 Turbine Area Ventilation System

The turbine building area ventilation system was reviewed in accordance with
SRP 9.4.4.

The turbine building area ventilation system (TBAV) is classified as nonsafety
related (nonseismic Category I, guality Group D). Each unit has its own TBAV,
which consists of several independent subsystems that, in turn, are independent
for each plant unit. These systems are the ventilation subsystem for the
condensate polishing demineralizer area, the ventilation subsystem for the
electrical and battery room, the HVAC subsystem for the sampling room, the
ventilation subsystem for the elevator machinery room, and the effluent treat-
ment subsystem for the condensate vacuum pump. Other subsystems that are
shared between units are those that serve the general service switchgear room
and the electrical equipment room (north end).

The turbine building area ventilation, system maintains an acceptable environ-
ment for personnel and for the nonessential equipment served during normal
plant operation. The system has no safety functions. The system is separated
from safety-related plant systems and potentially radioactive areas; therefore,
failure of the system will not compromise the operation of any essential plant
systems. Sharing of some portions of the turbine building area ventilation
system between units will not affect its operation or safety. Thus, it meets
GDC 2 and 5 and RG 1.29, Position C.2.
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Based on the above, the staff concludes that the turbine building area ventila-
tion system is in conformance with GDC 2, 5, and 60 as they relate to protection
against natural phenomena, shared systems, and control of release'f radioactive
materials to the environment, and with RGs 1.29, Position C.2, and 1. 140, Posi-
tions'. 1 and C.2, as they relate to seismic classification and system design
for operation. They are, therefore, acceptable. The turbine building area
ventilation system meets SRP 9.4.4.

9.4.5 Engineered Safety Feature Ventilation Systems

The ESF ventilation systems were reviewed in accordance with SRP'.4.5.

The ESF ventilation systems discussed in this SER section provide ventilation
to the RAB switchgear rooms, the RAB electrical equipment protection room, the
fuel oil transfer pump house, the diesel generator building, and the emergency
service water intake structure. The RAB ESF equipment cooling and spent fuel,
pool pump room ventilation systems are discussed in Sections 9.4.3 and 9.4.2,

'espectively,of this SER. The. systems discussed in this section of the SER
'renot required for control of releases of radioactive materials to the envi-

ronment, and thus GDC 60 and RGs 1.52, Position C.2, and 1. 140, Positions C. 1
and C.2, are not applicable.

The ESF ventilation systems discussed in this SER section are not shared between
units, except for a minor interface at the computer room (mentioned below).
Although all ventilation systems are housed in common structures, they have
adequate compartmentalization. Therefore, GDC 5 is not applicable.

Two seismic Category I, guality Group C, RAB switchgear room ventilation systems
are provided, each ventilating its assigned train of safety-related switchgear.
Each train of ventilation has an independent air conditioning system consisting
of a missile-protected air intake, tornado damper, medium-efficiency filter,
electric heating coil, two lOOX redundant chilled water cooling coils connected
in series, and two 100K redundant centrifugal supply fans arranged in parallel.
Each fan is provided with a motorized inlet damper and a gravity discharge
damper to prevent air recirculating through the idle fan. Air is drawn from
outside, mixed with the returned air, and supplied to the areas served through
a sheetmetal ductwork distribution system. All air is ultimately exhausted
through two 100K redundant fans. Each fan is provided with a gravity discharge
damper to prevent air recirculation through the idle fan. Air is discharged to
the atmosphere through a missile-protected tornado damper.

Sufficient air will be exhausted from each battery room of the switchgear room
areas to prevent the accumulation of combustible concentrations of hydrogen.

Other rooms and areas served by the RAB switchgear ventilation system are the
heating and ventilating electrical equipment rooms, dc control rooms, switch-
gear rooms, auxiliary control panel, and cable vault areas.

The ventilation system for the RAB switchgear room is supplied with Class 1E
electr ical power. Chilled water for the cooling coils is supplied from the
essential services chilled water system. The system interfaces with the non-
safety-related, nonseismic Category I, cable vault smoke purge subsystem. Ade-
quate isolation is provided to prevent loss of fUnction of the, safety-related ~
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portion, and no single active failure will prevent the system from providing
adequate ventilation to all safety-related rooms. Indication of malfunction is
provided by abnormal flow rate alarms in the control room.

The system is housed in the seismic Category I, flood- and tornado-protected
RAB (see Sections 3.4. 1 and 3.5.2 of this SER). Thus, GDC 2 and 4, with re-
spect to protection against natural phenomena and assurance of proper operating
environment for essential equipment, and RG 1.29, Positions'.C. 1 and C.2, with
respect to seismic classification, are met.

The RAB electrical equipment protection room ventilation system (EEPVS) is
seismic Category I, guality Group C, and provides ventilation for the communi-
cation room, process instrumentation 'and control and solid-state protection
room, computer room, protection and control equipment room, and several person-
nel areas not required to be safety related. The computer room, which is not
safety related, is served by the two plant RAB electrical equipment protection
room (EEPVS) ventilation systems, one in each unit, with each EEPVS providing
half of the air required. Also, the nonsafety-related personnel areas are
heated with nonsafety-related heaters. Failure of this nonseismic Category I
equipment does not affect the capability for a safe shutdown.

The RAB electrical equipment protection room ventilation system is a single
system per unit with 100X redundant supply and exhaust subsystems. Each supply
subsystem consists of a motorized inlet damper, medium-efficiency filter,
chilled water cooling coil supply fan, gravity damper and electric heating
coil, and a sheetmetal ductwork distribution system. The supply subsystems are
connected to a common, missile-protected, outside-air intake, with a tornado
damper and two motorized butterfly isolation valves in series.

The exhaust system consists of two lOOX capacity redundant fans. Each fan is
provided with a back draft discharge damper to prevent air recirculation through
the idle fan. The exhausted air is discharged to the atmosphere through a

missile-protected valve. During normal operation, a small portion of outside
air is drawn through the system, mixed with a large portion of return air, and

supplied to the areas served through a sheetmetal ductwork distribution system.
During LOCA conditions, all air is recirculated through the system. The RAB

electrical equipment protection rooms ventilation supply and exhaust systems
are supplied with Class lE power. The cooling coils are supplied with chilled
water from the essential services chilled water system.

A nonseismic Category I smoke purge system is actuated to operate the electrical
equipment protection room ventilation system as a once-through system utilizing
the normal supply and a smoke exhaust system that is normally valved out of
the system. Adequate isolation is provided to prevent loss of function of the
safety-related portion, and no single active failure will prevent safe shutdown
of the unit. Abnormal operation is indicated by a flow rate alarm in the control
room.

The system is housed in a seismic Category I, flood- and tornado-protected
building (see Sections 3. 4. 1 and 3. 5. 2 of this SER). The outside air intakes
and exhausts are tornado-missile protected. Thus, GDC 2 and 4, with respect to
protection against natural phenomena and assurance of proper operating environ-
ment for essential equipment, and RG 1.29, Positions C. 1 and C.2, with respect
to seismic classification, are met.
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The ventilation system of the fuel oil transfer pumphouse consists of two
100'apacity,seismic Category I, guality Group C, exhaust fans in each of two pump

rooms per unit. The fans are provided with gravity dampers to prevent backflow.
Common air intake and discharge plenums are used for both units, each with two
missile-protected intake and discharge openings. Each exhaust system is phys-
ically separated from the other system to ensure that the system is capable of
meeting the single-failure criterion. The exhaust fans of the fuel oil transfer
pumphouse ventilation system are powered by Class 1E electrical supplies. A
single failure in the ventilation system can affect only one of the two fuel
oil transfer pumps of each unit, and failures of nonseismic Category I equip-
ment will not result in damage to the system. The system operates during normal
and emergency conditions; the electrical heaters are not required for emergen-
cies and are shut down upon loss of offsite power.

The system is housed in a seismic Category I, flood- and tornado-protected
building (see Sections 3. 4. 1 and 3. 5. 2 of this SER). Thus, GDC 2 and 4 with
respect to protection against natural phenomena and assurance of proper oper-
ating environment for essential equipment, and RG 1.29, Positions C. 1 and C.2,
with respect to seismic classification, are met.

The diesel generator building ventilation system is designed to seismic Cate-
gory I, guality Group C requirements. A separate and independent system (four
in all) is used for each of two diesel generator systems per unit. Each system
provides ventilation for its respective diesel generator room, electrical equip-
ment room, and fuel oil day tank, HVAC equipment, and exhaust silencer rooms.
Outside air is drawn through three separate tornado-missile-protected intakes;
two supply the diesel generator room; one supplies the HVAC equipment, electri-
cal equipment room, and exhaust silencer room; and one supplies the fuel oil
day tank room. Two redundant 100X capacity exhaust fans normally discharge air
.through missile-protected diesel building roof vents when the generator is not.
in operation. During diesel generator operation, a second pair of redundant
lOOX capacity exhaust fans adds capacity to accommodate the additional heat
load. The electrical equipment room portion uses two redundant lOOX capacity
supply fans in a recirculation mode to provide filtering and cooling or heating
to this room. With this exception, the diesel generator building ventilation
system is once through. Gravity dampers are used on all three pairs of redun-
dant parallel fans to prevent backflow.

Recommendations A2 and C1 of NUREG/CR-0660, "Enhancement of Onsite Emergency
Diesel Generator Reliability," recommend that ventilation air intakes for the
diesel generator room be at least 20 feet above grade and that the air be
filtered. Air intakes for HVAC equipment rooms in both units (intakes 60C,
61C, 62C, and 63C) are 32 feet above grade. All others (60A, 61A, 62A, 63A,
60B, 61B, 62B, and 638) are either 3 feet above grade (all A intakes) or 10 feet
above grade (all B intakes). The applicant has committed to install throwaway
filters in the intakes and to inspect the filters each month to protect elec-
trical equipment in the diesel generator rooms from damage because of dust and
particulate matter. Although the location of the air intakes does not fully
comply with Recommendations A2 and Cl, the staff concludes that the filters
being utilized and the inspection program (monthly) provide adequate protection
for the air intakes. The intakes for the fuel oil day tanks in both units
(intakes 60D, 610, 62D, and 63D) are only 10 feet above level. However, the
air intakes for the fuel oil day tank are satisfactory because the equipment in
this area will not be materially affected by dust or airborne particles.
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The staff, therefore, concludes that the design meets the requirements of GDC

17 with respect compliance with the intent of the guidelines of Recommendations
A2 and Cl of NUREG/CR-0660 as they relate to dust and particulate materials.

Heating for the diesel generator building is furnished by nonseismic Category I
electric unit heaters that are shut down in emergencies. Some diesel combus-
tion air is drawn from the HVAC equipment room before the air enters any active
equipment. All fans and dampers of the ventilation system are seismic Cate-
gory I, guality Group C. The dampers fail in their safe position on loss of
power, and the fans are powered from separate emergency (Class 1E) power sup-
plies. Nonseismic Category I equipment will not fail in a manner that may
damage safety-related equipment in the event of an SSE. The diesel generator
building ventilation system is housed in the seismic Category I, flood- and
tornado-protected diesel generator building (see Sections 3.4. 1 and 3.5 ' of
this SER). Thus, GDC 2, 4, and 17, and RG 1.29, Positions C. 1 and C.2, are met.

The emergency service water intake structure ventilation system is designed to
seismic Category I, guality Group C requirements. A separate and independent
ventilation system is used for each emergency service water intake struct'ure .

pump room, each housing one train for one unit and a separate and independent
ventilation system for each train of electrical equipment serving the emergency
service water intake structure (a total of four ventilation systems for each
unit, two pump room ventilation systems and two electrical equipment room'enti-
lation systems). Each pump room subsystem consists of a missile-protected air
intake and one 100K capacity exhaust fan discharging through a gravity damper
and a missile-protected vent.

Each electrical equipment room subsystem serves one train for each unit and
consists of a missile-protected air intake, filters, heaters, coolers, and a
supply fan. Air is discharged through a missile-protected vent. The single
active failure requirement is met by this arrangement. The fans are powered
from separate emergency (Class 1E) power. Except for the electric unit heaters,
which are not required during emergency conditions in the pump rooms, all active
ventilation equipment is seismic Category I, guality Group C.

In cold weather, the electrical room ventilation subsystem uses recirculation
to aid in heating; the pump room subsystem, however, is a once-through system.
The design ensures that the system can maintain the room temperatures within
limits dur'ing both normal and emergency plant operation, including an SSE,
loss of offsite power; and any single active failure. "

The system is housed in the seismic Category I, flood- and tornado-protected
emergency service- water intake structure (see Sections 3.4. 1 and 3.5.2 of this
SER). Thus, GDC 2 and 4, with respect to protection against natural phenomena
and assurance of proper operating environment for essential equipment, and
RG 1.29, Positions C. 1 and C.2, with respect to seismic classification, are
met.

Based on the above, the staff concludes that the engineered safety feature
ventilation system is designed in conformance with (1) GDC 2, 4, and 17 as they
relate to protection against natural phenomena, assurance of proper operating
environment for essential equipment, and protection of electrical equipment
against dust and particulate matter, and (2) Positions C. 1 and„C.2 of RG 1.29
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concerning seismic classification. Thus, the staff finds that the engineered
safety feature ventilation system is acceptable. The system meets SRP 9.4.5.

9.4.6 Control Rod Drive Mechanism Ventilation System

There is no section of the SRP that provides guidelines for the review of
the control rod drive mechanism ventilation system. Therefore, SRP 9.4.4
(NUREG-0800) was used as a guide for this review.

The control rod drive (CROM) mechanism ventilation system is designed to remove
heat from CROM coil housing; its operation is discussed in Section 4.6 of this
SER.

The CROM ventilation, system has no safety function. It is shared between
Units 1 and 2. If the system were to fai 1, the CROM magnetic coils would fail,
allowing the control rods to drop into the core. Therefore, the requirements
of GDC 5 are not applicable. The system complies with Position C.2 of RG 1.-29
because its failure in a seismic event will not adversely affect any safety-
related system.

Thus, the CROM ventilation system complies with GDC 2. Therefore, the staff
finds the CRDM ventilation system acceptable. The system complies with
SRP 9.4.4 relating to nonsafety-related ventilation systems.

9.5 Other Auxiliar S stems

9.5.1 Fire Protection

The staff has reviewed the fire protection program for conformance with SRP
9.5. 1 (NUREG-0800), which contains, in BTP CMEB 9.5. 1, the technical require-
ments of Appendix A to BTP ASB 9.5-1 and Appendix R to 10 CFR 50. Because the
applicant has compared the Shearon Harris program to the latter guidelines,,
this report also references these guidelines.

In response to a staff request for an evaluation of the Shearon Harris fire
protection program against the guidelines of Appendix A to BTP ASB 9.5-1, the
applicant transmitted a fire protection evaluation report. At the same time,
the applicant provided an evaluation against the requirements of Appendix R to
10 CFR 50 and BTP CMEB 9.5-1 (NUREG-0800). By letter dated October 14, 1983,
the applicant provided additional information.

As part of its fire protection review, the staff will visit the plant site to
examine the relationship of safety-related components, systems, and structures
in specific plant areas to both combustible materials and to associated fire
detection and suppression systems. However, the site visit has not yet been
conducted because the construction has not progressed to a level where such a
visit would be meaningful.

The staff review included an evaluation of the automatic and manually operated
water and gas suppression systems, the fire detection systems, fire barriers,
fire doors and dampers, fire protection administrative controls, and the fire
brigade size.. The objective of the review is to ensure that in the event of a
fire, personnel and plant equipment would be adequate to safely shut down the
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reactor, to maintain .the plant in a safe shutdown condition, and to minimize
the release of radioactive material to the environment.

Because Units 1 and 2 are of the same design (except as noted),.the comments
'made in this report apply to both units.

The staff's consultant, Gage-Babcock and Associates, Inc., participated in the
review of the fire protection program.

The staff will require that the fire protection program be operational before
initial fuel loading.

9. 5. 1. 1 Fire Protection Program Requirements

Fire Protection Pro ram

The fire protection program is described in the applicant's fire protection
evaluation report and in the letter dated October 14, 1983. The program
establishes policy for the protection of structures, systems, and components
important to safety. The applicant's program conforms to the technical require-
ments in BTP CMEB 9.5-1, Section C. l. The staff finds that the fire protection
program meets the guidelines of BTP CMEB 9.5-1, Section C. 1, and is, therefore,
acceptable.

Fire Hazards Anal sis

The applicant's fire hazards analysis specified the combustible materials present
in fire areas, identified safety-related equipment, determined the consequences
of a fire in regard to safe shutdown capability, and summarized available fire
protection, in accordance with BTP CMEB 9.5-1, Section C. l.b. Alternative shut-
down capability has been provided for the control room and cable-spreading room.

GDC 3 requires: "Fire fighting systems shall be designed to assure that rupture
or inadvertent operation does not significantly impair the safety capability of
those structures, systems and components."

To satisfy this requirement the applicant has designed components required for
hot shutdown so that rupture or inadvertent operation of fire suppression
systems will not adversely affect the operability of these components.

The evaluation of the consequences of inadvertent operation of the fire sup-
pression system is addressed in the description of each system used in safety-
related areas. These systems require two steps for the release of wate~, thus
preventing any potential misoperation, mechanical damage, or premature discharge
of water. Further, equipment that could be adversely impacted by the automatic
water suppression systems is provided with watertight enclosures or installed on
pedestals and/or racks. Motors are totally enclosed, and motor control centers
and power centers are installed on pedestals. Water 'seals will be provided
inside conduit entering power centers and motor control centers.

Based on its review, the staff finds that the mechanisms by which fire and fire
fighting systems may cause the simultaneous failure of redundant or diverse
trains have been adequately considered in the design. Therefore, the staff
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concludes that the fire hazards analysis has been performed in accordance with
the guidelines of Section C. l.b of BTP CMEB 9.5-1 and is acceptable.

9.5. 1.2 Administrative Controls

The administrative controls for fire protection consist of the fire protection
program and organization, the fire brigade training, the controls over combusti-
bles and ignition sources,'the prefire plans and procedures for fighting fires,
and quality assurance. The applicant's administrative controls program is des-
cribed in the letter dated October 14, 1983. Based on its review, the staff
finds that the applicant's program is in conformance with BTP CMEB 9.5-1, Sec-
tion C.2, and is, therefore, acceptable.

9.5. 1.3 Fire Brigade

The fire brigade will consist of five persons, three of whom are knowledgeable
about the effects of fire on plant operation and safe shutdown capability. The
brigade leader will have an operator's license or will demonstrate

equivalent'nowledgeof safety-related systems.

Full protective clothing will be provided for the brigade, including 10 sets
of self-contained breathing apparatus. Spare cylinders for each set and an
additional 6-hour supply will be located on site.

The team leader will have access to the key locker to gain access to locked
fire doors.

Based on its review, the staff concludes that the applicant's fire brigade is
in compliance with BTP CMEB 9.5-1, Section C.3, and is, therefore, acceptable.

.(Fire brigade training is evaluated in Section 13 of this report.)

9.5. 1.4 General Plant Guidelines

Bui ldin Desi n

Fire areas are defined by walls and floor/ceiling assemblies. Walls that sepa-
rate buildings and walls between rooms containing safe shutdown systems are
3-hour-fire-rated assemblies. In cases where the fire rating is less than
3 hours, the staff has evaluated each area with respect to its fuel load, fire
suppression and detection systems, and proximity to safe shutdown equipment to
determine if the fire-rated assemblies provided are adequate for the areas
affected and meet, Section C.5.a of BTP CMEB 9.5-1. Based on this evaluation,
the staff finds that the protection provided meets the guidelines and is,
therefore, acceptable.

The applicant will provide penetration seals for all penetrations of fire-rated
walls or floor/ceiling assemblies. The penetration seals have been subjected
to qualification tests using the time-temperature curve specified by Standard
E-119 of the American Society for Testing and Materials (ASTM), "Fire Test of
Building Construction and Materials," and meet the acceptance criteria in Sec-
tion C.5.a.3 of the staff's guidelines. The staff finds this acceptable.

The applicant will provide 2-hour-rated fire barriers for the enclosed
stairwells.
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Based on its review, the staff finds the stairwell protection is in compliance
with Section C.5.c of BTP CMEB 9.5-1 and is, therefore, acceptable.

Door openings in fire-rated barriers are not provided with Underwriters Labora-
tory (UL)-labeled fire door assemblies that have ratings commensurate with the
fire ratings of the walls in which they are installed. The staff will require
the applicant to either:

(1) have a nationally recognized testing laboratory perform an engineering
review of the manufacturer's certified doors and door frames and certify
that the door and door frames provide the required fire resistance rating,
or

(2) test a replicate "as-installed" door assembly by a nationally recognized
testing laboratory to determine the door's rating, or

(3) replace the manufacturer's labeled doors and door frames with UL-rated
items

Except for the ductwork from the HVAC room to the tank area at elevation
286 feet, ventilation ducts that penetrate fire barriers are provided with fire
dampers. The fire dampers will be UL labeled and installed according to the
manufacturer's directions..

The staff finds this acceptable because the low combustible loading in the tank
area is low. Three-hour fire dampers will be provided in all 3-hour-fire-rated
barriers. The staff concludes that the fire dampers will be provided in accord-
ance with the guidelines of BTP CMEB 9.5-1, Section C.5.a, and are, therefore,
acceptable.

The thermal insulating materials used are not combustible. They have flame-
spread and smoke-developed ratings of 50 or less'nterior walls and struc-
tural components, radiation shielding materials, and soundproofing and interior
finishes are noncombustible or are listed by a nationally recognized testing
laboratory, such as Factory Mutual (FM) or UL, or have a flame-spread, smoke,
and fuel contribution of 25 or less. The staff finds this is in accordance
with the guidelines of BTP CMEB 9.5-1. Section C.5.a, and, therefore,

: acceptable.

Metal roof deck construction is not used.

Transformers installed inside buildings are either air cooled, of the dry type,
or are insulated and cooled with a noncombustible liquid. The main and plant
services transformers are more, than 50 feet from any buildings and are separated
by 2-hour fire walls. The staff finds this meets the guidelines of BTP CMEB
9.5-1, Section C.5.a, and is, therefore, acceptable.

Floor drains are provided to remove fire fighting water from areas containing
safety-related equipment, and to prevent excess fire fighting water from flood-
ing adjacent areas containing .safety-related equipment. The staff finds that
this meets the guidelines in Section C.5.a of BTP CMEB 9.5-1 and is, therefore,
acceptable.
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Safe Shutdown Ca abilit
The staff review of the fire protection of safe shutdown capability is ongoing
and will be addressed in a supplement to this SER.

Alternate or Dedicated Shutdown Ca abilit
The staff review of the fire. protection of alternate or dedicated shutdown capa-
bility is ongoing and will be addressed in a supplement to this SER.

Control of Combustibles

Safety-related systems have been isolated or separated from combustible mate-
rials as much as possible. The storage of flammable liquids complies with .

Standard 30 of the National Fi're Protection Association (NFPA 30). Compresse'd
gases are stored outdoors.

The applicant states that hydrogen lines do not pass through areas housing
safety-related equipment. The staff will verify this statement and report on
this issue in a supplement to this SER.

Electrical Cable Construction Cable Tra s and Cable Penetrations

Cable trays are of all-metal construction. Electrical cable construction gen-
erally passes the IEE 383-1974 flame test. Only lighting and communications
cables do not pass this test; however, because these cables are routed exclu-
sively in conduit and are not routed with cables for safety-related systems,'he staff finds this acceptable. The cables are designed to allow wetting down
with fire suppression water without electrical faulting.

Safety-related cable trays outside the cable spreading room are separated from
potential fire exposure hazards by 3-hour-rated fire barriers. '

Automatic sprinklers are provided for the protection of cable trays, in accord-
ance with Section C.5.e of BTP CMEB 9.5-1.

Ventilation

Special ventilation systems in the plant are designed specifically to exhaust
smoke or other products of combustion from the control room, electric equipment
protection rooms, cable spreading rooms, and switchgear rooms. In other plant
areas, the normal plant ventilation system will be utilized to exhaust smoke.

The power supply and controls for the ventilation systems for cables and systems
needed for safe shutdown are not run outside the fire area served by 'the system.
The applicant has separated redundant cables so that a single fire wi'll not
disable both trains of ventilation needed for safe-shutdown equipment. Air
intake and exhaust ventilation dampers in areas protected by total flooding gas
extinguishing systems are provided with mechanisms that will close them upon
actuation of the suppression system. Stairwells are designed to minimize smoke
infiltration during a fire. Charcoal filters have been provided with water
spray systems in accordance with RG 1.52.
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Based on its review, the staff concludes that the ventilation systems meet
Section C.5.f of BTP CMEB 9.5-1 and are, therefore, acceptable.

Li htin and Communications

The applicant is providing emergency lighting for all areas needed for safe
shutdown, and for access and egress thereto. Except for the control room,
auxiliary control room, and computer rooms, 8-hour self-contained battery-
powered lighting units will be provided. In the control room, auxiliary
control room, and computer rooms, the plant dc emergency lighting system will
be used. Upon loss of normal power, the dc emergency lighting system is auto-
matically energized.

The cables for the emergency lighting system have been separated so that a
single fire will not cause loss of all lighting capability in the three. areas
served by the dc emergency lighting system. The staff considers this an
acceptable deviation from the guidelines.

The source of power for., the dc emergency lighting system, which is automatically ;
energized upon loss of either train A or B of the normal/emergency lighting
system, is the station 125-V battery (one per unit). Operation of the dc
emergency lighting system is annunciated in the control room to prevent acci-
dental depletion of the battery.

Based on its review, the staff concludes that the plant emergency lighting
system, with the acceptable deviation, meets Section C.5.g, and is, therefore,
acceptable.

The applicant has provided a fixed communication system independent of the
normal plant system. A portable radio communications system will be provided
for use by the fire brigade and other operations personnel. These systems are
designed so that the failure of one module will not result in the failure of
the entire communications system.

Based on its review, the staff finds that the communication system meets BTP
CMEB 9.5-1, Section C.5.g, and is, therefore, acceptable.

9.5. 1.5 Fire Detection and Suppression

Fire Detection

A fire detection system is provided for all areas containing safety-related
equipment and for all areas that present a fire exposure to safety-related
equipment.

The system complies with NFPA 72D for a Class A system, with detectors installed
in accordance with NFPA 72E.

Power for the early warning fire and smoke detection systems is provided from a
non-Class lE motor control center. In the event of loss of offsite power, the
system is powered by the station 250-V dc batteries, which are capable of supply-
ing power for 4 hours.
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The staff finds that primary and secondary power supplies for the fire detection,
system satisfy the provisions of Section 2220 of NFPA 72D and are, therefore,
acceptable.

Based on these considerations, the staff concludes that the fire detection
system meets BTP CMEB 9.5-1, Section C. l.a., and is, therefore, acceptable.

Fire Protection Water Su 1 S stem
P

The water supply system consists of two fire pumps: one pump is electrically
driven and the other is diesel-engine driven. Each fire pump is separately
connected to a buried water main loop around the plant. Each fire pump has a
rated capacity of 2500 gpm at 125 psig. The fire pumps and controllers are UL
listed and FM approved. The fire pump installation has been designed and in-.
stalled and will be tested in accordance with NFPA 20.

The fire pumps are located in the emergency service-water screening structure.
Pressure for the fire protection water system is provided by a jockey pump.
The fire pumps are separated by the intake water structure. A single fire is,
therefore, unlikely to cause damage to both pumps.

The source of water for the fire protection system is the fresh water supply
in the auxiliary reservoir. The supply of water is capable of supplying the
greatest system demand {2000 gpm) plus 1000 gpm for hose streams for a 2-hour
period.

Yard hydrants are provided at intervals of 250 feet along the fire protection
water supply loop. The lateral line to each yard hydrant is provided with a
key-operated isolation =valve to facilitate hydrant maintenance and repairs
without shutting down any part of the fire water supply system. Standard hose
houses are provided at each hydrant in accordance with NFPA 24.

Approved post-indicator sectional control valves are provided to isolate
portions of the underground main for maintenance or repair without shutting
off the supply to primary and backup fire suppression systems that serve areas
containing or exposing safety-related systems.

Electrical supervision has been provided for all valves in the fire protection
water supply system.

Based on its review, the staff concludes that the fire protection water supply
system meets Section C.G.c of BTP CMEB 9.5-1 and is, therefore, acceptable.

S rinkler and Stand i e S stems

The wet pipe sprinkler systems, deluge systems, and pre-action systems meet the
provisions of NFPA 13 and NFPA 15. The areas equipped with water suppression
systems are listed in FSAR Tables 9.5. 1-3 through 9.5. 1-5.

Each automatic sprinkler system and interior hose standpipe is supplied through
separate connections from the yard main or from the internal cross connections
through buildings to ensure that no single failure in the water supply system
will impair both the primary and backup fire protection in building areas.
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Each sprinkler and standpipe system connection to the distribution system is
equipped with an indicating gate valve, so that groups of sprinkler systems
and/or manual hose stations can be isolated without interrupting the supply to
other sprinkler systems and manual hose stations connected to the same header.

Based on its evaluation, the staff finds that sprinkler and standpipe systems
have been provided in accordance with Section C.G.(c) of BTP CMEB 9.5-1 and
are, therefore, acceptable.

,Manual'hose stations are located throughout the plant in accordance with
NFPA 14., Standpipe system piping for hose stations protecting safe shutdown
equipme'nt has been analyzed for SSE loading and is provided with seismic sup-
ports. The staff concludes that the design of the standpipe system piping
meets Section C.G.c of BTP CMEB 9.5-1 and is, therefore, acceptable.

Halon Su ression .S stems

A Halon 1301 system, designed and installed in accordance with NFPA 12A, will
be provided for the records storage area in the administration building. The
staff concludes that the Halon system meets Section C.6.d of BTP CMEB 9.5-1
and is, therefore, acceptable.

Portable Extin uishers

Portable fire extinguishers are provided in conformance with the guidelines
of NFPA 10. Based on its review, the staff concludes that these extinguishers

„meet BTP CMEB 9.5-1, Section C.6.f, and are, therefore, acceptable.

9.5. 1.6 Fire Protection of Specific Plant Areas

Containment

Cable f'ire hazards within the containment area are separated by structural
barriers and distance. Automatic multicycle sprinkler systems are provided in
the electrical cable trays, the electrical penetration areas, and over the
charcoal filter housings, actuated by thermal detectors. Ionization-type smoke
detectors are provided over the major, electrical cable trays.

The reactor coolant pumps wi 11 be equipped with an oil collection system, The
oil collection system will be designed and installed so that failure will not
lead to fire during normal or design-basi,s-accident conditions and so that there
wi 11 be reasonable assurance that the system will withstand the safe shutdown
earthquake.

The collection systems will be capable of collecting lube oil from all potential
pressurized and unpressurized leakage sites in the reactor coolant pump lube
oil,systems. Leakage will be collected and drained to a vented, closed container
that can hold the entire lube oil system inventory.

Based on its review, the staff concludes that fire protection inside containment
meets Section C.7.a of BTP CMEB 9.5-1 and is, therefore, acceptable.
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Control Room

The control room complex is separated from all other areas of the plant by
3-hour-rated assemblies. Peripheral rooms in the control room complex are
offices. Each room is separated from the control room by 1-hour-fire-rated
barriers. Smoke detectors that alarm and annunciate in the control room panel
are provided in each room.

All cables entering the control room terminate there. No cables are route'd
through the control room from one area to another. There are no rai,sed floors
in the control room. There is a trench under the HVAC control, which is about
11 feet x 2 feet x 8 inches. The fire loading is low, less than 2000 Btu/ft~.
A suppression system is not provided. There are redundant safety-related
radiation monitoring cables installed in conduits above the suspended ceiling.

The control room suspended ceiling is the aluminum luminous louver type, egg-
crate construction. A perforated duct located above the hung ceiling intro-
duces air into the control room. The space above the hung ceiling does not
contain any cable tray, only conduits.

Smoke detectors wi 11 be provided on the south side of the control room rein-
'orcedconcrete ceiling, as well as below the hung ceiling.

Because of the low fuel loading and the small size of the trench, combined with
the installed early warning smoke detection and continuous manning of the
control room, the staff finds the installation of conduits in the control room

ceiling, the omission of a suppression system in the trench, and the omission
of a sprinkler system in the peripheral rooms acceptable deviations from Sec-
tion C.7.b of BTP CMEB 9.5-1.

Ionization smoke detectors have been installed in the control room, but not
inside the individual cabinets and consoles within the control room. The staff
will require the applicant to provide cabinet detectors in accordance with
Section C.7.b of BTP CMEB 9.5-1.

Cable S readin Room

The cable spreading room is separated from the balance of the plant by 3-hour-
fire-rated walls and floor/ceiling assemblies. All penetrations through fire-
rated barriers are fitted with 3-hour-fire-rated dampers and/or 3-hour-fire-
rated penetration seals.

Separate cable spreading rooms have been provided for each division of redundant
safe shutdown system circuits.

There are several redundant train B cables in the train A cable spreading room.
The train B cables are enclosed in a 1-hour-rated barrier. Because a detection
and suppression system has been installed in the area, the staff finds this an
acceptable deviation from its gui'delines.

The primary fire suppression system in the cable spreading rooms is an auto-
matic pre-action sprinkler system with fusible-type sprinkler heads. Electrical
cabling is designed to allow wetting down without electrical faulting.
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Based on its review, the staff concludes that the fire protection provided for
the cable spreading rooms, with the acceptable deviation, meets Section C.7.c
of BTP CMEB 9.5-1 and is, therefore, acceptable.

Switch ear Rooms

The Division A and Division 8 switchgear rooms are separated from each other
a'nd from other plant areas by 3-hour-fire-rated walls and floor/ceiling
assemblies.

Automatic fire detection is provided by ionization smoke detectors. Manual
protection is provided by standpipe hose stations and portable extinguishers.
Floor drains have been provided in the switchgear rooms.

Based on the above evaluation, the staff concludes that the protection of. the
switchgear rooms is in accordance with Section C.5.a of BTP CMEB 9.5-1 and is,
therefore, acceptable..

Remote Safet -Related Panels

Areas remote from the control room that contain safety-related panels are pro-
vided with detectors that alarm locally and in the control room. Panels pro-
viding remote shutdown capability are located in the auxiliary control panel
room, which'is separated from other plant areas by barriers having a fire-
resistance rating of 3 hours. Panels providing remote shutdown in the auxiliary
control panel room are electrically isolated and are connected to redundant
transfer panels, each of which is located in a separate fire area. Ionization
detectors in the auxiliary control panel room alarm locally and in the control
room. Portable extinguishers and manual hose stations are available in the
area. Redundant safety-related panels required for safe shutdown are separated.

Based on its review, the staff concludes the fire protection for remote safety-
related panels meets Section C.7.f of BTP CMEB'.5-1 and is, therefore,
acceptable.

Safet -Related Batter Rooms

The battery rooms are separated from each other and from the balance of the
plant by 3-hour-fire-rated barriers. Ionization smoke detection systems are
provided in each battery room. Hose stations and portable fire extinguishers
are available in the areas for manual fire suppression. The ventilation system
is designed to maintain the hydrogen levels below 2X. Loss of ventilation
alarms have been provided for each battery room.

Based on the above evaluation, the staff finds that the protection provided
for the battery rooms is in accordance with Section C.7.g and is, therefore,
acceptable.

Emer enc Diesel Generator Rooms

Each diesel generator and its day tank are separated by 3-hour-fire-rated bar-
riers. Each diesel fuel oil day tank room is protected by an automatic multi-
cycle sprinkler system. The system is activated by heat detectors. Additional
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early warning detection is provided by ionization smoke detectors and flame
detectors.

The day tanks are sized to hold 3000 gallons of diesel fuel instead of the
maximum of 1100 gallons recommended by the staff guidelines. Because each
3000-gallon diesel fuel oil day tank is located in a separate enclosure that is
designed with walls, floor, and ceiling that have a 3-hour-fire-resistive rating

. and is sized to contain 110K of the total contents of the tank, the staff finds
this an acceptable deviation. The staff concludes that with the acceptable
deviation, the protection provided for the diesel generator rooms meets Sec-

'ion C. 7. i and is, therefore, acceptable.

Other Plant Areas

The applicant's fire hazards analysis addressed other plant areas not specif-
ically discussed in this report. The staff finds that the fire protection for
these areas is in accordance with BTP CMEB 9.5-1 and is, therefore, acceptable.

9.5. 1.7 Summary of Oeviations from CNEB 9.5-1

The technical requirements of Appendix R to 10 CFR 50 and Appendix A to BTP
ASB 9.5-' have been included in BTP CNEB 9.5-1. The following deviations from
the guidelines of BTP CMEB 9.5-1 have been approved:

(1) non-IEEE 383-rated cables for lighting
and communications systems

(2) fixed emergency lighting

(3) 3000-gallon capacity diesel generator
day tanks

(4) conduits in the control room ceiling

(5) 1 ack of automati c spr inklers in the
control room peripheral rooms

(6) lack of automatic suppression in
control room trench

BTP CMEB 9. 5-1 Section C. 5. e

BTP CMEB 9. 5-1 Section C. 5. g

BTP CMEB 9.5-1 Section C.7.i

BTP CMEB 9.5-1 Section C.7.b

BTP CMEB 9.5-1 Section C.7.b

BTP CMEB 9.5-1 Section C.7.b

(7) separation of redundant cables in the
switchgear room by 1-hour barriers,
sprinklers, and detectors

The following are the open fire protection items:

(1) fire doors

(2) safe shutdown

(3) alternate shutdown

(4) hydrogen line piping

(5) detection in control room cabinets

BTP CMEB 9.5-1 Section C.7.c

BTP CMEB 9. 5-1 Section C. 5. a

BTP CMEB 9.5-1 Section C.5.b

BTP CMEB 9.5-1 Section C.5.c

BTP CNEB 9. 5-1 Section C. 5. d

BTP CMEB 9.5-1 Section C.7. b
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9.5.2 Communication Systems

The communication system is designed to provide reliable intraplant and inter-
plant (or plant-to-offsite) communications under both normal plant operation
and accident conditions.

9.5.2. 1 Intraplant Systems

The intraplant communication systems provide enough equipment of various types
so that the plant has adequate communications to start up, continue safe opera-
tion, or safely shut down. The intraplant systems include:

Private Automatic Branch Exchan e S stems

The private automatic branch exchange (PABX) system is a pushbutton, tele-
phone system that provides communication throughout the plant, as well as
interconnections to the Southern Bell Telephone System. The system con-
sists of a primary switching unit, a backup switching unit, and various
types of telephone instruments located throughout the plant. Essential
telephones are connected to the backup switching unit that, in turn, is
interconnected with the primary switching unit. The backup PBAX tele-
phones and their supporting equipment are powered by the auxiliary diesel
generator for nonnuclear (non-Class lE) loads on loss of offsite'power.
Each PBAX telephone station will provide access to all other PBAX stations,
as well as access to the loudspeaker-paging network.

(2) Site Pa in S stem

The site paging (public address, PA) system consists of precompressor
amplifiers, power amplifiers, 70-V audio/signal transmission lines, and
speakers located throughout the plant. The plant is segmented into paging
zones, and each zone is fed by two power amplifiers. In addition, loud-
speakers in a given area are connected to alternate channels so that no
area will lose coverage as a consequence of a single failure. The PA

system is powered from a non-Class 1E, uninterruptable power source.

One active and one standby tone generator are provided for each unit. The
tone generators are used to generate plant evacuation signals, and are
controlled remotely by pushbutton stations in the unit's control rooms.
The tone generator signals are fed to the paging amplifiers for broadcast
throughout the plant.

Sound-Powered Phone S stem

The sound-powered telephone system for each unit is an independent, five-
channel system consisting of master panels, remote jack stations, and
sound-powered headsets and wiring. The jack stations are located at con-
trol panels, relay cabinets, instrument racks, switchgear, motor control
centers, and other locations having critical system components. The
sound-powered channels terminate at the master panels in the control room
where plug-in patches can be made to allow circuit interconnections. The
sound-powered telephone system requires no external power source.
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(4) Radio Communication S stem

A dedicated radio system for plant operation and maintenance is provided.
The system consists of a base station, an interior antenna system for.
inside building coverage, and battery-powered, hand-held portable radios.
Power for the plant operations/maintenance radio system is from the non-
Class lE uninterruptable,power supply.

In areas of high noise, the PABX stations are located in soundproof booths or
in an acoustical shield with a .noise cancelling microphone, in the handset. The
paging system loudspeakers are provided with extra power, and the sound-powered
telephone and plant radio systems use headsets with noise shielded microphones.
Similar provisions will be made in areas having lower noise levels to ensure
adequate communications at all working stations.

9.5.2.2 Interplant (Plant-to-Offsite) Communication Systems

The design basis for interplant communications is to provide dependable com-
munications for reliable operation. The interplant communication systems are
as follows:

t) ~BK

See Section in 9.5.2.1 above.

(2) Radio Communication S stem

This system is similar to the interplant system described above, but oper-
ates on the applicant's system frequency. This system provides communica-
tion with the Skaale Emergency Control Center in Raleigh, North Carolina.
Power for this system is from the non-Class lE uninterruptable power supply.

(3) Microwave S stem

The applicant's microwave system is designed as an inhouse communication
link between all the applicant's plants, pertinent office locations, and
the applicant's .load dispatcher. The Shearon Harris microwave antenna and
equipment are part of the overall company system and are located off the
plant's east entry road. Power for the Shearon Harris microwave system is
provided through a distribution power line from the New Hill substation,
with backup from batteries or a propane-powered generator.

The applicant was requested to identify all safety-related areas within the
plant where communications might be required following a design-basis seismic
event (DBE) or transient. In response, the applicant addressed those plant
areas containing safety-related equipment, except for the diesel gener'ator
building. In subsequent discussions, the applicant stated that the radio com-
munication system (operation and maintenance) could be used to establish com-

munication between the control room and the diesel generator building following
such events. However, power, for the radio communication system is from a non-
Class lE source, and may not be available following a DBE or transient. There-
fore, the staff will require that, during preoperational testing, the applicant
demonstrate that effective communication can be established between the diesel
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generator building and the control room with the antenna/repeaters not func-
tioning. If message relaying is required, the applicant must demonstrate that
enough personnel will be available to implement relaying and establish effec-
tive communication.

The scope of review included assessment of the number and types of communica-
tion systems provided, assessment of the adequacy of the power sources, and
verification of the functional capability of the communications systems under
all conditions of operation.

The basis for acceptance in the staff review was conformance of the design cri-
teria and bases and design of the installed communication systems to SRP 9.5.2.
Other bases for acceptance were conformance to industry standards and the
ability of the systems to provide effective communications from diverse means
within Shearon Harris during normal and emergency conditions under maximum
potential noise levels. ll

Based on its review, the staff concludes that the installed communication
systems at Shearon Harris conform to the above-cited standards, criteria, and
design bases and that they can perform their design functions. Therefore, they
are acceptable, except as noted. Special communication system requirements for
fire protection are addressed in Section 9.5. 1 of this SER.

9.5.3 Lighting Systems

The lighting systems for Shearon Harris are designed to provide adequate light-
ing in all areas of the station and consist of the normal ac lighting system,
the normal/emergency ac lighting system, and the dc emergency lighting system.
The design is based on illumination levels that equal or exceed those recom-
mended by the Illuminating Engineering Society for central stations. The
systems are as follows:

(1) Normal AC Li htin S stem

The normal ac lighting system represents 80K of the station lighting.
This system is continuously energized from the plant nonsafety-related
480-V motor control centers. The system is operable when the plant is in
normal operating mode, or when offsite power is available. All normal ac
lighting system fixtures in the control room are seismically supported,
as are those in safety-related areas where failure of a fixture would
adversely affect safe shutdown of the reactor.

(2) Normal/Emer enc AC Li htin S stem

The normal/emergency ac lighting system represents the remaining 20K of
the plant lighting that is continuously energized. The system is designed
as a redundant system consisting of two separate and distinct trains, A
and B. Either independent train can provide adequate lighting in plant
safety-related areas during emergency operation. Each independent lighting
train is powered from its associated diesel generator through the safety
related 480-V motor control centers and nonsafety lighting transformers
and distribution panels. All normal/emergency lighting fixtures in the
control room are seismically supported, as are those in safety-related
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areas where failure of a fixture would adversely affect safe shutdown of
the reactor. The normal/emergency lighting system is also provided in
nonsafety-related areas for evacuation of personnel. Following a loss of
offsite power, the normal/emergency ac lighting system is automatically
reconnected in the safety buses as soon as onsite power is available.

(3) Emer enc DC Li htin S stem

The emergency dc lighting system is designed to provide illumination in
the control room, auxiliary control room, and computer room upon loss of
either train of the normal/emergency ac lighting system. The emergency dc
lighting system is nonseismic and non-Class 1E, and is powered from the
125-V station battery. The system is automatically energized upon loss of
either train of the normal/emergency ac lighting system. The emergency dc
lighting fixtures are seismically supported in the control room and in
other safety-related areas where failure of a fixture would adversely
affect safe shutdown of the reactor.

The emergency dc lighting system also includes self-contained battery
lighting units that provide illumination for egress in areas not covered
by the station battery-powered system when ac lighting is not available.

The scope of the review of the lighting system for Shearon Harris included
assessment of all components necessary to provide adequate lighting during both
normal and emergency operating conditions, the adequacy of the power sources
for the normal and emergency lighting systems, and verification of functional
capability of the lighting systems under all conditions of operation.

Both the normal/emergency ac and emergency dc lighting systems include non-
Class 1E, nonseismic Category I power components at critical locations in their
design. Consequently, it is postulated that these systems, along with the
normal ac lighting system, would be inoperative following a design-basis seismic
event. This is not acceptable. The staff requires that adequate lighting be
available in all safety-related areas following all design-basis events, acci-
dents, and/or transients or demonstrate that lighting under these conditions is
not required. The applicant, by letter dated October 27, 1983, responded to
the staff's concerns by providing additional information on the design of the
normal/emergency ac lighting system for the main control room. The applicant
has stated that the normal/emergency ac lighting system for the main control
room consists of two redundant trains, each powered from a separate, onsite
Class lE power source. The system cables, conduits, lighting fixtures, light-
ing panels, and transformers are seismically supported. The applicant has also
stated that the lighting panels are identical to panels utilized in Class 1E
motor control centers (MCCs), are mounted so that they will experience less
dynamic acceleration than those within the Class lE MCCs, and are, therefore,
equivalent to Class 1E. The staff finds this acceptable. In addition, the
applicant has stated that the system transformers will be seismically qualified
by test and/or analysis. The staff finds this acceptable, contingent on con-
firmation of inclusion in the FSAR of acceptable test and/or analysis results.

The applicant has stated that the Shearon Harris design is such that all emer-
gency operations and procedures can be accomplished in the main control room
without the necessity of'ending personnel to safety-related plant areas,
as will be described in the Shearon Harris Abnormal Operating Procedures or
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Emergency Operating Procedures. The staff finds this acceptable, contingent
on confirmation that the Shearon Harris Abnormal and Emergency Operating Proce-
dures are acceptable, and incorporation of the information into the FSAR.

The applicant must also confirm that no operator actions are required between
loss of offsite power and availability of onsite power to the control room, or
the applicant must provide emergency dc lighting to the control room that will
function during, as well as after, the seismic event.

The basis for acceptance in the staff review was conformance of the design
bases, design criteria, and the design of the lighting systems and necessaryauxiliary supporting systems to SRP 9.5.3. Other bases for acceptance were
conformance to industry standards, and the ability to provide effective light-
ing in all areas of Shearon Harris under all conditions of operations.

Based on its review, the staff concludes that the various lighting systems pro-
vided. at Shearon Harris are in conformance with the above-cited standards,
and design basis, they can perform their design function, and are, therefore,
acceptable, subject to the above confirmations.

9.5.4 Emergency Diesel Engine Fuel Oil Storage and Transfer System

9.5.4.1 Emergency Diesel Engine Auxiliary Support Systems (General)

There are two emergency diesel generators per unit at Shearon Harris, and each
diesel engine has the following auxiliary systems, which are addressed in detail
in this report in the sections indicated:

(1) fuel oil storage and transfer system (Section 9.5.4.2)
(2) cooling water system (Section 9.5.5)
.(3), starting system (Section 9.5.6)
(4) lubrication system (Section 9.5.7)
(5) combustion air intake and exhaust system (Section 9.5.8).

This section of the SER applies'to all of the above systems.

The diesel generator and its auxiliary support systems are housed in a seismic
Category I diesel generator building structure that provides protection from
the effects of tornadoes, tornado missiles, and floods. The buried fuel oil
storage tanks are also protected from the effects of tornadoes, tornado mis-
siles, and floods. The buried portion to the diesel generator fuel oil transfer
systems are protected from the effects of tornadoes, tornado missiles, and
floods caused by natural phenomena. Therefore, GDC 2 and 4 and RGs 1. 115 and
1. 117 are met. Protection from the effects of tornadoes, tornado missiles, and
floods is evaluated in Section 3 of. this report.

The diesel fuel oil storage tanks are an integral part of a reinforced concrete
structure that also houses, the fuel oil transfer pumps and associated piping
and controls. The structure is seismic Category I and, except for the extreme
upper portion, is underground. The design of the structure provides protection
from the effects of tornado, tornado missiles, and floods for the diesel fuel
oil storage and transfer system, except for the fuel oil fill lines, which are
not tornado-missile protected. Therefore, except as noted, GDC 2 and 4 and
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RG 1.115 are met. The diesel fuel oil fill lines are discussed further in
Section 9.5.4.2 of this SER.

There are two diesel fuel oil storage tanks, each with a capacity of 175,000
gallons. Each tank supplies fuel oil to the diesel generator for the same

division in both Units 1 and 2; i.e., one tank provides fuel to diesel genera-
tors 1A and 2A, while the other supplies fuel for diesel generators 1B and 2B.

However, there is a separate and completely independent fuel oil transfer
system for each diesel generator, including a separate pump room in the fuel
storage structure. The design of the fuel oil storage and transfer system is
such that no single failure could result in the loss of more than one diesel
generator. In all other respects, the diesel generators and their auxiliary
systems are completely independent. Therefore, GDC 4 is met.

The diesel engine and its engine-mounted and separately skid-mounted portions
of the auxiliary support systems piping and components normally furnished with
the diesel generator package are designed to seismic Category I requirements;
they also follow the guidelines of the Diesel Engine Manufacturers Association
(DEMA) standards. The diesel engine and its mounted auxiliary support systems
piping and components conform to the applicable mechanical requirements of
IEEE 387-1977, "Standard Criteria for Diesel-Generator Units Applied as Standby
Power Supplies for Nuclear Power Generating Stations," which endorses the DEMA

standard and RG 1.9, "Selection, Design and gualification of Diesel-Generator
Units Used as Onsite Electric Power Systems at Nuclear Plants." The diesel
engine and its auxiliary support systems meet the quality control requirements
of 10 CFR 50, Appendix B. The quality assurance program is evaluated in Sec-
tion 17 of this report.

Accumulation of dust, including dust generated from concrete floors and walls,
on the electrical equipment associated with starting the diesel generators
(e.g., auxiliary relay contacts, control switches, etc.) is limited by (1) sur-
face treatment of exposed concrete, (2) design of the combustion air and venti-
lation systems, and (3) design and location of the diesel generator control
panel.

Operators and operations supervisory personnel will receive training on the
diesel generators that will include lessons on theory of operations, subsystems
descriptions, system interactions, and normal and emergency operation. In addi-
tion, the operators and supervisory personnel will receive simulator training
on diesel generator operation under both normal and emergency conditions, as

well as recognition of diesel generator failure and instruction on the proper
operation of the equipment. Instrument and control personnel will receive
training on the diesel generator control systems, while mechanical maintenance
personnel will receive training covering construction, governor operation,
auxiliary skid, control systems, preventive maintenance, overhaul procedures,
and troubleshooting. Both training programs will be conducted by the diesel
generator vendor. guality assurance/quality control (gA/gC) personnel involved
in diesel generator maintenance will participate in both programs. Provisions
will be made for training of replacement personnel, as necessary, with a program
equivalent to vendor training.

Except for sensors and other equipment that must be directly mounted on the
engine and associated piping, the controls and monitoring instrumentation are
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installed on a free-standing floor-mounted panel separate from the engine skids, ~

and located in a vibration-free floor area.

Preventive maintenance at Shearon Harris goes beyond the normal routine adjust-
ments, servicing, and repair of components when a malfunction occurs. The
diesel generators will be included in the plant's trending analysis, which will
be a predictive effort. Material history records will be maintained on the
diesel generators, and the operating history of the diesel type will be obtained
from the manufacturer. An overall goal of the preventive maintenance program
will be the identification and correction of the root causes of malfunctions.
'All maintenance, on the emergency diesel generator will be followed by a verified
lineup and a post-maintenance test in accordance with the surveillance require-
ments of Technical Specifications.

The applicant will perform preoperational and startup tests of the diesel engine
auxiliary support systems in accordance with RG 1. 68, "Initial Test Programs
for Mater Cooled Reactor Power Plants." The adequacy of the test program is
evaluated in Section 14. 1 of this report. The design of the diesel engine
auxiliary support systems has been evaluated with respect to the recommenda-
tions and guidelines of BTPs ASB 3-1, "Protection Against Postulated Piping
Failures in Fluid System Piping Outside Containment," and MEB 3-1, "Postulated
Break and Leakage Locations in Fluid System Piping Outside Containment." Eval-
uation of protection against dynamic effects associated with the postulated
pipe system failures is covered in Section 3.6 of this report.

The adequacy of the fire protection for the emergency diesel generator and
associated auxiliary support systems with respect to the recommendations and
guidelines of BTP CMEB 9.5-1, "Guidelines for Fire Protection for Nuclear Power
Plants," is evaluated in Section 9.5. 1 of this report.

The designs of the diesel generator auxiliary support systems also have been
evaluated with respect to the recommendations of NUREG/CR-0660, "Enhancement of
Onsite Emergency Diesel Generator Reliability." This report made specific
recommendations on increasing the reliability of nuclear plant emergency diesel
generators. Information requests concerning these recommendations were trans-
mitted to the applicant during the review process. The applicant responded by
letter and in amendments to the FSAR stating how Shearon Harris meets or wi 11

meet the recommendations of NUREG/CR-0660.

The staff has reviewed these responses and have determined that the applicant's
conformance to the recommendation is as shown in Table 9. 1.

On the basis of its review, the staff gas concluded that the design of the
diesel generator and its auxiliary systems is in conformance with recommenda-
tions of NUREG/CR-0660 for enhancement of diesel generator reliability and the
related NRC guidelines and criteria. Therefore, the staff concludes that this
will provide reasonable assurance of diesel generator reliability throughout
the design life of the plant.

9.4.5.2 Emergency Diesel Engine Fuel Oil Storage and Transfer System

The design function of the'mergency diesel engine fuel oil storage and transfer
system is to provide a separate and independent fuel oil supply train for each
diesel generator, and to permit operation of the diesel generator at engineered
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Table 9. 1 Conformance to NUREG/CR-0660

Recommendation Conformance SER Section

2.

3.

Dust and dirt in diesel generator
room

Turbocharger gear drive problem

1. Moisture in air-starting system Yes

Yes

N/A

9.5 ~ 6

9.5.4. 1

4, Personnel training

5. Automatic prelube

6. Testing, test loading, and preventive
maintenance

Yes

Yes

Yes

9.5.4.1

9. 5.7

9.5.4. 1

7. Improve the identification of root
cause of failures

Yes 9.5.4. 1

8. Diesel generator ventilation and
combustion air systems

Yes 9.5.8

.9. Fuel storage and handling

10. High temperature insulation

ll. Engine cooling water

12. Concrete dust control

13. Vibration of instruments

Yes

Yes

Yes

Yes

9. 5.4. 2

9.5.4. 1

9.5.5

9.5.4.1

9.5.4.1

~ Explicit conformance is considered unnecessary by the staff in view
of the equivalent reliability provided by the design, margin, and
qualification testing requirements that are normally applied to
emergency standby diesel generators.

safety feature load requirements for a minimum of 7 days without replenishment
of fuel. The system is designed to meet GDC 2, 4, 5 and 17. Meeting GDC 2, 4,
and 5 is discussed in Section 9.5.4. 1 of this SER.

There are two emergency diesel generators per unit at Shearon Harris. Each
diesel engine fuel oil storage and transfer system consists of a 3000-gallon
day tank sufficient to power the diesel engine at rated load for approximately
6 hours; a diesel fuel oil storage tank sufficient to power the diesel engine
at maximum continuous load conditions for 14 days; an ac motor-driven transfer
pump powered from the associated diesel; and the associated piping, valves,
instrumentation, and controls.
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Each diesel engine fuel oil storage and transfer system is independent and
physically separated from the other systems supplying the redundant diesel gen-
erators, except as noted in Section 9. 5. 4. 1 above. However, a single failure
within any one of the systems will affect only the associated diesel generator.
Therefore, GOC 17, as related to the capability of the fuel oil system to meet
independence and redundancy criteria, is met.

The staff requires that the piping and components of the fuel oil storage and
transfer system, up to the diesel engine interface, be designed, fabricated,
and installed in accordance with ASME Code Section III, Class 3 requirements.

By letter dated June 22, 1983, the applicant provided additional information on
the design of the fuel oil storage and transfer system piping. The applicant
stated that all fuel oil piping, up to the diesel engine interface, is designed
and fabricated in accordance with ASME Code Section III, Class 3 requirements,
except for the fill piping from the yard stations to the storage tanks. 'The
staff concludes that the design of the fuel oil piping is acceptable. The fuel
oil fill piping and engine-mounted piping and components are discussed below.

The engine-mounted piping and components, from the engine block to the engine
interface, are considered part of the engine assembly and are seismically quali-
fied to Category I requirements as part of the diesel engine package. This
piping and the associated components--such as valves, fabricated headers,
fabricated special fittings, and the like--are designed, manufactured, and
inspected in accordance with the guidelines and requirements of ANSI B31. 1
"Code for Pressure Piping"; ANSI N45.2 "guality Assurance Program Requirements
for Nuclear Facilities"; and 10 CFR 50 Appendix B. The engine-mounted fuel oil
piping and associated components are intentionally overdesigned (subjected to
low working stresses) for the application, thereby resulting in high operational
reliability. The design of the engine-mounted fuel oil piping and components
to the cited design philosophy and standards is considered equivalent to a
system designed to ASME Code, Section III, Class 3, requirements with regard
to system functional operability and inservice reliability.
The fuel oil fill lines for the storage tanks are not protected from tornado
missiles, and are considered to be not available for refueling the storage
tanks in the event of long-term operation of the diesel generators. However,
the applicant has indicated there are alternate means of filling the storage
tanks under emergency conditions. The first method is removing the manway
hatch cover and filling, by hos'e, directly through the manhole. The applicant
has stated that mobile cranes with the capability for lifting the hatch covers
will be available on the site. The second alternate method would be to use the
tornado-missile-protected vent line(s) for filling, and one or more tornado-
missile-protected instrumentation penetrations as vent lines. The staff finds
this acceptable.

The fuel oil fill system makes no provision to minimize or prevent stirring up
of sediment at the tank bottom during refueling. Consequently, in the event of
long-term diesel generator operation and a requirement to refuel, it would be
possible to stir up sediment on the tank bottoms that, in turn, could plug the
transfer pump suction strainers and cause multiple diesel generator failures.
In response to the staff's concerns, the applicant has stated that there is
adequate fuel for 14 days of operation at maximum post-accident loads, but
refueling would begin after 7 days of diesel generator operation. At that
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time, the tanks would contain a sufficient depth of fuel oil above the bottom
of the tank to dissipate the dynamic energy of the incoming fuel oil and thus
prevent stirring up of any sediment. The staff finds this acceptable.

The design of the emergency diesel engine fuel oil storage and transfer system
conforms to ANSI-N-195, "Fuel Oil Systems for Standby Diesel Generators," except
in-the following areas: (1) fuel oil transfer pump suction strainer, (2) over-
flow line from the day tank, and (3) pressure differential alarms on duplex
fuel oil filters. The Shearon Harris design utilizes a simplex suction strainer
at the transfer pump sunction in lieu of the duplex strainer with pressure dif-
ferential alarm, as recommended in ANSI N-195. The applicant states that the
simplex strainer is conservatively sized, it can pass adequate fuel for diesel
generator requirements even when 90K plugged, and it is fitted with,a flow alarm.
In the worst case scenario, the strainer would plug and fail to pass adequate
fuel at the point when the day tank level controls call for refi lling the day
tank. At this time, there would be a low fuel flow alarm, but there would be
adequate fuel in the day tank for 2 hours of diesel generator operation. The
simplex strainer is fitted with a bypass and a low fuel flow alarm that will
activate at a flow that is still above that required to maintain diesel gener-
ator operation. Upon receipt of a low flow alarm, the control room operator
will dispatch maintenance personnel to the strainer location to open the
strainer bypass and allow the day tank to fill. At this point, there will be
adequate fuel for 6 hours of diesel generator operation. This is sufficient
time to take the transfer pump out of service, clean the strainer, and return
the system to automatic operation without impairing diesel generator operation.

. On this basis, the staff concludes that the simplex strainer design for Shearon
Harris performs an function equal to that performed by a duplex design following
ANSI N-195, and is, therefore, acceptable. The Shearon Harris design does not
include an overflow line between the day tank and the fuel oil storage tank as
recommended in ANSI N-195. The staff is concerned that a malfunction in the
transfer pump controls could result in the pump's failing to shut off, thereby
causing the day tank room and possibly the diesel generator room to be flooded
with fuel oil. In response to the staff's concerns, the applicant has provided
details of the fuel oil transfer system controls. The staff has reviewed the
control system design and concludes there is adequate redundancy of pump con-
trols and automatic valves to preclude any single malfunction causing flooding
as described above. On this basis, the staff further concludes that the system
design with regard to its not having an overflow line is acceptable. FSAR

.Section 9.5.4 does not contain specific information on pressure differential
alarms on duplex fuel oil filters, but the applicant has indicated that pressure
differential alarms are provided. The staff finds this acceptable, subject to
confirmation that details of these alarms are included in the FSAR.

The fuel oil quality and tests will conform with RG 1. 137, "Fuel Oil Systems
for Standby Diesel Generators," Positions C. 2. a through C. 2. h.

The scope of review of the diesel engine fuel oil storage and transfer system
included layout drawings, piping and instrumentation diagrams, and descriptive
information in FSAR Section 9.5.4 for the system and auxiliary support systems
essential to system operation.

The basis for acceptance in the review was conformance GDC 17 with respect to
redundancy and physical independence, to the cited regulatory guides, and to
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the recommendations in NUREG/CR-0660 and industry codes and standards. The
system was reviewed in accordance with SRP 9.5.4.

Based on its review, the staff concludes that the emergency diesel engine fuel
oil storage and transfer system meets GDC 2, 4, 5, and 17 and the cited regula-
tory guides. It can perform its design safety function and meets the recommen-
dations of NUREG/CR-0660 and industry codes and standards. It 'is, therefore,
acceptable.

9.5.5 Emergency Diesel Engine Cooling Water System

The design function of the emergency diesel engine cooling water system is to
maintain the temperature of the diesel engine within a safe operating range
under all load conditio0s and to maintain the engine coolant preheated during
standby conditions to improve starting reliability. The system is designed to
meet GDC 2, 4, 5, 17, 44, 45, and 46. Meeting GDC 2, 4, and 5 is discussed in
Section 9. 5. 4. 1 of this SER.

The emergency diesel engine cooling water system is a closed-loop system; it
cools the cylinder liners, cylinder heads, lube oil cooler, and the turbocharger
combustion air aftercooler. The major components of this system for each diesel
engine includes turbocharger air aftercoolers, jacket water cooler, engine-,
driven jacket water coolant pump, a standpipe (expansion tank), a lube oil
cooler, an electric emersion heater, a thermostatic three-way valve, required
instrumentation controls and alarms, and the associated piping and valves to
connect the equipment. When the diesel engine is operating, the heat generated
is rejected to the emergency service water system by means of the jacket water
cooler.

During operation of the diesel engine, temperature regulation of the diesel
engine coolant and combustion air is accomplished automatically through the
action of a temperature sensing three-way thermostatic valve. When the engine
is idle, the engine jacket water temperature is maintained at approximately
150 F by an electric immersion heater located in the standpipe. A keepwarm
pump continuously circulates heated water through the cooling water system,
thereby maintaining the diesel engine temperature near operating temperature
and enhancing engine starting reliability. The diesel engine cooling water
temperature is monitored, and alarms for low temperature are provided.

The diesel generator is capable of operating at full load without secondary
cooling for a minimum of 1 minute. Sufficient water is contained in the engine
and standpipe to absorb the heat generated during this period. This time is
longer than the time needed to provide emergency service water to the diesels
in the event of a loss of offsite power. Alarms have been provided to enable
the control room operator to monitor the diesel generator cooling while the
unit is in operation.

There are two emergency diesel generators for each unit at Shearon Harris, and
each has a physically separate, independent cooling water system. Therefore,
GDC 17 and 44, as related to redundancy and the single failure criterion, are
met.

All diesel engine cooling water system piping and components, up to the diesel
engine interface, including auxiliary skid-mounted piping are designed to seismic
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Category I, ASNE Code Section III, Class 3 (Quality Group C) requirements and
meet RGs 1.26 and 1.29. The engine-mounted piping and components, from the
engine block to the engine interface, are considered part of the engine assembly
and are seismically qualified to Category I requirements as par t of the diesel
engine package.

This piping and the associated components--such as valves, fabricated headers,
fabricated special fittings, and the like--have been analyzed by the diesel
engine vendor for design stresses, including mechanical, pressure, thermal, and
seismically induced loads; they have been found to be well within the stresses
permitted by ANSI B31. 1, "Code for Pressure Piping." The vendor's approved
quality assurance/quality control (QA/QC) program used in conjunction with the
manufacture of diesel engines and engine-mounted piping and components complies
with 10 CFR 50, Appendix B. The engine-mounted cooling water piping and asso-
ciated components are intentionally overdesigned (subjected to low working
stresses) for the application, thereby resulting in high operational reliabil-
ity. The design of the engine-mounted cooling water piping and components,to .
the cited design philosophy and standards is considered equivalent to a system
designed to ASME Code, Section III, Class 3 requirements with regard to system
functional operability and inservice reliability.

The diesel engine cooling water system conforms with RG 1.9, Position C.7, as
it relates to engine cooling water protective interlocks. The diesel generator
system protective interlocks are discussed in Section 8.3 of this report.

The diesel engine cooling water system has provisions to permit periodic inspec-
tion and functional testing during standby and normal modes of power plant
operation as required by GDC 45 and 46.

The scope of review of the emergency diesel engine cooling water system included
layout drawings, piping and instrumentation diagrams, and descriptive informa-
tion in FSAR Section 9.5.5 for the system and auxiliary support systems essen-
tial to its operation.

The bases for the acceptance in the staff review were (1) conformance to GDC 17
and 44 with respect to redundancy and physical independence, to GDC 45 and 46
with respect to inspection and testability of the system, to the cited regula-
tory guides, and to the recommendations of NUREG/CR-0660 and industry codes and
standards, and (2) the ability of the system to maintain stable diesel engine
cooling water temperature under all load conditions. The system was reviewed
in accordance with SRP 9.5.5.

Based on its review, the staff concludes that the emergency diesel engine cool-
ing water system meets GDC 2, 4, 5, 17, 44, 45 and 46; meets the cited regula-
tory guides and SRP 9. 5. 5; meets the recommendations of NUREG/CR-0660 and
industry codes and standards; can perform its design safety function; and is,
therefore, acceptable.

9.5.6 Emergency Diesel Engine Starting System

The design function of the emergency diesel engine, starting system is to pro-
vide a reliable method for automatically starting each diesel generator so that
the rated frequency and voltage is achieved and the unit is ready to accept

r
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required loads within 10 seconds. The system is designed to meet GDC 2, 4, 5,
and 17. Meeting GDC 2, 4, and 5 is discussed in Section 9.5.4. 1 of this SER.

There are two emergency diesel generators for each unit at Shearon Harris.
Each diesel -generator has an independent and redundant air starting system
consisting of two separate full capacity air starting subsystems, each with
sufficient air capacity to provide a minimum of five consecutive cold engine
starts. Each subsystem is independent, and a failure in one subsystem would
not affect the ability of the other subsystem to start the diesel engine.
Redundancy in the -starting system is further provided by two emer'gency diesel
generators so that a malfunction or failure in one system does not'impair the
ability of the other system to start its diesel engine. This meets 'GDC 17.

Each subsystem includes an air compressor, a receiver, intake air filters,
starting valves, air distr'ibutors, instrumentation, controls, alarms, and the
associated piping to connect the equipment. Alarms annunciate on the local
panel and in the main control room to enable the operators 'to monitor the air
pressure of the diesel generator starting air system.

Each air start subsystem includes a desiccant type air dryer capable of provid-
ing air with a dewpoint of -40 F at system pressure. The air dryer has- two
desiccant towers, and is designed for automatic regeneration of the towers to
maintain consistent quality dry air. The air dryer performance will be moni-
tored as a part of the diesel generator normal maintenance procedures.

The diesel engine air starting system piping and components from the isolation
valves before the receivers to the diesel engine interface, including auxiliary
skid-mounted piping, are designed to seismic Category I, ASME Code Section III,
Class 3 (Quality Group C) requirements and meet RGs 1.26 and 1.29. Although
not safety related, the air compressors and after coolers are also designed to
ASME Code Section III, Class 3 requirements, as is the press'ure-sensing line
between the compressor and the receiver.

The engine-mounted piping and components, from the engine block to the engine
interface, are considered part of the engine assembly and are seismically quali-
fied to Category I requirements as part of the diesel engine package. This
piping and the associated 'components--such as valves, fabricated headers,
fabricated special fittings, and the like--have been analyzed by the- diesel
engine vendor for design stresses, including mechanical, pressure, thermal, and
seismically induced loads, and found to be well within the stresses as permitted
by ANSI B31. 1, "Code for Pressure Piping. The vendor's approved QA/QC program
used in conjunction with the manufacture of diesel engines and engine-mounted
piping and components is in compliance with the requirements of 10 CFR 50,
Appendix B. The engine-mounted air starting piping and associated components
are intentionally overdesigned (subjected to low working stresses) for the
application, thereby resulting in high operational reliability. The design of
the engine-mounted air starting piping and components to the cited design
philosophy and standards is considered equivalent to a system designed to ASME

Code, Section III, Class 3 requirements with regard to system functional opera-
bility and inservice reliability.

The diesel generator air starting system conforms with RG 1.9, Position C.7, as

it relates to diesel engine air starting system protective interlocks. The
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diesel generator system protective interlocks are discussed in Section 8.3 of
this report.

The scope of review of the emergency diesel engine starting system included
layout drawings, piping and instrumentation diagrams, and descriptive informa-
tion in FSAR Section 9. 5. 6 for the system and auxiliary support systems essen-
.tial to its operation.

The bases for acceptance in the staff review were (1) conformance to GDC 17
with respect to redundancy and physical independence to SRP 9.5.6 and to the
recommendations of NUREG/CR-0660 and industry codes and standards, and (2) the
ability of the system to start the diesel generator within a specified time.

Based on its review, the staff concludes that the emergency diesel engine air
starting system meets GDC 2, 4, 5, and 17 and the guidance of the cited regula-
tory guides and SRP 9.5.6; it can perform its design safety function; and it
meets the recommendations of NUREG/CR-0660 and industry codes and standards. It
is, therefore, acceptable.

9. 5. 7 Emergency Diesel Engine Lubricating Oil System

The design safety function of the emergency diesel engine lubricating oil system
is to provide a supply of filtered lubrication oil to the various moving parts
of the diesel engine including pistons and bearings during engine operation and
during periods of standby to enhance first-try starting reliability. The system
is designed to meet the requirements of GDC 2, 4, 5, and 17. The meeting of
the requirements of GDC 2, 4, and 5 is discussed in Section 9.5.4. 1 of this
SER.

Najor components of each diesel engine lubricating system include an engine-
driven pump, a motor-driven auxiliary pump, a lube oil cooler, a keep-warm pump,
strainers and filters, an electric heater, and piping, valves, and instrumen-
tion. Alarms and protective devices are provided to enable the control room
operator to monitor the diesel generator lube oil system during standby, start-
up, or operation. Relief valves, relief vents, and crankcase vents are provided
to prevent crankcase explosions, or to mitigate the consequences of one shouldit occur.

The emergency diesel engine lubrication oil system is an integral part of the
diesel engine and thus meets GDC 17, with regard to system independence and
single failure criteria.

During diesel engine operation, the engine-driven pump supplies lubricating oil
under pressure to all engine internals and moving parts through the lube oil
cooler and through duplex filters and strainers. A Clas's 1E motor-driven auxi 1-
iary lube oil pump is provided in parallel with the engine-driven pump. The

auxiliary pump starts and performs the function of the engine-driven pump if
system pressure drops to a predetermined level. Mhen the diesel generator is
in the standby mode, an immersion heater in the diesel engine sump maintains
lube oil temperature at approximately 150 F, and a motor-driven keepwarm pump
circulates heated lube oil through the engine on a continuous basis.

The diesel engine lubrication oil system piping and components up to the diesel
engine interface--including auxiliary skid-mounted piping--are designed to

Shearon Harris SER 9-69



seismic Category I, ASME Section III, Class 3 (Quality Group C) requirements
and meet RGs 1.26 and 1.29. The engine-mounted piping and components, from the
engine block to the engine interface, are considered part of the engine assembly
and are seismically qualified to Category I requirements as part of the diesel
engine package. This piping and associated components--such as valves, fabri-
cated headers, fabricated special fittings, and the like--have been analyzed by
the diesel engine vendor for design stresses, including mechanical, pressure,
thermal, and seismically induced loads, and found to be well within the stresses
as permitted by ANSI B31. 1. The vendor's approved QA/QC program used in con-
junction with the manufacture of diesel engines and engine-mounted piping and
components is in compliance with the requirements of 10 CFR 50, Appendix B.
The engine-mounted lubricating oil system piping and associated components are
intentionally overdesigned (subject to low working stresses) for the applica-
tion, thereby resulting in high operational reliability. The design of 'the
engine-mounted lubricating oil piping and components to the cited design'hilo-
sophy and standards is considered equivalent to a system designed to ASME Code,
Section III, Class 3 requirements with regard to system functional operability
and inservice reliability. r

The diesel generator lubricating oil system conforms with RG 1.9, Position C.7,
as it relates to diesel engine lubrication system protective interlocks. The
diesel generator system protective interlocks:are discussed in Section 8.3 of
this report.

The scope of review of the diesel generator lubricating oil system included
piping and instrumentation diagrams and descriptive information in FSAR Section
9 '.7 for the system and auxiliary support systems essential to its operation.

The basis for acceptance in the staff review was conformance to GDC 17 with
respect to redundancy and physical independence, to the guidance of the cited
regulatory guides, to the additional guidance in SRP 9.5.7. II, and to the

"recommendations of NUREG/CR-0660 and industry codes and standards.

Based on its review, the staff concludes that the emergency diesel engine lube
oil system meets GDC 2, 4, 5, and 17; meets the cited regulatory guides; and
SRP 9.5.7. It can perform its design safety function and meets the recommen-
dations of NUREG/CR-0660 and industry codes and standards. It is, therefore,
acceptable.

9.5.8 Emergency Diesel Engine Combustion Air Intake and Exhaust System

The design function of the emergency diesel engine combustion air intake and
exhaust system is to supply filtered air for combustion to the engine and to
dispose of the engine exhaust to atmosphere.

A separate source of combustion air for each diesel engine is taken from the
diesel generator building air intakes through an air filter, intake silencer,
turbocharger compressor, and combustion air aftercoolers. The path of the
exhaust gas discharge is through the turbocharger, exhaust silencer, and
exhaust ducting to the outside of the building. This meets GDC 17 with regard
to system independence, redundancy, and single fai lure criterion.

The exhaust system is separate from the air intake system to reduce the pos-

sibilityy

of contamination of the intake air with recirculated exhaust gases.
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The location of the air intake structures and design precludes the intake of
fire extinguishing agents and other noxious gases, as well as dust and other
deleterious material, that would affect diesel generator operation.

The diesel generator combustion air intake and exhaust system conforms with
RG 1.9, Position C.7, as it relates to diesel engine combustion air intake and
exhaust system protection interlocks. The diesel generator system protective
interlocks are discussed in >Section 8.3 of this report.

The diesel engine combustion air intake system piping and components up to the
diesel engine interface--excluding the air intake filters, silencer, and expan-
sion joint--are designed to seismic Category I, ASME Code, Section III, Class 3
(guality Group C) requirements and meet RGs 1.26 and 1.29. The diesel engine
exhaust piping is fabricated and tested in accordance with the requirements of
ANSI B31. 1, and meets all the quality assurance requirements of safety Class„ III
piping. The piping is seismic Category I. The combustion air intake and ex-
haust system filters, silencers, expansion joints, and engine-mounted piping
and components have been analyzed by the diesel engine vendor for design
stresses--including mechanical, pressure, thermal, and seismically induced
loads--and found to be well within the stresses permitted by ANSI B31. 1. The
vendor's gA/gC program used in conjunction with the manufacture of diesel
engines and engine-mounted piping and components is in compliance with 10 CFR

50, Appendix B. The components of the diesel engine combustion air intake and
exhaust system, including engine-mounted piping and components, are intention-
ally overdesigned (subjected to low working stresses) for the application,
thereby resulting in high operational reliability. The design of the engine-
mounted air intake and exhaust piping and components to the cited design
philosophy and standards is considered equivalent to a system design to ASME
Code Section III, Class 3 requirements with regard to system functional opera-

bilityy

and inservice reliability.
The scope of review of the diesel generator intake and exhaust system included
layout drawings, piping and instrumentation diagrams, and descriptive informa-
tion in FSAR Section 9.5.8 for the system and auxiliary support systems essen-
tial to its operation.

The bases for the acceptance in the staff review were (1) conformance to the
GDC 17 with respect to redundancy and physical independence, to the guidance of
the cited regulatory guides, to the additional guidance in SRP 9.5.8. II, to
the recommendations of NUREG/CR-0660, and to industry codes and standards, and
(2) the ability of the system to provide sufficient combustion air and release
of exhaust gases to enable the emergency diesel generator to perform on demand.

\

Based on its review, the staff concludes that the emergency diesel engine air
intake and exhaust system meets GDC 2, 4, 5 and 17, and meets the guidance of
the cited regulatory guides. It can perform its design safety function and
meets the recommendations of NUREG/CR-0660 and industry codes and standards.
It is, therefore, acceptable,
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10 STEAM AND POMER CONVERSION SYSTEM

10. 1'ummar Discussion

The steam and power conversion system is designed to uti,lize steam generated
in the three steam generators of the pressurized-water reactor and to generate
electric power in the turbine generator. After the steam passes through the
high- and low-pressure turbines, the main condensers deaerate the

condensate'nd

transfer the rejected heat to the closed cycle circulating water system,
which uses a natural draft cooling tower to dissipate the rejected heat to the
atmosphere. The condensate is reheated and returned as feedwater to the steam
generators. The entire system is designed for the maximum expected energy
from the nuclear steam supply system.

A turbine bypass system is provided to discharge directly to the condenser up
to 35K of the main steam flow around the turbine during transient conditions.
This bypass capacity, together with the atmospheric dump system, is sufficient
to withstand a 100K generator load rejection without tripping the reactor.

10.2 Turbine Generator

The turbine generator converts steam power into electrical power and has a
turbine control and overspeed protection system. The design functions of the
turbine control and overspeed protection system are to control turbine action
under all normal or abnormal conditions and to ensure that a full-load turbine
trip will not cause the turbine to overspeed beyond acceptable limits, and to
minimize the probability of gener ation of turbine missiles, in accordance with
the requirements of GDC 4. The turbine control and overspeed protection system
is, therefore, essential to the overall safe operation of the 'plant.

The turbine generator, manufactured by Mestinghouse Electric Corporation, is a
tandem-compound type (single shaft) with one double-flow high-pressure turbine
and two double-flow low-pressure turbines. It is designed for a rotational
speed of 1800 rpm and for gross generator output of 950 NWe at a nominal plant
exhaust pressure of 2.83/4.05 inches of mercury (absolute).

The turbine generator is equipped with a digital-electric hydraulic (DEH)
control system. The major components of the DEH system include an electronic
controller, an operator control panel, steam valve servo-actuators, a high-
pressure fluid control (hydraulic) system, and a lube oil and mechanical
hydraulic trip system.

The DEH system functions to control either steam valve position, turbine speed,
or generator load, depending on the operational mode selected.

The high-pressure turbine has four stop valves and four control valves. The
low-pressure turbines are fitted with four reheat stop and reheat interceptor
valves. In normal operation, both the high- and low-pressure stop valves are
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fully open, while the control and interceptor valves modulate as a function of
input signal from the DEH system to the valve servo-actuators.

Turbine overspeed protection is provided by three different and independent,
means. The electronic controller of the DEH system senses turbine speed, in
addition to other parameters, and will cause the control and interceptor valves
to close at approximately 103K of synchronous speed. The valves will reopen
as turbine speed drops to synchronous speed. In addition to DEH system control,
two other independent overspeed protection trips are provided--a mechanical
trip and an electric trip. The mechanical trip is a mechanical hydraulic system
that consists of a spring-loaded weight in the turbine shaft, and a trip lever
connected to a hydraulic oil dump valve. At approximately 110K of synchronous
speed, centrifugal force causes the spring-loaded weight to extend beyond the
turbine shaft and strike the trip lever. This results in a loss of system
hydraulic pressure and causes all stop, control, and intercept valves to close.

k

The valves cannot be reopened until the mechanical overspeed trip is reset. The
electrical overspeed trip system provides a redundant system to the mechanical
overspeed trip. The electrical system utilizes a speed pickup in the turbine
turning gear housing, a control cabinet, and two channels of trip signals and
solenoid-operated trip valves. At approximately 110X of rated speed as sensed
by the speed pickup, a signal is generated that causes the solenoid-operated
trip valves to de-energize, thereby dumping hydraulic 01 1 pressure and causing
all steam valves to close. The steam valves remain closed until the overspeed
trip is reset. Closure time for the main steam valves is 0.25 seconds.

The mechanical overspeed trip can be operated manually, and both the mechanical
and electrical overspeed trips can be tested during turbine operation without
compromising system protection. The DEH system and the electrical overspeed
system are electrically independent and are physically separated to minimize
any effect one system could have on another. All systems are fail safe in that
on a loss of fluid pressure (hydraulic or seal oil), a fai lure of electrical
power will result in a turbine trip.
Steam for heating feedwater is extracted from three stages in the low-pressure
turbines and from two stages in the high-pressure turbine. All steam extraction
lines, except for low-pressure heater No. 1, are provided with power-assisted
reverse current (check) valves to prevent backflow of steam from the feedwater
heaters in the event of a turbine trip.. On a turbine trip, the power assist
(compressed air) is bled from the extraction valve operating mechanisms, and
spring pressure acts to close the valve discs. The extraction valves will close
completely in approximately 1 second (or less) following the decay of steam
pressure in the extraction steamline.

An inservice inspection program for the main steam stop and control valves and
reheat valves is provided and includes (1) dismantling and inspection of at
least one main steam stop valve, one main steam control valve, one reheat stop
valve, and one reheat intercept valve at every other refueling outage (approxi-
mately 3 1/3-year intervals); (2) weekly exercising of the main steam stop and
control valves, reheat stop valves, and intercept valves, with monthly visual
observation of the testing; and (3) monthly exercising of the steam extraction
valves.
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The applicant will include pre-operational and startup tests of the turbine gen-
erator in accordance with RG 1.68, "Initial Test Programs for Water Cooled Power
Plants." The adequacy of the test program is evaluated in Chapter 14 of this
report.

The turbine generator system meets the recommendations of BTPs ASB 3-1, "Protec-
ti.ori Against Postulated Piping Failures in Fluid Systems Outside Containment,"
and MEB 3-1, "Postulated Break and Leakage Locations in Fluid Systems Outside
Containment."

Evaluation of protection against dynamic effects associated with the postulated
pipe system failure is addressed in Section 3. 6 of this report.

The scope of review of the turbine generator included descriptive information in
FSAR Section 10.2, flow charts, and diagrams. The basis for acceptance in thestaff's review was conformance of the design criteria, design bases, and design
of the turbine generator system to GDC 4 with respect to the prevention of the
generation of turbine missiles; the additional guidance of SRP 10.2; and
industry codes and standards.

Based on its review, the staff concludes that the turbine generator overspeed
protection system meets the requirements of GDC 4 and the guidance of SRP 10.2,
can perform its designed safety functions, and is, therefore, acceptable.

10.2. 1 Deleted"

10.2.2 Deleted~

10.2.3 Turbine Disk Integrity

See Section 3.5. 1.3.

10.3 Main Steam Su l S stem

The function of the main steam supply system is to convey steam from the steam
generators to the high-pressure turbine and other auxiliary equipment for power
generation.

10.3. 1 Main Steam Supply System (Up to and Including the Main Steam Isolation
Valves)

Included in 10.3.2 below.

10.3.2 Main Steam Supply System (Downstream of the Main Steam Isolation
Valves)

The main steam supply system was reviewed in accordance with SRP 10.3 (NUREG-0800).
Except as noted below, conformance with the acceptance criteria formed the basis
for the staff evaluation of the main steam supply system with respect to the
applicable regulations of 10 CFR 50.

*This section was deleted from the July 1981 edition of the SRP (NUREG-0800).
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The acceptance criteria for the main steam supply system include meeting RG

1. 115, "Protection Against Low Trajectory Turbine Missiles." Compliance with
the guidelines of RG 1. 115 is evaluated separately in Section 3.5. 1.3 of this
SER.

The function of the main steam supply system is to convey steam from the steam
generators to the high-pressure turbine and other auxiliary equipment for power
generation. The steam produced in the three steam generators is conveyed in
three separate main steamlines from the steam generators, through the main steam
isolation valves (MSIVs) to a main steam header, and then through two lines to
the high-pressure turbine. Each of the three main steamlines contains one MSIV.

The portions of the main steamlines from the steam generators through the con-
tainment, up to and including the main steam isolation valves (and including the
main steam safety valves and power-operated relief valves (PORVs)) are located
in the main steam and feedwater pipe tunnel inside the seismic Category I,'"
flood- and tornado-protected reactor auxiliary building (see Sections 3.4. 1 and

3.5.2 of this SER). They are guality Group B and seismic Category I, thereby
satisfying the requirements of GDC 2 and the guidelines of RG 1.29, Posi-
tions C. 1 and C.2. The main steam system piping downstream of the last seismic
restraint is designed to ANSI B31.3 requirements.

One seismic Category I, guality Group B PORV is provided on each main steamline,
downstream of the main steam safety valves but upstream of the MSIV. The PORV

provides modulating pressure control of each steam generator when the normal
turbine bypass is not. available. The combined relief capacity of the three
PORVs is more than lOX of the maximum steam flow. The operation of the PORVs

is automatically controlled by steamline pressure during plant operations. The

relief valves automatically open and exhaust to the atmosphere whenever the
steamline pressure exceeds the opening setpoint. The PORVs can be controlled by
remote manual adjustment of the pressure setpoint from the control room; thus,
they can be used to shut down the plant in the event of a safe-shutdown earth-
quake coincident with loss of offsite power.'his complies with the require-
ments that safe shutdown be achieved with dependence on safety-grade components
only, with either onsite or offsite power, as specified in Positions A.2, A.3,
and A.4 of BTP RSB 5-1, "Design Requirements of the Residual Heat Removal
System."

Main steam isolation is provided by a pneumatically operated, spring-to-close
gate valve in each steamline located just outside containment. MSIVs are held
in the open position by instrument air, which exerts pressure on the bottom of
the piston actuator. Spring pressure on the piston actuator acts as the driving
force for valve closure. Loss of instrument air will close the MSIVs. To

ensure safety function actuation, redundant actuation solenoid vent valves,
powered from separate Class 1E power sources, open to vent air from the bottom
of the piston actuator through two separate vent lines. The MSIVs automatically
close on low steamline pressure signals in any steamline; on a high containment
pressure signal, or on high steam pressure rate in any steamline. The latter
signal is only in effect when normal MSIV closure signals are bypassed during'a
normal shutdown using the condenser. The MSIVs can also be operated from the
main control room. The MSIVs are designed to close in less than 5 seconds, and

are also designed to stop steam flow from either direction. A steamline break
upstream or downstream of the MSIVs coupled with an MSIV failure to close will
not result in the blowdown of more than one steam generator. In the event of a
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steamline break upstream of an MSIV and a'failure of an MSIV to close on an
unaffected steam generator, blowdown of the unaffected steam generator through
the break is prevented by the closure of the MSIV for the affected steam gen-
erator. Blowdown through the turbine and condenser is prevented by closure
of the nonseismic Category I turbine stop valves and main steam dump valves.
These valves serve as an acceptable backup for this accident in accordance with
the guidelines of Issue No.,l-,of. NUREG-0138, "Staff Discussion of Fifteen Tech-
nical Issues Listed in Attachment to November 3, 1976 Memorandum from Director,
NRR to NRR Staff."

In Issue No. 1 of NUREG-0138, credit is taken for all valves downstream of the
MSIV to limit blowdown of a second steam generator in the event of a steamline
break on the other steam generator's steamline upstream of the MSIV. Because
Shearon Harris is a three-steam-generator plant, the staff asked the applicant
to show that blowdown of the second steam generator is minimized, given a steam-
line break on the other steam generator upstream of the MSIV. The applicant

has'onfirmedthat, given the stated condition, all valves downstream of the MSIV
can be remotely closed in a maximum of 11 seconds, except for the gland steam
supply valve, which must be closed by hand. However, the steam blowdown through,.
this valve is significantly less than the total auxiliary feedwater system
makeup capability. The staff finds this acceptable.

The scope of review of the main steam supply system (between the outermost MSIVs
and up to and including the turbine stop valves) included descriptive informa-
tion in FSAR Section 10.3 and flow charts and diagrams. The basis for accep-
tance in the staff review was conformance of the design criteria, design bases,
and design of the main steam supply system to the acceptance criteria of
SRP 10.3.

Based on its review, the staff concludes that the main steam supply system
between the MSIVs and up to and including the turbine stop valves is in confor-
mance with the above-cited criteria and design bases, can perform its designed .

functions, and is, therefore, acceptable.

Fifteen seismic Category I, guality Group B safety valves (five on each main
steamline) are provided. The safety valves have a combined capacity of greater
than 110% of the maximum steam flow. The safety valves and PORVs are located
outside containment, upstream of both the PORVs and MSIVs in the seismic Cate-
gory I main steam and feedwater pipe tunnels, which are accessible areas. The
MSIVs, safety valves, and PORVs will undergo preoperation'al functional testing
at normal design temperature and pressure. MSIV closure times and safety and
relief valve setpoints will be verified. Based on its review and this commit-
ment to functional testing, the staff concludes that the design of the main
steam supply system meets the requirements of GDC 34, "Residual Heat Removal,"
and the applicable guidelines of BTP RSB 5-1, "Design Requirements of the
Residual Heat Removal System."

The equipment required to function to ensure main steam isolation when called
upon is protected against the effects of moderate- and high-energy pipe breaks
(see Sections 3.6. 1 and 3. 11 of this SER). This equipment is in tornado-
missile-protected structures and is located so that it is not affected by
internally generated missiles (see Sections 3.5. l. 1 and 3.5. 1.2 of this SER).
Thus, the requirements of GDC 4 and the guidelines of RG l. 117, Positions C. 1
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and C.2, are satisfied. There is no sharing between units of any portion of
the main steam supply system; thus, the requirements of GDC 5 are not applicable.

Based on the above, the staff concludes that the main steam supply system from
the steam generators through the NSIVs meets (1) the requirements of GDC 2, 4,
and 34 with respect to protection against natural phenomena, missiles, environ-
mental e'ffects, and residual heat removal; and (2) the guidelines of RGs 1.29,
Positions C. 1 and C.2, and 1. 117, Position C.2 as they relate to the system's
seismic classification, protection against tornado missiles, and high- and
moderate-energy pipe breaks, and BTP RSB 5-1 and Issue No. 1 of NUREG-0138 as
they relate to residual heat removal and limitation of blowdown. It is, there-
fore, acceptable. The main steam supply system meets the acceptance criteria
of SRP 10.3.

10.3.3 Deleted"

10.3.4 Deleted*

10.3.5 Secondary Water Chemistry

In late 1975, the staff incorporated provisions into the Standard Technical .

Specifications that required limiting conditions for operation and surveillance
requirements for secondary water chemistry parameters. The Technical Specifi-
cations for all pressurized water reactor plants that have been issued an
operating license since 1974 contain either these provisions or a requirement
to establish these provisions after baseline chemistry conditions have been
determined. The intent of the provisions was to provide added assurance that
the operators of newly licensed plants would properly monitor and control
secondary water chemistry to limit corrosion of steam generator components such
as tubes and tube support plates.

In a number of instances, the Technical Specifications have significantly
restricted the operational flexibilityof some plants with little or no benefit
with regard to limiting degradation of steam generator tubes and the tube sup-
port plates. Based on this experience and the knowledge gained in recent years,
the staff has concluded that Technical Specification limits are not the most
effective way of ensuring that steam generator degradation will be minimized.

Because of the complexity of the corrosion phenomena involved and the state of
the art as it exists today, it is the staff's opinion that, instead of specify-
ing limiting conditions in the Technical Specifications, a more effective
approach would be to review the secondary water chemistry monitoring and
control program containing appropriate procedures and administrative controls.

The required program and procedures are to be developed by applicants, with
input from their reactor vendor or other consultants, to account for site- and
plant-specific factors that affect water chemistry conditions in the steam
generators. In the staff's view, plant operation according to such procedures
would provide assurance that licensees would devote proper attention to con-
trolling secondary water chemistry, while also providing the needed flexibility
to allow them to deal effectively with any offnormal condition that might arise.

"This section was deleted from the July 1981 edition of the SRP (NUREG-0800).
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Consequently, the staff requested that the applicant propose a secondary water
chemistry program; this information was received with a cover letter dated
August 2, 1982.

In the FSAR and the August 2, 1982 letter, the applicant provided the outlines
of a secondary water chemistry monitoring and control program. The proposed
program addresses the six program criteria of the staff's position as discussed
below. This program is based on the steam generator water chemistry program
recommended by the NSSS vendor (Westinghouse).

The proposed program monitors the critical parameters to inhibit steam generator
corrosion and tube degradation. The limits and sampling schedule for these
parameters are established for steam generator blowdown and feedwater/condensate
under, power operation, startup, shutdown, wet layup conditions, and hot standby;
these follow closely the recommendation of the NSSS vendor. The control points
for the critical parameters and the process sampling points have been identified.
The analytical techniques to be implemented for measuring the values of the cri-
tical parameters conform to the recommendations of the NSSS vendor and the ASTM.
Chemistry data logs are reviewed by the Environmental and Chemistry Supervisor;
significant parameter trends are periodically reviewed by plant management.

The staff has reviewed and evaluated the applicant's secondary water chemistry
program in accordance with SRP 5.4.2. 1, BTP MTEB 5-3, Revision 2 (NUREG-0800)
and finds that it
(1) Is capable of reducing the probability of abnormal leakage in the reactor

coolant pressure boundary by inhibiting steam generator corrosion and tube
degradation, and thus meets the requirements of GDC 14.

(2) Adequately addresses all of the program criteria delineated in the staff
position on control and monitoring of secondary water.

(3) Is based on the NSSS vendor's recommended steam generator water chemistry
program.

(4) Monitors the secondary coolant purity in accordance with BTP MTEB 5-3,
Revision 2, and thus meets Acceptance Criterion 3, "Steam Generator
Materials," Revision 1, of SRP 5.4.2. 1.

(5) Monitors the water quality of the secondary water in the steam generators
to detect potential condenser cooling water inleakage to the condensate,
and thus meets Position II.3.f(l) of BTP MTEB 5-3, Revision 2.

(6) Describes the methods for control of secondary side water chemistry data
and record management procedures and corrective actions for off-control-
point chemistry, and thus meets Position II.3.f of BTP MTEB 5-3, Revision 2.

On the basis of its evaluation, the staff concludes that the proposed secondary
water chemistry monitoring and control program for Shearon Harris Units 1 and
2 meets (1) the requirements of GDC 14 insofar as secondary water chemistry
control ensures primary boundary material integrity, (2) Acceptance Criterion 3
of SRP 5.4.2. 1, (3) Positions II.2 and II.3 of BTP MTEB 5-3, Revision 2, and
(4) the program criteria in the staff's position. It, therefore, is acceptable.
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10.3.6 Main Steam and Feedwater Materials

The staff concludes that the main steam and feedwater system materials are ac-
ceptable and meet the requirements of GDC 1 and 35 and Appendix B to 10 CFR 50.

The applicant has selected materials for Class 2 and 3 components of the steam
and feedwater systems that satisfy Appendix I of Section III of the ASME Code
and meet the requirements of Parts A, B, or C of Section II of the Code. The
applicant also has met the recommendations of RG 1.85, which describes accept-
able Code cases that may be used in conjuction with this industry standard.

When required, the fracture toughness properties of ferritic steel satisfy the
requirements of the Code. Where the Code allowed fracture toughness testing to
be optional, the applicant provided reasonable justification for not requiring
fracture toughness testing of ferritic steel components of the main steam and
feedwater systems. Meeting the Code provides reasonable assurance that ferritic
materials will have adequate safety margi ns against the possibility of non-
ductile behavior or rapidly propagating fracture. T,

The applicant has met the requirements of RG 1.71, "Welder qualification for
Areas of Limited Accessibility," by meeting the regulatory positions in RG 1.71
or by providing and meeting an alternative to RG 1.71 that the staff has
reviewed and found to be acceptable (see Section 5.2.3). The onsite cleaning
and cleanliness controls during fabrication satisfy the position given in
RG 1.37, "equality Assurance Requirements for Cleaning of Fluid Systems and
Associated Components of Water-Cooled Nuclear Power Plants," and the require-
ments of ANSI Standard N 45.2. 1-1973, "Cleaning of Fluid Systems and Associated
Components During Construction Phase of Nuclear Power Plants."

10.4 Other Features

10.4. 1 Main Condenser

The main condenser is designed to function as a heat sink for the turbine
exhaust system, turbine bypass steam, and other turbine cycle flows, and to
receive and collect condensate flows for return to the reactor. The main con-
denser transfers heat to the circulating water system, which uses a natural
draft cooling tower to dissipate the rejected heat to the atmosphere.

The main condenser is not required to effect or support safe shutdown of the
reactor or to perform, in the operation of reactor safety features. It is a
single-shell, multipressure, two-zone dearating surface condenser and is
designed to accept full-low exhaust steam from the main turbine. It also will
accept up to 40K of steam generator rated steam flow, if required, without
exceeding the maximum turbine back pressure as specified by the manufacturer.
The main condenser is designed to remove dissolved air and other condensible
gases from the condensate during all modes of operation. Removal of gases from
the condenser is discussed in Section 10. 4. 2 of this report.

Condenser tube leakage could result in the degradation of feedwater quality with
potential for corrosion of secondary system components. Degradation of feed-
water quality at Shearon Harris is precluded by the design of the condenser
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tube/tube sheet interface. Condensate under pressure in excess of circulating
water pressure is pumped to annular grooves in the tube sheet around each con-
denser tube so that any water that may leak past the condenser tubes will be
condensate, not circulating water.

The applicant will include preoperational and star tup tests of the main con-
denser in accordance with recommendations of RG 1.68, "Initial Test'Programs
for. Water Cooled Reactor Power Plants." The adequacy of the test program is
evaluated in Section 14. 1 of this report.

The scope of review of the main condenser included layout drawings and descrip-
tive information in FSAR Section 10.4. 1.

The basis for acceptance in the staff review was conformance" of the design
criteria, design bases, and design of the condenser to the acceptance criteria
of SRP 10.4. 1. II and industry standards.

Based on its review, the staff concludes that the main condenser is in confor-
'ancewith the above-cited criteria and design bases, can perform its design

function, and is, therefore, acceptable.

10.4.2 Main Condenser Evacuation System

10.4.2. 1 Summary Description

The main condenser evacuation system (MCES) of each Harris unit consists of two
lOOX capacity mechanical vacuum pumps that serve the main condenser. At start-
up, one or both pumps may be operated to evacuate the condenser. Once operating
pressure is obtained, one pump is placed on standby. At startup and before'ur-
bine operation, the noncondensible gases will be discharged directly to the
atmosphere in the turbine building area without filtration. With turbine opera-
tion, the discharge from the mechanical vaccuum pumps is directed to the turbine
building vent stack without filtration.
The noncondensible gases flow to a moisture separator where most'of the water
vapor is condensed. The condensed water drains to the industrial waste sumps.
However, the discharge from these sumps will be directed to the secondary waste
system for treatment upon detection of radioactivity by monitor REM-MD-3528.
During normal operation, the airborne discharge from the mechanical vacuum pumps
is monitored for noble gas radioactivity. Any radioactivity exceeding the
monitor set point will initiate an alarm. The applicant has indicated that

'hereis no potentially explosive gas.mixture present in the MCES during normal
operation or during shutdown or startup conditions. A more detailed discussion
of the MCES is presented in FSAR'Section 10.4.2.

10.4.2.2 Evaluation Findings

The staff's review included the system's capability to process radioactive gases
and the design provisions incorporated to monitor and control releases of radio-
active materials in gaseous effluents in accordance with GDC 60 and 64. The
quality group classification of equipment and components used to collect gaseous
radioactive effluents was reviewed relative to the guidelines of RG 1. 26. The
staff reviewed the applicant's system descriptions, piping and -instrumentation
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diagrams, and design criteria for components of the MCES with respect to the
acceptance criteria of SRP 10.4.2 (NUREG-0800).

/he staff indicated to the applicant that the MCES must contain provisions
for sampling and monitoring discharges during startup (hogging) operations as
specified in Table 1 of SRP 11.5. The applicant responded by clarifying the
description of the hogging operation.

The applicant state'd that during hogging operations the vacuum pumps will dis-
charge to the atmosphere via vent line 7AE12-19-1 through valve 7AE-B9-1. This
release path is unmonitored. However, during hogging operations, a portion of
the vacuum pump exhaust will be routed through the normal vacuum pump exhaust
path, line 7AE12-9-1 through valve 7AE-B3-1, past noble gas monitor REM-1TV-3536.
With this monitor, action could be taken to close valves 7AE-83-1 and 7AE-B9-1
on a high radiation signal and the offgas could'be rerouted through the condenser
vacuum pump effluent treatment system (CVPETS). The CVPETS consists of a
demister, an electrical heating coil, a HEPA filter, a 4-inch charcoal ads'orber,
another HEPA filter, and two 100K capacity fans in parallel.

It is the staff's position that the release of the offgas during hogging opera-
tions must be continuously sampled for radioiodines and particulates and con-
tinuously monitored for noble gases as noted in Table 1 of SRP 11.5. As long as
flow is directed past radiation monitor RE-lTV-3534, the applicant would have a
measurement of the concentration of noble gases released during hogging ope'ra-
tions. However, in order to determine the release of noble gases through the
hogging valve, the applicant must have some means of correlating'he radiation
monitor readings and the flow past the monitor with the flow and discharge con-
centration through the hogging valve. The applicant has not presented such means.

Because the radiation monitor does not have the capability of continuous sampl-
ing of radioiodines and particulates, there is no means available for determin-
ing their release during hogging operations and the requirements of,Table 1 of
SRP 11.5 cannot be met. In addition, the fai lure of the monitor to have this
sampling capability could lead to interference of the particulates and radio-
iodines with the noble gas readings. It is the staff's position that no release
may occur from line 7AE12-19-1 unless the Shearon Harris procedures contain pro-
visions for continuously sampling and monitoring discharge during hogging opera-
tion, as specified in Table 1 of SRP 11.5.

The applicant has indicated that the main condenser is constructed to the Heat
Exchanger Institute's "Standards for Steam Surface Condensers" and that the
design capacity of the MCES is consistent with the guidelines of this standard,
as required by SRP 10.4.2.

The applicant has indicated that the quality group classification to which the
MCES is designed is nonnuclear safety, Category 1 for the condensate vacuum pump
effluent treatment system and nonnuclear safety, Category 2 for the mechanical
vacuum pumps. The applicant has indicated, in FSAR Section 3.2, that these
quality group classifications correlate with equality Group D of RG 1.26.

At the present time the design of the MCES does not conform with SRP 10.4.2; the
MCES has not met the requirements of GDC 60 and 64 with respect to the control
and monitor ing of releases of radioactive materials to the envi.ronment.
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10.4.3 Turbine Gland Sealing System

10.4.3. 1 Summary Description

The turbine gland sealing system provides sealing steam to the main turbine
generator shaft to prevent the'leakage of air into the turbine casings and the
potential escape of radioactive steam into the turbine building. A portion of
the main steam supply is passed through the turbine gland seals and condensed
in the gland steam condenser. The condensate is returned to the main condenser
hotwell while noncondensible gases are discharged by two lOOX capacity blowers
to the environment. A more detailed discussion of the turbine gland sealing
system is presented in FSAR Section 10.4.3.

10.4.3.2 Evaluation and Findings

The staff has reviewed the turbine gland sealing system with respect to
SRP 10.4.3 (NUREG-0800). The scope of this review included the source of seal-
ing steam and the provisions incorporated to monitor and control releases of
gaseous radioactive effluents in accordance with GDC 60 and 64. The staff has
reviewed the applicant's system description and design criteria for the compo-

nents of the turbine gland sealing system.

The applicant has indicated that the quality group classification to which the
turbine gland sealing system has been designed is nonnuclear safety, nonseismic
Category I. When compared to guality Group D of RG 1.26; this conforms to
SRP 10.4.3.

Originally, the venting of the turbine gland seal condenser's noncondensible
gases was to be monitored only for noble gases as required by Table 1 of
SRP 11.5 but not sampled continuously for radioiodines and particulates as

required by Table l.
The applicant has committed to routing the exhaust from the gland seal condenser
exhaust to the turbine building vent stack. There continuous sampling for radio-
iodines and particulates will be provided. With this commitment, the staff con-
cludes that the turbine gland sealing system meets the requirements of GDC 60

and 64 with respect to the control and monitoring of releases of radioactive
materials to the environment by providing a controlled and monitored turbine
gland sealing system.

10.4.4 Turbine Bypass System

The turbine bypass system is an integral part of the steam dump system. The

turbine bypass consists of six pneumatically operated valves connected to the
main steamline downstream of the MISVs, that discharge directly to the main
condenser. The turbine bypass is capable of dumping 35K of rated steam gen-

eratorr

flow to the condenser. The steam dump system (atmospheric and condenser)
is capable of withstanding a 100%%u'oad rejection without tripping the reactor.

During normal reactor operation, the turbine bypass system (condenser steam

dump) functions to control the temperature in the reactor primary loop. During
hot standby and synchronization, the system is used to maintain secondary system
pressure. It is also used for decay heat removal during shutdown. The turbine
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bypass valves are designed to fail closed on loss of control signal and/or 'con-,
trol'ir pressure. Ths system control signals will be blocked in the event of

'ighmain condenser pressure.

The applicant will include pre-operational and startup tests of the turbine
bypass system in accordance with recommendations of RG 1;68, "Initial.Test Pro-,
grams for Water Cooled Reactor Power Plants." The adequacy of the test program
is evaluated in Section 14. 1 of this report. The turbine bypass system can be
tested while the unit is on line; it will be tested on a semiannual basis.

The turbine bypass system meets the recommendations of BTPs ASB 3-1, "Protec-
tion Against Piping Failures in Fluid System Piping Outside Containment," and
NEB 3-1, "Postulated Break and Leakage Locations in Fluid System Piping Outside.
Containment." Evaluation of protection against dynamic effects associated with
the postulated pipe system failures is addressed in Section 3.6 of this report.
The scope of review of the turbine bypass system included drawings, piping and
instrumentation diagrams, and descriptive information in FSAR Section 10.4.'4.

The basis for acceptance in the staff review was conformance of the design cri-
teria, design bases, and design of the turbine bypass system to the acceptance
criteria of SRP 10.4.4. II and industry standards.

Based on its review, the staff concludes that the turbine bypass system is jn
conformance with the above-cited criteria and design bases, can perform its
designed function, and is, therefore, acceptable.

10.4.5 Circulating Water System

The circulating water system was reviewed in accordance with SRP, 10.4.5
„(NUREG-0800).

The n'onsafety-related (equality Group 0, nonseismic Category I) circulating water
system (CWS) provided cooling water to the main condensers. Three 33-1/3X
capacity (161,000 gpm) circulating water pumps for each unit are located in the
circulating water pump intake structure for that unit. Mater flows from the
cooling tower basin into the circulating water pump intake structure. The
circulating water pumps draw water from the i'ntake structure and pump, through
buried lines, to the turbine building distribution header. From the header,
the water is pumped to the condenser tubes. The warmed water is then returned
through a similar system of pipes.

,The applicant has provided an analysis of the effects of possible flooding of
safety-related equipment as a result of a postulated failure in the CWS and
stated that a failure in any part of the CMS would have no effect on safety-
related equipment. There are no safety-related systems within the turbine
building; therefore, flooding of the turbine building poses no problem. In
addition, passageways, pipe chases, or cable trays from the turbine building
to safety-related areas are protected against floods. An alarm in the con-
denser pit indicates high level in the event of a leak from the CWS.

The applicant reported that areas of the turbine building containing CWS piping
(1) are isolated from buildings that contain safety-related areas by walls that
are seismically designed to resist the safe-shutdown earthquake, and (2) are
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designed to resist hydrostatic water pressure to 262 feet, which is 2.feet above
plant grade. Water cannot accummulate to'that" level because the turbine bui

ld-'ng

is open to drain at elevation 261 feet.

The applicant reported that there were three doors between the reactor auxiliary
building and turbine building at 240 feet. However, no water could enter this
area because,all entrances have curbs at 262.25 feet, and the turbine building,
as stated above, is open to'dt'ain at 261 feet.

r

Based on its review, the staff concludes that the CWS meets the requirements
of GDC 4 with respect to protection of safety-related systems from failures in
nonsafety-related systems, and, therefore, is acceptable. The CWS meets the
requirements of SRP 10.4.5.

10.4:6 Condensate Cleanup System

The condensate cleanup system (CCS) removes dissolved and suspended impurities
from the condensate. The CCS is not required for safe shutdown or mitigation
of postulated accidents, but is important in maintaining the secondary water
quality.

The CCS is designed to maintain the purity of feedwater for the steam generators
by filtration to remove solid corrosion products and by ion exchange to remove
dissolved impurities. The CCS operates in conjunction with the steam generator
blowdown system and the feedwater chemical addition system to control the sec-
ondary cycle chemistry. The CCS has six demineralizers, any five of which are
capable of handling full condensate flow. (The sixth is an installed standby
unit. )

The staff has reviewed the CCS in accordance with SRP 10.4.6 (NUREG-0800). The
CCS includes all components and equipment necessary for the removal of dissolved
and suspended impurities that may be present in the condensate. It is capable
of removing contaminants from the full condensate flow during normal operation

'ndanticipated operational occurrences to produce feedwater purity in accor-
dance with BTP NTEB 5-3, SRP 5.4.2. 1.

The instrumentation and sampling equipment provided is adequate to monitor and
control process parameters in accordance with BTP MTEB 5-3.

Based on its review of the applicant's proposed design criteria and design bases
for the CCS and the requirements for operation of the system, the staff con-
cludes that the design of the CCS and supporting systems is acceptable and meets
the primary boundary integrity requirements of GDC 14. This conclusion is based
on the fact that the applicant has met the requirements of GDC 14 as it relates
to maintaining acceptable chemistry control for PWR secondary coolant during
normal operation and anticipated operational occurrences by reducing corrosion
of PWR steam generator tubes and materials, thereby, reducing the, likelihood
and magnitude of primary-to-secondary coolant leakage.

10.4.7 Condensate and Feedwater System

The condensate and feedwater system was reviewed in accordance with SRP 9. 1.4
(NUREG-0800).
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The condensate and feedwater system provides feedwater from the condenser to
the steam generators and includes the piping and components arranged in stages.
Starting at the condenser hotwell, the condensate passes through condensate
pumps, polishing demineralizers, gland steam condenser, condensate booster
pumps, low-pressure heaters, main feedwater pumps, high-pressure heaters, flow
control valves, and containment isolation valves to the three steam generators.
The steam generators are the preheat type in which the feedwater is heated to
near saturation conditions in the preheat section.

The steam generator contains two nozzles for feedwater addition. One is near
the bottom, for normal feedwater addition; the other, at the level of the steam
separator section, is intended for auxiliary feedwater ('AFW) addition. The AFW
nozzle is also used for normal feedwater addition at rated power levels of from '

to 25K. A small trickle of steam is allowed to pass into the steam generator
through the normal feedwater nozzle .to prevent thermal shock to the steam gen-
erator preheat section when the normal feedwater is used for feedwater addition.
Above a power level of 25K, the normal feedwater flow is directed to the normal
feedwater nozzle, while a small amount of steam is allowed to pass into the
steam generator through the AFW nozzle to reduce thermal shock to the steam
generators if the AFW system is started.

I

The system serves no safety function (with the exception of containment isola-
tion integrity) and is, therefore, mainly classified as nonsafety-related
(equality Group 0, nonseismic Category I). Adequate isolation is

provided'at'onnectionsbetween seismic and nonseismic Category I systems, and, therefore,
failure of nonsafety-related portions of the condensate and feedwater system
will not affect safe plant shutdown, thus complying with Position C.2 of
R.G. 1.29.

The portions of the system classified as safety-related are the main feedwater
piping from the containment isolation check valves to the preheater section of
the steam generators, and the main feedwater startup line from the main feed-
water line to its line to the steam generator (part of this line is used by
the auxiliary feedwater system). The condensate/feedwater system uses the AFW
nozzle for feeding condensate to the steam generators below a power level of 25K.

These portions of the system are designed to seismic Category I, equality Group
B, requirements to ensure feedwater isolation in accident situations. They are
located in'eismic Category I, flood- and tornado-protected structures (see Sec-
tions 3.4. 1 and 3.5.2 of this SER). The main feedwater flow control valve is
seismic Category I, equality Group D. It is connected to nonseismic Category I
piping in the turbine building. This valve serves as backup to the main feed-
water isolation valve. Thus, GDC 2 and Position C. 1 of RG 1.29 are satisfied.
The structure also provides protection against tornado missiles. The essential
equipment is protected from internally generated missiles and is not affected
by failures in high-energy piping (see Sections 3. 5. 1. 1 and 3. 6. 1 of this SER).
Thus, the requirements of GDC 4 are satisfied. No part of the condensate and
feedwater system is shared between units so GDC 5 is not applicable.

Automatic isolation of the main feedwater system is provided when it is required
to mitigate the consequences of a steamline or feedwater line break. The
electro-hydraulic-operated main feedwater isolation valves (one per steam gen-
erator) close on receipt of an ESF actuation signal. Redundant feedwater line
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isolation is provided by the seismic Category I main feedwater flow control
~ valves and flow control bypass valves, which are designed to fail in the closed

position and which serve as an acceptable backup.

Isolation from the auxiliary feedwater system and the chemical addition system
is provided by fail-closed valves and check valves. The safety-related auxiliary
feedwater trains automatically provide flow to the steam generators via the
auxiliary feedwater line for decay heat removal upon failure of the condensate
and feedwater system or on receipt of an ESF actuation signal. (See Section
10.4.9 of this SER for further discussion of the auxiliary feedwater system.)
Thus, the requirements of GDC 44, "Cooling Water," are satisfied.

The safety-related portions of the system are located in accessible areas and
receive periodic inspection and testing in accordance with plant Technical
Specifications. The requirements of GDC 45, "Inspection of Cooling Mater
System," and 46, "Testing of Cooling Water System," are thus satisfied.

The condensate and feedwater system is designed with features to preclude the
potential for damaging flow instabilities (waterhammer). Design features are
incorporated to minimize the potential and severity of any possible waterhammer
event. The applicant has agreed to follow the guidance in BTP ASB 10-2 by per-
forming tests to verify that unacceptable feedwater waterhammer will not occur
when the plant operating procedures are being used for normal and emergency
restoration of steam generator water level following a loss of normal feedwater,
in accordance with the recommendations of NUREG/CR-1066.

Based on the above, the staff concludes that the safety-related portion of the
condensate and feedwater system meets the requirements of GDC 2, 4, 44, 45, and
46 with respect to its protection against natural phenomena, missiles and envi-
ronmental effects, decay heat removal function, and inservice inspection and
testing, and the guidelines of RG 1.29, Positions C. 1 and C.2, and BTP ASB 10-2
with respect to seismic classification and design and testing for prevention of
damaging water hammer. It is, therefore, acceptable. The condensate and feed-
water system meets the acceptance criteria of SRP 10.4.7.

10.4.8 Steam Generator Blowdown System

The steam generator blowdown system (SGBS) is designed to remove particulate
and dissolved impurities from the steam generator secondary side, thus assist-
ing in maintaining optimum secondary-side water chemistry in steam generators
during normal operation, including anticipated operational occurrences (main
condenser leakage and primary-to-secondary leakage).

The portion of the SGBS from the steam generator up to and including the first
isolation valve outside containment is constructed according to seismic, Cate-
gory I, guality Group B, requirements. The components of the SGBS downstream
from the outer isolation valves are considered to be nonsafety related and are
constructed according to the quality standards of guality Group D, as augmented
by Position C.l.l of RG 1.143.

The staff has reviewed the SGBS in accordance with SRP 10.4.8 (NUREG-0800).
The scope of review of the SGBS included piping and instrumentation diagrams,
seismic and quality group classifications, design process parameters, and
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instrumentation and process controls. The review has included the applicant's
evaluation of the proposed system operation and the applicant's estimate of
the controlling process parameters. Instrumentation and automatic controls
are provided to monitor and control the operation of the blowdown system, with
provisions for sampling of the blowdown in conformance with the guidelines of
BTP MTEB 5-3.

The SGBS design meets the primary boundary material integrity requirements of
GDC 14 as it relates to maintaining acceptable secondary water chemistry con-
trol during normal operation and anticipated operational occurrences by reduc-
ing corrosion of steam generator tubes and materials, thereby reducing the
likelihood and magnitude of primary-to-secondary coolant leakage.

I

The SGBS is seismic Category I, guality Group 8, from its connection to the
steam generator inside primary containment up to and including the first isola-
tion valve outside containment in accordance with RGs 1.26 and 1.29, because
this portion of the SGBS is considered an extension of primary containment. The
SGBS downstream of the outer containment isolation valves is not seismic Cate-
gory I; because it is not safety related, it meets the quality standards of
Position C. 1. 1 of RG 1. 143. Thus, the SGBS meets the quality standards require-
ments of GDC 1 and seismic requirements of GDC 2.

Based on the above evaluation, the SGBS is adequately designed to be capable of
removing chemical impurities and radioactive contamination from steam generator-
secondary water during normal operation and anticipated operational occurrences.
Additionally, the SGBS design meets the primary boundary material integrity
requirements of GDC 14 as it relates to maintaining acceptable secondary water
chemistry control by reducing the corrosion rate. It, therefore, is acceptable.

10. 4. 9 Auxiliary Feedwater System

The staff has reviewed the auxiliary feedwater system (AFWS) against the
specific acceptance criteria of SRP 10.4.9. These include

(1) GDC 2, as related to structures housing the system and the system itself
being capable of. withstanding the effects of earthquakes. Acceptance is
based on the applicant's meeting RG 1.29, Positions C. 1 and C.2.

(2) GDC 4, with respect to structures housing the system and the system itself
being capable of withstanding the effects of external missiles and inter-
nally generated missiles, pipe whip, and jet impingement forces associated
with pipe breaks, as discussed in SRP 3.5 and 3.6.

(3) GDC 5, as related to the capability of shared systems and components
important to safety to perform required safety functions.

(4) GDC 19, as related to the design capability of system instrumentation and
controls for prompt hot shutdown of the reactor and potential capability
for subsequent cold shutdown. Acceptance is based on meeting BTP RSB 5-1
with regard to cold shutdown from the control room using only safety-
related equipment.

(5) GDC 34 and 44 as related to the capability to transfer heat loads from the
reactor system to a heat sink under both normal operating and accident
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conditions; and the redundancy of components so that under accident condi-
tions the safety function can be performed assuming a single active compo-
nent failure. (This may be coincident with the loss of offsite power for
certain events. ); and the capability to isolate components, subsystems, or
piping if required so that the system safety function will be maintained.

(6) „GDC 45, as related to design provisions made to permit periodic inservice
inspection of system components and equipment.

(7) GDC 46, as related to design provisions made to permit appropriate func-
tional testing of the system and components to ensure structural integrity
and leak-tightness, operability and performance of active components, and
capability of the integrated system to function as intended during normal,
shutdown, and accident conditions.

The following evaluation discusses the implementation of the above acceptance
criteria and follows SRP 10.4.9 (NUREG-0800). It incorporates the staff review
of the applicant's response to NUREG-0137, Item II.E. l. 1, "Auxiliary Feedwater
System Reliability."

The AFWS serves as a backup system for supplying feedwater to the secondary side
of the steam generators at times when the normal feedwater system is not avail-
able, thereby maintaining the heat sink capabilities of the steam generator.
The system is also used during startup, hot standby, and cooldown and is con-
sidered an engineered safeguards system. As such, it is directly relied upon to
prevent core damage in the event of a transient such as loss of normal feedwater
or a secondary system pipe rupture. The system consists of two trains. One
train contains two motor-driven pumps operating in parallel. The other train
contains one turbine-driven pump. Each train contains associated valves, piping,
controls, and instrumentation. The two motor-driven pumps are powered from two
separate buses of emergency onsite electrical power and discharge into a common

header. This header supplies three independent lines, one for each steam gen-
erator. Each of these supply lines contains check valves, motor-operated isola-
tion valves, and flow control valves. The steam turbine-driven pump supplies a
header with three additional lines, one for each steam generator. Each of these
supply lines also contains check valves, motor-operated isolation valves, and
flow control valves. The steam for the turbine is supplied from two steam gen-
erators (B and C) and is taken from each main steamline upstream of the MSIV.
The control system will automatically isolate any depressurized steam generator,
and the piping arrangement is such that any pump will feed the other two steam
generators.

Each of the two units has its own AFWS with the water supply provided by the
condensate storage tank (seismic Category I, equality Group C) through a seismic
Category I, equality Group C suction line that contains check valves and locked-
open, manually operated isolation valves. Because there is a separate AFWS for
each unit, GDC 5 is not applicable.

The AFWS is designed to seismic Category I, equality Group C standards from the
condensate storage tank (CST) up to but not including the motor-operated isola-
tion valves. The motor-operated isolation valves and the piping and valves from
the motor-operated valves to the steam generator are designed to seismic Cate-
gory I, equality Group B standards. Thus, the AFWS complies with the guidelines
of Position C. 1 of RG 1.29.
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Each AWF pump is located in a separate cubicle to prevent possible internally
generated missiles from damaging more than one pump; however, a cubicle does
not completely surround a pump. The AFWS is located within the reactor auxil-
iary building and containment building and is thus protected against the effects
of natural phenomena and tornado missiles. (The CST is located outside the
buildings but is protected against the effects of hurricanes, tornadoes, and
missiles by a concrete enclosure.) Thus, the AFWS meets GDC 2 and 4. (See
Sections 3.5. 1. 1, 3.5. 1.2, and 3.6.j. for discussion of protection against mis-
siles outside and inside containment and protection against high- and moderate-
energy line breaks, respectively.)

The AFWS can be operated for approximately 8 hours with the water (2400,000 gal)
in the condensate storage tank. Thereafter, water from the auxiliary dam is
available via the emergency service water system. The emergency service water
system (see Section 9.2. 1) is safety-related, single-failure proof, and can be
operated from the control room. Therefore, the AFWS complies with BTP RSB 5-1
and GDC 19, "Control Room."

The applicant calculated that the greatest demand on the AFWS was the loss of
main feedwater (LOMF) event that requires the AFWS to supply 475 gpm to the
steam generator(s) to mitigate the LOMF event. The applicant assumed that two
of the three AFW pumps, the two motor-driven pumps, start and deliver water
to the steam generators within 2 minutes (about 1 minute after the reactor
trips and the AFWS pumps received a signal to start on steam generator low-
low level), thus mitigating the transient in a timely manner. The applicant
provided an AFW pump curve based on tests showing that one motor-driven pump
could supply enough water (490 gpm) to mitigate the LOMF transient. However,
when the LOMF incident is initiated, the recirculation lines are open to protect
the pumps in the event that a valve blocks the line from the pump to the steam
generator. With an open recirculation line, approximately 50 gpm flows back to
the CST, leaving 440 gpm for the steam generators from one pump. If one of the
motor-driven pumps becomes unavailable because of loss of power, the recircula-
tion line for the other pump closes automatically and 490 gpm is fed to the
steam generators. In addition, the recirculation line valves can be closed
from the control room or from the auxiliary control panel. Therefore, the AFWS
complies with GDC 34 and 44.

The AFWS has been designed to permit periodic testing. In addition, the appli-
cant has proposed periodic tests in conformance with Standard Technical Specifi-
cations for Westinghouse Pressurized Water Reactors (NUREG-0452). This meets
the requirements of GDC 46.

The AFWS has been designed to permit inservice inspection and periodic inspec-
tion of valves and pumps, thus meeting the requirements of GDC 45.

The AFWS has two power sources that consist of offsite or onsite (Class 1E) ac
power for the motor-driven pumps and steam for the turbine-driven pump. There
are no auxiliaries in the train for the turbine-driven pump that require ac
power to maintain operation of the train. This meets the guidelines of BTP
ASB 10-1.

The AFWS has been designed so that the piping of the train containing the motor-
driven pumps is separate from the piping of the train containing the turbine-
driven pump, except where one line from the motor-driven train merges with a
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line from the turbine-driven train to form a single line to inject fluid into
the normal feedwater line and then into the steam generator. This common line
is downstream of the check valve in each discharge line of the AFMS so that a
fai lure of any part will only affect one steam generator. In the case of a
broken feedwater line or steamline, the affected steam generator will be iso-
lated and all the operating pumps in the AFWS will be able to pump water into
the unaffected steam generators. The motor-driven pumps feed into a common
header that then separates into three branch lines, one for each steam generator.
The turbine-driven pump feeds into a separate header, also with three branch
lines. Each of these six lines is provided with a normally open isolation valve,
with power from one emergency bus and a flow control valve powered from another
emergency bus. Each of these lines also contains a check valve so that a break
in a feedwater line or steamline wi 11 not prevent the AFWS from feeding the
unaffected steam generators. Thus, an internal break--a break in any line
between a pump and the check valve--will cause that portion to become ineffec-
tual because most of the pumped water will spill through the break, leaving the
other portion (either the turbine-driven or motor-driven pump portion) with the
flow capability almost 100%%uo'n excess of the flow necessary to mitigate a tran-
sient or accident; i.e., each portion can provide almost 200K of the needed flow
without operator intervention. In the event of a break in either portion of the
AFMS, the operator would have at least 2 hours to discover and isolate an inter-
nal break before running out of water in the primary water supply (the CST) with
the CST at the minimum level. The time would be extended to approximately
5 hours with the CST full and with the portion of the system providing water to
the steam generators controlled to provide the minimum required flow of water.

The applicant has verified that a rupture of the steamline to the turbine of the
AFW turbine-driven pump, coupled with the most adverse single failure (failure
of a motor-driven pump), would still permit the remaining motor-driven pump in
the AFWS to provide the necessary flow of coolant to the undamaged steam gen-
erators. The applicant stated that the AFW turbine-driven pump is not used for
normal operation, startup, hot standby, or normal shutdown. Therefore, the
applicant must provide assurance only that the AFW motor-driven pumps will be
operable in any environment produced by a break in either steamline feeding the
AFWS pump turbine where the break is upstream of the normally closed steam
supply valve. The results of this review will be provided in Section 3. 11 in
a supplement to this SER.

The applicant has evaluated the AFMS against the short- and long-term recom-
mendations of NUREG-0611, "Generic Evaluation of Feedwater Transients and Small
Break Loss-of-Coolant Accidents in Westinghouse-Designed Operating Plants." The
staff has reviewed the applicant's evaluation. The results of its review are
discussed below.

The Technical Specifications proposed by the applicant for the AFWS do not
include a specification for outage times for two and three inoperable AFW pumps.
The applicant will be required to include such outage times in the Shearon
Harris Technical Specifications; these should be consistent with the Standard
Technical Specifications for Westinghouse PWR plants. The staff will review the
Shearon Harris Technical Specifications to ensure that these specifications are
included, and wi 11 report the results of the review in a supplement to this SER.

The applicant has proposed Technical Specifications for surveillance of locked
valves consistent with those in the Standard Technical Specifications.
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The applicant, stated that the AFWS is designed to supply water to the steam gen-
erators without flow throttling, thus avoiding throttling as a potential source
of waterhammer. Waterhammer is prevented by filling lines with water before AFM
system startup. The system depends on the trickle flow from the main feedwater
system through the AFW nozzle on the steam generators to keep this portion of
pipe full of water. The applicant stated that the pressure of the CST will keep
the suction side of the AFWS full because the CST is at a higher elevation;
leaks through pumps and valves will maintain the pipelines on the discharge of
the AFW pumps full of water. The applicant stated that vents are provided atall high points and that the vents are opened before startup of any test to vent
any trapped air.

~ The applicant stated that safety-grade indications and alarms are provided for
low AFW pump suction pressure. Control switches can be operated from the con-trol room to switch the pump suction to the alternate safety-related source, of
water, the emergency service water system (ESWS). In addition, the applicant
stated that operating procedures include alignment of the AFWS suction to the
ESWS, and procedures will identify the steps to ensure AFWS operability after,
transfer.

Operating and maintenance procedures will require the operator to check proper
alignment of valves; a second qualified individual will verify, the valve align-
ment. The applicant has assured the staff that post-test procedures require
such valve alignment checks. The applicant must provide Technical Specifica-
tions to require a flow test of the AFWS before startup after any extended cold
shutdown to verify the normal AFWS flow path from the CST to the steam genera-
tors. The periodic, 18-month test, is not sufficient for such verification.
The staff will review the Shearon Harris Technical Specifications to ensure that
such a flow test is required, and will provide the results of that review in a
supplement to this SER.

The primary source of water for the AFWS, the CST, has low level alarms to
permit the operator to shift to an alternate water supply. There are safety-
related redundant level indicators with readouts in the control room, with
each indicator receiving a signal from a separate safety-grade level transmitter
on the CST (train A or B). The level transmitter on train B also has alarms atdifferent low tank levels: (1) low-min--255,000 gallons, (2) low-low--
240,000 gallons (required minimum for compliance with Technical Specifications),
and (3) empty--15,500 gallons (the point at which the plant operator has 20
minutes to switch to an alternate power. supply). Although the CST does not
have redundant alarms at the 15,500-gallon level, there are alarms and trips
on the AFW pumps to protect the pumps on low-low NPSH levels. Therefore, the
staff finds the indications and alarms on the CST to be satisfactory.

I

The applicant has committed to conduct a 48-hour AFW pump test. The applicant
should conduct this test on all three AFW pumps and provide the staff with the
test information specified in Section 3. 1.4.2 of NUREG-0611. The staff finds
this acceptable, pending results of the tests.

Indication of'flow and automatic initiation of the AFWS are discussed in
Section 7.3.3 of this SER.

The staff requires the applicant to prevent damage to the AFW pumps in the event
of failure of the locked-open manually operated gate valve in the single line
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from the CST. The applicant has provided alarms to indicate low and low-low
pump NPSH; at low-low NPSH the pumps are tripped. The applicant states that
the pumps will be tripped on the low-low signal before loss of NPSH. The
staff finds this acceptable.

In the event of loss of all ac power, the turbine-driven AFWS pump will start
automatically to feed water to the three steam generators for at least 2 hours.
No auxiliary system is required to maintain operation of this pump train. The
staff finds this acceptable.

The applicam reviewed the following events requiring AFW initiation to deter-
mine the basis for AFM flow requirements:

(1) loss of main feedwater transient

(a) with offsite power available
(b) without offsite power available

(2) secondary system pipe ruptures

(a) feedline rupture
(b) steamline rupture

(3) loss-of-coolant accident

(4) loss of all ac power

(5) cooldown

The applicant determined that the event requiring the maximum input from the
AFWS is the loss of feedwater; this requires that the plant provide a minimum-
flow of 475 gpm. As noted above, the applicant has provided assurance that
this requirement would be met.

In view of the foregoing, the staff finds that the AFMS complies with the
requirements of RG 1.29 and GDC 2, 4, 5, 19, 45, and 46 with regard to seismic
criteria protection against natural phenomena and missiles, AFWS sharing between
units, capability to aid in shutdown with system operated from the control room,
and inspection and testing of the AFWS. The applicant has provided information
to show that the AFWS meets the requirements of GDC 34 and 44, thus complying
with BTP ASB 10-1. In addition, the applicant has shown that the AFMS complies
with the recommendations of NUREG-0611.

NUREG-0737, Item II.E.'. 1, "Auxiliary Feedwater System Evaluation," requires a
reliability analysis of the AFWS. The applicant submitted this analysis for
staff review; however, this review is not yet completed.

In view of the foregoing, the staff concludes that the AFWS meets the acceptance
criteria of SRP 10. 4. 9. It wi 11 report the results of the review of the reli-
ability analysis in a supplement to this SER.
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11 RADIOACTIVE WASTE MANAGEMENT

11.1 Source Terms

11. 1. 1 Summary Description

The applicant calculated the liquid and gaseous effluents from Harris utilizing
the PWR GALE computer program. The applicant utilized the source assumptions
of RG 1. 112, "Calculation of Releases of Radioactive Materials in Gaseous and
Liquid Effluents from Light-Water-Cooled Power Reactors", and NUREG-0017,
"Calculation of Releases of Radioactive Materials in Gaseous and Liquid Efflu-
ents from Pressurized Water Reactors (PWRs)." Gaseous effluents were calculated
from such sources as offgases from the main condenser evacuation system; leakage
to containment, the reactor auxiliary building, and the turbine building; noble
gases stripped from the primary coolant during normal operation and at shutdown;
and cover and vent gases from tanks and equipment containing radioactive material.
Liquid effluents were calculated from such sources as shim bleed, leakage col-
lected in equipment, and floor drains such as those found in the reactor auxil-
iary building, and fuel handling, waste processing, and turbine buildings; and
contaminated liquids from anticipated plant operations such as resin sluices,
filter backwash, decontamination solutions, sample station drains, and detergent
wastes.

11. 1.2 Evaluation and Findings

The staff has performed an independent calculation of the primary and secondary
coolant concentrations and of the release rates of radioactive materials using
the information supplied in the FSAR, the GALE computer program, and the meth-
odology presented in NUREG-0017. Table ll.1 presents the principal parameters
that were used in this independent calculation of the source terms. These
source terms were utilized in Sections 11.2 and 11.3 to calculate individual
doses in accordance with the mathematical models and guidance contained in
RG 1. 109, "Calculation of Annual Average Doses to Man From Routine Releases of
Reactor Effluents for the purpose of Evaluating Compliance with 10 CFR Part 50,
Appendix I."

Liquid effluents occur from the waste monitoring tanks, the treated laundry and'he hot shower storage tanks, and the secondary waste sample tanks. The sources
of wastes to these tanks are discussed in Section 11.2 of this SER. One source
of waste to the waste monitor tanks that is not discussed in Section 11.2 is the
boron recycle system (BRS). Distillate from the BRS evaporators can be pumped
to the waste monitor tank for discharge offsite.

The staff's estimate of the liquid effluents was based upon the information pre-
sented in Tables ll.1 and 11.2. The applicant assumed that floor drain wastes
would be treated by the reverse osmosis (RO) unit of the floor drain treatment
subsystem. The staff calculated liquid effluents assuming that the floor drains
would be treated by the RO unit. However, the results indicated that more than
5 curies per year per unit would be released based on the staff-projected inputs
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to the floor drain treatment subsystem. Because this would not comply with one
of the requirements of the Annex to Appendix I of 10 CFR 50, which the applicant
chose to use to show compliance with Section II.D of Appendix I, the staff
assumed that wastes collected by the floor drain tanks would be treated, by the
waste'evaporator in the equipment drain treatment subsystem. The applicant had
indicated in the FSAR that these evaporators would be available to treat the
floor drain wastes when they contained high activity. The staff then calculated
the effluents from floor drains based on the use of this evaporator. With this
evaporator in use, the effluents from Harris could satisfy the criterion of Sec-
tion A.2 of the Annex to Appendix I. In addition, the staff determined that
adequate holdup and processing time were available for the treatment of both
floor drain wastes and equipment drain wastes by this evaporator.,

h

The applicant assumed in his analysis that the wastes collected by the secondary
waste low-conductivity holding tank would be processed by an evaporator in addi-
tion to a mixed bed demineralizer. The staff's review of the applicant's des-
cription of this system indicated that these wastes would usually be treated
only by a demineralizer. Therefore, the staff assumed the latter mode of treat-
ment in its analysis.

The holdup time calculated by the staff for the treatment of the regenerative
solutions from the condensate polishing system (input to secondary waste high-
conductivity holding tank) was calculated to be less than 2 days. Because the
secondary waste evaporator, which was intended for Units 3 and 4, is available
for processing the contents of the high-conductivity holding tank if the evapo-
rator for Units 1 and 2 becomes inoperable, no alternative treatment scheme had
to be considered in lieu of the evaporator, even though less than 2 days holdup
is available for the treatment of the regenerates.

The staff assumed that chemical drain wastes from the chemical drain tank of
Units j. and 2 and the concentrate from the laundry and hot shower RO unit would
be sent to the RO concentrates tank before discharge. The applicant did not
include this source in his evaluation of effluent releases.

All detergent wastes were considered by the staff to be collected, treated by
the laundry and hot shower RO unit, and then discharged.

Airborne effluents occur from the building ventilation systems, from the contin-
uous and pre-entry containment purges, from the gaseous processing system (GWPS),
the main condenser evacuation system, and the turbine gland steam condenser.
All airborne effluents except those released from the turbine gland steam con-

: denser, the main condenser vacuum pump, and the GWPS are passed through a HEPA
filter and charcoal adsorber before they are discharged. The continuous con-
tainment purge is filtered 'by a HEPA filter and charcoal adsorber in the air-
borne radioactivity removal system (ARRS) inside the containment.

The applicant is installing a fluidized bed dryer to process evaporator concen-
trates (bottoms) and filter sludges to reduce the volume of solid radwaste
shipped offsite. The operation of this volume reduction (VR) equipment will
result in additional liquid and airborne effluents. Airborne effluents will
result from the YR system's offgas and will be discharged on a continuous basis
while the system is operating. There are no liquid effluents that will be dis-
charged directly off site from the VR equipment operation. However, based upon
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fSAR'igure 11.4.2-2, decontamination solutions, condensate from the scrubbers
and leakage from pumps, pipes, and so forth will result in additional quantities
of wastes being treated by the floor drain treatment system. Ultimately, some

of these wastes will be discharged off site from the waste monitor tanks and
some will again be treated in the VR system.

The staff has estimated „the quantity of wastes to be treated by the YR system
and the radioactivity assoc'iated with these wastes, The staff has estimated
the additional amount of radioactivity released as airborne effluents from the
VR system and as liquid effluents from the liquid radwaste system. These
releases were included with the releases calculated using NUREG-0017, and the
total quantity of effluents is present in Section 5 of the Shearon Harris Final
Environmental Statement (NUREG-0972).

Additional information utilized by the staff in its estimate of airborne and
liquid releases is contained in Tables ll.1 through 11.3. Additional details
on the liquid and gaseous radwaste systems are in Sections 11. 2 and ll.3 of,
this SER.

Although the applicant assumed that the VR system would be treating filter.,
sludges, the staff could not accept this. The fluidized bed dryer of the VR

system was not intended to treat filter sludges. There would not be much,'f
any, VR associated with this form of treatment of the sludge. In

addition,'ith

the typical radioactivity associated with fi,lter sludges, the potential
exists that Appendix .I doses could be exceeded. Additional details of this
concern are addressed in Section 11.4 of this SER.

11.2 Li uid Radwaste S stem

11.2. 1 Summary Description

The liquid waste processing system (LWPS) consi'sts of process equipment and
instrumentation necessary to collect, process, monitor, and recycle and/or
discharge of radioactive liquid wastes.

The LWPS is designed to collect and process wastes based on the origin of the
waste in the plant and the expected levels of radioactivity. All liquid waste
is processed on a batch basis to permit optimum control of releases. Before
liquid waste is released, samples are analyzed to determine the types and
amounts of radioactivity present. ,Based on the results of the analysis and the
waste treatment system utilized, the waste may be recycled for eventual reuse in
the plant, retained for further processing, or released to".the environment under
controlled conditions. A radiation monitor in the discharge line from the var-
ious discharge tanks will automatically terminate liquid waste discharges if
radiation measurements exceed a predetermined level. An alarm will be simulta-
neously actuated in the control room for Units 1 and 2, in the waste processing
building control room, and in the health physics control room.

The design parameters of the prinicpal components considered in the calculation
,of .liquid effluents from the Harris plant are shown in Table 11.3. The LWPS is
composed of the following four subsystems:

(1) equipment drain treatment
(2) floor drain treatment
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Table 11. 1 Principal parameters and conditions used in calculating
releases of radioactive material in liquid and gaseous
effluents from the Shearon Harris Nuclear Power Plant

GENERAL

Reactor power level (MMt)

Plant capacity factor
Failed fuel
Primary system

Mass of coolant (lb)
Letdown rate (gal/min)
Shim bleed rate (gal/day)
Leakage to secondary system (lb/day)
Leakage to containment building (lb/day)
Leakage to auxiliary building (lb/day)

.Frequency of degassing for cold shutdowns (times/year)
Letdown cation demineralizer flow (gal/min)

Secondary system

Steam flow rate (lb/hr)
Mass of liquid/steam generator (lb)
Mass of steam/steam generator (lb)
Secondary coolant mass (lb),

~ Rate of steam leakage to turbine area (lb/hr)

Containment building volume (fts)

Frequency of containment purges (times/yr)

Containment low volume purge rate (fthm/min)

Containment atmosphere'leanup rate (fthm/min)

Pre-purge cleanup time duration (hr)

Iodine parti tion factors (gas/1 iqui d)

Leakage to auxiliary building
Leakage to turbine area
Main condenser/air ejector (volatile species)

2900

0.80
0.12K*

3.42 x 10s
60
1.44 x

10'00

160
2
6.0

1.2 x 10~
1.01 x 10s
9.00 x 10s
1.53 x 10
1.7 x

10'.3

x 10s

1720

104

16

0.0075
1.0
0. 15

*This value is constant and corresponds to 0. 12K of the operating power pro-
duct source term as given in NUREG-0017.

*~1%/day of the primary coolant noble gas inventory and 0.001K/day of the pri-
mary coolant iodine inventory.
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Table 11.1 (Continued)

LIQUID RADWASTE SYSTEM DECONTAMINATION FACTORS

Material

Iodine
Cesium,
rubidium
Other

Boron
recycle
system

1Os
2x103

1O4

Equipment
drain
treatment
system

103
1O4

1O4

Secondary
waste high
conductivity
subsystem

1O4
los

los

Secondary
waste low
conductivity
subsystem

102
2

102

Laundry and
hot shower
RO concentrate
subsystem

los
104

104

LIQUID WASTE INPUTS

Stream

Decay
Flow rate Fraction Fraction Collection time ;*

(gpd) of PCA discharged time (days) (days)

Shimbleed rate (BRS)
Equipment drains (EDTS)
RO concentrates wastes
Blowdown
Floor drains (FDTS)
Regenerant solution

(SWTS)
Detergent wastes
Low conductivity

holding tank

1440
250
838

119,000
935

6000

450
19,000

1.0
1.0
0. 002

0. 11

8.7xlo

0.1
0.1
1.0
0.0
1.0
1.0

1.0
1.0

23. 3
24. 4

2. 23
0

21. 4
0. 50

0. 47

3. 11
0. 46
0. 17

0
0. 46
0. 21

0. 13

Source of Volume Reduction System Wastes

Evaporator bottoms
Recycle evaporator
Waste evaporator
Secondary waste evaporator
RO concentrate

GASEOUS WASTE INPUTS

There is continuous low volume purge of volume control tank.

Holdup time for xenon (days)
Holdup time for krypton (days)
Fill time of decay tanks (days)

Vol ume/year/uni t

1025 ft3
960 fts

4675 fts
876 ft3

70
70
35
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Table 11.2 Decontamination factors for individual equipment items

EVAPORATORS
All nuclides
except iodine Iodine

Secondary waste and waste
Recycle

104
10'* 10'0~

DEMINERALIZERS
Cesium,

Anions . rubidium
Other
nuclides

Secondary waste (mixed bed)
CVCS, laundry, RO package and waste

monitor tank (cation bed)
Recycle evaporator feed (mixed bed)
Recycle evaporator condensate

(anion bed)

10
10~

2
10

= 10
1

(3) VOLUME REDUCTION EQUIPMENT Iodine Others

(a) Fluidized bed dryer and
gas/solids seperator

(b) Scrubber/preconcentrator

(c) HEPA filter
(d) Charcoal adsorber 100

100

100

100

(e) Waste processing building
filter exhaust system

100 100

(4) RO UNITS All nucl ides

Laundry and hot shower 30

(3) laundry and hot shower treatment
(4) secondary waste treatment

The LWPS has been designed so that liquid wastes from the reactor coolant and
its associated subsystems are separated into three main streams: recyclable
reactor grade, nonrecyclable, and secondary waste.

The recyclable reactor-grade stream consists of tritiated wastes collected in
the equipment drains. This stream is treated by the equipment drain treatment
subsystem. The nonrecyclable equipment stream consists of'onreactor-grade
water sources and is collected and processed through either the floor drain
treatment subsystem or the laundry and hot shower treatment subsystem. The
secondary waste stream consists of regenerant solutions from the condensate
polishing system, turbine building sumps, and backflush from the electromagnetic
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Table 11.3 Design parameters of principal components considered in
the calculation of liquid effluents from Shearon Harris

Component Number
Capacity
(each)

Safety
class

Boron Rec cle S stem

Recycle
Recycl e

Recycle
Recycl e
Recycle
Recycle
Recycle
Recycle
Recycle
Recycle

evaporator feed demineralizer
evaporator feed filter
holdup tank
evaporator feed pump
package
evaporator concentrate filter
evaporator condensate demineralizer
evaporator condensate filter
monitor tank
monitor tank pump

30 fthm
150 gpm
84,000 gal
30 gpm
15 gpm
35 gpm
20 fthm
35 gpm
10,800 gal
30 gpm

3
3
3
3
3 5 NNS
NNS:
NNS "

NNS

NNS

NNS

Floor
Floor
Floor
Floor
Floor
Waste
Waste

drain tank
drain tank pump
drain tank filter
drain reverse osmosis unit
drain reverse osmosis feed pump
monitor tanks
monitor tanks demineralizer

Waste monitor tanks pump
Chemical drain tank
Chemical drain tank pump

E ui ment Drain Treatment S stem

Reactor coolant drain tank
Reactor coolant drain tank pump
Reactor coolant drain tank pump heat
exchanger
Maste holdup tank
Waste evaporator feed pump
Waste evaporator feed filter
Waste evaporator package
Waste evaporator condensate demineralizer
Waste evaporator condensate tank filter
Waste evaporator condensate tank
Waste evaporator condensate tank pump
Waste evaporator concentrate tank
Waste evaporator concentrate tank pump

Floor Drain Treatment S stem

4

4
2

,2
2
1

2

2.
2

350 gal
100 gpm

25,000 gal
35 gpm
35 gpm
15 gpm
30 fthm

35 gpm
10,000 gal
35 gpm
5000 gal
35 gpm

25,000 gal
35 gpm
35 gpm
30 gpm
30 gpm
25,000 gal
50 fthm

(30 gpm)
35 gpm
600 gal
35 gpm

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS

NNS
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Table 11.3 (Continued)

Component
Capacity

Number (each)
Safety
class

Laundr and Hot Shower Treatment S stem

Laundry and hot shower
Laundry and hot shower
Laundry and hot shower
Laundry and hot shower
Laundry and hot shower
Laundry and hot shower

tank
tank pump
tank filter
RO unit
RO feed pump
demineralizer

Treated laundry and hot shower tank
Treated laundry and hot shower tank pump
RO concentrate tank
RO concentrate evaporator feed pump
RO concentrate package
RO concentrate evaporator distillate pump

Secondar Waste Treatment S stem

Low conductivity holding tank
Low conductivity holding tank pump
Secondary waste filter

., Secondary waste demineralizer
Secondary waste sample tank
Secondary waste sample tank pump
High conductivity holding tank
High conductivity holding tank pump
Secondary waste evaporator package
Secondary waste concentrate tank
Secondary waste evaporator concentrate tank
pump

2 25,000 gal
2 35 gpm
2 35 gpm
1 '0 gpm
1 30 gpm
1 50 ft~

(30 gpm)
2 25,000 gal
2, '00 gpm
2 5,000 gal
2 35 gpm
2 10 gpm
2 20 gpm

15,000 gal
100 gpm
100 gpm
70 ft~
25,000 gal
100 gpm,
15,000 gal
100 gpm
15 gpm
4,000 gal
35 gpm

NNS

NNS
NNS

NNS

NNS
NNS

NNS
NNS

NNS

NNS

NNS

NNS

NNS

NNS
NNS
NNS
NNS
NNS

NNS

NNS

NNS

NNS
NNS

filters of the steam generator blowdown system and is collected and processed
in the secondary waste treatment subsystem.

The systems described above are shared between the two Shearon Harris
All systems are single subsystems.

reactors.

All releases are monitored before discharge to the cooling tower blowdown. The
discharge valve is interlocked with a process radiation monitor and will close
automatically if the radioactivity in the liquid should exceed a predetermined
limit or if the dilution flow afforded by the cooling tower blowdown falls below
a preset value. Additional details on the liquid radwaste treatment system
follow.

The equipment drain treatment subsystem collects reactor-grade water from equip-
ment leaks and drains, valve leakoffs, pump seal leakoffs, tritiated water
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sources, and tank overflows. These wastes are col 1 ected in the waste holdup
tank and then processed via filtration and evaporation. After processing, these
wastes are either sent to the reactor makeup water storage tanks or to the waste
monitor tank for discharge or to the waste holdup tank for additional treatment.

The floor drain treatment subsystem collects and processes water from the floor
drains of the reactor auxiliary building (RAB), fuel handling building (FHB)," wa'ste" processing building (WPB), and tank areas '(reactor makeup water storage and
condensate. storage tanks). The waste is collected in the floor drain tank and
processed by filtration and treatment in the floor drain treatment subsystem RO
unit and then collected in the waste monitor tanks., From the waste monitor
tanks, the wastes may be discharged to the cooling tower blowdown line, pumped
to the condensate storage tank, recycled to the waste holdup. tank for treatment
in the equipment drain treatment subsystem, or pumped directly to the waste
processing system (WPS) waste evaporator for treatment. The last route will be,
utilized when radioactivity levels are such that filtration and RO are not
sufficient to reduce the radioactivity to acceptable levels.

The laundry and hot shower treatment subsystem collects, in the laundry hot
shower tank, detergent waste from the WPB, the FHB, and the RAB. The applicant
expects this waste to be of such quality that treatment for removal of radio-
activity wi 11 not normally be required. However, if analysis indicates that
treatment is required, this waste will be routed to the laundry and hot shower
RO unit. The permeate from the RO unit will be passed through a demineralizer
and then routed to the treated laundry and hot shower tank. The contents of
this tank can be recycled for further treatment or discharged to the condensate
storage tank.

The secondary waste treatment subsystem is designed to treat wastes generated
from secondary systems. This water will contain radioactivity only if primary-
to-secondary leakage occurs in the steam generators. The secondary waste treat-
ment subsystem consists of one subsystem to treat high-conductivity, wastes and
the other to treat low-conductivity wastes.

Low-conductivity wastes such as the backflush from the electromagnetic filters
of the steam generator blowdown system, the backwash water from the condensate
polishing system, and the industrial waste sumps are collected in the low-

. conductivity holding tanks. These wastes are filtered and passed through a
demineralizer and then collected in the secondary waste sample tanks. From the
secondary waste sample tanks, the water's either recycled to the condensate
storage tank, discharged to the cooling tower blowdown or to the neutralization
basin, or recycled back to the low conductivity holding tanks.

The main source of high-conductivity wastes is the regenerant solutions from the
condensate polishing system and turbine building acid and caustic sumps. This

, waste is collected in the high-conductivity holding tank and processed by an
evaporator-if activity is detected. The evaporator distillate is then dis-
charged to the low-conductivity system upstream of the demineralizer. From the
demineralizer, treatment is the same as for the low conductivity subsystem.

Drainage from the turbine building equipment drains, floor drains, and curbed
area oil equipment and floor drains below the operating deck is collected in
the industrial waste sumps of the turbine building. Drainage from drains below
ground elevation is collected in a condensate pump area sump. This sump and
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the industrial waste sumps discharge through a radiation monitor. The contents
of these sumps will normally go to a yard oil separator and then to the cooling
tower blowdown. If the monitor detects radioactivity in the discharge from one
of these pumps, the discharge will be directed to'he low-conductivity holding
tank for treatment.

The secondary waste subsystem also collects (1) the wastes from the chemical
drain tank that are not sent to the solid waste processing system for solidifi-
cation and (2) the concentrated wastes from the waste evaporator, the RO units,
and the secondary waste evaporator. These wastes are collected in the RO con-
centrate tank and processed in the RO concentrate evaporator. The distillate
'from this evaporator goes to the treated laundry and hot shower storage tank for
discharge. The evaporator concentrate goes to the waste evaporator concentrate
tank for solidification or for treatment in the volume reduction system. ,The
liquid waste system consists of a number of cross-ties that allow alternative
treatment schemes to those discussed above. Further detail on the liquid waste
system and these treatment schemes is in FSAR Section 11. 2.

11.2.2 Evaluation and Findings

The LWPS system was reviewed according to SRP 11. 2 (NUREG-0800). The staff's
review considered the capability of the proposed LWPS to meet the anticipated
demands of the plant as a result of anticipated operational occurrences.

The potential consequences resulting from reactor operation have also been con-
sidered, and the staff has determined the concentrations of radioactive materials
in liquid effluents in unrestricted areas to be a small fraction of the limits
in Table II, Column 2 of Appendix B to 10 CFR 20.

The staff has also considered the potential consequences resulting from reactor
operation with 1X of the operating fission product inventory in the core being
released to the primary coolant and has determined that the concentrations of
radioactive materials in liquid effluents in unrestricted areas will be a small
fraction of the limits of Table II, Column 2 of Appendix 8 to 10 CFR 20.

As discussed in Section ll.1 of this SER, the staff calculated liquid effluents
using the GALE computer program based on the treatment systems for liquid efflu-
ents described above. These source terms are in Appendix D of the Shearon
Harris Final Environmental Statement (NUREG-0972).

The staff calculated the doses to offsite individuals utilizing the methodology
of RG 1. 109 and the liquid dispersion parameters calculated in accordance with
RG 1. 113, "Estimating Aquatic Dispersion of Effluents from Accidental and
Routine Reactor Releases for the Purpose of Implementing Appendix I." The staff
has determined that the proposed liquid radwaste treatment systems are 'capable
of maintaining releases of radioactive materials in liquid effluents so that the
calculated individual doses in an unrestricted area from all pathways of expo-
sure are less than 3 mrems to the total body and 10 mrems to any organ.

As noted in Section 11. 1, the staff has calculated the release of radioactive
materials in liquid effluents exclusive of tritium and noble gases and found it
to be less than 5 Ci per year per reactor and the annual dose to any organ of
an individual in an unrestricted area to be less than 5 millirems per year total
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from both reactors. Therefore, in accordance with the option to Section II.D of
Appendix I as provided in the Annex to Appendix I of 10 CFR 50, the staff finds
that the liquid radwaste system is capable of reducing liquid radioactive efflu-
ents to as low as is reasonably achievable (ALARA) levels in accordance with
10 CFR 50.34a, Appendix I to 10 CFR 50, and the Annex to Appendix I.

The Final Environmental, Statement presents a comparison of the RM 50-2 and
,.Appendix I design objective doses with the doses with calculated for the liquid

source terms and a comparison of the RM 50-2 curie limitation with the projected
releases.

The-design of the liquid radwaste system presented in the FSAR is different from
that proposed at the construction permit (CP) stage. At the CP stage the steam
generator blowdown liquid was to be discharged. Although no process treatme'nt
system was proposed, the applicant made a commitment to install equipment

capa-'le

of reducing the level of activity in the blowdown stream by a factor
of'000or greater. The applicant has since decided to install an electromagn'etic

filter to remove magnetite and other spinel type oxides that are magnetic and
to remove a portion of the nonmagnetic particulates. The filter is flushed and
the water is collected in the settling tank. The flush water is then pumped.to
the secondary waste low-conductivity holding tanks. The steam generator blow-
down passes from the electromagnetic filter to the condenser. The condensate
polishing system provides some removal capability for radionuclides.

The staff has assessed the overall capability of the radwaste systems to process
waste in the event of a single major equipment failure by a comparison of the
design flows to the potential process routes and equipment capacities. Based
on this review, the staff has determined that the radwaste system will be ade-
quate to process wastes.

The staff has considered the capabilities of the proposed liquid radwaste treat-
ment system to meet the anticipated demands of the plant as a result of anti-
cipated operational occurrences and has concluded that the system capacity and
design flexibility are adequate to meet the anticipated needs of the plant.

The staff has reviewed the applicant's quality assurance provisions for the
liquid radwaste systems, the quality group classifications used for system
components, and the seismic design applied to structures housing these systems.
The design of the systems and structures housing these systems meets the criteria
set forth in RG 1. 143.

The staff reviewed the provisions incorporated in the applicant's design to con-
trol the release of radioactive materials in liquids as a result of inadvertent
tank overflows and concludes that the measures proposed by the applicant are
consistent with the criteria set forth in RG 1. 143.

11.3 Gaseous Waste Mana ement S stem

11.3. 1 Summary Description

The gaseous waste management systems include systems that treat the normal ven-

tilationn

exhausts; the exhaust from the main condenser mechanical vacuum pumps;
and the gaseous wastes associated with degassing primary coolant, purging the
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volume control tank, displacing cover gases, purging equipment, gas sampling
and analysis operations; and boron recycle process operations.

Table 11. 4 provides a listing of the various normal ventilation systems and the
type of treatment associated with each system. Additional details are provided
in Section 9.4 of the FSAR. If a generalization can be made regarding the
normal ventilation exhaust treatment systems, it is that the exhausts usually
flow through a medium efficiency filter, a HEPA filter, and a charcoal adsorber.

The RAB normal ventilation system (RABNVS) filters air from the continuous con-
tainment purge exhaust and from areas of the RAB that contain equipment essen-
tial for the safe shutdown of the reactors including the CVCS chiller area,
480-V auxiliary bus area, areas containing nonessential equipment, and so forth
This system exhausts to the vent stack on the roof of the RAB.

The waste processing areas filtered exhaust system exhausts air from the con-
taminated areas of the WPB and discharges to a vent stack on the roof of the
WPB. The WPB laboratory areas fume hood exhausts are filtered except for the
per chloric acid exhaust. This exhaust is discharged unfiltered to the'vent
stack on the roof of the WPB.

Table 11.4 Normal ventilation system components at Harris

Filte~ Medium

System

RAB normal ventilation
WP areas filtered
exhaust

WPB laboratory fume hood
exhaust (except
perchlorite)
Condensate polishing
demineralizer area
filtered exhaust

Condenser vacuum
effluent treatment"
Continuous containment
purge (passes through
RAB normal ventilation
system and airborne
radioactivity removal
system)

Containment pre-entry
purge

Demister Heater Filter HEPA Charcoal HEPA

X . X X

X X X

~Will not be used to filter releases on a routine basis; credit was not given
in the Appendix I evaluation.
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The air from the contaminated spaces of the condensate polishing demineralizer
area is exhausted through the condensate polishing demineralizer area filtered
exhaust system. The exhaust is discharged from the vent stack located on each
unit's turbine building.

The condenser vacuum pump effluent treatment system is discussed in Section
10..4.2 of this SER.

The containment pre-entry purge is filtered by the containment pre-entry purge
system. The purge is discharged to the RAB vent stack. Additional details of
the normal ventilation system are in Section 9.4 of the FSAR.

The gaseous waste processing system (GWPS) processes gases collected from the
volume control tank and vent's from the recycle evaporator gas stripper, the
reactor coolant drain tank, the pressurizer relief tank, and the recycle holdup
tanks. The GWPS is shared between the two units and consists of 2 waste gas
compressors, 2 catalytic hydrogen recombiners, and 10 waste gas decay tanks to
accumulate the fission product gases. Eight gas decay tanks are used during

,'ormaloperation, and two are used for shutdown and startup.

Nitrogen with entrained fission gases will be continuously circulated around
the GWPS by one of the two waste gas compressors. Fresh hydrogen gas is charged
to the volume control tank where it is mixed with fission gases that have been
stripped from the reactor coolant i nto the volume control tank gas space. The
contaminated hydrogen gas is continuously vented from the volume control tank
into the circulating nitrogen stream to transport the fission gases into the
GWPS. The hydrogen-nitrogen mixture of fission gases is pumped by the waste
gas compressor to the hydrogen recombiner where the recombiner converts the
hydrogen to a water vapor by oxidation. After removal of the vapor, the result-
ing gas stream is circulated to a waste gas decay tank and then back to the
compressor. Each gas decay tank is valved into the GWPS recirculation loop for
1 or 2 days.

Continued plant operation results in the buildup of pressure in the waste gas
decay tank because of the accumlation of nonremovable fission gases. Mhen the
pressure in the gas decay tanks reaches 25 psig, the alignment of the GWPS must
be changed because of the design of the recombiner. The new alignment has flow
from the compressor to the gas decay tanks to the recombiner and then back to
the compressor. This alignment is suitable for operation up to 100 psig.

The GWPS has analyzers to monitor oxygen concentrations between the oxygen
supply and the hydrogen recombiner package and downstream of the recombiner.
Hydrogen analyzers are located in the process stream entering the recombiner
and in the discharge stream from the recombiner.

The applicant has indicated that the normal ventilation system complies with the
criteria of RG 1. 140 and that the GWPS conforms to the criteria of RG 1. 143.

ll.3.2 Evaluation Findings

The gaseous waste management system was reviewed according to SRP 11.3
(NUREG"0800).
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At the CP stage, the offgas from the condenser air ejectors was untreated and,
except for the exhaust from the WPB, the ventilations systems were only filtered
by HEPA filters. The WPB exhaust was also filtered by a charcoal adsorber. The
staff stated in the SER-CP that treatment of the main condenser offgas would
be required to reduce this potential source of iodine-131 to the atmosphere to
bring the offsite doses into compliance with Appendix I. The applicant had
added the condenser effluent treatment system, which can be utilized for filtra-
tion and adsorption during conditions of high radioactivity discharge from the
mechanical vacuum pump, and has added charcoal adsorbers to the various ventila-
tion systems that exhaust air from contaminated areas. These additions decrease
the quantity of iodine released from Harris and are therefore acceptable when
judged against the design objective doses of Appendix I to 10 CFR 50. However,
it'should be noted that the staff did not credit the plant with filtration and
adsorption of the condenser effluent because the condenser effluent treatment
system wi 11 not be utilized on a routine basis.

The staff has calculated the doses to individuals off site utilizing the meth-
odology of RG 1. 109 and the atmospheric dispersion parameters calculated in
accordance with RG 1. 111, "Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Routine Releases from Light-Water-Cooled

'eactors."The staff has determined that the proposed gaseous radwaste treatment
systems are capable of maintaining releases of radioactive materials in gaseous
effluents so that the calculated individual doses in an unrestricted area from
all pathways of exposure are 1'ess than 5 mrems to the total body and 15 mrems
to any organ from noble gases and that releases of radioiodine and radioactive
material in particulate form result in doses that are less than 15 mrems to any
organ.

The staff has also considered the potential effectiveness of augmenting the pro-
posed gaseous radwaste treament systems using items of reasonably demonstrated
technology. The applicant has chosen to show compliance with Section II.D of
Appendix I to 10 CFR 50 by complying with the Annex to Appendix I (RM 50-2).
The Final Environmental Statement presents a comparison of the doses and
releases calculated for Harris with the design objectives of Appendix I and

-RM 50-2. The applicant's proposed design complies with the design objectives
of RM 50-2. Therefore, the staff has determined that no further effluent treat-
ment equipment will reduce the cumulative population doses within a 50-mile
radius in a cost-effective manner.

The staff has also considered the potential consequences resulting from reactor
operation with lX of the operating fission product inventory in the core being
released to the primary coolant. The staff has determined that the conentra-
.tions of radioactive materials in gaseous effluents in unrestricted- areas will
be a small fraction of the limits of Table II, Column 1 of 10 CFR Part 20.

The capability of the proposed gaseous radwaste treatment systems to meet the
anticipated demands of the plant as a result of operational occurrences was also
considered, and it was concluded that the system capacity and design flexibility
are adequate to meet the anticipated needs of the station.

The applicant's quality assurance provisions for the gaseous radwaste systems,
the quality group classifications used for system components, the seismic design
applied to the systems, and the structures housing the radwaste systems were
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also reviewed. The FSAR indicates that the design of the systems and the struc-
tures housing these systems meet the criteria set forth in RG 1. 143.

The applicant did not have an Oz monitor on the discharge from the GWPS com-
pressors, which did not conform to the acceptance criteria of SRP 11.3. In
addition, the applicant did not=have a system designed to preclude the buildup
of explosive Hz and 0> mixtures through automatic isolation of the Oz source.
Ideally, system design should ensure that (1) the valve in the line from the
Oz supply fails closed= automatically on a high-high alarm; (2) that if the
downstream Oz concentration exceeds 4X, flow is automatically switched to the
alternate recombiner; and (3) if the Oz concentration exceeds 4X in the part
of the GWPS between the compressor and the gas decay tanks, automatic control
features exist to reduce the Oz concentration by the injection of di ltuents.
The applicant has added an Oz monitor between the. compressors and the gas
decay tanks.

At Shearon Harris, the only automatic function of the GWPS is to isolate the 0~
supply to the recombiners when a high Oz concentration is detected in the recom-
biner exhaust. If this occurs, an alarm will sound at the waste process control
board, which is manned continuously.

The applicant has committed to establishing the set point for the Oz,monitor
on the compressor to alarm at 2X Oz. This alarm will occur at the waste pro-
cessing control board and, when such an alarm occurs, personnel will verify the
alarm and that the component that is the source of the inleakage will be
removed from service.

The staff finds this approach acceptable in lieu of automatic control features
because the actions will be precipitated at 2X Oz rather than at 4X. The Tech-
nical Specification covering these monitors will be written to provide for
automatic isolation of the Oz source on a signal of 2X Oz in the recombiner
exhaust and to provide that, on a signal of 2X Oz from the Oz monitor on the
GWPS compressor, the affected component will be removed from service. These
measures are adequate to prevent an, explosion.

The staff has reviewed the normal ventilation system design, testing, and main-
tenance of the HEPA filters and charcoal adsorbers against RG 1. 140. The appli-
cant has indicated in FSAR Chapter 1 that the normal ventilation system meets
the criteria of this guide.

On the basis of the above evaluation, the staff concludes that the proposed gas-
eous radwaste treatment system is acceptable. The bases for the acceptance
has been the conformance of the applicant s design, design criteria, and design
bases for the gaseous radwaste treatment system to the applicable regulations
and guides.

11.4 Solid Maste Mana ement S stem

11. 4. 1 Summary Description

The solid waste processing system (SWPS) is designed to process two general
types of solid wastes: wet solid wastes and dry solid wastes. Met solid wastes
consist mainly of spent filter cartridges, demineralizer resins, filter sludges,
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chemical drain solutions, and evaporator bottoms that contain radioactive mate-
rials removed from liquid streams during processing. Dry solid wastes consist
mainly of ventilation air filtering media (HEPA, charcoal), contaminated
clothing, paper, rags, laboratory glassware, and tools.

The spent filters associated with the various ventilation systems will be moved
from the filter housing, wrapped, and packaged from disposal using a hydraulic
compactor. The filter sluges from the liquid radwaste systems will be back-
washed to. a WPB filter backwash storage tank and to the WPB paticulate concen-
trate tank. These sludges may then be solidified or sent to the volume reduc-
tion (VR) system. Chemical drain solutions will be sent to the solidification
pretreatment tank for solidification or treatment by the VR system.

The VR system consists of a fluidized bed dryer that is utilized to calcine
evaporator bottoms (concentrates) and chemical drain solutions. The liquid, to
be calcined is collected in the waste feed solidification pretreatment tank
where the pH is adjusted. The contents of this tank are pumped to the venturi
scrubber of the VR system where it is utilized to scrub the offgas from the
gas/solids separator of the VR system. The scrub solution is concentrated. in
the scrubber preconcentrator and recycled to the venturi. A portion of the
concentrates from the preconcentrator is used as feed to the fludize bed dryer.
In the fludize bed dryer, most of the liquid is calcined as salts on the bed,
material. This bed material is discharged from the dryer and conveyed to the
solidification system for drumming. The offgas from the fluid bed dryer, is
discharged to a gas/solids separator where the large particulates are removed.
The solids c'ollected from the gas/solids separator are collected in a hopper and
conveyed to the drumming station. The offgas from the gas/solids separator pro-
ceeds through the venturi scrubber, the scrubber preconcentrator, and a con-
denser, to a gas heater and finally through a filter assembly consisting of a
HEPA filter, charcoal adsorber, and another HEPA filter.
The dry salt generated by operation of the volume reduction system will be
collected in a storage hopper. When a sufficient amount of material has been
collected to require solidification, the salt is transferred to a drum for
solidification by the use of a polymer.

Compressible low-activity solid waste will be compacted in 55-gallon drums.
The compactor is equipped with a hood, ventilation fan, and HEPA filter. The
displaced air will be vented through the HEPA filter.
The applicant has indicated that the storage capacity of the SWPS is 1020 drums.
The applicant has also indicated that the SWPS meets the criteria of BTP ETSB

11-1, Revision 1, which is the equivalent to RG 1. 143.
'he

applicant has committed that all radioactive waste will be packaged in ac-
cordance with appropriate Federal and state standards for burial in accordance
with 49 CFR 170 to 179, 10 CFR 20, and 10 CFR 71. All drums will be shipped and
buried in accordance with 49 CFR 173.

Additional information with respect to the solid radwaste system is in Section
11.4 of the FSAR.
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11.4.2 Evaluation and Findings

The staff has reviewed the SWPS in accordance with the accept'ance criteria of
SRP 11.4 (NUREG-0800). The scope of the review included line diagrams of the
system, piping and instrumentation diagrams, and descriptive information for the
SWPS and for those auxiliary supporting systems that are essential to the opera-

- tion of the SWPS. The applicant's proposed design criteria and design bases for
"the SWPS and the,applicant's'nalysis of those criteria and bases have also been
reviewed. Also reviewed were the capability of the proposed system to process
the types and volumes of wastes expected during normal operation and anticipated
operational occurrences in accordance with GDC 60 and provisions for the han-
dling of wastes relative to the requirements of 10 CFR 20 and 71 and applicable
Department of Transportation regulations.

The applicant has recently purchased the polymer binder system for solidifi'ca-
tion of the dry salt material. Although a description of the polymer binder
system has not been provided, the applicant has committed to providing details
on the system as they become available. Information on this system will

be'onsidereda confirmatory item. The applicant has indicated that the polymer
binder system will conform to SRP 11.4.

The applicant has provided some general information on how the filter sludge
will be handled. However, the material did not include drawings showing how
the filter sludge from the following filters are handled:

reactor coolant
seal water injection
seal water return
boric acid
BRS recycle evaporator feed
BRS recycle evaporator concentrate
recycle evaporator condensate

These drawings should be provided. This will be considered a confirmatory
item.

The applicant had indicated that portions of the RAB that have piping systems
that could contain stagnant boric solu'tions are equipped with space heaters or
are heat traced to ensure that temperatures >70'F are maintained during operat-
ing modes 1-5. The applicant did not specify what means would be utilized for
the concentrates line of the recycle evaporator to the boric acid tank.

The applicant has committed to heat tracing with temperature monitoring the con-
centrates line from the recycle evaporator to the boric acid tank. The tempera-
ture will be maintained to a low set point of 70'F and high set point of 90'F
with redundant thermocouples and panels for all operating modes (1 through 6).

A combination of space heaters and heat tracing wi 11 be used for other lines
carrying 4X weight boric acid. The temperature monitoring for the lines with
dedicated heat tracing will be the same type as described above for the concen-
trates line. For the areas in which space heaters wi 11 be used, automatic tem-
perature monitoring (area thermocouples) will be used to ensure that the space
heaters are started at a low set point temperature of 70'F. This will be for
modes 1 though 6. This satisfies a previous staff concern.

Shearon Harris SER



The applicant has indicated the intent to process filter sludges in the VR

system. This is unacceptable to the staff. The VR system design, which was
approved by the NRC (December 1, 1975 AECC-1), was not based on processing
filter sludge. The topical report on the VR system did not provide any test
data on the processing of this waste. In addition, the VR system was never
intended for such processing. There would be little, if any, VR associated
with such processing and with the activities typically associated with such
sludge the releases could be at a level so that Appendix I dose limitation may
be exceeded. [herefore, approval of the VR system is contingent =on the appli-
cant's agreeing not to process filter sludge in it.
The applicant has not provided the process control program (PCP). The PCP is
not required until 6 months before the issuance of the operating license. The
PCP will be judged as to its acceptability when it is submitted.

When, the above confirmatory items are satisfied, the staff will be able to con-
clude that the design of the solid waste management systems is acceptable and
meets the requirements of 10 CFR 20. 106; 10 CFR 50.34a; GDC 60, 63, and 64; and'-
10 CFR 71. This conclusion is based on the applicant's demonstrating that the .

solid waste system (SWS) includes the equipment and instrumentation used for the
processing, packaging, and storage of radioactive wastes prior to shipment off-
site for burial. The scope of the review of the SWS includes line diagrams of
the system, piping and instrumentation diagrams, and descriptive information for
the SWS and for those auxiliary supporting systems that are essential to the
operation of the SWS. The applicant's proposed design criteria and design bases
for the SWS and the applicant's analysis of those criteria and bases have been
reviewed. The staff also reviewed the capability of the proposed system to
process the types and volumes of wastes expected during normal operation and
anticipated operational occurrences in accordance with GDC 60 and with the pro-
visions for the handling of wastes relative to the requirements of 10 CFR 20
and 71 and applicable DOT regulations, and the applicant's quality group classi-
fication and seismic design relative to RG l. 143. The basis for acceptance has
been conformance of the applicant's designs, design criteria, and design bases
for the solid radwaste system to the regulations and the guides referenced
above, as well as to staff technical positions and industry standards.

11.5 Process and Effluent Radiolo ical Monitorin and Sam lin S stems

11.5. 1 Summary Description

The process and effluent radiological monitoring and sampling systems are
designed to provide information concerning radioactivity levels in systems
throughout the plant, indicate radioactive leakage between systems, monitor
equipment and performance, and monitor and control radioactivity levels in
plant discharges to the environs.

The Harris airborne effluent, sampling and monitoring systems are located in the
plant vents on the RAB and the WPB. For liquid effluents, the effluent monitor
locations are downstream of the pumps of the LWPS waste monitor tanks, the
treated laundry and hot shower tanks, and the secondary waste sample tanks.
Effluent monitors are also located to -monitor of the industrial waste sumps of
the turbine buildings, the discharge from the tank area drain transfer pumps,
and the service water system.
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Table 11.5 Liquid and airborne process and effluent monitoring
system at the Shearon Harris Nuclear Power Plant

Monitor

'." Airborne Process

Monitor
number Monitoring*

Monitor
type

Gas decay tank
FHB normal exhaust

FHB emergency exhaust

21MG-3545

1FL-3506
1FL-3507

1FL-3508BSB

RAB normal exhaust

1FL"3508ASA

1AV-3531

2AV-3531

RAB emergency exhaust lAV-3532A

1AV-3532B

,, 2AV-3532A

2AV-35328

Condenser vacuum pump
effluent treatment
system

Continuous containment
purge

1TV-3536
2TV-3536

1LT-3502SB

2LT-3502SB

Li uid Process

Component cooling water 1CC-3501ASA
system 1CC-3501BSB

2CC-3501ASA
2CC-3501BSB

Auxiliary steam con- 21-1AC-3525A
densate tank

P, I, NG

P, I, NG

P, I, NG

P, I, NG

P, I, NG

P,„I, NG

P, I, NG

P, I, NG

NG

NG

P, I, NG

P, I, NG

scln
scln,
scin
scin, y
scin „

scin, y
scln
scin, y
scin
scin, y
scin
scln,

P .scin
SCln,
scin
scin, y
scin
scin, y
scin
scin
Scln

scin,

scin,.

scin,
s

scln,

scln»

scln, „

scin,

scin,

scin,

scin
scin
scln
scin
scin

scin, y scin,
scin
scin, y scin,
scln

~ Steam generator
blowdown

1BD-3527
2BD-3527

scin
scin

"P = particulate; I = radioiodine; NG = noble gases.
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Table 11.5 (Continued)

Monitor

Auxiliary steam con-
densate waste
processing system

WPB cooling water

Service water system

Airborne Effluent
Plant vent (Release

Point 1)

WPB exhaust systems

Release Point 5

Release Point 5A

Turbine building vent
stack
Release Point 3A

Release Point 3B

Li uid Effluent
Waste monitor tanks

'urbinebuilding drain

Monitor
number

21AC-3543

1WG-3544

1SW-3500ASB
2SW-3500ASB
1SW-3500BSA
2SW-3500BSA
1SW-3500CSA
2SW-3500CSA
1SW-3500DSB
2SW-3500DSB

1TV-3509SA

2TV-3509SA

1WV-3546

1WV-3547

21WL-3541

1MD-3528
2MD-3528

Monitoring*

P, I, NG

P, I, NG

P, I, NG

P, I, NG

P, I, NG

P, I, NG

Monitor
type

scin

scin
scin
scin
scin
scin
scin
scln
SC1 fl
scin

scin, y scin,
scln
scin, y scin,
scin

scin, y scin,
scin
scln g scln,
scin

scin, y scin,
scin
scin, y scin,
scin

scln
scin
scin'ank

area drain
transfer pump

Treated. laundry and 1WL-3540
hot shower tank pumps

Secondary waste sample 21WS-3542
tank pumps

scin-
scln
scin

scin
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Table 11.5 contains a listing of both the process and effluent monitors for air-,:
borne and liquid sources. For ease of reference, this table also includes the
type of radioactivity monitored for airborne effluents, the type of monitor
used, and the plant-specific tag number of the monitor. Sections 11.5 and 12.3.4
of the FSAR present a detailed discussion of the process and effluent monitoring
system.

11.5.2 Evaluation and Findings

The staff has reviewed the process and effluent monitoring system according to
SRP 11.5 (NUREG-0800).

Acceptance Criterion II.C. 1. a of SRP 11. 5 states that the gaseous and liquid
process streams and effluent release points should be monitored and sampled
according to Tables 1 and 2 of SRP 11.5. Information provided in FSAR Sec-.
tion 11.5 indicated that the SHNPP. did not meet these criteria in the following
areas:

(1) The turbine gland seal condenser exhaust and the mechanical vacuum pump
exhaust during hogging operations were not monitored and sampled in accord-
ance with Table l.

t

(2) The condenser vacuum pump effluent during normal operations is not sampled
in accordance with Table l.

(3) There is no effluent monitor for the turbine building vents (release points
3A and 3B), as required by Table 1, and sampling provisions are not provided.

(4) The service water system, waste processing building coding water system,
and RAB backwash return line are not monitored downstream of all potential
radioactive inputs to the system. The liquid monitor for the emergency
fan coolers is not adequate for the service water system.

The applicant has not addressed the capability of the process and effluent
monitoring program to meet the guidelines of position C and Table 2 of RG 1.97.
Instead, the applicant has addressed item II.F. 1, Attachments 1 and 2 of
NUREG-0737, which covers criteria for effluent monitors similar to those pro-
posed by RG 1.97. Based on the staff's review of the applicant's submittal, the
staff has concluded that the applicant has incorrectly located two of the acci-
dent monitoring points. The turbine building effluent release points, 3A and 3B,
should be points of monitoring and not the condenser vaccum pump effluent point
alone. This change would (1) result in the monitoring of a potential effluent
release source (condensate polishing cubicles) that is excluded by the present
monitoring scheme; (2) allow isokinetic samples to be taken; (3) and minimize
the potential damage of high humidity air on the sampler's charcoal adsorber.

The applicant has committed to installing a wide-range noble gas monitor for
withdrawing samples from the turbine 'building vent stack during normal opera-
tions and accidents. This monitor will also be provided with continuous sam-

pling capability for radioactive particulates and iodine. The monitor sampling
line will be heat traced to prevent moisture accumulation in the particulate and
iodine filters. This commitment satisfies the NRC concern identified as item
(3) above. However, the staff must confirm that the sampling by this monitor
is conducted downstream of all potential radioactive sources. This is a con-
firmatory item.
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The, applicant has committed to routing the -turbine gland=. seal condenser exhaust
. to the turbine building vent.. This eliminates one. part of item (1) above of

noncompliance. With the installation of the, continuously sampling system on the
turbine building vent, the effluent from the condenser vacuum pump is sampled
continuously. ,This, eliminates item (2) above.

As discussed in Section 10.4.2 of this SER, the applicant still does not have
any means for, continuously sampling for particulates and radioiodines during
hogging operations nor is the applicant capable of determining noble gas release
from this source. This is considered an open item.

~ .

The applicant has not addressed item (4) above to the satisfaction of the staff.
This is also an open item.

The applicant has indicated, in response to a staff question, that the process
and effluent monitoring program will meet the guidelines of position C of
RG 4.15.

The applicant has proposed a method for determining the release of radioactivity.
from the safety relief valves and the atmospheric steam dump valves that is
similar to that proposed for the Waterford plant. The staff is assessing this
method at this time. Based on the determination made in the Waterford review,
the acceptability of the method proposed for Shearon Harris will be the same.

The applicant cannot ensure representative samples from the recycle holdup tank
because the capability of the recirculation pumps does not meet the criteria of
II.2.a of SRP 11.5. Therefore, the applicant proposed an alternative means of
ensuring that the contents of the various liquid waste may be sampled in a
representative manner. The applicant has proposed that a representative sample
of the recycle holdup tank can be taken by recirculating the tank, taking sam-
ples from the tank, and trending the sample results. Because the purpose of
sampling the tank is to determine whether the fluid is suitable for recycling,
this determination can be made without absolute knowledge of the boron recycle

,
tank's contents. Therefore, a leveling off of sample results is not required.
Because the contents of this tank cannot be released directly to the environ-
ment, the staff finds this acceptable.

The applicant has committed to the incorporation of administrative controls and
procedures to minimize inadvertent or accidental releases of radioactive liquids.
These will be completed 6 months before fuel loading.

The turbine building drain monitors and the tank area drain monitors do not
provide a record of effluent flow. Therefore, there appears to be no means to
determine the quantity of activity released nor the volume released, as required
by RG 1.21. It is the staff's position that Shearon Harris must have the capa-
bility to determine the quantity of effluents released from these two sources.
The applicant has agreed to divert waste from the industrial waste sump and the
tank area to a radwaste treatment system upon detection of radioactivity. This
commitment satisfies the staff's concern.

The staff's review of the process and effluent monitoring system has not
addressed some items of SRP 11.5. Those items that have not been addressed
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will be reviewed when the Radiological Effluent Technical Specifications are
reviewed. Those areas of the process and effluent monitoring system to be
reviewed at that time include

(1) sampling frequencies, required analyses,- instrument alarm/type setpoints,
calibration, and sensitivities

(2) frequency of routine instrument calibration, maintenance, and inspections

The process and effluent monitoring systems cannot be judged acceptable until
the above items, excluding Technical Specification items, are addressed to the
satisfaction of the staff.
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12 RADIATION PROTECTION

The staff has evaluated the proposed radiation protection program presented in
FSAR Chapter 12 against the criteria set forth in SRP 12 (NUREG-0800). The
radiation protection measures at Shearon Harris are intended to ensure that
internal and external radiation doses to plant personnel, contractors, and the
general population as a result of plant conditions, including anticipated
operational occurrences, will be within applicable limits of 10 CFR 20, and
will be as low as is reasonably achievable (ALARA).

The basis of the staff's acceptance of the Shearon Harris radiation protection
program is that doses to personnel will be maintained within the limits of
CR 10 CFR 20, Standard for Protection Against Radiation. The applicant's radi-
ation protection design features and program are consistent with the guidelines
of RG 8.8, "Information Relevant to Ensuring that Occupational Exposures at
Nuclear Power Stations Mill Be As Low As Is Reasonably Achievable" (Revision 3).
The applicant's radiation protection features will help to ensure that occupa-
tional radiation exposures are maintained ALARA, both during plant operation
and during decommissioning.

On the basis of its review of the FSAR, the staff has concluded that the
radiation protection measures incorporated in the design and the proposed
radiation protection program will provide reasonable assurance that occupa-
tional doses will be maintained ALARA and will be below the limits of
10 CFR 20.

12. 1 Ensurin That Occu ational Radiation Doses Are ALARA

The staff has audited the policy considerations, design considerations, and
operational considerations in the FSAR against SRP 12. 1. The staff review
consisted of ensuring that the applicant had either committed to following the
criteria of the RGs and staff positions referenced in SRP 12. 1 or provided ac-
ceptable alternatives. In addition, the staff selectively reviewed the appli-
cant's FSAR against the specific areas of review and review procedures identi-
fied in the SRP. This selective review found the plant acceptable in these
areas. Details of the review follow.

12. 1. 1 Policy Considerations

The applicant provides a management commitment in the corporate health physics
policy to ensure that Shearon Harris will be designed, constructed, and operated
in a manner consistent with RGs 8.8, 8. 10, and 1.8. The applicant has identi-
fied the specific corporate plan to implement that policy and specified in de-

tail1

facility and equipment design considerations to ensure its accomplishment.
This objective is delineated in the radiation control and protection program
and is reached through administrative dose control procedures, adequate work
planning, and safe practices in all activities related to the plant's operation.
The plant General Manager has the overall responsibility for implementing the
ALARA program. He delegates the health physics support functions to the station
Manager, Environmental and Radiation Control, who is assisted by the Radiation
Control Supervisor, who is responsible for maintaining the day-to-day health
physics program. The ALARA specialist assists the Radiation Control Supervisor
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in this task and has the specific responsibility and authority for monitoring
the program to ensure that the radiation protection program maintains doses
ALARA. He will review dose records and will compare results from past experi-
ence to assess the effectiveness of the ALARA effort. Station management will
also review these records and, in accordance with ALARA program implementation
components, seek to identify exposure areas and excessive exposure by job cate-
gories that indicate dose trends and the need for improvement in plant proce-
dures, health physics procedures, or plant equipment. These policy considera-
tions meet the criteria of RG 8.8 and the SRP and are therefore acceptable.

12. 1.2 Design Considerations

The objective of the plant's radiation protection design is to maintain indivi-
dual and collective doses to plant workers--including construction workers--and
to members of the general public ALARA and to maintain individual doses within
the limits of 10 CFR 20. The general arrangements and shielding provisions are
in accordance with RG 8.8, and are designed to provide levels of dose to opera-
ting personnel that are ALARA. Radiation protection experience from H. B.
Robinson Unit 2 and the Brunswick Steam Electric Plant is reflected in the
Shearon Harris design goals.

The applicant has used the design features discussed below for ensuring that
the occupational radiation dose is ALARA. Mhenever practicable, radiation
sources are separated from occupied areas so that high radiation level equipment
is located away from high frequency personnel traffic ways; labyrinths and/or
shielding is available for use as necessary; radioactive components are located
in separate shielded cubicles to minimize exposure during maintenance, calibra-
tion, and inspection activities; low nickel and cobalt alloys are used to reduce
radioactive cobalt buildup; provisions are made for flushing, purging, or, if
necessary, remotely cleaning contaminated systems; and high quality valves,
with improved-design seals to allow less frequent and faster maintenance, are
located so that operation and maintenance can be conveniently performed in low
radiation areas by use of extension stems offset from sources of radiation;
backflush filters are installed to preclude filter handling; and provisions are
made for means and space for portable shieldings. The radiation protection
design review is. ongoing throughout all phases of the design, with formal re-
views conducted at regular intervals by the applicant's cognizant health
physics, operating, and design personnel, and by the architect-engineer's radi-
ation protection engineers. Those design features incorporated by the applicant
for maintaining occupational radiation doses ALARA during plant operations and
maintenance will also serve to maintain radiation doses ALARA during decommis-
sioning operations. These design reviews and criteria conform with the guide-
lines of RG 8.8 (Revision 3) and the SRP and are acceptable. Additional radia-
tion protection criteria relevant to design features are discussed in Section
12. 3.

12. 1.3 Operational Considerations

Operational considerations were factored into the design considerations
previously described and were derived from experience from operating plants.
Procedures pertaining to radiation safety for routine and nonroutine activities
are developed and recommended by health physics personnel to ensure that the
occupational dose is kept ALARA. Consequently, the complexity of the perfor-
mance of maintenance, repair, surveillance, and refueling tasks will be
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factored into the radiation protection and control procedures to minimize the
radiation dose in accordance with RG 8.8. Some of these procedures include
the use of portable shielding; training on a mockup of a component, equipment,
or structure; preoperational preparation and briefing by health physics
personnel; debriefing after high-dose jobs to identify problems; provisions
for the use of closed circuit television to check work progress from lower
radiation areas during long-term repair jobs; and the use of job simulations
to',improve productivity on, the job. The staff concludes that the policy
considerations, design considerations, and operational considerations are in
accordance with RGs 8.8 and 8. 10 and the SRP and are therefore acceptable.

12.2 Radiation Sources

The staff has audited the contained and airborne radioactive source terms
provided in FSAR Section 12.2 and Chapter ll against the criteria in SRP 12.2.
These source terms are used as inputs for dose assessment and for the design
of the shielding and ventilation systems. The staff review consisted of
ensuring that the applicant had either committed to following the criteria of,„
the regulatory guides and staff positions referenced in SRP 12.2 or provided
acceptable alternatives. In addition, the staff selectively compared source »

terms for specific systems used by the applicant against those used for plants
of similar design. This selective review found the plant's source terms
equivalent to those used at other plants.

The applicant has used radiation source terms for normal operations as inputs
to shield design calculations to determine personnel protective measures and
to perform dose assessments and to determine access controls. Source terms
used to perform a radiation and shielding review following an accident are in
accordance with TID 14844 release fractions. Sources for normal operations
include neutron and gamma fluxes outside the reactor vessel, coolant activities,
and fission and corrosion products. During power operation, N determines the
shielding requirements of the secondary shield wall and portions of the chemical
and volume control system. Source terms used for normal operation and antici-
pated operational occurrences are based on ANSI N237, "Radioactive Materials in
Principal Fluids Streams of Light-Mater-Cooled Nuclear Power Plants," and on
computer code GALE input (NUREG-0017). The staff, therefore, finds the con-
tained sources used by the applicant acceptable.

Sources of the maximum expected airborne concentrations during reactor opera-
tions and at shutdown as a result of equipment leakage have been tabulated in-
side major plant buildings in frequently occupied areas. These sources are
based on typical data from operating plants. The assumptions and parameters
used in determining these leakage calculations also have been provided and have
been found to be appropriate. Health physics and plant operating experience
will be implemented to ensure that plant personnel will not be exposed to con-
centrations of airborne radioactive material exceeding those specified in 10
CFR 20. 103 and will be maintained at levels that are ALARA. In accordance with
the SRP, the sour ce terms used to develop airborne concentration values are
comparable to estimates by other applicants with similar design and are accept-
abl e.
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12.3 Radiation Protection Desi n Features

The staff has audited the facility design features, shielding, ventilation,
and radiation and airborne monitoring instrumentation in the FSAR against the
criteria set forth in SRP 12.3 (NUREG-0800). The staff review consisted of
ensuring that the applicant had either committed to following the criteria of
the regulatory guides and staff positions referenced in SRP 12.3 or provided
acceptable alternatives. In addition, the staff selectively reviewed the "

applicant's FSAR against the specific areas of review and review procedures
identified in the SRP. This review found the plant acceptable in these areas.
Details of the review follow.

12.3. 1 Facility Design Features

The applicant has addressed facility and equipment design considerations,
planning and procedure programs, and techniques and practices employed in the
overall design for maintaining doses ALARA. The FSAR was reviewed with respect
to

(1) the description of the equipment design to be used for ensuring that
occupational exposure will be ALARA

(2) information concerning implementation of RG 8.8, Section C.2

(3) the description of any 'special protective features that use shielding,
geometric arrangement, or remote handling to reduce occupational exposure

To maintain occupational doses ALARA, the applicant has designed his facilities,
to the extent practicable, so that systems and components handling high activity
fluids are in controlled areas, separated from uncontrolled areas by shielded
walls. Equipment and components that require manual operation, or may need
servicing and instrumentation requiring visual inspection, are located in the
lowest possible radiation zone. When it is impractical to do this, such items
are designed to that they may be removed to a low radiation zone. Steam gener-
ator and pressurizer manways are sized to facilitate the entry and exit of per-
sonnel wearing protective clothing. Valves, pumps, demineralizers, and filters
are designed to allow operation, maintenance, and inspection with minimal expo-
sure. To control the production of crud (e.g., Co, Co), use of hard-facing
materials with cobalt content and nickel-based alloys are limited and used only
where component reliability require their use. Flush and drain connections
wi 11 enable decontamination of radioactive piping before equipment maintenance
is performed, and sample stations are located in low radiation zone areas to
minimize personnel exposure during sampling. Whenever it is not feasible to
install permanent shielding and where shielding may be required, the design
philosophy of the appl'icant (which emphasizes adequate space for ease of motion)
would allow portable shielding to be used.

12.3.2 Shielding

The objective of the plant's radiation shielding is to provide protection
against radiation for operating personnel both inside and outside the plant
and for the general public, during normal operation, anticipated operational
occurrences, and accidents. The shielding was designed to meet the criteria
of a radiation dose zone system that is based on expected frequency and duration
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of occupancy. The design of the radiation shielding considers the dose rate
criterion for each zone based on maximum access time estimates in each compart-
ment within the zone. The design was reviewed, updated, and modified during
all phases of the plant's design and construction. The health physics staff
will update entry requirements in accordance with 10 CFR 20.203 or Standard
Technical Specification requirements. Shielding analyses were made using
accepted codes, models, and assumptions. The basic shielding analysis was per-
formed using computer codes accepted by the staff such as ISOSHLD, MORSE CG,
and SPAN-4. Besides limiting exposure to plant personnel, contractors, visi-
tors, and the like, the plant shielding also functions to reduce neutron acti-
vation of equipment, piping supports, etc., and to limit radiation damage to
equipment and materials to below the specified integrated life dose limits.

In response to a staff question on shielding for protection from neutron and
gamma rays streaming from the annulus between the reactor pressure vessel and
the biological shield into occupiable areas inside containment, the applicant
has provided an analytical assessment of neutron and gamma ray dose equivalent
rates within the various levels of containment before and after shield instal-
lation. The applicant has indicated that the proposed shield will provide suf-
ficient dose rate reduction to achieve ALARA doses to containment occupants
when entry is required while the reactor is at power. Consequently, the staff
concludes that the applicant has performed a shielding design review in accord-
ance with the criteria of the SRP, and the design is acceptable.

The applicant reviewed shielding design in accordance with Item II.B.2 of
NUREG-0737 to evaluate the access to vital areas necessary to operate essential
systems required after a LOCA with significant core damage.

The systems analyzed as sources of radiation that would be designed to function
after an accident include, among other vital areas and equipment, the safety
injection, containment spray, residual heat removal, process sampling, and
hydrogen analyzer systems. Dose rate calculations were performed for the areas
of those systems that use a series of pipes and equipment to transport post-
accident liquid and for air lines that transport containment atmosphere. Pos-
tulated post-accident assumptions and source terms consistent with RGs 1.4 and
1.7, TID-14844, and SRP 15.6.5 were used. Calculations using these source terms
and their respective geometries were performed using Rockwell techniques and .

the ISOSHLD computer code. The impact of 20K cesiums in the core inventory was
considered in the dose rate calculations for long-term radiation sources.

Vital areas requiring accessibility following an accident are identified with
respect to location on dose rate zone maps. Occupancy requirements are also
given for these areas. Post-accident radiation levels in the control room and
the technical support center, which are vital areas, are acceptable for contin-
uous occupancy in accordance with NUREG-0737 and the requirements of GDC 19.
Continuous occupancy access locations where post-accident operations are
required will not experience exposures exceeding 5 rems. Procedures and system
changes wi 11 be implemented to ensure that the above constraints are met.

The shielding and operation of the post-accident sampling system have been
designed to give personnel the capability to obtain samples in less than 1 hour
without incurring a radiation exposure in excess of the aforementioned limits.
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On the basis of its review, the staff concludes that the applicant has performed
a radiation and shielding design review for vital area access in accordance with
Item II.B.2 of NUREG-0737.

12. 3. 3 Yenti 1 ati on

The applicant's ventilation systems are designed to provide ventilation air
suitable to.ensure that plant personnel are not exposed to airborne concentra-
tions exceeding those in 10 CFR 20. 103 and,that concentrations to which per-
sonnel may be exposed meet the requirements of 10 CFR 20. 101. In the design
of all ventilation systems, the applicant intends to meet this objective and
maintain exposures ALARA by (1) directing the airflow from areas of lesser
potential contamination to areas of greater potential contamination, (2) pro-
viding airborne radiation monitoring, (3) allowing adequate space around uni,ts,,
for servicing and replacement, and (4) providing for ease in maintaining and.
inplace testing of filters to preclude additional radiation exposure. After
initial operation, filters and adsorbers will be tested periodically and the
frequency of changeout determined as a result of these tests.

The design criteria are in accordance with the guidelines of RG 8.8 and the
atmospheric cleanup units conform to RG 1.52 with respect to occupational expo-
sure. The staff concludes that the applicant's ventilation systems are designed
to maintain personnel exposures at a small fraction of 10 CFR 20 values, meets
the criteria of the SRP, and, therefore, are acceptable.

12.3.4 Area Monitoring and Airborne Radioactivity Monitoring Instrumentation

The applicant's area radiation monitoring system is designed to (1) inform
operations personnel of radiation levels in areas where area radiation moni-
toring system (ARMS) units are located, (2) provide warning when abnormal
levels occur by audible and visual alarms both locally, in the control room,
and in the health physics office, (3) warn of equipment malfunction and leaks
in specific areas, and (4) provide a continuous record of the radiation level
at key locations throughout the plant.

12.3.4. 1 Area Monitoring Instrumentation

To meet these objectives, the applicant plans to use 72 area monitors in the
plant, all of which contain a remotely operated integral check source. All
channels will alarm if abnormally high radiation levels exceed preset dose
rate levels or whenever circuit failures occur. The criteria for the location
of the radiation monitors are based on (1) occupancy factors, (2) potential
for exposure to high radiation, (3) potential for equipment failure, (4) storage
of new and spent fuel, (5) normally or potentially radioactive release points,
(6) monitoring for accidental criticality, and (7) post-LOCA long-term high-
range monitoring inside containment. These high-range monitors will be in-
stalled according to Item 2. 1.8.b. III of NUREG-0578 and meet the specifications

. of Table II.F. 1-3 of NUREG-0737.

12.3 4.2 Airborne Radioactivity Monitoring Instrumentation

The design objectives of the airborne radioactivity monitoring program include
the following: (1) to inform operations personnel of airborne activity trends
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and give early warning of abnormal increases in activity levels; (2) to warn of
potential overexposure to airborne radioactivity so that respiratory protection
can be used as required; (3) to furnish records of airborne radioactivity
trends; and (4) during postulated accidents to alarm and initiate isolation of
the normal ventilation system and actuate the emergency ventilation system.
All airborne monitors have local annunciation and a display indicating airborne
concentrations. Each channel has an independent power supply and is served by
a dedicated microprocessor and associated computer for processing data in a
channel. Source location can be identified by collecting local air samples in
the specific areas being monitored. The containment monitoring system draws
air from the containment atmosphere and monitors for particulates, iodines, and
noble gases before returning the air to the containment atmosphere. Six port-
able continuous air monitors (CAMs) are also available. When work is being
performed in areas of the primary auxiliary building, waste processing building,
and fuel storage building, these CAMs will be used to monitor for particulates

'ndnoble gases. In addition, grab samples of particulates, noble gases, and
iodines will be taken to ensure appropriate radiation protection. Each detector
comprising the airborne radioactivity monitoring system is initially given a
primary calibration with typical sources of interest. Secondary standards are
counted in reproducible geometry during the primary calibration. These second-
ary standards will be used in subsequent calibrations and whenever the monitor-:
ing systems are maintained or repaired to ensure proper functioning. The fre-
quency of calibration and associated accuracy of the monitoring system will be
in accordance with the requirements of ANSI 323, "Radiation Protection Instru-
mentation Test and Calibration." Because the airborne radioactivity monitoring
system monitors for particulates and noble gases and samples for iodine, par-
ticulates and iodine can be identified by gamma-ray spectroscopy, if required.
However, for gaseous activity, specific radionuclides need not be identified
because the dose equivalent of 'enon may be used (all the gaseous activity
is assumed to be 'enon) to determine the dose rate for the concentration
measured.

All installed instruments have independent emergency battery power supplies
that are activated whenever a power failure occurs. The applicant will comply
with the requirements of Item III.D.3.3 of NUREG-0737 on improved inplant iodine
monitoring by providing equipment to accurately determine the airborne iodine
concentrations where plant personnel may be present during an accident.

The SRP states that continuous ventilation monitors are upstream of HEPA filters
and should be capable of detecting 10 mpc-hours of particulate and iodine radio-
activity from any compartment that has the possibility of containing this activ-
ity and that may be occupied by personnel. The applicant has cart-mounted CAMs

that can provide this monitoring function. Additionally, monitors drawing sam-

ples from ducts will have the capability to detect the mpc of the most restric-
tive particulate and iodine radionuclides in the area or cubicle of lowest ven-

tilationn

flow rate with a sensitivity of 10 mpc-hours.

The staff finds that the applicant's area radiation and airborne radioactivity
monitoring systems satisfy the design objectives of RG 8.8 and the criteria of
the SRP and are acceptable.
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12.4 Dose Assessment

The 'staff has audited the applicant's dose assessment in FSAR Section 12.4
against the criteria set forth in SRP 12.3.'he staff review consisted of
ensuring that the applicant had either committed to following the criteria of
the regulatory guides and staff positions referenced in SRP 12.3 or provided
acceptable alternatives. In addition the staff selectively compared the dose
assessment made by the applicant for specific functions against those made for
other plants of similar design. This selective review found the Shearon Harris
dose assessment equivalent to those of other plants.

The applicant has based his estimate of annual person-rem doses on experience
from currently operating reactors, engineering judgment, and the manner in
which Harris has been designed and will be operated. RG 8. 19 was used to per-
form a dose assessment that considers doses that will be received by personnel
based on occupancy factors in zones to be occupied, the dose rates in these
zones, estimates of occupancy times, and the staff necessary to perform the
various tasks involved in plant operations. Average doses were estimated by
comparing Shearon Harris design features with data from operating plants. The
annual collective dose equivalent is expected to be on the order of 330 person-
rems. Currently operating PWRs average 440 person-rems per unit annually, with
particular plants experiencing an average lifetime annual dose as high as 1300
person-rems. These dose averages are based on widely varying- yearly doses at
PWRs. The basis for the applicant s estimate is associated with detailed dose ,

estimates by specific tasks for the following work functions: reactor opera-
tions and surveillance, routine maintenance (controls calibration, performance
tests, overhauls, replacement of pumps and valves), and special maintenance
(unplanned repairs, steam generator tube plugging, control rod drive mechanism
repair), inservice inspection, waste processing, and refueling.

With respect to ALARA levels, there is no ALARA standard. The staff has not
prepared nor does it plan to prepare radiation levels or limits for ALARA.
Acceptable radiation protection design, procedures, equipment, etc. are applied,
considering cost/benefit; whatever radiation levels result as a result of these
actions are considered ALARA.

A tabulation of the maximum expected doses to personnel caused by airborne
radioactivity, from inhalation and submersion, has also been provided by the
applicant. The assumptions and models on which the dose estimates are based
are consistent with those of the staff and are acceptable.

The applicant has also estimated the potential whole-body dose from noble gas
airborne radioactivity received by construction workers during Unit 2 construc-
tion as a result of the operation of Unit 1. These estimates are only a few
percent of the allowable exposures given in 10 CFR 20. 105 and are ALARA.

12.5 0 erational Radiation Protection Pro ram

The staff has audited the organization, equipment,'nstrumentation and facili-
ties, and procedures for radiation protection contained in the FSAR against the
criteria of SRP 12.5 (NUREG-0800). The plant's health physics program objec-
tives are to provide reasonable assurance that the limits of 10 CFR 20 are not
exceeded, to further reduce unavoidable exposures, and to ensure that every
reasonable effort is made to maintain occupational radiation doses ALARA. The
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staff review consisted of ensuring that the applicant had either committed to
following the criteria of the regulatory guides and staff positions referenced
in SRP 12.5 or provided acceptable alternatives. The review selectively com-

pared .the a'pplicant's FSAR against the specific areas of review and review pro-
cedures identified in the SRP. This selective review found the plant accept-
able in these areas.

It is the responsibility of the health physics group to prepare and recommend
procedures for controlling radiation doses and intakes within the limits of 10
CFR 20. 101 and 20. 103 for all routine and nonroutine activities and that such
exposures are kept ALARA; to provide radiation protection controls for personnel
and operations on site; to provide radiation survevs of station areas and main-
tain records of results; to assist in the station training program; to provide,,
maintain, and calibrate radiation detection instrumentation; to provide, main-
tain, and issue protective clothing; to assist in shipping and receiving al),.
radioactive materials; to assist in decontamination of personnel and equipment;
to be responsible for the respiratory protection program; and to develop and
maintain the personnel dosimetry system.

12. 5. 1 Organization

The Environmental and Radiation Control Manager will implement and enforce the
Harris radiation protection support program. This will be done through the
Radiation Control Supervisor. However,.the ultimate responsibility for meeting
the ALARA.objectives of the radiation protection program lies with the Plant
General Manager. The person to fill the position of the Environmental and
Radiation Control Manager has not yet been selected; therefore, no resume is
available to.confirm that the person who will fill this position meets qualifica-
tions specified in RG 1..8. The applicant, however, has stated an intention to
satisfy the qualifications given in RG 1.8 for the Radiation Protection Manager.
This is a confirmatory item. The Shearon Harris plant organization shows the
Environmental and Radiation Control Manager reporting to the Manager, Plant
Operations. However, he has direct access to the plant General Manager for
matters relating to radiological health and safety of employees and the public.

12. 5. 2 Health Physics Facilities

The health physics staff maintains facilities for conducting routine operations
such as a radiochemistry area, consisting of a sample preparation room, a radio-
chemistry lab and a shielded counting room for counting air and swipe samples
for gamma isotopic analysis or low level counting; an instrumentation calibra-
tion room for calibrating health physics survey instruments and self-reading
dosimeters; a change room for obtaining clean protective clothing and for re-
moval and handling contaminated protective clothing after use; a laundry room
for laundering protective clothing as well as respirators; and a personnel de-
contamination room. The counting room will contain equipment for analysis of
alpha-, beta-, and gamma-ray activity from airborne radioactivity samples,
smear samples, and radionuclide concentrations in liquid samples. A vendor-
supplied whole-body counting system will be located on site or off site, as an
alternative or supplement to a Harris system, to determine the radionuclide

=body .burdens, if any, of station personnel. This program will be in parallel
with a bioassay program with capability for urine and fecal analysis. A ther-
moluminescent dosimeter (TLD) reader and associated equipment are on site to
enable prompt processing of TLD badges to immediately verify dose.
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12.5.3 Equipment and Instrumentation

I'ontinuingevaluation and review of the radiological status of the station will
be carried out by health physics personnel so that levels of radiation will be
known at all times in areas where personnel are working. Equipment to be used
for radiation protection purposes includes portable alpha, beta, gamma, and
neutron survey meters. As a result of the staff's review questions, the appli-
cant has. added to his portable survey and area radiation monitor instrument
inventory instruments that range to 104 R/hr. Airborne gaseous, particulate,
and iodine samplers and continuous air monitors are available. All portable
radiation equipment and monitoring systems are state of the art to ensure that
inplant personnel receive timely and accurate information. As stated pre-
viously, area and airborne radioactivity monitoring equipment incorporates alarm
setpoints to alert workers whenever radiation levels exceed their setpoint
levels. Calibration of these monitors, as well as of the portable survey
meters, will be performed in accordance with ANSI 323 calibration standards.
Radiation protection personnel using this equipment are trained and experienced.
For contamination control, portal monitors and friskers will be used at exits
from radiation control areas to monitor personnel leaving the station. Pro-
tective clothing and respiratory equipment are also used, as requi'red, to .keep
exposure ALARA.

All plant personnel are required to wear a TLD as the primary method for deter-
mining beta-gamma dose. This dosimetric device is probably the best studied
and most widely used personnel dosimeter. It has been found to be reliable and
accurate and, unlike film badges, can be read almost immediately after exposure
to radiation to determine the dose. For neutron dosimetry, Shearon Harris will
comply with the applicable recommendations of RG 8.14. Self-reading pocket
dosimeters will also be issued as a secondary method for beta-gamma dosimetry
and will provide a day-to-day estimate of personnel dose for gamma radiation,
which can be used for radiation work permit (RWP) job planning. Oose records
for each individual wi 11 be maintained in accordance with RG 8.7. The Shearon
Harris bioassay program will be used to assess the effectiveness of the respi-
ratory protection program and will follow the guidance of RG 8.9 and ANSI 343.
The whole-body counter will be located at the station for in vivo counting of
station personnel visitors, contractors, etc. Counting will be conducted on a
scheduled, basis, and other bioassay methods (e. g., urine and fecal samples)
wi 11 be used when deemed necessary.

12.5.4 Procedures

Health physics surveillance of wor k activities is provided to ensure positive
access control and stay time in radiation areas. Radiation protection personnel
will routinely survey selected areas of the plant to assess radiation levels,
radioactive contamination, and airborne radioactivity concentrations. These
surveys will be performed at a selected frequency depending upon location,
potential radiation levels, occupancy factor, and station operating status.
Areas found to be contaminated will be barricaded and posted with appropriate
warnings before they are decontaminated. Entry for work in radiation fields,
contaminated areas, or airborne radioactivity areas will be controlled by RWPs

that administratively control access and stay time in these areas. Approval of
RWPs by radiation protection personnel will permit entry and work in radiation
and/or air or surface contamination areas based on procedural requirements.
These permits will identify personnel authorized to perform work, the

location'hearon
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and description of work, procedures and precautions to'be observed, protective
clothing and respiratory equipment required, and dosimetry and other procedural
requirements. The health physics training program ensures that plant and
visitor personnel are trained in radiation protection practices and procedures
to maintain their radiation doses ALARA.

The applicant followed the areas of review and review procedures identified in
SRP 12.5. After a review of the plant health physics-related equipment and
procedures and the applicant's consideration of relevant RGs dealing with
radiation protection, the staff concludes that the applicant's radiation pro-
tection program will provide plant personnel with adequate protection against
the radiation hazards associated with the operation of the plant and will limit
occupational doses within the limits of 10 CFR 20 and ALARA in accordance with
RG 8.8.

Shearon Harris SER 12-11



w '), I ~
~il',~

I



13 CONDUCT OF OPERATIONS

13.1 Or anizational Structure of A licant

In accordance with Commission Order CLI-80-12, dated April 17, 1980, the staff
performed a preliminary assessment of the organization and management of
Carolina Power and Light Company as part of the acceptance review of the operat-
ing license application for the Shearon Harris Nuclear Power Plants Units 1 and
2. Results of this review were. furnished to the Commission in SECY 81-617, were
made available for public inspection in the Commission s Public Document Room-,
and were placed in the Wake County Public Library, 104 Fayettevi lie Street,
Raleigh, North Carolina.

On the basis of its preliminary assessment, the staff concluded that the pro-
posed organization and management for operation of the Harris facility, at both
the corporate and plant levels, are acceptable. The staff will review the final
organization and management of the applicant as part of its detailed review of
the Harris application and will report the results of that review in a supple-,
ment to this SER. The figures in this chapter are draft figures that show the

'pplicant'sproposed organization, but not necessarily what is in place today.

Carolina Power and Light Company is responsible for the design, construction,
modification, and overall operation of the Shearon Harris plant. CP&L personnel
have the benefit of experience gained in the design, construction, modification,
operation, training, support engineering, security, and fire protection required
at CP&L's three operating nuclear plants. One of these plants, H. B. Robinson,
Unit 2, is similar to Harris even though it is an older design and the remaining
two plants are BWRs. The entire corporate organization is shown in Figure 13. 1.

13. l. 1 Corporate Management and Technical Support Organization

On August 24, 1983, CP&L underwent a major restructuring of the corporate
organization. This was explained to NRC as a major step in CP&L's movement
toward nuclear consolidation in the CP&L organization. In December 1983, the
applicant submitted a revision to the management capabilities report that will
reflect this organization change, and a subsequent revision to the FSAR will
also incorporate the recent changes. The CP&L corporate management and tech-
nical support organization applicable to Shearon Harris is shown in Figure 13.2.
Projected staffing for technical support will be shown in a table in a supple-
ment to this SER.

The Executive Vice President (EVP),. Power Supply and Engineering and Construc-
tion (PSE&C), is responsible for the coordiantion of all nuclear (as well as
fossil, transmission, and distribution) activities within the company that pri-
marily are housed in the Nuclear Generation Group.

The EVP is kept abreast of the design, construction, staffing, training, and
other aspects of the Shearon Harris facility through reports prepared by the
Nuclear Generation Group, the Operations Support Group, the Corporate Nuclear
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Figure 13.2 CP8L corporate organization applicable to Shearon Harris

Safety and Research Department, and the Corporate guality Assurance Department.
In addition 'to participating in senior management meetings on a monthly basis,
the EVP also communicates, as required, directly with the group, department,
and section managers to receive first-hand information. The EVP renders the
decisions, when required, on any interfaces that may arise between the groups
and departments that perform nuclear activities.

13. 1. l. 1 Nuclear Generation Group

The Nuclear Generation Group (NGG) is under the direction of a Senior Vice
President, who reports to the EVP PSE8C. Six departments report directly to
the Senior Vice President. The departments are: (1) Harris Nuclear Project;
(2) Robinson Nuclear Project; (3) Nuclear Plant Engineering and Licensing;
(4) Nuclear Construction; (5) Nuclear Support Staff; and (6) Engineering and
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Construction Support Services. The Nuclear Generation Group is responsible for
engineering, construction, startup, operations, and maintenance of the company's
nuclear plants, except for Brunswick, which reports directly to the EVP PSE8C.
The facilities of the NGG include the staff support such as engineering,
licensing, and administrative. The NGG is shown in Figure 13.3.
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Figure 13.3 Nuclear Generation Group
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13.1.1.1.1 Harris Nuclear Project

The Harris nuclear project (HNP) is under the direction of a vice president who
reports to the Senior Vice President NGG. The HNP at present has three section
managers reporting to the vice president: (1) the Project General Manager,
(2) Plant General Manager, and (3) Engineering, as shown in Figure 13.4. These
groups are discussed in more detail in Section 13. 1.2 below:
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Figure 13.4 HNP organization

13. l. 1. 1.2 Robinson Nuclear Project

In addition to five other departments that provide support to the Harris site,
the Manager, Robinson Nuclear Project reports to the Senior Vice President,
Nuclear Generation, and provides technical assistance when needed. This organi-
zation has not been fully defined, but is shown in draft form in Figure 13.5.It will also be addressed in a supplement to this SER.

.'Ianager-Pobinson
Yuclear Project

General ".<anacer-
<o'oinson Plant

Figure 13.5 Robinson Nuclear Project
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13. 1. 1. 1.3 Brunswick Nuclear Project

The vice president of the Brunswick Nuclear Project (BNP) reports directly to
the EVP PSE8C, but is being addressed in this portion of the SER because CP8 L
has made a commitment to NRC to move the organization to the NGG. The present
organization is shown in Figure 13.6. However, it is being changed, and the
change will be reviewed in a supplement to this SER. The vice president BNP
is available to provide technical and/or operational assistance to the Senior
Vice President NGG and vice president HNP.
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Figure 13.6 Brunswick Nuclear Project

13. 1. 1. 1.4 Nuclear Engineering and Licensing Department

The vice president'f the Nuclear Engineering and Licensing Department, who
reports to the Senior Vice President NGG is responsible for providing engi-
neering support for the company's operating nuclear plants and for managing
the company's nuclear licensing activities. This vice president is also
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responsible for ensuring that operations and engineering feedback on both inter-
nally and externally generated nuclear plant safety issues are incorporated into
new plant design and into modifications to operating plants. Two sections and
one unit report to this vice president; (1)'ngineering Support Section;
(2) Nuclear Licensing Section; and (3) Safety Review Unit. This department is
shown in Figure 13.7.
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Figure 13.7 Nuclear Engineering and Licensing Department

13. 1. 1. 1.4. 1 Engineering Support Section

The incumbent Manager, Engineering Support, Nuclear Plants, reports to the Vice
President, Nuclear Plant Engineering; he plans, organizes, and controls the work
of the Engineering Support, Nuclear Plant Section. Under the incumbent's direc-
tion, the section's major function is to ensure that the design, engineeting,
and associated plant modification package provided for each assigned task is
acceptable, meets schedule objectives, and is in compliance with regulatory
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requirements. To accomplish this, the section is organized into three engineer-
ing units and a support unit. Each engineering unit is headed by a Principal
Engineer who, in turn, supervises various numbers of technical personnel. The
primary responsibility of the Engineering Support, Nuclear Plants Section is to
provide well-engineered plant modifications acceptable to the operating staff
and the appropriate construction organization.

13. 1. 1.1.4.2 Safety Review Unit

The Director, Safety Review, Nuclear Engineering who reports to the vice presi-
dent, is responsible for ensuring that modifications and new plant designs are
accomplished in accordance with safety standards mandated by regulatory authori-
ties and acceptable to the industry. Equally important is the responsibility to
ensure that requirements are interpreted correctly so that design or modifica-
tions are not generated that do not add to plant safety or are detrimental to
safe plant operations. As part of the above responsibility, review of inhouse-
generated and industry-generated documented safety concerns is performed to
determine feedback to CP&L engineering. Additionally, the Director, Safety
Review, Nuclear Engineering is responsible to ensure that engineering personnel
car ry out the Nuclear Plant Engineering ALARA Program.

13. l. l. 1.4.3 Licensing Section

The manager of the licensing section who reports to the vice president directs
CP&L licensing activities with NRC for Brunswick, Robinson, and Harris plants;
resolves generic licensing activities such as fire protection, equipment quali-
fication, pressurized thermal shock, and emergency response capabilities; pro-
vides for an automated commitment tracking system (ACTS) that tracks regulatory
commitments; participates in Westinghouse and BWR owners groups; maintains con-
tact with such groups as the Institute of Nuclear Power Operations, the Edison
Electric Institute, the Nuclear Safety Analysis Center, and other utility group
activities; and maintains CP&L's meteorology and seismology programs for the
Brunswick, Robinson, and Harris plants, including emergency response dose
assessment.

13. l. 1. 1.5 Nuclear Construction Department

The Vice President of the Nuclear Plant Construction Department, who reports to
the Senior Vice President NGG, is responsible for providing construction support
to the company's nuclear projects. Currently, this support includes responsi-
bility for construction procurement and contracting and construction support
on plant modification projects or new plant construction as requested by the
Harris, Robinson, and Brunswick Nuclear Project Managers. In addition, the
Robinson Construction Manager presently reports to the Vice President, Nuclear
Plant Construction. Figure 13.8 shows this organization.

"ALARA = as low as is reasonably achievable
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Figure 13.8 Nuclear Plant Construction Department

13. 1. 1. 1.6 Nuclear Staff Support

The Manager of Nuclear Staff Support, who reports to the Senior Vice President
NGG is accountable for optimizing nuclear operations and supporting the Senior
Vice President in meeting department objectives and goals and in department
planning, control, coordination, communication, and overall management and

direction. He does this by providing administrative and technical support; by
recommending, developing, and implementing policies and procedures; representing
the Senior Vice President in meetings with other departments; assisting plant
management and others in directing problems to department management levels;
carrying out recurring and special projects often of major scope and importance;
representing the department on task forces; and ensuring the validity of infor-
mation and accuracy of reports, presentations, and speeches prepared for the
Senior Vice President.

This manager is also responsible for effective interface and communication with
the news media, regulatory agencies, and audit groups and the public in behalf
of the Senior Vice President NGG.
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13. l. 1. 1.7 Engineering and Construction Support Services

The Manager of Engineering and Construction Support Services, who reports to
the Senior Vice President NGG, has as primary functions budgeting, cost control,
and scheduling for NGG. With restructuring of the sjte organization, local
portions of the function will be assumed on site, with the corporate department
the focal point for all sites. This organization is shown in Figure 13.9.
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Figure 13.9 Engineering and Construction Support =-Services

13. 1. 1.2 Operations Support Group

The Operations Support Group (OSG) is under the direction of a Senior Vice
President who reports to the Executive Vice President PSE&C. The OSG provides
offsite technical and managerial support in the areas of nuclear fuel procure-
ment, refueling operation support, plant procurement support, and operator
training and technical support. This organization is shown in Figure 13. 10.
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Figure 13. 10 Operations Support Group

13. 1. 1.2.1 Fuel Department

The Manager of Fuel, who reports to the Senior Vice President OSG, is responsi-
ble for the management of nuclear fuels used for the production of electrical
power. The manager is responsible for forecasting, planning, accounting, and
procuring nuclea'r fuel materials in order to meet the company's needs. The man-
ager is also responsible for providing technical and administrative support to
the nuclear plants on fuel-related licensing, regulatory, and other activities.
This organization is shown on Figure 13. 11.
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Figure 13. 11 Fuel Department

13. 1. 1.2. 1. 1 Nuclear Fuel Section

The Manager of Nuclear Fuel, who reports to the Manager, Fuel Department, pro-
vides operations support to the company's nuclear units by giving technical
assistance in four key areas: refueling support, startup support, analytical
support, and fuel performance monitoring. The Nuclear Fuel Section is also
responsible for procurement and administration of contracts for services and
materials required for the entire nuclear fuel cycle. In carrying out these
responsibilities, the Manager of Nuclear Fuel is assisted by three Principal
Engineers and the staff of their units.

The Principal Engineer of Incore Analysis, who reports to the Manager Nuclear
Fuel, provides analytical support for all activities relating to core manage-
ment and operations. Analytical support is provided for determining batch
size and enrichment requirements, loading patterns, and the merits of proposed
changes in fuel design. Plant licensing and core physics characteristics are
reviewed for each core loading. Vendor-supplied process computer, data constants
are verified, and process computer backup support is provided. The unit pro-
vides recommended rod patterns for startup, conducts incore flux map analyses,
analyzes xenon transients, provides shutdown margin calculations, and determines
estimated critical positions. Analytical support is provided for special oper-
ating conditions, such as operation with a stuck rod and end-of-cycle coastdown
at all nuclear projects. Incore Analysis Unit personnel provide procedures for
special measurements and transient parameter tests.
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The Principal Engineer of Surveillance and Accountability (S&A), who reports to
the Manager of Nuclear Fuel, and his staff are responsible for mechanical and
thermal-hydraulic fuel design evaluations, coordination of the section's quality
assurance activities, and oversight of fuel manufacturer performance. S&A unit
personnel work with the plant staff to develop fuel shuffle procedures to ensure
proper core loading and to minimize critical path downtime. During the physical
activities related to fuel movement, S&A unit personnel recommend and assist in
various irradiated fuel inspection programs and shipping procedures. Technical
recommendations are given for test result interpretations and, if required, fuel
reshuffling plans are developed, In addition, the S&A unit coordinates the
company's special nuclear material accountability program and monitors and
supports the company's spent fuel transportation and management activities.

The Principal Engineer of Fuel Projects, who reports to the Manager of Nuclear
Fuel, and his staff procure and administer contracts for supply of uranium
yellowcake, conversion to hexafluoride, enrichment, and fabrication of fuel
assemblies.

13. l. 1.2.2 Materials Management Department

The Vice President of Materials Management, who reports to the Senior Vice
President OSG, is responsible for the effective management of purchasing, mate-
rials control, warehousing, and salvage and disposal of the company's material
needs. This vice president is responsible for overseeing the activities of the
Purchasing and Materials Control Sections. This organization is shown in
Figure 13. 12.
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Figure 13.12 Materials Management Depar tment
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13. 1. 1.2.3 Operations Training and Technical Support Department

The Vice President of the Operations Training and Technical Service (OTTS)
Department, who reports to the Senior Vice President OSG, is responsible for
overseeing the management of and provision for a broad variety of nuclear
support functions to coordinate regulatory and ecological matters; coordinate
environmental and radiological matters; coordinate nuclear plant training for
plant personnel; coordinate emergency preparedness activities; and provide
other special services and technical expertise. The following sections and
units report to this vice president: (1) Nuclear Training Section; (2) Radio-
logical and Chemical Support Section; (3) Emergency Preparedness Unit; (4) .Envi-
ronmental Technology Section; (5) Lands Section; and (6) Permits Unit. The
organization is shown in Figure 13. 13.
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Figure 13.13 Operations Training and Technical Services Department

13.1.1.2.3.1 Nuclear Training Section

The Manager of the Nuclear Training Section, who reports to the Vice President
OTTS, is responsible for providing training support to Nuclear and Fossi 1 Opera-
tions Department and all generating plants. This support effectively supports
corporate requirements-for a present and future competent work force, provides
for management succession, and maintains a high level of productivity and morale
while meeting company and regulatory requirements. This is accomplished by man-

aging the planning, design, development, implementation, and coordination of cur-
riculum development, nuclear and simulator, training, fossil operator training,
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craft and technical training, instructor training and on-the-job training,
nuclear plant operator license, general employee training (GET) and shift tech-
nical adviser (STA) training, and other training; by managing the operation,
maintenance~ and expansion of the Shearon Harris Training Center and the train-
ing facilities at Brunswick and Robinson; by providing special maintenance sup-
port to the Environmental Technology and Environmental and Radiation Control
Sections; and by maintaining" a skilled training organization to provide and
administer a training program of high quality, technical depth, and practical
application.

4

13. 1. 1.2.3.2 Radiological and Chemical Support Section

The Manager of Radiological and Chemical Support (R8CS), who reports to the Vice
President OTTS, provides staff support in the areas of health physics, chemistry,
and.environmental activities for the nuclear plants. The R8CS section also has
responsibilities identified in the Corporate Emergency Plan to provide health
physics and environmental support to the nuclear plants in the event of an acci-
dent. These responsibilities and services are provided from an organization
consisting of three units. In addition to the three staff units, there is a
Principal Specialist, Special Projects, who is responsible for providing tech-
nical support in the areas of radiological and chemical control and regulatory
compliance.

13. 1. 1.2.3.3 Emergency Preparedness

The Director of the Emergency Preparedness Unit, who reports to the vice presi-
dent OTTS, is responsible for: directing and coordinating corporate emergency
planning to ensure regulatory compliance; assessing the readiness of all CP8 L
emergency plans and programs; serving as interface with regulatory agencies on
emergency preparedness matters; providing emergency preparedness support for
CP8L nuclear plants; maintaining training qualifications of plant personnel in
emergency response; testing emergency preparedness by preparing and conducting
exercises; ensuring the availability and operational readiness of emergency
facilities, equipment, and supplies; developing dam failure emergency plans for
the applicant's hydro plants; and providing coordination with Federal, state and
local agencies. The staff evaluation of this un'it is in Section 13.3 of this
SER.

13. 1. 1.2.3.4 Environmental Technology Section

The Manager of the Environmental Technology Section (ETS), who reports to the
Vice President OTTS, is responsible for the formulation and technical support
in the areas of biology, analytical chemistry, and metallurgy, including imple-
mentation of a broad variety of biological and scientific programs necessary to
identify and quantify actual and potential environment impacts associated with
the construction and operation of nuclear power plants, including evaluation of
biofouling alternatives, intake designs, and the like; for providing gA services
in welding procedures and certification of materials for the Harris site; for
providing analytical chemistry support; for providing metallurgical support in
the areas of materials selection for particular environments and providing
failure analysis and specific welding techniques and procedures for training
section; for coordinating the welding procedure manual for the Robinson and

'runswickplants; and for providing assistance to emergency planning 'in develop-
ing evacuation plans.
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The Manager of ETS is required to obtain and develop input for environmental
reports and testimony for licensing hearings for.nuclear plants in the areas
of environmental reports and testimony for licensing hearings for nuclear
plants in the areas of environmental concerns.

13:1". 1.3 Quality Assurance Department

The Manager of Corporate Quality Assurance (CQA), who reports to the Executive
Vice President PSE8C, is responsible for the consolidated efforts of quality
assurance (QA), quality control (QC), and audit functions. Each nuclear plant
site now has onsite QA/QC staff to oversee QA/QC activities for engineering,
construction, and operation. The Manager of Corporate Quality Assurance is
also responsible for oversight of QA/QC activities at each of the nuclear plants
and oversight of the Quality Assurance Services Section. In this way, the
Corporate QA Department Manager oversees the QA/QC activities of both the Power
Supply and the Engineering and Construction Groups while maintaining independ-
ence from any responsibilities within those groups. The staff evaluation of
this department is in Section 17 of this SER. This organization is shown in
Figure 13. 14, and includes the following sections: (1) Harris QA/QC, (2)
Brunswick and Robinson QA/QC, and (3) QA Services.
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Figure 13.14 Corporate Quality Assurance Department
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13. l. 1.4 Corporate Nuclear Safety and Research Department

The Vice President, Corporate Nuclear Safety and Research Department (CNS8R),
who reports to the Executive Vice President PSE&C, provides the CP8 L Senior
Management (including the Chairman/President and the Board of Directors) with
a continuing assessment of current nuclear safety or quality assurance issues
requiring immediate attention. The Vice President CNS&R has the authorized
organizational freedom to contact anyone with the company, including the
Chairman/President and the Board of Directors, to resolve such concern to his
satisfaction. This department includes the following sections: (1) Corporate
Nuclear Safety; (2) Corporate Health Physics; and (3) Research. Figure 13. 15
shows this organization.
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Figure 13. 15 Corporate Nuclear Safety and Research Department

The Vice President CNS8R meets quarterly (or as immediate attention dictates)
with the managers of gA/gC at Brunswick, Robinson, and Harris and with the
Manager of the CgA department to discuss safety and gA issues. He also meets
with the plant General Managers at Brunswick, Robinson, and Harris on a

quarterly basis. If the Vice President, CNS8R is absent, or if he does not
respond satisfactorily, each of the listed Managers and Directors is required
to communicate directly with the Chairman/President.
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13.1.1.4.1 Nuclear Safety Section

The Manager of the Nuclear Safety Section, who reports to the Vice President
CNS&R,„,is responsible for independent review nf plant documents and safety anal-
yses,, as required by ANSI 18.7, and for review of inhouse operating experiences
and dissemination of pertinent items for inclusion in the onsite operating ex-
perience feedback program., He also is responsible for the evaluation of plant
systems to ensure that they meet their design and operational objectives and
investigation of special areas of nuclear interest; for the development and
application of analyses techniques such as computer engineering codes and proba-bilistic risk assessment in a nuclear safety review capacity; and for the inde-
pendent safety engineering group. In addition, there are unit directors on each
site who report to the Manager of Nuclear Safety with the responsibilities for„
(1) systematic surveillance and assessment of all plant programs and activities,
that impact safety to ensure that efficient, safe operation is achieved and,
human errors are kept at a minimum; (2) review of operating experience from
within and outside the company and feedback of important information to respon-
sible plant groups for incorporation into training programs, procedures, or-
design changes as required by Item I.C.5 of NUREG-0737; (3) review of plant .

transients and safety system challenges to identify "lessons to be learned;„" "

and (4) review of safety-related procedures and plant modifications.
N

13. l. 1.4.2 Corporate Health Physics Section

The Manager of Corporate Health Physics, who reports to the Vice President
CNS&R, investigates known or suspected radiation overexposures and reports the
results through the Vice President CNS&R to the Executive Vice President PSE&C,
including steps that have been taken to prevent similar incidents in the future.
He is also responsible for the development, implementation, and maintenance of
the, corporate ALARA program. The corporate ALARA program defines the scope and
requirements for individual ALARA programs for company health physics activities
as well as activities that affect health physics programs, such as nuclear plant
engineering and construction. The Manager of Corporate Health Physics is also
responsible for conducting a periodic management review of CP&L's gA audit
program.

13. 1. 1.4.3 Research Department

The Manager, of the Research Department, who reports to the Vice President CNS&R,
is responsible for management and/or conduct of selected inhouse research, for
coordination of CP&L involvement in research, for the transfer of new -technology
into operating practices of the company, and for the assessment of new power
generation alternatives and alternate energy sources.

13. 1. 1.5 Personnel qualifications

The .applicant has stated that the Vice President Nuclear Plant Engineering and
Licensing meets the qualification requirements'f "engineer-in-charge" as
defined in Section 4.6. 1 of ANS 3. 1 (1978 draft). The staff has reviewed the
resumes of the individuals filling primary technical support positions and
finds that each meets the specified standard for his position and is acceptable.
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13.1.1. 6 Conclusions

The applicant has described the organization for the management of, and the
means for providing technical support for the plant staff during operation of
the facility. As mentioned in Section 13. 1. 1, CP8 L underwent a restructuring
on August 24, 1983, to take a major step in consolidation of nuclear activities
within CPS L. The following.conclusions and open items are based on the re'cent
organization change as applied to the acceptance criteria of SRP 13. 1. 1. None
of the items below would require a rating of unacceptable by the regulations,
but until the NRC can evaluate the organizaton as it functions these items
will remain confirmatory.

SRP 13. 1. 1 states: "A corporate officer should clearly be responsible for
nuclear acitvities, without having ancillary responsibilities that might detract
from his attention to nuclear safety matters." The only corporate officer
responsible for all nuclear activities is the Executive Vice President, PSE8C.

However, he also is responsible for all fossil generation, transmission, and
distribution for the company. This does not meet the portion of the acceptance
criteria stating that the person in charge of nuclear activities shall have no

ancillary responsibilities, but CP8 L is planning further steps toward consoli-
dation. The staff finds that the present organization within CP8 L is acceptabl'e,
but further nuclear consolidation is desirable and will be reviewed in a supple-
ment to this SER.

The nuclear training organization is not under the nuclear generation group. It
reports to the Operations Support Group, where the Group Senior Vice President
could become directly involved, when needed, if train'ing were not being deter-
mined by the needs of the plant, but rather by a corporate organization. The
Group Senior Vice President, Operation Support, has stated and is formulating
company policy that site training needs will be determined by the plant with a

very strong "dotted line" of reportability to site management. The recent
appointment of a new corporate training manager who was previously a Plant
General Manager should solidify this policy. The staff finds the reportability
of this organization to be acceptable, but will review this area in a supple-
ment to this SER to ensure the training is being determined by the needs of the
plants.

The Corporate guality Assurance and the Corporate Nuclear Safety and Research
Departments report to the Executive Vice President, PSE8C, rather than to the
corporate officer who has primary responsibility for nuclear support activities,
which is the common industry practice. The reportability of the departments
was determined by the applicant to give these departments additional independ-
ence. However, not only does this place excessive direct responsibility on the
Executive Vice President who is already responsible for the largest majority of
the company employees and operation, it also removes the day-to-day decision-

'akingcapabilities involving interface with the departments from the corporate
officer who is considered as the primary corporate officer for nuclear support

, activities. The staff finds this reportability acceptable. However, the staff
will continue to review this organization and address any additional findings
in a supplement to this SER.

The Brunswick Nuclear Project (BNP) does not, at this time, report to the
Nuclear Generation Group (NGG) as do the other company nuclear projects. The
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applicant does not want to move BNP until the new organization begins functioning
because of the extensive changes that are presently under way at BNP. The NRC
recognizes the unique situation at BNP and finds the arrangement acceptable.
However, the staff will continue to monitor the interface between BNP and NGG
until the BNP reports to the NGG. The staff will address this review in a
supplement to this SER.

The transition into the new organization is now taking place; new peopl,e are
filling key positions. Even though the individuals filling the positions have
extensive nuclear backgrounds including management in the nuclear field, several
positions responsible for operations areas are not filled by individuals with
direct operations experience. The transition into a fully effective organiza-
tion will require high level management attention, and the staff will closely,
monitor the transition and performance of the key individuals. The staff finds
the overall organization acceptable at the present time and will address any
additional findings in a supplement to this SER.

The staff considers the above issues confirmatory.

A nuclear reactor and the organizations to support it are highly complex in
nature and require a total commitment by senior management to attain a high
degree of confidence that the unit will be run so that the health and safety
of the public will not be challenged. Because CP8 L has multiple sites, the
organization required for support is even more complex. The staff recognizes
that there have been deficiencies in the past operation of CP8L's nuclear units,
but a strong commitment by all CPS L management to excellence in the present and
future should overcome the past deficiencies. This staff will closely monitor
these activities. The above confirmatory items will be reviewed in a .supplement
to this SER.

13. 1.2 Operating Organization

13. 1.2. 1 Project Organization

The August 24, 1983, reorganization created a new position at each nuclear site
in the CP&L organization. This position is Project Manager, and at the Harris
site the position is filled by a vice president. As of October 1, 1983, the
Harris organization has not been finalized; it will be addressed in a supplement
to this SER. The proposed organization is as shown on Figure 13. 16. At the
present time, three organizations report to the Project Manage~: (1) Operations,
(2) Construction, and (3) Engineering, with each of these organizations report-
ing to a Section Manager.

13. 1.2.2 Plant Operating Organization

A plant organization chart is being developed. The final version of figure
will show the title of each position, the number of people expected to be
assigned, the positions for which reactor operator (RO), or senior reactor
operator (SRO) status is required, and the technical support functions for
which each group is responsible. This figure is being revised as part of a
future revision to the FSAR and will be included in a supplement to this SER.
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During normal operations, the Plant General Manager is responsible for all
plant activities. In his absence, the Manager Plant Operations assumes the
responsibilities. If both the Plant General Manager and the Manager Plant
Operations are unavailable, absent, or incapacitated, the following persons,
in the order listed, are responsible for all plant activities:

(1) Manager Operations

(2) Manager Technical Support

The applicant is presently operating under an interim staffing plan for the
operating organization. When the final staffing plan is approved, it will
be addressed in a supplement to this SER.

As of October 1, 1983, there were 384 people in the plant organization located
on site. All key positions have been filled except for the Manager Plant Opera-
tions and the Manager Operations. The applicant plans to provide six operating
shift crews, with a seventh shift foreman and three additional senior control
operators to cover contingencies. In October 1983, 34 SRO/RO license candidates
were in training, with an additional 23 scheduled for the class to begin in'"
November 1983. In addition, there are 67 auxiliary operators in training. The
RO/SRO license candidates in training in October were scheduled to begin taking
their certification examinations in October. The applicant plans to have as a
minimum shift complement for one-unit operating on are: one shift foreman
(SRO); two senior control operators (SRO); two, reactor operators (RO); and four
auxiliary operators. The required minimum shift crew composition will be
delineated in the plant Technical"Specifications before Unit 1 fuel load;

The applicant has committed, in FSAR Revision 9, that administrative procedures
will be prepared governing shift staffing, use of overtime, and the movement of
individuals about the plant. The staff will review those procedures when they
are available, and will report its'evaluation of these matters, which are
related to TMI Action Plan Item I.A. 1.3, in a supplement to this SER.

The applicant has also committed, in FSAR Revision 9, to have shift technical
advisors (STAs) assigned to cover all operating shifts. As stated in the FSAR,
the qualification requirements for the STAs meet the requirements of TMI Action
Plan Item I.A.l.l.
The Harris Plant General Manager has overall responsibility for the initial test
program. Under his direction, two basic organizational units —the plant staff
and the startup group--jointly conduct different phases of the test program. In
addition to these basic organizational units, the Harris Plant General Manager
is assisted by two review organizations: the Plant Nuclear Safety Committee
(PNSC), and the Joint Test Group (JTG).

The startup organization presently'has 37 CP8L and 2 Westinghouse people assigned
and on site. The startup group's a temporary organization. Eventually the CP8L
startup personnel will be integrated into the permanent plant staff, and con-
tract personnel will be brought in, as the need arises, to augment the plant
staff. Figure 13. 17 shows the present, organizational structure of the startup
group and the reporting relationship of the major constituents of the group.
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13.1.2.3 Personnel gualifications

In FSAR Revision 9, the applicant identified those plant staff positions for
which the qualification requirements are as provided the Draft ANS 3.1-1978,
"Standard fcrr Selection and Training of Personnel for Nuclear Plants," and in
RG 1.8. These positions include the key personnel and the operations staff.
The staff has reviewed the resumes of all individuals presently aasigned to
supervisory positions and above (including reactor operators and above in opera-
tions) against the applicable standard, and all meet or exceed the requirements.

Of the 384 people in the plant organization as of October 1, 1983, 64 people had
degrees in engineering and 57 had degrees in other fields. Of the 111 people in
the plant operations organization, 15 people had degrees in engineering and 17
had degrees in other fields. The individuals in the line operating organization
have the following qualifications: the operations supervisor is an engineer=and
has been previously licensed; all four shift foremen have held an SRO license,
and three have previous experience as shift foremen; one senior control operator
has been previously licensed; all 12 control room operators have been previously
licensed, with 9 having previous experience. The applicant is aware that the
staff requires at least one individual on each operating shift who has substan-
tive previous PWR operating experience, including startup and shutdown of a PWR

and under conditions that one might expect to encounter during the initial
.'tartupand power escalation at the Harris plant. This individual is not re-

quired to be licensed on the Harris plant nor to be a CP8 L employee, but
may'be'etained

as a consultant or an advisor to the Harris shift crew. The staff re-
quires that this individual be assigned to each shift until the plant achieves
the 100K power level. In the judgment of the staff, by that time the Harris
operating personnel will have acquired sufficient operating experience to oper-
ate without such consultants. The staff further requires that the applicant
submit to the NRC a description of (1) the qualifications of each of the indi-
viduals on whom the applicant will rely for this experience and (2) the details
regarding the location of these individuals during the shift and how they will
interact with the shift organization.

13. 1. 2.4 Conclusions

Following the criteria of SRP 13. 1.2, the staff concludes that the applicant
(1) has established an acceptable organizational arrangement for plant startup
testing and operation, (2) has provided a sufficient number of candidates for
licensed positions, (3) has made an acceptable commitment to provide STAs in
accordance with the requirements of TNI Action Plan Item I.A.1. 1, and (4) has
established acceptable qualification requirements for plant personnel.

As noted in Sections 13. 1.2. 1 and 13. 1.2.2, the applicant will submit final
figurep showing the project and plant organizations for staff review before the
staff makes its determination regarding the acceptability of staffing plans. As
noted in Section 13. 1.2.3, the staff will require at least one individual on
each shift to have substantive previous PWR operating experience. This will be
made a license condition.

13.2 ~Trainin

The applicant's training programs for licensed reactor operators and non-
licensed plant staff were reviewed according to SRP 13.2 (NUREG-0800). The

Shearon Harris SER 13-24



staff acceptance criteria included applicable portions of 10 CFR 19, 50, and 55

and RG 1.8, as well as the TMI Action Plan (NUREG-0737) and H. R. Denton's
letter of March 28, 1980, to all power reactor applicants and licensees.

13.2.1 Licensed Operator Training Program

A training program for the Shearon Harris licensed reactor operators has been

implemented to develop and maintain an organization fully qualified to operate
the plant and maintain plant safety. The initial and requalification programs,
which are designed to meet the requirements of 10 CFR 50 and 55 and TMI Action
Plan-related requirements, are based on an individual employee's level of educa-

tion, experience, and skills, as well as on the level of assigned responsibility
and intended position.

13.2. 1. 1 Initial Training Program

The initial training program for personnel who will be licensed consists of
the following discrete segments:

(1) Basic Auxiliar 0 erator Trainin Pro ram

This course consists of 9 weeks of classroom training interspersed with
9 weeks of structured on-the-job plant-specific system training. The
course is designed to provide theoretical training and inplant training to
provide reinforcement of the basic science and technology of power plant
operations.

Examinations will be given regularly throughout this phase of training to
monitor the trainees'rogress. Each trainee must achieve no less than
80K in this course before entering the next phase of the training program.

(2) Nuclear Auxiliar 0 erator Trainin Pro ram

This course is designed to provide those persons with little or no nuclear
background with the necessary theoretical knowledge to become proficient
a'uxiliary operators. The program consists of approximately 4 weeks of
formal classroom training interspersed with on-the-job training at the
trainees'ssigned plants. The major areas to be covered in the classroom
are mathematics, nuclear theory, heat transfer, radiation protection,
waste treatment, instrumentation and control, and radiation protection.

(3) Control 0 erator Candidate Trainin Pro ram

This program is designed to follow the Nuclear Auxiliary Operator Course

(above) for all new operator personnel who have limited or no nuclear
experience. The program consists of approximately 10 weeks of classroom
lectures on math review, fluid flow, nuclear theory, reactor theory,
chemistry, and metallurgy.

(4) Shearon Harris Cold License Theor Trainin

This is a formal, approximately 11-week training program. Thh subject
areas to be covered by this training are math review, nuclear and reactor
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theory, heat transfer, thermodynamics, health physics, radiation protection,
chemistry, and PULSTAR reactor training at North Carolina State University.

Reviews and examinations will be given regularly throughout the program to
evaluate the effectiveness of this phase of training.

(5) Cold License S stem Trainin and S stems On-The-Job Trainin

This training course is designed to provide cold license candidates with
an indepth study of the Shearon Harris systems and equipment. This phase
of the training program is 18 weeks in duration; candidates receiving
approximately 9 weeks of formal classroom instruction, with the remaining
9 weeks spent in the plant identifying the equipment associated with the
topics covered in the classroom sessions. Candidates will augment their
knowledge of plant systems by participating in procedures development,
system acceptance testing, and, later, in hot functional testing. The
effectiveness of this training will be monitored through written examina-
tions and system checkouts.

(6) Cold License Procedure Theor Review and Simulator Pre arator Trainin

This is an approximately 5-week course administered to candidates before
they go to the simulator. Topics covered in this course include procedures,
theory review, mitigation of core damage, transient and safety analysis,
safety and control systems review, review of industry events, and station
blackout.

(7)

Review and examinations will be conducted regularly to evaluate the effec-
tiveness of this training.

Cold License Simulator Trainin

This training program on the Shearon Harris simulator will be approximately
9 weeks long (8 weeks minimum). The training will include, but not be
limited, to: (a) control board familiarization; (b) control functions;
(c) procedure usage (.including plant emergency procedure implementation);
(d) transient and accident analysis; and (e) control manipulations during
normal, abnormal, and emergency conditions (including multiple failures).
Emphasis will be placed on integrated system'esponse under normal and
emergency conditions including control room instrument response, diag-
nostics, and mitigation of core damage. The training staff will monitor
progress and performance during the training and instruct, as required,
through periodic critiques. Written and operating examinations will be
administered after completion of simulator training to certify cold
1-icense candidates at. the RO and/or SRO level.

(8) Cold License Review Series and Audit

This portion of the cold license training program will be conducted during
the period between the completion of hot functional testing and the admin-
istering of NRC licensing examinations. The review series consists of
approximately 2 weeks of instruction, including 5 hours per day of class-
room work, with the remainder of the day being used for special instruction,
plant tours, and individual study. The topics covered in this lecture

Shearon Harris SER 13-26



series include: reactor physics and kinetics; reactor control and protec-
tion systems; health physics and plant chemistry; technical specifications;
transient, instrument failure, and accident analysis; normal and emergency,
operating procedures; heat transfer, fluid flow, and thermodynamics; and
pressurized thermal shock.

The audit phase of this portion of the Cold License Training Program will
consist of written and oral examinations.

(9) Cold License Pre-License Review

This is an approximately 4-week course designed to improve the weak areas
determined from audits and to bring the, license candidates to a peak
knowledge level for the NRC examinations.

(10) Other Cold License Trainin

In addition to the above training courses, cold license candidates will
receive training in the following areas:

fire brigade training
emergency plan training
security training
management training for licensed supervisors (for personnel requiring
SRO licenses)
specific plant experience
fuel handling and operations training

(ll) Trainin on S ecial Low Power Testin

Each licensed reactor operator and senior reactor operator will participate
in the initiation, maintenance, and recovery from natural .circulation.

Based on its review, the staff finds that the applicant's initial training pro-
gram conforms to the requirements of the applicable portions of 10 CFR 50 and
55, and follows the guidance given in RG l.8. In addition, the applicant's
initial training program conforms to the requirements outlined in a letter from
H. R. Oenton to all power reactor applicants and licensees dated March 28, 1980.
Therefore, the staff concludes that the initial training program for all reactor
operators and senior reactor operators is acceptable.

13.2. 1.2 Licensed Operator Requalification and Replacement Training Program

Following the initial licensing of cold license candidates, a requalification
and replacement training program will be implemented to maintain and demon-
strate the continued competence and the level of proficiency of all licensed
personnel.

'3.2. 1.2. 1 Requalification Training

The requalification training program will be conducted on an annual basis and
will consist of the following areas:
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(1), Lecture Seri es

The requa]ification program will include planned lectures on a regular and
continuing basis. Annual written examination results will indicate the scope
and depth needed in the following areas as listed in 10 CFR 55, Appendix A:

theory and principles of reactor operation
general and specific operating characteristics of the plant
plant instrumentation and control systems
reactor protection and engineered safety systems
normal, abnormal, and emergency operating procedures
radiation control and safety
Technical Specifications
applicable portions of 10 CFR Chapter I

In addition to the above areas, the lecture series will include instruction in
heat transfer, fluid flow, thermodynamics, and mitigation of accidents involving
a degraded core, as specified in H. R. Denton's March 28, 1980, letter.
(2) On-the-Job Trainin

The on-the-job training portion of the requalification program will consist of
the following:

(a) Control Mani ulation

Licensed reactor operators shall manipulate station controls and senior reactor
operators shall manipulate or direct or evaluate the activities of those manipu-
lating the station controls through a minimum of 10 reactivity changes during
each annual cycle. These manipulations may consist of any of the following,
providing that asterisked items are performed annually and all other items are
performed on a 2-year cycle:

star tup to the point of adding heat
orderly shutdown
manual steam generator control during startup and shutdown
boration and/or dilution during power operation
any significant (10K) power changes in manual rod control
turbine startup and shutdown
loss of coolant:

including significant steam generator leaks
large and small .including leak rate determination
resulting in saturated RCS

loss of instrument air
.loss of electrical power and/or degraded power sources
loss of forced coolant flow/natural circulation
loss of circulating water/condenser vacuum
loss of service water
loss of shutdown cooling
loss of component cooling system or CCW to an individual component
loss of normal feedwater or normal feedwater system failure
loss of all feedwater (normal and emergency)
loss of protective system channel
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control rod misalignment or drop
inability to drive control rods
conditions requiring emergency boration
high activity in reactor coolant
turbine or generator trip
malfunction of automatic control system(s) which affect reactivity
malfunction of CVCS system
reactor trip
main steamline break (inside or outside containment)
nuclear instrumentation failure(s)

The Shearon Harris training simulator, which reproduces the general operating
characteristics of and has an instrument and control arrangement similar to
that of Shearon Harris, may be used to perform these reactivity control
manipulations.

(b) Knowled e of Plant S stems

Each licensed reactor operator and senior reactor operator will satisfactorily
demonstrate understanding of the operation of equipment and systems and of
operating procedures. This will be accomplished by a walk-through of the pro-
cedural steps required to start, stop, or change conditions of the systems;
manipulation of the systems and their associated equipment; or use of the
Shearon Harris simulator.

(c) Knowled e of Facilit Desi n Procedure and License Chan es

This program ensures that licensed reactor operators and senior reactor opera-
tors will review revisions to the Operating Technical Specifications, will
review significant procedure changes, and will review completed facility design
changes that would affect, plant operations.

(d) Knowled e of Emer enc 0 eratin Procedures

To ensure a continuing awareness of the action and responses necessary during
abnormal and emergency situations, each licensed reactor operator and senior
reactor operator wi 11 review periodically the content of all Emergency Procedures
and all Abnormal Procedures.

(3) Evaluation

The evaluation program for licensed personnel include the following:

(a) Annual Written Examination

Annual examinations, comparable in scope and degree of difficulty to an NRC

examination, will be given to each licensed RO/SRO. The examination will con-
tain the categories as described under item (1) above (Lecture Series). A grade
of less than 70K in any category will require the RO/SRO to undergo accelerated
requalification in that category. A grade of less than 80K overall requires the
RO/SRO to undergo accelerated requalification in all categories in which the
RO/SRO received a grade of less than SO%.
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(b) Annual Observation and Written Evaluation

Observation and evaluation of the performance of licensed ROs and SROs'y
supervisors or training staff members will include evaluation of performance
during actual or simulated emergency conditions. Observation and evaluation
of the performance of licensed personnel during simulated emergency conditions
may be conducted by simulator training staff personnel. Discussions of actions
taken or to be taken during emergency situations may be used as evaluation
tools in lieu of or in addition to the above. methods. Any licensed RO or SRO
given an unsatisfactory overall evaluation must undergo accelerated requalifi-
cation.

(4) Accelerated Re uglification

Accelerated requalificatio'n will be required in the categories or areas identi-
fied in the annual observation and written evaluation of personnel. Persons
requiring accelerated requalification as a result of annual evaluation will not
perform licensed duties until they successfully complete the program.

13.2. 1.2.2 Replacement Training

Replacement training will be conducted to fill vacancies and will prepare in'di-
viduals for increased responsibility on the supervisory, technical, or operating
staff. Replacement personnel will receive training comparable to that received
by the initial staff. This will ensure that the required level of proficiency
is maintained.

Based on its review, the staff finds that the applicant s requalification and
replacement training program conforms to the requirements of 10 CFR 50 and
Appendix A of 10 CFR 55 and follows RG 1.8. In addition, the program conforms
to the requirements outlined in a letter from H. R. Denton to all power reactor
applicants and licensees dated March 28, 1980. Therefore, the staff concludes
that the applicant's requalification and replacement training program for
reactor operators and senior reactor operators is-acceptable.

13.2. 1.3 TMI-Related Requirements for New Operating License

I. A. 2. 1 Immediate U radin of Reactor 0 erator and Senior Reactor 0 erator
Trainin and uglification

The applicant has established a program to ensure that all RO and SRO license
candidates have the prescribed experience, qualification, and training.

All licensed operator candidates will be certified competent to take the NRC
license examinations by the Vice President of the Nuclear Operation Department
before they apply for the examinations. As an operating license applicant,
Shearon Harris is not subject to the 1-year experience requirements for 'cold
license SRO candidates. However, after 1 year of station operation; individuals
applying for an SRO license will be required to comply with the 1-year experi-
ence requirement for hot license SRO applicants, unless they have experience
in an equivalent position at another nuclear plant or at a military propulsion
reactor. The experience of license applicants in the latter category will be
documented by the applicant on a case-by-case basis in sufficient detail so that
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the staff can make a finding regarding equivalency. SRO license applicants who
have a degree in engineering or applicable sciences are considered to meet the
1-year experience requirements as an RO provided they: (1) satisfy the require-
ments in Sections A. l.a and A.2 of Enclosure 1 to the letter from H. R. Denton
to all power reactor applicants and licensees, dated March 28, 1980, and
(2) have participated in a training program equivalent to that of a cold SRO

applicant.

Also, the requirement for 3 months'nshift experience for control room operators
and SRO candidates as an extra person on shift is not required for cold license
candidates and, hence, is not applicable to Shearon Harris. However, Shearon
Harris will comply with this requirement for hot license candidates after
3 months of station operation.

The applicant s training program includes topics in heat transfer, fluid flow,
and thermodynamics. Reactor and plant transient training is primarily performed
by each license applicant at a simulator facility and inclOdes classroom dis- '.
cussions of typical transients as well as demonstration of casualty and tran-.„~,
sient response on the simulator. This knowledge is tested indepth on the
certification examination given'y the training facility.
Based on its review, the staff concludes that the applicant has satisfied the
requirements of this task of the TMI Action Plan.

I.A.2.3, Administration of Trainin Pro ram

All instructors who teach systems, integrated responses, transient, and simula-
tor courses shall be SRO certified and shall continue to participate in appro-
priate requalification programs. Vendor-supplied instructors who teach the
above subjects shall be similarly certified. Other members of the permanent
or non-permanent training staff who are responsible for teaching technical
subjects--such as reactor theory, heat transfer, fluid mechanics, thermo-
dynamics, health physics, chemistry, and instrumentation--are not expected to
have an RO or SRO license. Guest lecturers who are considered to be used on
a limited bases shall be monitored by a qualified instructor. These guest
lecturers are exempt from the SRO criteria.

Based on its review, the staff concludes that the applicant has complied with
the requirement of this task of the TMI.Action Plan.

II.B.4 Trainin for Miti atin Core Dama e

Shift technical advisors and personnel in the operating chain up to and including
the plant manager will receive training for mitigating core damage. Managers
and technicians in the instrumentation and control, health physics, and chemistry
departments will receive training in mitigating core damage commensurate with
their responsibilities.

Based on its review, the staff concludes that the applicant has complied with
the requirement of this task of the TMI Action Plan.
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13.2.2 Training for Nonlicensed Plant Staff

The applicant has described in the FSAR the details of the training given to
nonlicensed plant personnel. The training program for nonlicensed personnel
will provide training for maintenance personnel, instrumentation and control
personnel, radiation protection personnel, radwaste personnel, nuclear physics
personnel, management and supervisory personnel, technical personnel, and
training instructors.

All permanently .employed plant personnel will participate'n a general employee
training program consisting of,'but not limited to, radiological health and
safety, quality a'ssurance, industrial safety, plant security, emergency plan,
fire protection, and other appropriate plant plans and procedures. Shift tech-
nical advisors (STAs) will receive approximately 36 weeks of training in the
areas of management and leadership, reactor theory, plant system description;
plant procedures, Technical Specifications, transient and accident response,,-
mitigation of core damage, and simulator training. During plant operations,
the STAs routinely serve on a rotating shift for several weeks. While the STAs
are on shift, they typically review control room activities, conduct plant tours
to assess equipment status, and work on operationally related projects such "as
procedure changes or reviews of plant events. Periodically, they work in a non-
rotating shift capacity in the operations office, which involves working on

'rojectssuch as development of input to responses on licensing concerns of an
operational nature; reviews of new procedures, procedure changes, and plant
modifications for operational impact; and review of plant operating data'o
ensure plant safety is being maintained. Retraining will be conducted for
1 week every 6 weeks for the STAs in a shift rotation and for those in the off-
shift capacity. STAs absent more than 4 months will be required to complete
retraining before assuming responsibilities of the position. Based on its
review, the staff concludes that the training program for STAs closely agrees
with the guidance described in Appendix C to NUREG-0737 and is acceptable.

The fire protection training program includes classroom instruction and train-
ing in fire fighting equipment use, strategies, techniques, and periodic drills.
The staff concludes that the applicant's fire protection training program con-
forms to SRP 13.2.2. II.C.A and is acceptable.

Based on its review, the staff finds that the training given for nonlicensed
plant staff personnel meets 10 CFR 19 and 50 and RG 1.8. Therefore, the staff
concludes that the applicant's training program for nonlicensed plant staff is
acceptable.

13.3 Emer enc Plannin

13.3. 1 Introduction

The applicant has filed with the NRC the Emergency Plan for Shearon Harris dated
March 1983, and Revision I of the plan dated September 1983. The acceptance
criteria used as the basis for the staff review of the Emergency Plan are speci-
fied in SRP 13.3 and include the planning standards of 10 CFR 50.47(b), the
requirements of Appendix E to 10 CFR 50, and the specific criteria of NUREG-0654/
FEMA-REP-l, Revision 1, "Criteria of Preparation and Evaluation of Radiological
Emergency Response Plans and Preparedness in Support of Nuclear Power Plants,"
dated November 1980. The criteria of NUREG-0654 have been endorsed in RG 1. 101,
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Revision 2, "Emergency Planning and Preparedness for Nuclear Power Reactor,"
dated October 1981, and thus have the same status as a regulatory guide.

Evaluation of the state of emergency preparedness for. the Shearon Harris facil-
ity also involves the review of state and local radiological emergency response
plans by the Federal Emergency Management Agency (FEMA). No NRC or FEMA findings
and. determinations concerning the state of adequacy of offsite emergency pre-
paredness are required before issuance of an operating license authorizing only
fuel loading and low power operations up to 5X of rated power. The findings and
determination of FEMA on the adequacy of the state and local emergency response
plans and the overall conclusion of the NRC on the state of emergency prepared-
ness for operation of Shearon Harris at power levels above 5X rated power will
be presented in a supplement to this SER.

'f

Section 13.3.2 of this report lists each planning standard of 10 CFR 50.47(b),
followed by an evaluation of the applicable portions of the plan that relate
principally to the particular standard. Section 13.3.3 of this report provides<»
the staff's conclusions.

13.3.2 Evaluation of the Emergency Plan

13.3.2. 1 Assignment of Responsibility (Organization Control)

Standard

Primary responsibilities for emergency response by the nuclear facility licensee
and by state and local organizations within the emergency planning zones have
been assigned, the emergency responsibilities of the various supporting organi-
zations have been specifically established, and each principal response organi-
zation has staff to respond and to augment its initial response on a continuous
basis.

Evaluation

The plan identifies the various North Carolina State agencies expected to take
part in the overall state response to an emergency at Shearon Harris; the Divi-
sion of Emergency Management of the North Carolina Department of Crime Control
and Public Safety is designated as the lead response agency within the state
government. The Radiation Protection Section of the Department of, Human
Resources is the lead agency in the collection and analysis of radiation moni-
toring reports and of environmental air, foliage, food, and water samples. The
plan also discusses the response expected of the Counties of Chatham (Department
of Emergency Operations), Harnett (Emergency Management Agency), Sanford-Lee
(Emergency Management Agency), and Wake (Emergency Management Agency), and the
City of Raleigh (Communications Center). Federal agencies expected to respond
are the Department of Energy —Savannah River Operations Office, Interagency
Radiological Assistance Plan (IRAP), FEMA, NRC, and the National Weather
Service. Other agencies identified are Southern Mutual Radiological Assistance
Plan (SMRAP) signatories, the Institute of Nuclear Power Operation (INPO),
Westinghouse, Daniel Construction Co., and EBASCO.
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The emergency response concept of operations is summarized in the Shearon Harris
plan for each of the support organizations. The relationship to the total
effort is suggested in Table 4.0-1, Offsite Agency Support Summary, which gives
primary and support responsibility for onsite and offsite functions. The only
block diagram that includes the offsite support agencies is the Emergency
Response Manager Organization, "which appears to be concerned mostly with details
of corporate organization. The plan identifies the specific individual and his
successors who shall be in charge of the emergency response. The communication
links between Shearon Harris, each of the counties, and the state are identified
as having 24-hour-per-day staffing.

The plan includes written agreements with the Apex Volunteer Fire Department,
the Holly Spring Rural Fire Department, Apex Rescue, Rex Hospital, and the City
of Raleigh Communications Center. The plan indicates that agreements are to
be negotiated with Wake Memorial Hospital, North Carolina Memorial Hospital',
Chatham County Communications Center, Lee County Communications Center, Har'nett
County Communications Center, and at least two physicians in the vicinity.,
The plan specifies that the Site Emergency Coordinator is responsible for ensur-
ing the 24-hour functional continuity of the control room, the technical su'pport
center (TSC), and the operations support center (OSC) when activated. The 'Emer-
gency Response Manager is responsible for managing and directing all emergency
operations involving the facility when the emergency operations facility (EOF)
is activated. The responsibilities and objectives of this position, and a
description of the staff are in the Corporate Emergency Plan.

The following items require resolution:

(1) The plan identifies, in a general way, the state, local, Federal, and
private sector organizations, that are intended to be part of the overall
response organization. The plan should specifically identify each organi-
zation, contact point, location, approximate response time after notifica-
tion and who is the primary notification agent.

(2) The interrelationship of these organzations with*the applicant and with
each other must be specified. A block diagram should be used to illustrate
these interrelationships.

(3) The plan mentions the Emergency Response Manager (ERM) who assumes overa'll
responsibility for the response effort when the EOF is activated, and
states that the ERM is a corporate person, rather than a plant person,
which the EOF staff members are. The plan further states that the corpo-
rate emergency response organization and operations centers are discussed
in the corporate emergency plan. Because the ERM and the EOF staff are so
closely tied, operationally, to the plant emergency response effort, that
portion of the corporate plan that describes the ERM and his staff should
be included in the plant emergency plan (summarized if necessary).

(4) Annex A of the plan lists 12 organizations that have written agreements
with the utility. Only five written agreements are included. The plan
does not include agreements or signature pages for Federal response
organizations or industry organizations.
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13.3.2.2 Onsite Emergency Organization

Standard

Onshift facility licensee responsibilities for emergency response are
unambiguously defined, adequate staffing to provide initial facility accident
response in key functional areas'is maintained at all times, timely augmenta-
tion of responsive capabilities is available, and the interfaces among various
onsite response activities and offsite support and response activities are
specified.

Evaluation

The Shift Foreman for Unit 1 or the Shift Operating Supervisor for Units 1 and
2 will assume the postion of Site Emergency Coordinator until relieved by the
Plant General Manager, with authority to act on behalf of the company. When ,.
the EOF is activated, the ERM assumes the responsibility for overall emergency
response, and the Site Emergency Coordinator concentrates on onsite response.
The Site Emergency Coordinator/Emergency Response Manager will not delegate the
responsibility to notify and recommend protective actions to offsite authorities.
The Site Emergency Coordinator may not delegate the responsibility to determine
the classification of the emergency. The duties and responsibilies of these
two positions are clearly defined and the line of succession for each is speci-
fied in terms of normal staff positions.

Station staff personnel have been assigned emergency positions with responsi-
bi.lities and duties commensurate with their normal activities.

The onshift emergency staff and the augmented emergency staff appear to comply
with guidelines of Table B-1 of the planning standard, but contain ambiguities
that interfere with proper review of the plan.

The'following items require resolution:

(1) The transfer of authority from Shift Foreman/Site Emergency Coordinator
(SEC) to the Plant General Manager is not defined, and the transfer to the
ERM takes place when the EOF is activated. The plan does not provide suf-
ficient detail about the conditions to be met for transfer of any authority.

(2) The description of Table 2.2-1 in the plan is ambiguous, in that it is
described as "normal on-duty operating shift" and also as "the fully
augmented plant emergency organization." Tables 2.2-1 and 2.2-2 should
be revised to be more compatible with Table B-1 of NUREG-0654.=-

(3) The plan does not provide sufficient information to clearly identify the
interfaces between and among the onsite funcbional areas of TSC, OSC, and
near-site EOF, and the offsite support agencies of applicant headquarters
support, local services support, state and local government response
ageycies, and Federal response agencies. Figures 2.2-1 and 2.4-1 and
Table 4.0-1 should be revised as appropriate.
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13.3.2.3 Emergency Response Support and Resources

Standard

Arrangements for requesting and effectively using assistance resources have
been made, arrangements to accommodate state and local staff at the licensee's
near-site emergency operations facility have been made, and other organizations
capable of augmenting the plan response have been identified.

Evaluation

Federal and state assistance will be requested by the SEC or, when the EOF is
activated, by the ERM. The specific services to be provided by IRAP via DOE-
Savannah River Operations are given in detail, and travel times by air and auto
from various depots are listed. Resources available to support the Federal
responses include the Raleigh-Durham Airport and space and communications
facilities at the North Carolina Emergency Operations Center (NCEOC) in Rale'igh
will be available to assist the IRAP teams to establish a command post and
communications center.

The plan provides that there will be a representative of CP8 L with the State
Emergency Response Team (SERT) Headquarters in Raleigh, and lists his duties
and responsibilities.

The plan identified several fixed and mobile laboratories that are available
for support of radiation monitoring and analysis efforts. These laboratories
are the onsite laboratory at Shearon Harris, the Shearon Harris Energy and
Environmental Center (SHEEC), the Robinson plant near Hartsville, South Carolina,
and the Brunswick plant near Southport, North Carolina. A mobile environmental
monitoring laboratory installed in a van can be dispatched from SHEEC to per-
form environmental monitoring, and act as backup to Shearon Harris laboratories.

13.3.2.4 Emergency Classification System

Standard

A standard emergency classification and action level scheme, the bases of which
include facility system and effluent parameters, is in use by the nuclear facil-
ity licensee, and state and local response plans call for reliance on informa-
tion provided by facility licensees for determinations of minimum initial
offsite response measures.

Evaluation

The applicant has established the four standard emergency classes. The Shift
Foreman (SEC) will declare any one of the four classes where, in his judgment,
Emergency Action Levels (EALs) have been exceeded or the status of the plant
warrants such a declaration. The plan states that EALs are specific sets of
plant conditions, instrument readings, and events that correspond with the
conditions associated with one of the four emergency classes.

The EALs are outlined in Fig. 4. 1-1 of the plan, and will be detailed in the
Plant Emergency Procedures (PEPs), including specific instrument readings,

Shearon Harris SER 13-36



plant system and effluent parameters, and equipment status indications charac-
terstic of a spectrum of off-normal conditions and accidents corresponding to
initiating conditions of each emergency class.

The following items require resolution:

(1) The plan does not specify instrument readings, plant parameter values, or
equipment status for the EALs in each emergency class. The plan states
that this will be done in the PEPs. This criterion will be evaluated
when the PEPs are received.

(2) The plan should be revised to clearly indicate the role of the judgment
of the Shift Foreman (or SS) in classifying an emergency where the status
and the trend of the plan warrants such declaration. The predetermined
set of EALs is not subject to judgements.

13.3.2.5 Notification Methods and Procedures

Standard

Procedures have been established for notification by the licensee of state and
local response organizations and for notification of emergency personnel by all
response organizations; the content of initial and followup messages to response
organizations and the public have been established and means to provide early
notification and clear instructions to the populace within the plume exposure
pathway emergency planning zone have been established.

Evaluation

Immediately upon declaring an emergency, the SEC activates the emergency plan
and initiates the procedures for notification of onsite emergency organization.
The SEC also fills out the "Immediate Notification Form," contained in Annex F

of the plan, and provides it to the Emergency Communicator. Using the Automatic
Ring Down (ARD) phone, within 15 minutes, the Emergency Communicator will read
the message simultaneously to all counties within the EPZ and the state warning
point for all emergency classifications, except for the Unusual Event class for
which the time is 1 hour.

The information to be reported to the offsite agencies is predetermined by the
use of the form in Annex F and is in accordance with the guidelines of NUREG-0654.
The form provides for verification of the authenticity of the message with code
words and callbacks. The Shearon Harris plan states that the North Carolina
Emergency Response Plan (NCERP) will, when issued, describe procedures for
state and local officials to make a public notification decision promptly
(within about 15 minutes) after being informed by the plant of an emergency
decision. CPLL will provide the state and local governments with the appro-
priate information needed to make a decision concerning public protection
measures. When public warning is deemed necessary, it will be accomplished as
described in the NCERP.
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13.3.2.6 Emergency Communications

Standard

Provisions exist for prompt communications among principal response organiza-
tions to emergency personnel and to the public.

Evaluation

Primary and backup communications links will be provided with the Federal, state,
and local emergency response organizations. Provisions exist for 24-hour-a-day
notification and actuation of these organizations. Offsite communications
systems include commercial telephone, private telephone lines, dedicated tele-
phone lines, radio systems, and a microwave system.

Communications with the state and local governments will be tested monthly;
communications with Federal response organizations, the state and local emer-
gency operations centers, and field monitoring teams will be tested annually as
part of communication drills.
The plan provides for primary and backup telephone lines between the control
room, TSC, EOF, and OSC, and for radio communications (separate from plant
radios) with the mobile and portable units of the Environmental Monitoring
Teams. Rescue vehicles have mobile communications with the Raleigh Communica-
tion Center and local hospitals. Shearon Harris can communicate with mobile
medical units by phone line (911) to the Raleigh Communications Center and via
a phone patch to the mobile radio base station.

13.3.2.7 Public Information
\

Standard

Information is made available to the public on a periodic basis on how it will
be notified and what initial actions should be taken in an emergency; the prin-
cipal points of contact with the news media for dissemination of information
during an emergency (including physical location or locations) are established
in advance; and procedures for coordinated dissemination of information to the
public are established.

Evaluation

The North Carolina Department of Crime Control and Public Safety, Division of
Emergency Management, has overall responsibility for maintaining a continuing
disaster preparedness public education program. Such a program, prepared by
the State of North Carolina, with the cooperation of local governments and
COL, is intended to ensure that. members of the public are: (1) aware of the
potential threat of a radiological emergency; (2) able to recognize radiological
emergency notification; and (3) knowledgeable of the proper, immediate actions
to be taken (e.g., return to home, close windows, and turn on radio). This
program includes „education on protective actions to be taken if shelter is
prescribed, and the general procedures to follow if an evacuation is required.
It also includes general education information about radiation and how to learn
more about emergency preparedness. This program wi 11 be described in the North
Carolina Emergency Response Plan in Support of Shearon Harris.
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The applicant will conduct a public information program for persons living in
the plume exposure Emergency Planning Zone. The program will be accomplished
by (1) yearly dissemination of brochures containing educational information on
emergency preparedness, nuclear power, and radiation, and how to contact CPS L
for more information; (2) establishment of an emergency preparedness speakers
bureau to allow qualified plant personnel to address civic, religious, social,
and'ccupational organizations in,'the plant vicinity; and (3) preparation of
news material for TV, radio, and the press and the general public. The appli-
cant is working with both state and local governments to ensure that all public
education efforts will be consistent and complementary.

The applicant, the public information staff of the State Emergency Response
Team, and public information offices of local governments will jointly make
available an annual program to acquaint the news media with the Plan, informa-

-'ionconcerning radiation, nuclear power plants, and official points of contact
for releases of public information.

The following item requires resolution:

(1) The plan provides for yearly distribution of educational brochures to the
public, but a sample brochure is not provided with the plan. A public
information brochure should be provided for review.

13. 3. 2. 8 Emergency Facility and Equipment

Standard

Adequate emergency facilities and equipment to support the emergency response
are provided and

maintained.'valuation

Emergency facilities to support an emergency response have been established as
fol 1 ows:

(1) The control room (CR) contains those controls, instruments, and communi-
cations facilities necessary for operation of the plant under both normal
and emergency conditions. The ventilation system, shielding, and the
structure's integr ity are designed to permit continuous occupancy during
postulated accidents. Storage is provided for food and water sufficient
for 7 days.

(2) The TSC is located within the plant protected area in the fuel-handling
building, approximately 400 feet (walkin'g distance) from the CR. Traffic
between the TSC and CR is entirely within buildings that are equipped 'with
HEPA and charcoal filters and are built to seismic Category I, tornado,
and missile safety-related criteria, with radiation protection equivalent
to the CR. The TSC will have all the necessary equipment and supplies
when fully functional to operate as the command center for the SEC and his
staff.

'3)

The OSC is located in the service building inside the protected area and
functions as an assembly and dispatch area for all emergency teams.
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(4) The EOF is located in the Shearon Harris Emergency and Environmental Center
(SHEEC), approximately 2 miles from the plant, with space for approximately
70 people including 10 NRC personnel. The EOF is designed to have the same
habitability as the CR, and will be provided with industrial security to
maintain readiness and to restrict access during an emergency. The EOF is
activated by the ERM when it is adequately staffed to perform offsite
notification, environmental monitoring, and dose protection functions. The
EOF has emergency equipment and supplies to perform as the command center
for the ERM with plant system drawings, three Emergency Response Facility
Information System (ERFIS) consoles displaying plant data, the Safety
Parameter Display System (SPDS), the Radiological Monitoring System (RMS),
dose projections, all pertinent emergency plans, telecopies, photocopies,
and maps.

(5) The Plant Media Center is also located at the SHEEC. The Site Public
Information Coordinator directs the activities of the center to provide
(1) a controlled point of contact and physical location near the plant for
the news media and (2) immediate access to accurate emergency information
generated by all involved agencies.

(6) The Corporate Emergency Operation Center (CEOC) and the Corporate Head-
quarters Media Center are located at the Corporate Headquarters and Civic
Center in Raleigh, approximately 16 miles northeast of the plant on
Highway 1.

(7) The North Carolina State Emergency Operations Center (SEOC) is also
located in Raleigh at the Division of Emergency Management Headquarters.

The emergency response facilities appear to be adequately staffed, and the
response times designated for the various staffing levels agree with the guide-
lines of Table B-l of NUREG-0654.

The ERFs were evaluated as interim facilities in accordance with applicable
portions of 10 CFR 50 and NUREG-0654 and found to be adequate. The applicant
stated in a letter dated April 15, 1983, in response to Generic Letter 82-33,
that the final facilities will be completed before fuel load, and then will be
evaluated in accordance with Supplement 1 to NUREG-0737.

The plan states that equipment and systems for seismic monitoring, radiation
monitoring, meteorological instrumentation, fire detection, gross failed fuel,
loose parts monitoring, and security systems will be installed. The plan
further states that additional information can be found in noted sections of
the FSAR. A summary of the FSAR information should be included in the Emergency
Plan so the emergency plan can stand as an independent document.

'he

fixed and mobile laboratory facilities available for support of SHNPP are
discussed in Section 13.3.2.3 above.

The applicant's radiological monitoring program meets the staff's requirements.

A permanent meteorological monitoring station containing wind speed, direction
and temperature differential instrumentation is located on the site. Provisions
have been made to acquire back-up meteorological data from the National Weather
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Service at the Raleigh-Durham Airport, a first order station operating 24 hours
a day. The staff has reviewed the meteorological program and finds that it
satisfies-the planning standard on an interim basis; it will be evaluated during
the Emergency Preparedness Implementation Analysis.

The plan provides in the implementing procedures a resource list for the
inventory and calibration of„ emergency equipment and supplies. The plan also
specifies the frequency of inventory and calibration.

The following items require resolution:

(1) The plan does not indicate if arrangments have been made to obtain or
have access to seismic and hydrologic data from offsite sources.

(2) The plan implies that the OSC has the capacity to handle assigned
personnel and equipment but fails to address the subject. Table 3. 1-1
does not indicate the availability of portable lighting or cameras in
the OSC emergency supply kits.

(3) The plan does not discuss in any detail which emergency facility will be
established as the central point for receipt and analysis of all radio-
logical samples.

13.3.2.9 Accident Assessment

Standard

Adequate methods, systems, and equipment for assessing and monitoring actual
or potential offsite consequences of a radiological emergency are in use.

Evaluation

The plan identifies the four emergency classes and discusses basic tests or
criteria that must be considered in classifying the emergency (such as, radio-
activity release, core damage, plant degradation).

The classification of the events is implemented through EALs, which are specific
sets of plant conditions, instrument readings, and events coinciding with the
initiating conditions associated with one of the emergency classes. The EALs
are outlined in Figure 4. 1-1, and will be discussed in detail in the plant
emergency procedures, including specific instrument readings, plant system and
effluent parameters, and equipment status indications corresponding to the
initiating conditions of each emergency. class.

The plan provides the onsite capability and resources to provide initial values
and continuing assessment for the duration of an emergency such as the post-
accident sampling system (PASS) and radiation monitoring systems. The details
of these systems--such as types, ranges, and location of monitors —and the
PASS are discussed in appropriate sections of the FSAR.

Annex B of the plan describes the technical basis of the dose projection pro-
gram, including calculation of source terms, dose conversion factors, atmos-
pheric dispersion, and assumptions and limitations. The methodology and
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techniques for determing source terms and dose assessments will be detailed in
plant emergency procedure 361.

Meteorological data from the onsite station is presented to the control room,
the TSC, and the EOF via computer.

In, case of off-scale or inoperable instrumentation, the cross reference in
Annex B refers to PEP 361. There is no discussion of this contingency in the
plan. The plan provides for environmental monitoring teams that will be acti-
vated in accordance with appropriate PEPs, equipped with company vehicles and
sampling equipment, and capable of tracki'ng the plume, obtaining and analyzing
air samples, and sampling liquid effluents. The field monitoring equipment has
the capability of measuring radioiodine in the vicinity of the plant site as
low as Sx10-8 pCi/cc.

The following items require resolution:

(1) The capability and resources necessary to provide initial values and con=
tinuing assessment throughout an emergency are not adequately described
or discussed in the plan. A condensed version of the information in the
FSAR should be included in the plan.

II

(2) The plan fails to identify the access to onsite meteorological data by
offsite NRC centers and appropriate state agencies.

(3) A discussion of the methods and techniques that will be used for deter-
mining release rate dose projection if the requisite instrumentation is
off-scale or inoperable should be included in the plan.

(4) The plan should include the means of relating the various measured
parameters and gross activity measurements to the key isotopes listed
in Table 3 of NUREG-0654.

13.3.2. 10 Protective Response

Standard

A range of protective actions have been developed for the plume exposure path-
way emergency planning zone for emergency workers and the public. Guidelines
for the choice of protective actions during an emergency, consistent with
Federal guidance, are developed and in place, and protective actions for the
injestion exposure pathway emergency planning zone appropriate to the locale
have been developed.

Evaluation

The plan establishes the means and times to alert and notify onsite personnel
of an emergency, and identifies the assembly areas adjacent to each of the gate
houses. Personnel will be monitored for contamination at the assembly area.
If it is necessary to evacuate further, evacuation routes and means of transpor-
tation are identified. Holding areas for additional decontamination will be
identified if necessary. Supervisors will account for all persons evacuated
from within the protected area at the assembly area and report missing persons
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to appropriate supervision within 30 minutes. Security search procedures will
be implemented to locate missing persons. The plan provides individual respira-
tory protection, protective clothing, and physician-supervised radioprotective
drugs for the emergency workers. The applicant will provide the state and local
governments with appropriate information necessary to make a decision concerning
public protective measures. The applicant will also provide an independent
recommendation for protecti.ye actions for the population at risk based on the
Protective Action Guides provided in Table 4.5-1 for plume exposure and
Table 4.5-2 for injestion EPZ. The information in these tables is consistant
with EPA 520/1-75-001 and the FDA guidelines on contamination of human food
and animal feed.

The plan provides for prompt notification of,state and local authorities upon
declaration of an emergency. Alerting, war ning, and notifying the population-
at-risk will be accomplished by sirens and supplemented by radio and television
announcements, sound trucks, bullhorns, and knocking on doors. Aircraft and
patrol boats will alert people on Lake Jordan and the Shearon Harris main
reservoir. Public warning will be accomplished per the NCERP when the state
and local governments deem it appropriate.

h I j $ P

The plan includes a map showing local emergency planning zones, population
by zones, and evacuation routes, but does not show radiological sampling or
monitoring points, or relocation and shelter areas.

The applicant has committed to supplying the evacuation time study by
December 31, 1983. This study will be evaluated when it is received, and the
results of the staff review will be reported in a supplement to this report.

The following items require resolution:

(1) The plan does not specify the method or time required to notify individ-
uals within the applicant's controlled area but outside the protected
(fenced) area.

(2) The plan does not specify what methodology will be used to continuously
account for onsite personnel after the evacuation and initial account-
ability.

(3) The plan does not include evacuation time estimates.

(4) The plan does not include radiological sampling and monitoring points.
A summary of the information contained in the FSAR should be provided
in the plan.

(5) The plan does not included maps showing relocation centers, and shelter
areas. This criterion will be addressed in the NCERP information and
should be incorporated into the plan when received.

(6) The plan does not address the local protection offered by local
residential units or other shelters.

Shearon Harris SER 13-43



13.3.2. 11 Radiological Exposure Control

Standard

Means for controlling radiological exposures, in an emergency, are established
for emergency workers. The means for controlling radiological exposures shall
include exposure guidelines consistent with EPA Emergency Workers and Lifesaving
Activity Protective Action Guides.

Evaluation

The plan provides for a radiation protection program for controlling radio-
logical exposures in the event of an emergency. Emergency exposure guidelines,
consistent with EPA Emergency Workers and Lifesaving Activity Protective Action
Guides are specified for several categories of emergency workers. The plan
specifies that the Plant General Manager or the Radiological Control Director
may authorize emergency exposures in excess of 10 CFR 20 limits. In their
absence, the Site Emergency Coordinator may grant such approval. The plan pro-
vides for 24-hour-a-day radiation safety controls to contain the spread of
loose contamination and to monitor personnel exposure. Dose records will be
maintained automatically utilizing the computerized Radiological Information
Management System (RIMS).

Action levels for determining the need for decontamination are summarized in
Table 4.6-1 of the plan from the Plant Operations Manual Procedure ERC-101. The
applicant will establish the means for radiological decontamination of emergency
personnel wounds, supplies, instruments, and equipment, and for waste disposal
in Plant Emergency Procedure 393.

The following items require resolution:

(1) The plan does not contain the methodology for decontamination of supplies,
instruments, and equipment.

(2) The plan does not discuss the measures that will be taken to control access
to potentially or actually contaminated onsite potable water and food
supplies.,

(3) The plan does not discuss provisions for extra clothing and decontaminants
suitable for the type of contamination expected, especially radioiodine
contamination of the skin.

13.3.2. 12 Medical and Public Health Support

Standard

Arrangments are made for medical services and contaminated and injured
individuals.

Evaluation

The applicant has made arrangements, confirmed in writing, for a specially
designated emergency area to be maintained in readiness at Rex Hospital for
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treatment of contaminated patients. Should Rex Hospital be unavailable, Make
Memorial Hopital will serve as backup medical facility (agreement to be negoti-
ated in writing). For patients who have received large doses of radiation, the
primary medical facility wiill be North Carolina Memorial Hospital. The plan
provides for first aid teams, trained in multimedia first aid, on all shifts,
two first aid rooms, first aid kits; and additional equipment and supplies.

, II

The plan contains a written agreement with the Apex Volunteer Rescue Squad for
transportation of any patient including any who may be contamined. In cases
not involving severe injury, a plant vehicle may be used to transport injured
individuals. Contaminated injured personnel will be accompanied to the medical
facility by a member of the Personnel Protection and Decontamination Team.

13.3.2. 13 Recovery and Reentry Planning and Postaccident Operations

Standard

General plans for recovery and reentry are developed.

Evaluation

The applicant has developed general plans for reentry and recovery, and
specifies the criteria to be used in deciding to de-escalate or terminate
the emergency condition.

The plan describes the recovery organization including a block diagram, and
lists the personnal and alternates by position/title who are designated for
the key positions.

The plan states that notification of onsite and offsite organizations of the
activation of the recovery organization will be initiated by the Emergency
Response Manager and will follow plant emergency notification procedures. The
plan includes provisions for updating the total population exposure in coopera-
tion with the North Carolina Radiation Protection Section (RPS), Department of
Human Resources, who is the lead state agency in the collection and analysis of
media monitoring. The RPS will be assisted by personnel from Shearon Harris
and SHEEC.

The following item requiries resolution:

(1) The plan should expand and clarify the means for informing the response/
support organizations that a recovery operation is to be initiated, and
of any changes in the organizational structure that may occur.

13.3.2. 14 Exercises and Drills

Standard

Periodic exercises are (will be) conducted to evaluate major portions of emer-
gency response capabilities, periodic drills are (will be) conducted to develop
and maintain key skills, and deficiencies identified as a result of exercises
or drills are (will be) corrected.

Shearon Harris SER 13"45



Evaluation

The plan states that exercises that test the integrated capability of major
response organizations and simulates the offsite release of radioactive mate-
rials requiring response by offsite authorities will be conducted annually.
The exercises will be critiqued by Federal and state evaluators/observers. The
scenerio will be varied from year to year so that all major elements of the
site, county, and state plans and emergency- organizations will be tested within
a 5-year period, and that once every 6 years one exercise will start between
6 p.m. and midnight, and another between midnight and 6 a.m. Every fifth year
the exercise will be expanded to involve the Federal response organizations.

Communications drills, fire drills, medical emergency drills, onsite and off-
site radiological monitoring drills, health physics drills, and analysis of
implant liquid samples with actual elevated radiation levels will be conducted.
The frequency of these drills is specified in the plan.

The Shearon Harris plan states that the Corporate Emergency Plan Implementation
Procedure, CEPIP-18, prescribes polices and procedures for drills and exercises.
CEPIP-18 states that exercises wi 11 be conducted in accordance with NRC and FEMA
rules, that exercises will be conducted under various weather conditions, some
announced and some unannounced, that the exercise scenerios will be written to
allow free-play decision-making, and the responsibility is assigned for correc-
tive actions.

The following item requiries resolution:

(1) The emergency plan should incorporate the information from CEPIP-18 in
sufficient detail to allow evaluation of the specific plan.

13.3.2. 15 Radiological Emergency Response Training

Standard

Radiological emergency response training is provided to those who may be called
upon to assist in an emergency.

Evaluation

The Emergency Plan Training Program, as described in corporate Emergency Plan
Implementation Procedures, CEPEP-19, ensures that the individuals who may be
called on to assist in an emergency will be trained. Initial training and
annual retraining are provided. Provisions have been made to tr ain offsite
response organizations, such as hospital ambulances and police and fire person-
nel, who may be called upon to provide assistance. Training will include site-
access procedures and the identity by position/title of the person in the
Shearon Harris organization who will control the suppport activitiy.

The plan provides for specialized training for individuals assigned specific
responsibilities in the emergency plan, such as Red Cross multi-media training
for first aid team members.
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The followings items require resolution:

(1) The plan should incorporate the information from CEPIP-19 in sufficient
detail to allow evaluation of the plan.

(2) The Damage Control Teams, described in Section 2.4.4 of the Shearon Harris
;plan as part of the emergency organization, are not listed as receiving
any training in the plan or in CEPIP-19. The specific training and
retraining needs for this group should be detailed in the plan.

13. 3.2. 16 Responsibility for the Planning Effort: Development, Periodic Review,
and Distribution of Emergency Plans

Standard

Responsibilities for plan development and review and for distribution of emer-
gency plans are established and planners are properly trained.

Evaluation

The plan provides training for the individuals responsibile for the emergency .

planning effort. The Assistant to the Plant General Manager is the Emergency ...
Planning Coordinator, responsible for coordinating onsite and selected offsite
radiological emergency response planning. He is also responsible for coordi-
nating with the Director of Emergency Preparedness of the Corporate Technical
Services Department the following planning functions:

Interface with Federal, State, county and local planners.

Revise and update the plan annually.

Coordinate the annual exercises and the periodic drills
~ Identi,fy offsite training needs and arrange for training to meet those

needs.

Identify corrective actions following an exercise, assign responsibility
for implementing those actions, specify a schedule for completion, and
evaluate the results.

Negotiate and maintain agreements with response/support organization.

The Emergency Planning Coordinator will coordinate the updating of the emergency
plan, PEPs, and supporting agreements as needed, and annually review and certify
them to be current. Approved changes to the plan will be distributed in. accord-
ance with the distribution list contained in the plan.

Emergency phone listings and personnal listings, as found in the PEPs, shall
be updated at least quarterly.

Annex E of the plan contains a listing of PEPs and designates the plan section
that each implements. The supporting plans are listed in Section 1.9 of the
plan as: CP8 L Corporate Emergency Plan, NCERP, and NUREG-0728, "NRC Incident
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Response Plan." The plan contains a detailed'able of contents and a cross
reference to the specific criteria of NUREG-0654. The Corporate guality Assur-
ance Department will conduct an -independent audit of the plan every year for
conformance with 10 CFR 50. 47, 10 CFR 50. 54, and 10 CFR 50, Appendix E. Written
reports of She findings of these audits and reviews will be provided to corporate
management. Each report will specifically address the adequacy of interfaces
with state and local governments, of .drills and exercises, and of emergency
response capabilities and procedures. The reports will be retained for 5 years.
Corrective actions deemed necessary from the audit will be implemented in accord-
ance with Section 5. 1.2 of the plan.

13.3.3 Conclusions

The staff has reviewed the Shearon Harris Emergency Plan for conformance with
the specific criteria in NUREG-0654/FEMA-REP-1, which addresses each of the''
planning standards of 10 CFR 50.47(b) and with the requirements of Appendix'
to 10 CFR 50. On the basis of this review, the staff concludes that upon satis-
factory correction of those items requiring resolution and those items requiring "'

commitment by the applicant (as identified in Section 13.3.2 of this report),
the plan will provide an adequate planning basis for an acceptable state of
emergency preparedness.

After reviewing the findings and determinations made by FEMA on the adequacy
of state and local emergency response plans, and after reviewing the revisions
to the applicant's emergency plan, a supplement to this report will provide the
staff's overall conclusions as to whether the state of onsite and offsite emer-
gency preparedness provides reasonable assurance that adequate protective
measures can and will be taken in the event of the radiological emergency.

13.3.4 TMI Action Plan Items

III.A. 1. 1 Im rovin Emer enc Pre aredness--Short Term

The objective of this task was to promptly ugrade licensee emergency, prepared-
ness by requiring improvements in plans and procedures, facilities and equipment,
and offsite support. Guidance documents were developed, emergency plans were
upgraded, and special NRC emergency planning review teams visited the site. The
guidance to emergency response organizations was completed with the issuance of
NUREG-0654/FEMA-REP 1, Revision l. Efforts under this item were superseded with
the issuance of the amended final rule on emergency planning, effective date
November 3, 1980 (45 FR 55402). This item is considered complete.

III.A. 1.2 U rade Emer enc Su ort Facilities

Supplement 1 to NUREG-0737, "Requirements for Emergency Response Capability,"
issued via Generic Letter No. 82-33, dated December 17, 1982, states that the
NRC will not conduct pre-implementation reviews of emergency response facilities
(ERFs), and provides all licensees and applicants with the requirements and
guidance against which the ERFs will be evaluated in a postimplementation
appraisal. Generic Letter No. 82-33 requested that by April 15, 1983, each
licensee and applicant develop and submit to the NRC a plant-specific schedule
for completion of the ERFs, including a description of the plans for phased
implementation and integration of all emergency response activities. Final
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staff evaluation of the operational capability of completed ERFs (i.e., TSC,
OSC, and EOF) will be conducted as part of the post-implementation review of
emergency response capabilities against the requirements in Supplement 1 to
NUREG-0737. Accordingly, the schedule for the post-imp'lementation appraisal of
the ERFs will be established after these facilities have been completed.

III.A:2 Im rovin Emer enc Pre aredness —Lon Term

This task was initiated to upgrade the emergency preparedness effort at each
nuclear facility to provide reasonable assurance that adequate protective
measures can and will be taken in the event of a radiological emergency. This
task involved three phases: (1) submittal of upgraded emergency plans, con-
sistent with the revised emergency planning regulations effective November 3,
1980, and the guidance of NUREG-0654, FEMA-REP 1, Revision 1; (2) submittal of
implementing procedures; and (3) implementation of radiological response plans.
Particular emphasis in this task was given to the upgrade of meteorological
assessment capabilities. The previous guidance on meteorology found in Appen-
dix 2 to NUREG-0654 and in Revision 1 to RG 1.23 has been superseded by Supple-
ment 1 to NUREG-0737. Review efforts under this task will be conducted in
accordance with the final rule on emergency planning, the guidance in NUREG-0654,
and Supplement 1 to NUREG-0737. The results of this review will be reported in
Section 13.3 of the SER. The capability of applicants to implement their
emergency plans will be assessed during an onsite appraisal as part of the
preoperational inspection,

13.4 0 erational Review

FSAR Revision 9 describes the applicant's proposed provisions for review of
plant operational activities.

A Plant Nuclear Safety Committee (PNSC) will be established and functioning
approximately 6 months before fuel loading of Unit l. It will be composed of
the upper levels of plant management and supervision. The PNSC will meet at
least monthly and will review plant procedures, tests, proposed changes to the
plant, and other operational safety matters. It will provide written reports
of its reviews to appropriate plant and corporate management.

A Corporate Nuclear Safety (CNS) Section has been established and functioning
since 1979. It provides offsite independent review of operating activities,
and has a sub-unit on site to provide a real time view of the safety implica-
tions of operational activities. It collectively has the experience and compe-
tence required to review plant operations, nuclear engineering, chemistry and
radiochemistry, metallurgy, nondestructive testing, instrumentation and control,
radiological safety, mechanical and electrical engineering, administrative con-
trols, and quality assurance pr actices. The CNS can call upon various depart-
ments within CPS L for technical assistance and can utilize consultants, as
determined necessary by the manager, to provide expert advice. The applicant's
description of what the CNS will review generally conforms to those matters
normally included in the plant Technical Specifications.

An Independent Safety Engineering Group (ISEG) has been established. The ISEG
is based off the site and reports to the offsite Nuclear Safety Section. The
manager of the Nuclear Safety Section reports to the Vice President CNSR and
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,on matters of a routine nature and to the, Chairman of the Board on matters of
a safety-related nature, as required.

The applicant's description of the functioning of the ISEG conforms to that. pre-
sented in TMI Action Plan Item I.B. 1.2 of NUREG-0737 and SRP 13.4 for multiplesites and is acceptable.

Based on its review, the staff concludes that the functions and reportabilityof CNS Section. are acceptable.

13.5 Plant Procedures

13.5. 1 Administrative Procedures

The applicant has stated in the FSAR that most administrative and operatin'g
procedures will be in effect at least 6 months before fuel loading of Unit l.
Operating personnel will be trained on use of the procedures before the proce-
dures are implemented. CP&L recognizes the benefits of using the preoperationaltesting phase to demonstrate the adequacy of operating procedures and,

where'racticable,this will be done.

The plant procedures are normally prepared by the station operating staff. How-
ever, organizations providing technical support and consultants may assist in
procedure development. The procedures and revisions thereto are reviewed by the
PNSC or by a subcommittee appointed by PNSC, and approved by the functional unit
manager or unit director under whose authority they were prepared and/or by the
Plant General Manager if they affect more than one functional unit.

The administrative procedures related to the following TMI Action Plan Items
are of particular interest to NRC:

I. C.2
I. A-; 1. 2/
I.C.3
I.C.4
I.C.5
I.C.6

Shift and Relief Turnover Procedures

Shift Supervisor Responsibilities
Control Room Access
Feedback of Operating Experience
Verification of Correct Performance of Operating Activities

These procedures have not yet been completed by the applicant, but the appli-
cant has stated, in FSAR Revision 9, that they will be made available for staff
review. The staff will review these procedures before fuel loading to ensure
their acceptability. The staff's evaluation of these procedures will be pro-
vided in a supplement to this SER.

FSAR Revision 9 describes the administrative controls for the preparation and
review of test procedures, the conduct of the test program, and the review,
evaluation, and approval of test results.

During the initial test program, PNSC responsibilities include reviewing startup
test procedures before testing and reviewing startup test results. Based'on its
findings, PNSC recommends to the Plant General Manager whether the procedure and
test results are acceptable. The Joint Test Group performs the same function
for the preoperational tests.
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Based on its review, the staff concludes that 'the applicant has made acceptable
plans for organizing and staffing for the initial plant test program and has
developed acceptable administrative controls over the conduct of the test
program.

'3.5.2Operating and Maintenance Procedures

13. 5. 2. 1 General

The staff has reviewed the applicant's plan for development and implementation
of operating and maintenance procedures to determine the adequacy of the appli-
cant's program for ensuring that routine operating, offnormal, and emergency
activities are conducted in a safe manner. The following description and
evaluation are based on information in the FSAR and the applicant's response
to NRC TMI Action Plan Items (NUREG-0660 and NUREG-0737). I

In determining the acceptability of the applicant s program, the criteria of .

SRP 13.5.2,(NUREG-0800) were used. The review consisted of an evaluation of
(1) the applicant's classifiation system for procedures that are performed by
licensed operators in the control room, and the classification for other operat-
ing and maintenance procedures; (2) the applicant's plan for completion of
operating and maintenance procedures during the initial plant testing phase to
allow for correction in the procedures before fuel loading; (3) the applicant's
program for compliance with RG 1. 33, Revision 2 (February 1978), regarding the
minimum procedural requirements for safety-related operations; (4) compliance
with ANSI N18.7-1976/ANS 3.2; and (5) the applicant's program for compliance
with Task Action Plan (NUREG-0660) Item I.C. 1 for the development of Emergency
Operating Procedure Guidelines.

13.5.2.2 Operating and Maintenance Procedure Program

In FSAR Section 1.8 the applicant committed to conduct all activities in
accordance with detailed written and approved procedures meeting RG 1.33,
Revision 2, and ANSI N18.7-1976/ANS 3.2.

The applicant uses the following categories of operating procedures for those
operations performed by licensed operators in the control room:

system
general
emergency
temporary
annunciator

Other procedures include

plant radiation protection
emergency preparedness
instrument calibration
chemical
radioactive waste management
maintenance
material control
plant security
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The staff found that the applicant's program for use of operating and main--
tenance procedures meets the relevant requirements of 10 CFR 50.34, and is
consistent with RG 1.33, Revision 2, and ANSI N18.7-1976/ANS 3.2. Therefore,
the staff concludes that the applicant's program is acceptable.

13.5.2.3 Reanalysis of Transients and Accidents; Development of Emergency
Operating Procedures

In letters of September 13 and 27, October 10 and 30, and November 9, 1979, thestaff required licensees of operating plants, applicants for operating licenses,
and licensees of plants under construction to: (1) perform analyses of tran-
sients and accidents, (2) prepare emergency operating procedure guidelines,
(3) upgrade emergency operating procedures, and (4) conduct operator retraining
(see also NUREG-0737, Item ISA.2. 1). Emergency operating procedures must be
consistent with the actions necessary to cope with the transients and accidents
analyzed. Analyses of transients and accidents were to be completed in early
1980, and implementation of procedures and retraining were to be completed '

months after emergency operating procedure guidelines were established.
'owever,some difficulty in completing these requirements has been experienced.

Clarification of the scope of the task and appropriate schedule revisions were
included in NUREG-0737, Item I.C. l.
The first version of emergency operating procedure guidelines was submitte'd by
the Westinghouse Owners Group by a letter from C. Reed dated October 16, 1979.
An updated version of these guidelines was submitted by a letter from C. Reed
dated July 15, 1980.

This revision contained material that resolved staff comments on the original
submittal. These revised guidelines were deemed acceptable for interim use by
operating license applicants with Westinghouse plants. The pilot monitoring
of selected emergency operating procedures as described in Task Action Plan
Item I.C.8 (NUREG-0660) was conducted using this revision of the guidelines as
the technical basis,

On June 18, 1981, the Westinghouse Owners Group indicated in a meeting with the
staff that emergency operating procedure guidelines and supporting analysis--
which were needed to comply with TMI Task Action Plan Item I.C. 1, as clarified
in NUREG-0737--would be submitted in two parts. The first part of the Westing-
house Emergency Response Guideline (ERG) program contained event-based Optimal
Recovery Guidelines and was submitted as an attachment to a letter dated Novem-
ber 30, 1981, from R. W. Jurgenson to D. G. Eisenhut. The second part of the
Westinghouse ERG program contained Critical Safety Function Status Trees and
Function Restoration Guidelines and was submitted August 2, 1982. These revised
guidelines incorporated the short-term reanalysis of small break loss-of-coolant
accidents and inadequate core cooling that was performed for Task Ac'tion Plan
Items I.C.1(1) and I.C.1(2), and previously approved by the staff. Pending
staff approval of the revised analysis and guidelines, the staff has continued
the pilot monitoring of selected emergency operating procedures described in
Task Action Plan Item I.C.8 (NUREG-0660).

In accordance with Task Action Plan Item I.C.9, the applicant is required to
develop emergency operating procedures based on the revised Westinghouse Owners
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Group Emergency Response Guidelines after these guidelines have been approved
by the staff. In a letter dated September 17, 1982, from D. G. Eisenhut to
0. D. Kingsley, the staff recommended using the guidelines to develop plant-
specific emergency operating procedures. Although this letter was not an ap-
proval of the ERG program, it provided preliminary acceptance of the program
contingent upon a response from the Westinghouse Owners Group to a staff concern
regarding future changes to the guidelines for both operating plants and appli-
cants for operating licenses.

As part of the long-term program, the staff has prepared NUREG-0899, which
provides guidance for preparation and implementation of upgraded emergency
operating procedures, in accordance with Task Action Plan Item I.C.9. The
applicant has committed in the FSAR to upgrade emergency operating procedures
in accordance with Item I.C.9; therefore, the staff does not plan to review
selected emergency operating procedures in accordance with TMI Task Action Plan
Item I.C.8. However, the staff will review the applicant's plan to implement
emergency operating procedures based on approved Owners Group guidelines and
the guidance in NUREG-0899. The staff review of the applicant's plan will be
completed before the operating license is issued and will be addressed in a
supplement to this SER.

In accordance with NUREG-0737, Item I.C.7, NSSS vendor review of low-power
testing, power ascension, and emergency operating procedures is necessary to
further verify the adequacy of the procedures. FSAR Section 14.2.3.2 and the
applicant's response to Item I.C.7 state that all preoperational and startup
test procedures and the Shearon Harris emergency operating procedures developed
from the technical guidelines will be reviewed by the NSSS vendor (Westinghouse).

This review will provide further verification of the adequacy of the procedures.
These reviews must be completed before fuel is loaded. The staff will confirm
these actions before an operating license is issued.

13.6 Ph sical Securit

13.6. 1 Introduction

The applicant filed with the NRC the following security program plans dated
July 5, 1983:

"Shearon Harris Nuclear Power Plant Industrial Security Revision 1 Plan"

"Shearon Harris Nuclear Power Plant Safeguards Contingency Plan
Revision 1"

"Shearon Harris Nuclear Power Plant Security Personnel Training and
qualification Plan Revisions"

The staff has reviewed the plans in accordance with SRP 13.6 (NUREG-0800).

The paragraphs below summarize how the applicant has provided for meeting the
requirements of 10 CFR 73. The staff's review is composed of a basic analysis
that is available for public review, an appendix that is protected from public
disclosure "protected appendix," and a response'-force-size worksheet that also
is protected from public disclosure.
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Based on a review of the applicant's submittals and on visits to the site,
the staff has concluded that the protection provided by the applicant'gainst
radiological sabotage at the Shearon Harris plant meets the requirements of
10 CFR 73. Accordingly, the protection will ensure that the health and safety
of the public will not be endangered.

13.6.2 Staff Evaluation

13.6.2. 1 Physical Security Organization

To satisfy the requirements of 10 CFR 73.55(b), the applicant has provided a
physical security organization that includes a Shift Supervisor who is on the
site at all times with the authority to direct the physical protection
activities. To implement the commitments made in the physical security plan,
training and qualification plan, and the safeguards contingency plan, written
security procedures specifying the duties of the security organization members
have been developed and are available for inspection. The training program
and critical security tasks and duties for the security organization personnel
are defined in the "Shearon Harris Nuclear Power Plan Security Personnel Train-
ing and gualfication Plan," which meets the requirements of 10 CFR 73, Appen-
dix B, for the training, equipping, and requalification of the security organi-
zation members. The physical security plan and the training program provide
commitments that preclude the assignment of any individual to a security-
related duty or task before the individual is trained, equipped, and qualified
to perform the assigned duty in accordance with the approved guard training
and qualification plan.

13.6.2.2 Physical Barriers

In meeting the requirements of 10 CFR 73.55(c), the applicant has provided a
protected area barrier that meets the definition in 10 CFR 73.2(f)(1). To
permit observation of activities along the barrier, an isolation zone, of at
least 20 feet is provided on both sides of the barrier, with the exception of
the locations listed in the protected appendix. The staff has reviewed those
locations and determined that the security measures in place are satisfactory
and continue to meet the requirements of 10 CFR 73.55(c).

Illumination of 0.2 foot-candle is maintained for the isolation zones, pro-
tected area barrier, and external portions of the protected area. In areas
where illumination of 0.2 foot-candle cannot be maintained, special proce-
dures are applied, as described in the protected appendix.

13.6.2.3 Identification of Vital Areas

The design bases for the applicant's program for identifying vital equipment
included the regulatory definition of vital, 10 CFR 100 release limits and the
criteria in RG 1.29 and Review Guideline 17. The program used conservative
assumptions (i.e., no credit is given for offsite power, and equipment not pro-
tected as vital is assumed to be unavailable). The protected appendix contains
a discussion of the applicant's program and identifies those areas and equip-
ment determined to be vital.

Vital equipment is located within vital areas that are located within the
protected area; passage through at least two barriers, as defined in 10 CFR
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73.2(f)(1) and (2), is required to gain access to the vital equipment. Vital
area barriers are separated from the protected area barrier.

Patrols o'f the protected area are performed at random intervals to detect the
presence of unauthorized persons, vehicles, and materials.

The control room and central, alarm station are provided with bullet-resistant
walls, doors, ceilings, floors', and windows.

Based on these findings and the analysis set forth in paragraph D of the pro-
tected appendix, the staff has concluded that the applicant's program for iden-
tification and protection of vital equipment satisfies the regulatory intent.
However, this program is subject to onsite validation by the staff and to
changes if any are found to be necessary.

13.6.2.4 Access Requirements

In accordance with 10 CFR 73.55(d), all points of personnel and vehicle access.,
to the protected area are controlled. The individual responsible for controlling
the final point of access into the protected area is located in a bullet-
resistant structure. As part of the access control program, vehicles (except
under emergency conditions), personnel, packages, and materials entering the
protected area are searched for explosives, firearms, and incendiary devices
by electronic search equipment and/or physical search.

Vehicles admitted to the protected area, except vehicles designated by the
applicant, are controlled by escorts. Applicant-designated vehicles are limited
to onsite station functions and remain in the protected area execpt for opera-
tional maintenance, repair, security, and emergency purposes. Positive control
over the vehicles is maintained by personnel authorized to use the vehicles or
by the escort personnel. A picture badge/key card system, utilizing encoded
information, identifies individuals who are authorized unescorted access to
protected and vital areas, and is used to control access to these areas.
Individuals not authorized unescorted access are issued badges without pictures
that indicate an escort is required. Access authorization is limited to those
individuals who have a need for access to perform their duties.

Unoccupied vital areas are locked and alarmed. During periods of refueling
or major ma'intenance, access to the reactor containment(s) is positively con-
trolled by a member of the security organization to ensure that only authorized
individuals and materials are permitted to enter. In addition, all doors and
personnel/equipment hatches into the reactor containments(s) are locked and
alarmed. Keys, locks, combinations, and related equipment are changed on an
annual basis. In addition, when an individual's access authorization has been
terminated as a result of a lack of reliability or trustworthiness, or for poor
work performance, the keys, locks, combinations, and related equipment to which
that person had access are changed.

1$ .6.2.5 Detection Aids

In satisfying the requirements of 10 CFR 73.55(e), the applicant has installed
intrusion detection systems at the protected area barrier, at entrances to vital
areas, and at all emergency exits. Alarms from the intrusion detection system
annunciate within the continuously manned central alarm station and-a -secondary
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alarm station located within the protected area. The central alarm station is
located so that the interior of the station is not visible from outside the
perimeter of the protected area. In addition, the central station is constructed
so that walls, floors, ceilings, doors, and windows are bullet resistant. The
alarm stations are located and designed so that a single act cannot inhibit the
capability of calling for assistance or responding to alarms. The central alarm
station has no other functions or duties that would interfere with its alarm
response function. The intrusion detection system transmission lines and
associated alarm annunciation hardware are self checking and tamper indicating.
Alarm annunciators indicate the type of alarm and its location when activated.
An automatic indication of when the alarm system is on standby power is provided
in the central alarm station.

13.6.2.6 Communications

As required by 10 CFR 73.55(f), the applicant has provided for the capability
of continuous communication between the central and secondary alarm station
operators, guards, watchmen, and armed response personnel through the use of a
conventional telephone system and a security radio system. In addition, direct
communication with the local law enforcement authorities is maintained through
the use of a conventional telephone system and two-way FM radio links. All

'onportablecommunication links, except the conventional telephone system, are
provided with an uninterruptible emergency power source.

13.6.2.7 Test and Maintenance Requirements

In meeting the requirements of 10 CFR 73.55(g), the applicant has established
a program for the testing and maintenance of all intrusion alarms, emergency
alarms, communication equipment, physical barriers, and other security-related
devices and equipment. Equipment or devices that do not meet the design perfor-
mance criteria or that have failed to otherwise operate will be compensated for
by appropriate compensatory measures, as defined in the "Shearon Harris Nuclear
Power Plant Security Plan" and in site procedures. These compensatory measures
will ensure that the effectiveness of the security system is not reduced by
failures or other contingencies affecting the operation of the security-related
equipment or structures. Instrusion detection systems are tested for proper
performance at the beginning and end of any period in which they are used for
security. Such testing will be conducted at least once every 7 days.

Communication systems for onsite communications are tested at the beginning of
each security shift. Offsite communications are tested at least once each day.

Audits of the security program are conducted once every 12 months by personnel
independent of site security management and supervision. The audits, which
focus on the effectiveness of the physical protection provided by the onsite
security organization implementing the approved security program plans, include
but are not limited to a review of security procedures and practices; system
testing and maintenance programs; and local law enforcement assistance agree-
ments. CP&L quality assurance and corporate security personnel prepare a
report documenting audit findings and recommendations.
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13. 6, 2. 8 Response Requirements

In meeting the requirements of 10 CFR 73.55(h), the applicant has provided for
armed responders immediately available for response duties on all shifts, con-
sistent with the requirements of the regulations. In addition, liaison with
local law enforcement authorities to provide additional response support in the
event of security events has been established and documented.

iT

The applicant's safeguards contingency plan for dealing with thefts, threats,
and radiological sabotage events satisfies the requirements of 10 CFR 73, Appen-

dix C. The plan identifies appropriate security events that could initiate a

radiological sabotage event and identifies the applicant's preplanning, response
resources, safeguards contingency participants, and coordination activities for
each identified event. Through this plan, upon the detection of abnormal pre- ,

sence or activities within the protected or vital areas, response activities
using the available resources would be initiated. The response activities and

objectives include the neutralization of the existing threat by requiring the „
response force members to interpose themselves between the adversary and its
objective, instructions to use force commensurate with that used by the adver-
sary, and authority to request sufficient assistance from the local law enforce-,
ment authorities to maintain control over the situation.

To assist in the assessment/response activities, a closed circuit television
system that has the capability to observe the entire protected area perimeter,
isolation z'ones, and a majority of the protected area is provided to the
security organization.

13.6.2 ' Employee Screening Program

In meeting the requirements of 10 CFR 73.55(a) to protect against the design-
basis threat as stated in 10 CFR 73. 1 (a)(l)(ii), the applicant has an employee
screening program. Personnel who successfully complete the employee screening
program or its equivalent may be granted unescorted access to protected and

vital areas at the Sharon Harris site. All other personnel requiring access to
the site are escorted by persons who are authorized and trained for escort
duties and who have successfully completed the employee screening program.

The employee screening program is based upon accepted industry standards and

includes a background investigation, a psychological evaluation, and. a continu-
ing observation program. In addition, the applicant may recognize the screening
program of other nuclear utilities or contractors based upon a comparability
review conducted by the corporate gA department.

The plan also provides a "grandfather clause" exclusion that allows recogni-
tion of a certain period of trustworthy service with the utility or contractor
as equivalent to the overall employee screening program.

The staff has reviewed the applicant's screening program against the accepted
industry standards (ANSI N18. 17 1973) and has determined that it is acceptable.
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14 INITIAL TEST PROGRAM

The intial test program at the Shearon Harris plant covers the period from
completion of construction and release to the startup group for testing (on a
system or equipment basis) through the completion of the startup power test
program. The initial test program is designed to provide the necessary assur-
ance that the facility can be operated in accordance with design requirements
and in a manner that will not endanger the health and safety of the public by
satisfying the following objectives:

(1) to provide assurance that the installation of equipment in the plant has
been accomplished in accordance with design

(2) to train and familiarize the plant operating and technical staff in the
operation of the facility

(3) to ensure that the plant operating and emergency procedures are proven
adequate, to the extent practicable, during the performance of the program

The Harris initial test program is conducted in three subprograms: the com-
ponent testing and initial operation, the preoperational test, and startup
power test, as described in the following paragraphs.

Com onent Testin and Initial 0 eration Pro ram: This program begins upon
jurisdictional transfer (release for test) of an individual structure, compo-
nent, or system from Carolina Power and Light (CPS L) Construction to CP&L
Startup. The primary objectives of this program are to verify that construction
activities associated with the respective structure, component, or system have
been completed, and to satisfy all prerequisites prior to performing preopera-
tional testing on an individual system. The testing is performed in accordance
with written procedures, under the direction of the responsible test engineers.
The tests verify installation integrity and ensure that structures, components,
and systems are ready for preoperational testing. This program includes, in
general, such tests/checks as: instrument calibration, wiring checks, pump and
motor rotation and vibration checks, hydrostatic testing, cleaning, and flushing.

Prep erational Test Pro ram: This program begins upon completion of component
testing on individual systems or subsystems and includes successful completion
of hot functional testing of the reactor coolant system. The primary objective
of preoperational testing is to verify that specific equipment and systems per-
form in accordance with design and safety requirements prior to initial core
loading.

Startu Power Test Pro ram: This program begins with initial core loading after
receipt of the plant's operating license. The program also encompasses initial
criticality, zero-power operation and ascension to full power, and the 100-hour
warranty run. Objectives of this program are to verify the nuclear parameters
of the reactor and the ability of the plant. to operate without endangering the
public health or safety, to ensure safe and efficient operation of the plant,
and to detect any design deficiencies.
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FSAR Chapter 14 was reviewed in accordance with Chapter 14 of the SRP (NUREG-
0800). The review concentrated on the administration of the preoperational
and startup power test programs and the completeness of the preoperational and
startup tests. The review included the SER-CP, Licensee Event Report .summaries
for operating reactors of similar design, standard Technical Specifications
for Westinghouse PWRs, and startup test reports for other PWRs. The review
included the following major considerations:

The applicant's plans for developing test procedures using input from the
NSSS vendor, the architect-engineer, the applicant's engineering staff,
and other equipment suppliers and contractors as needed. Operating
experiences at similar plants are being factored into the development of
the test procedures.

(2) The applicant's plans for conducting tests using approved test procedures.
Administrative controls cover (a) the completion of test prerequisites,
(b) the completion of necessary data sheets and other documentation, and
(c) the review and approval of modifications to test procedures. The
applicant has stated that administrative procedures also cover implementa-
tion of modifications or repair requirements identified as being required
by the tests and any necessary retesting.

(3) The applicant's plans for reviewing the results of each test for technical
adequacy and completeness by personnel, including the NSSS vendor and
architect-engineer as appropriate. Preoperational test results are re-
viewed before fuel loading, and the startup test results from each activity
or power level will be reviewed before the next activity is begun or the
next power level reached.

(4) The applicant's plans to use normal plant operating and emergency proce-
dures in performing the initial test program, thereby verifying the
correctness of the procedures to the extent practicable.

(5) The applicant's schedule for conducting the initial test program, which
allows adequate time to conduct all preoperational and startup tests. The
sequential schedule for performing the startup tests established (a) that
systems required to prevent, limit, or mitigate the consequences of postu-
lated accidents will be tested before the plant exceeds 25K of rated power
and (b) that the safety of the plant will not be dependent on the perform-
ance of untested systems, structures, and components. Preoperational test
procedures will be available for review by the NRC Regional Administrator
at least 60 days before scheduled implementation. Startup test procedures
will be available for review not less than 60 days before the scheduled
fuel loading date.

(6) The description of each test procedure presented in FSAR Chapter 14. The
staff verified that there were test descriptions for those

structures,'ystems,

components, and design features that: (a) will be used for shut-
down and cooldown of the reactor under normal, transient, and accident
conditions and for maintaining the reactor in a safe condition for an ex-
tended shutdown period; (b) will be used for establishing conformance with
safety limits or limiting conditions for operation that will be included
in the facility Technical Specifications; (c) are classified as engineered
safety features or will be relied on to support or ensure the operation of
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engineered safety features within design limits; (d) are assumed to func-
tion or for which credit is taken in the accident analysis of the facility,
as described in the FSAR; and (e) will be used to process, store, control,
or limit the release of radioactive materials.

(7)

(8)

The test objectives, prerequisites, test methods, and acceptance criteria
for each test abstract, which were reviewed in sufficient detail to estab-
lish that the functional adequacy of the structures, systems, components,
and design features will be demonstrated.

The test program's conformance with RG 1.68, "Preoperational and Initial
Start'up Test Programs for Water-Cooled Power Reactors" (Revision 2, August
1978).

The applicant made a number of changes to the initial test program because of
staff comments. Examples of these changes are

(2)

Testing was added to ensure that electrical and transformer capacities
were adequate to handle all ESF loads.

Acceptance criteria for the major preoperational and startup tests
were'xpandedto ensure that quantifiable and referenceable data are available

to establish that the actual test objectives have=been attained.

(3) Testing was added to meet the requirements of NUREG-0694, Item I.G. 1--
Natural Circulation Testing.

(4) Testing was added to ensure that excessive hydrogen concentration buildup
does not occur in the battery room.

(6)

(7)

(8)

Testing was added to ensure that containment recirculation fans will be
operational during post-LOCA conditions.

Test descriptions were modified to more fully demonstrate the ability of
the emergency diesel generators and their support equipment to provide
reliable emergency power.

Testing was added to more clearly demonstrate that the emergency venti la-
tion systems are capable of maintaining all ESF equipment within its
design temperature range under post-accident design heat loads.

Testing was added to demonstrate that, for hot containment penetrations
where coolers are not used, concrete temperatures do not exceed design
limits.

(9) Testing was added to verify the capabilities of the'battery charger.

Additional information or confirmatory FSAR amendments are required for the
following items:

(1) The applicant should provide additional information or commit to
additional testing to verify that steam generator safety relief valve
capabilities are not in excess of the value assumed in the accident
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analysis for inadvertent opening of a steam generator relief or safety
valve event.

(2) The applicant should ammend FSAR Chapter 14 as proposed in the letter
from M. A. McDuffie (CP6L) to H. R. Denton (NRC), dated July 15, 1982, to
describe auxiliary feedwater pump endurance tests.

(3) The applicant should expand the natrual circulation test description in
FSAR Section 14. 2. 12. 2. 26 to fully comply with NUREG-0737, Item I. G. 1 (as
stated in the staff's requests for additional information, letter from
F. A. Miraglia (NRC) to J. A. Jones (CP8 L), dated June 14, 1982).

Based on its review, the staff has concluded that, with the exception of the
items listed above, the initial plant test program is acceptable and meets the
requirements of 10 CFR 50.34(b)(6)(iii), with regard to the requirements for
inclusion of plans for preoperational testing and initial operations in the
FSAR, and 10 CFR 50, Appendix B, Section XI, with regard to the requirement for
a test program to ensure that all testing required to demonstrate that struc-
tures, systems, and components will perform satisfactorily in service is iden-tified and performed in accordance with wr itten test procedures that incorporate
the requirements and acceptance limits contained in applicable design documents.
The staff has further concluded (1) that if the applicant makes acceptable
responses to the open and confirmatory items, the initial test program described
in the application will meet the acceptance criteria of SRP 14.2 and (2) that
the successful completion of the program will demonstrate the functional
adequacy of plant structures, systems, and components.

This review and evaluation was performed with the assistance of Battelle Pacific
Northwest Laboratories. personnel.
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15 ACCIDENT ANALYSES

The accident analyses for,Shearon Harris Units 1 and 2 have been reviewed in
accordance with SRP 15 (NUREG-0800). Conformance with the acceptance criteria,
except as not'ed for each of the sections, formed the basis for concluding that
the design of the facility for each of the areas reviewed was found to be
acceptable.

In accordance. with SRP 15. 1. 1. I, the applicant evaluated the ability of the
Shearon Harris station to withstand anticipated operational occurrences and a>

broad spectrum of postulated accidents without'undue hazard to the health and-.

safety of the public. The results of these analyses are used to show conform-
ance with GDC 10 and 15.

I

For each event analyzed, the worst operating conditions 'and the most limiting
single failure were assumed, and credit was taken for minimum engineered safe-''
guard response.

,
II

Parameters specific to individual events were conservatively selected. Two
types of events were analyzed:

(1) those incidents that might be expected to occur during the lifetime of the
reactor

(2) those incidents not expected to occur that'ave the potential to result in
significant radioactive material release (accidents)

The nuclear feedback coefficients were conservatively chosen to produce the
most adverse core response. The reactivity insertion curve, used to represent
the control rod insertion, accounts for a stuck rod, it is in accordance with
GDC 26.

For transients and accidents, the applicant utilized a method that conserva-
tively bounds the consequences of the event by accounting for fabrication and
operating uncertainties directly in the calculations. DNBRs were calculated
using the W-3 correlation with a modified spacer factor "R," with a minimum
DNBR of 1.3 used as the threshold for fuel failure.

Using applicable SRP sections (NUREG-0800) and RGs, the staff has reviewed
these accidents and performed independent dose calculations, the results of
which are presented in Table 15. 1. The short-term diffusion estimates (X/g)
used in the analysis are presented in Table 15.2. They are based on the models
presented in RG 1. 145 and are discussed in SER Section 2.3.4.

The applicant accounts for variations in initial conditions by making the fol-
lowing assumptions as appropriate for the event being considered:

~ core power, 2785 NWt, +2/o

~ average reactor vessel temperature (T ), 587.5 + 5 ' F
avg
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Table 15. 1 Radiological consequences of design-basis accidents, in rems

Exclusion area" Low-population zone""~

Postulated accident Thyroid Whole body Thyroid Whole body

Main steamline failure
outside containment

With/concomitant iodine spike
With/pre-accident iodine spike

6.3
6.3

g.6
4.7

Steam generator tube rupture
With/concomitant iodine spike**
With/pre-accident iodine spike""-

Rod ejection accident
Secondary side leakage
Containment leakage

1.8
16

1
0.1

0.42 0.1
33 0.1

Failure of letdown line
outside containment 8.7 2.0

Fuel-handling accident
Fuel building
Reactor bui 1 ding

Loss-of-coolant accident,
duration, hrs

5.5
5

0.4
1

1.5
5

0.1
1

From
Containment

0.0
2.0
8.0

24. 0
96. 0

To
leakage

2.0
8.0

24. 0
96. 0

720. 0

75'.8 18
22
15
12
10

0. 36
0 ~ 46
0. 20
0. 05
0. 02

ESF leakage
0.0 2.0
0. 0 720. 0

0.01.
13 0. 01

Total LOCA doses 80 1.8 90

"Exclusion area distance: 2133 meters; 2-hour dose.
""This will be an open item until the steam generator tube rupture item is

cl osed.
"""Low-population zone boundary: 4827 meters; the calculated LPZ doses after

8 hours for the above accidents other than LOCA were determined to be
negligible.
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~ pressure (at pressurizer), 2250 a 30 psi

The staff concludes the assumptions for initial conditions are acceptable
because they are conservatively applied to produce the most adverse effects.
For transients and accidents used to verify the ESF design, the applicant has
utilized the safeguards power design value of 2910 MWt.

The applicant has also analyzed several events expected to occur one or more
times in the life of the plant. A number of transients can be expected to
occur with moderate frequency as a result of equipment malfunctions or operatorerror in the course of refueling and power operation during the plant lifetime.
Specific events were reviewed to ensure conformance with the acceptance cr i-
teria provided in the SRP.

The acceptance criteria for transients of moderate frequency in the SRP include
the following:

(1) Pressure in the reactor coolant and main steam systems should be main-
tained below 110K of design values (Section III of the American Society
of Mechanical Engineers Boiler and Pressure Vessel Code).

(2) Fuel clad integrity shall be maintained by ensuring that the minimum ONBRwill remain above the 95/95 ONBR limit for PWRs. (The 95/95 criterion
discussed in Section 4.4 of this SER provides a 95K probability, at a 95K
confidence level, that no fuel rod in the core experiences a DNB.)

(3) An incident of moderate frequency should not generate a more serious plant
condition without other faults occurring independently.

(4) For transients of moderate frequency in combination with a single failure,
no loss of function of any fission product barrier, other than fuel ele-
ment cladding, shall occur. Core geometry is maintained in such a waythat there is no loss of core cooling capability and control rod inserta-bility is maintained.

Conformance with SRP acceptance criteria consititutes compliance with GDC 10,
15, and 26 of Appendix A to 10 CFR 50. See Section 10.4.9 of this SER for a
discussion of auxiliary feedwater system conformance to TMI Action Plan ItemII.E. l. 1, and Section 7.3.3. 1 for a discussion of compliance with TMI Action
Plan Item II.E.1.2.

The transients analyzed are protected by the following reactor trips:
(1) power range high neutron flux

(2) high pressure

(3) low pressure

(4) overpower hT

(5) overtemperature hT

(6) low coolant flow
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Table 15.2 X/g values

Time Period sec/ms

0-2 hour
0-8 hour
8-24 hour

1-4 days

4-30 days

2.9 x 10-4

6.8 x 10-s

4.6 x 10-s

1.9 x 10-s

5.5 x 10-s

Exclusion area boundary dis-
tance: 2133 meters; low popu-
lation zone boundary-distance:
4827 meters

(7) pump undervoltage/underfrequency

(8) low steam generator water level

(9) high steam generator water level

Time delays to trip, calculated for each trip signal, are included in the
analyses. See Section 4.3 of this SER for,a discussion of the staff review
of reactivity control system functional design.

All-of the transients that are expected to occur with moderate frequency can be
grouped according to the following plant process disturbances: undercooling
transients, increased cooling transients, changes in coolant inventory, decrease
in reactor coolant flow rate, and changes in core reactivity. Design-basis
accidents have been evaluated separately and are discussed at the end of this
section of the SER.

15. 1 Increase in Heat Removal by the Secondary System

The applicant's analysis of events that produced increased heat removal by the
secondary system is addressed in the following paragraphs.

15..1. 1 Decrease in Feedwater .Temperature

See Section 15. 1.4.

15. 1. 2 Increase in Feedwater Flow

See Section 15. 1.4.

15. 1.3 Increase in Steam Flow

See Section 15.1.4.
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15.1.4 Inadvertent Opening of a Steam Generator Relief Valve or Safety Valve

The transient that is most limiting of these with respect to fuel performance
is the inadvertent opening of the steam generator relief or safety valve. The
increase steam demand causes a reactor power increase which results in a reactor
trip due to'high neutron flux or overpower bT signals. The continued steam
demand through the open valise w'ill cause additional cooldown and additional
positive reactivity insertion to the primary coolant system due to negative
temperature coefficient. The safety injection system (SIS) will inject highly
concentrated boric acid from the boron injection tank into the primary coolant
system on either two out of three pressurizer low pressure signals, two out of
three Hi-1. containment pressure signals, or two out of three low steamline
pressure signals in any one loop. This ensures the reactor will remain shut-
down with any subsequent cooldown. The normal steam generator feedwater will
be isolated automatically upon SIS initiation, and then an orderly cooldown
would be effected. The transient is terminated and only safety-grade equipment
has been utilized. DNB does not occur during this transient.

The transient that is most limiting of these with respect to the peak pressure
is the increase in feedwater flow transient. The applicant has calculated a:

'eakpressure of 2230 psia during this transient.

15. 1.5 Steamline Rupture

The applicant has submitted analyses of postulated steamline breaks that show
no fuel failures attributed to the accident. These result are similar to those
obtained for previously reviewed Westinghouse three-loop plants.

A postulated double-ended rupture at hot standby power was analyzed as the worst
case. The applicant referenced WCAP-9226 as justification for this selection.
WCAP-9226 is currently under review by the staff. The doubled-ended rupture
would cause the reactor to increase in power due to the decrease in reactor
coolant temperature. The reactor would be tripped by either reactor overpower
hT or by the actuation of the SIS. The SIS will be actuated by any of, the
following: two out of three low pressurizer pressure signals or two out of
three Hi-1 containment pressure signals or two out of three low steamline
pressure signals in any one loop. The transient is terminated using only
safety-grade equipment. The injection of highly borated water ensures the
reactor is maintained in a shutdown condition.

The staff concludes that the consequences of postulated steamline breaks meet
the relevant requirements set forth in the GDC 27, 18', 31, and 35 regarding
control rod insertabi lity and core coolabi lity and TNI Action Plan Items. This
conclusion is based upon the following:

(1) The applicant has met the requirements of GDC 27 and 28 by demonstrating
that the resultant fuel damage was limited such that control rod inserta-
bility would be maintained, and that no loss of core cooling capability
resulted. The minimum DNBR experienced by any fuel rod was >1. 30, result-
ing in OX of the rods experiencing cladding perforation.

(2) The applicant has met the requirements of GDC 31 with respect to demon-
strating the integrity of the primary system boundary to withstand the
postulated accident.
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(3) The applicant has met the requirements of GDC 35 with respect to demon-
strating the adequacy of the emergency cooling systems to provide abundant
core cooling and reactivity control (via boron injection).

(4) The analyses and effects of steamline break accidents inside and outside
containment, during various modes of operation with and without offsite
power, have been reviewed and were, evaluated using a mathematical model
that has been previously reviewed and found acceptable by the staff.

(5) The parameters used as input to this model were reviewed and found to be
suitably conservative.

(6) The applicant has met the requirements of Task Action Plan Items II.E. 1,II.K. 2. 1, and II.E. l. 2 with respect to demonstrating the adequacy of",the
auxiliary feedwater design to remove decay heat following steam system
piping failures.

(7) The applicant has met the requirements of Task Action Plan Items II.K.3.25
and II.K. 3. 40 with respect to demonstrating the integrity and operation of
the reactor coolant pumps to withstand the postulated accident.

(8) The applicant has met the requirements of Task Action Plan Item II.K. 3. 5
with respect to the operation and tripping of the reactor coolant pumps.
The assumptions used are conservative and consistent with the general
resolution of Item II.K. 3. 5.

15.2 Decreases in Heat Removal b the Secondar S stem

The applicant's analyses of events that result in a decrease in heat removal by
the secondary system are presented below.

15.2. 1 Loss of External Load

See Section 15.2.7.

15.2. 2 , Turbine Trip

See Section 15.2.7.

15.2.3 Loss of Condenser Vacuum

See Section 15.2.7.

15.2.4 Inadvertent Closure of Main Steam Isolation Valves

See Section 15.2.7.

15.2.5 Steam Pressure Regulator Failure

See Section 15.2.7.

15.2.6 Loss of Nonemergency Power to the Station Auxiliaries

See Section 15.2.7.
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15. 2. 7 Loss of Normal Feedwater Flow

Plant transients that result in an unplanned decrease in heat removal by the
secondary system that might be. expected to occur with moderate frequency are
identified in the above list. All these postulated transients have been
reviewed. It was found that the most limiting event in this group of events
in regard to the maximum pressure within the reactor coolant and main steam
systems was the turbine trip at full power without credit taken for the pres-
surizer spray, power-operated relief valves (PORVs), or steam dump. The
reactor is tripped on the high pressurizer pressure signal and the peak pres-
sure during the transient is 2560 psia, well below the ASME requirements for
maximum pressure to be limited to 110K of design pressure.

The applicant states in FSAR Section 15.2.6 that the most limiting event in
regard to fuel performance is the loss of nonemergency ac power to the station
auxiliaries transient. In this transient, the loss of offsite power is closely
followed by a turbine trip and reactor trip. The reactor trip is assumed to
come from low-low steam generator level which is the second safety-grade trip.
The emergency feedwater system is automatically started and two pumps are as-
sumed to be feeding all three -steam generators. Because only safety-grade
equipment is used to mitigate the events, the primary system pressurizer relief
valves are assumed not to function; therefore all residual heat must be removed
through the steam generator safety valves. The first 4 seconds after the loss
of power to the reactor coolant pumps will closely resemble a simulation of the
complete loss of flow event (discussed in Section 15.2.3 of this SER). DNBR
remains above 1.30 throughout the transient.

15.2.8 Feedwater System Pipe Break

The applicant has provided a feedwater line break analysis for Shearon Harris
using assumptions that 'would minimize secondary system heat removal capability,
maximize heat addition to the primary system coolant, and maximize the calcu-
lated primary system pressure. A double-ended rupture of the largest feedwater
line was assumed, as well as failure of the turbine-driven auxiliary feedwater
pump to start and supply emergency feedwater to the steam generator.

The system code used to perform these analyses is LOFTRAN (discussed in SER
Section 5.2.2. 1). The analysis assumed that the most restrictive single fai lure
of the auxiliary feedwater system, emergency feedwater flow is supplied to two
intact steam generators by the motor-driven auxiliary feedwater pumps only.
This is sufficient feedwater flow to adequately remove the, residual 'heat after
reactor shutdown. The use of only safety-grade equipment wi 11 mitigate this
accident. No fuel damage was calculated to occur, and the peak calculated pres-
surizer pressure was approximately 2500 psia. The staff finds these results to
be within the required limits.

15.3 Decreases in Reactor Coolant Flow Rate

15.3.1/15.3.2 Loss of Forced Reactor Coolant Flow, Including Trip of Pump
and Flow Controller Malfunctions

The applicant has analyzed the total loss of forced reactor coolant flow event
that bounds partial loss of forced reactor coolant flow. This event is reviewed
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using. the review procedures and acceptance criteria set forth in SRP 15.3. 1 and
15. 3. 2.

The loss of offsite power and resulting loss of all forced coolant flow through
the reactor core causes an increase in the average coolant temperature and a
decrease in the margin to DNB. The reactor is tripped from an undervoltage
trip monitoring the RCP power supply, and a minimum DNBR of 1.30 is reached 3.4
seconds into the transient. The maximum calculated RCS pressure is 2350 psia
during the transient.

15.3.3/15; 3.4 Reactor Coolant Pump Rotor Seizure and Shaft Break

At the staff's request, the applicant has reanalyzed these events assuming loss
of offsite power to the unaffected reactor coolant pumps (RCPs). The results
of the analysis indicate that 19K of the fuel rods will fail, and that the
radiological consequences would be acceptable. The staff has reviewed the
results of other applicants'nalyses and has concluded that the radiological
consequences are acceptable.

15.4 Reactivit and Power Distribution Anomalies

In the following sections, the staff addresses the applicant's evaluation of
events that result in reactivity and power distribution anomalies.

15.4. 1 Uncontrolled Rod Cluster Control Assembly (Rod) Bank Mithdrawal
from Zero Power Conditions

The staff has reviewed this event according to SRP 15.4. 1.

The consequences of an uncontrolled rod cluster control assembly bank withdrawal
at zero power have been analyzed. Such a transient can be caused by a failure
of the reactor control or rod control systems. The analysis assumed a conserva-
tively small (in absolute magnitude) negative Doppler coefficient and a positive
moderator coefficient. Further, hot zero power initial conditions with the
reactor just critical are chosen because they are known to maximize the cal-
culated consequences. The reactivity insertion rate is assumed to be equivalent
to the simultaneous withdrawal of the two highest worth banks at maximum speed
(45 in. per minute).

Reactor trip is assumed to occur on the low setting of the power range neutron
flux channel at 35K of full power (a lOX uncertainty has been added to the 'set-
point value). The maximum heat flux is much less than the full power value,
and average fuel temperature increases to a value lower than the nominal full
power value. The minimum DNBR at all times remains above the limiting value of
1.30.

The possibilities for single failures of the reactor co'ntrol system which could
result in uncontrolled withdrawal of control rods under low power startup con-
ditions have been reviewed. The scope of the review has included investigations
of initial conditions and control rod reactivity worths, the course of the
resulting transients or steady-state conditions, and the instrument response to
the transient or power maldistribution. The methods used to determine the peak
fuel rod response, and the input into the analysis (such as power distributions
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and reactivity feedback effects as a result of moderator and fuel temperature
changes) have been examined.

The staff concludes that the requirements of GDC 10„ 20, and 25 have been met.

The applicant has met the requirement of GDC 10 that the specified acceptable
fuel„ design limits are not exceeded, of GDC 20 that the reactivity control
systems are automatically initiated so that specified acceptable fuel design
limits are not exceeded, and of GDC 25 that single malfunctions in the reac-
tivity control system will not cause the specified acceptable fuel design
limits to be, exceeded. These requirements have been met by comparing the
resulting extreme operating conditions and response for the fuel (i.e., fuel
duty) with the acceptance criteria for fuel damage (e.g., critical heat flux,
fuel temperatures, and clad strain limits should not be exceeded), to ensure
that fuel rod failure will be precluded for this event. The basis for accept-
ance in the staff review is that the applicant's analyses of the maximum tran-
sients for single error control rod withdrawal from a subcritical or low-power
condition have been confirmed, that the analytical methods and input data are
reasonably conservative, and that specified acceptable fuel design limits will
not be exceeded.

15.4.2 Uncontrolled Rod Cluster Control Assembly (Rod) Bank Withdrawal
at Power

The staff has reviewed this event according to SRP 15.4.2.

The consequences of uncontrolled withdrawal of a rod bank in the power operating
range have been analyzed. The effect of such an event is an increase in coolant
temperature (because of the core-turbine power mismatch), which must be termi-
nated before fuel design limits are exceeded.

The analysis is performed as a function of reactivity insertion rates, reac-
tivity feedback coefficients, and core power level. Protection is provided by
the high neutron flux trip, the overtemperature hT and overpower hT trips, and
pressurizer pressure and pressurizer water level trips. In no case does the
DNBR fall below 1.30. Adequate fuel cooling is therefore maintained. The
maximum heat flux reached, including uncertainties, does not exceed 118K of
full power, thus precluding fuel centerline melting.

The possibilities for single failures of the reactor control system that could
result in uncontrolled withdrawal of control rods beyond normal limits under
power operation conditions have been reviewed. The scope of the review has
included investigations of possible initial conditions and the range of reac-
tivity insertions, the course of the resulting trans,ients, and the instrumenta-
tion response to the transient. The methods used to determine the peak fuel
rod response, and the input into the analysis (such as power distributions, rod

, reactivities, and reactivity feedback effects of moderator and fuel temperature
changes) have been examined.

The staff concludes that the requirements of GDC 10, 20, and 25 have been met.

The applicant has met the requirements of GDC 10 that the specified acceptable
fuel design limits are not exceeded, of GDC 20 that the reactivity control
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systems are automatically initiated so that specified acceptable fuel design
limits are not exceeded, and of GDC 25 that single malfunctions in the reac-
tivity control system will not cause the specified acceptable fuel design
limits to be exceeded. These requirements have been met by comparing the
resulting extreme operating conditions and response for the fuel (i.e., fuel
duty) with the acceptance criteria for fuel'amage (e. g., critical heat flux,
fuel temperatures, and clad strain limits should not be exceeded), to ensure
that fuel rod failure will be precluded for this event. The basis for accept-
ance in the staff review is that the applicant's analysis of maximum transients
for single error control rod malfunctions has been confirmed, the analytical
methods and input data are reasonably conservative, and specified acceptable
fuel — design limits will not be exceeded.

15. 4. 3 Rod Cluster Control Assembly Malfunctions

The staff has reviewed this event according to SRP 15.4.3.

Rod cluster control assembly misalignment incidents including a dropped f'ull-
length assembly, a dropped full-length bank, a misaligned full-length assembly
and the withdrawal of a single assembly while operating at power have been
analyzed by the applicant. Misaligned rods are detectable by: (1) asymmetric
power distributions sensed by excore nuclear instrumentation or core exit,
thermocouples, (2) rod deviation alarm, and (3) rod position indicators. 'A
deviation of a rod from its bank by about 15 in. or twice the resolution of the
rod position indicator will not cause power distribution to exceed design
limits. Additional surveillance will be required to ensure rod alignment if
one or more rod position channels are out of service.

In the event of a dropped assembly or group of assemblies, the reactor will
typically scram on a neutron flux negative rate trip, and analysis-indicates
that thermal limits will not be exceeded for the event. If the rod locations
are such that the reactor does not scram, however, the automatic controller may
return the reactor to full power and, with a single failure, the control could
result in a power overshoot. An analysis methodology for this event has been
developed by Westinghouse, and reported in WCAP-10297-P, "Dropped Rod

Methodology for Negative Flux Rate Trip Plants," January 1982. This methodology
has been reviewed and approved by the NRC staff (memorandum from L. Rubenstein,
NRC, to F. Miraglia, NRC, "Review of the Westinghouse Report 'Dropped Rod

Methodology for Negative Flux Rate Trip Plants,'" December 1983). Generally,
detailed analyses for most reactors for most cycles show that if this event
occurs thermal limits will not be exceeded. However, the analysis is reactor
specific and cycle specific, and the analyses for Shearon Harris for cycle 1

has not been completed. The staff has also accepted an interim position for
operating reactors that consists of a restriction on operations above 90K
power so that either the reactor is in manual control or rods are required to
be out more than 215 steps. This restriction will be applied to Shearon Harris
Units 1 and 2 if calculations for cycle 1 operation are not completed in time
for initial operations. With this restriction, thermal limits will not be
exceeded. When the analysis specific to Shearon Harris for cycle 1 is approved,
the restriction will be removed. A similar analysis will be needed for each
subsequent reload cycle.

For cases in which a group is inserted to its -insertion limit with a single rod
in the group stuck in the fully withdrawn position, analysis .indicates that DNB
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will not occur. The staff has reviewed the calculated estimates of the expected
reactivity and power distribution changes that accompany postulated misalign-
ments of representative assemblies. The staff has concluded that the values
used in this analysis conservatively bound the expected values including cal-
culational uncertainties.

The inadvertent withdrawal of a single assembly requires multiple fai lures in
the control system, multi'pie operator errors, or deliberate operator actions
combined with a single fai lure of the control system. As a result the single
assembly withdrawal is classified as an infrequent occurrence. The resulting
transient. is similar to that resulting from a bank withdrawal, but the increased
peaking factor may cause DNB to occur in the region surrounding the withdrawn
assembly. Less than 5X of the rods in the core experience DNB for such a

transient.

The possibilities for single failures of the reactor control system that could
result in a movement or malposition of control rods beyond normal limits have

been reviewed. The scope of the review has included investigations, of possible
rod malposition configurations, the course of the resulting transients or
steady-state conditions, and the instrumentation response to the transient or
power maldistribution. The methods used to determine the peak fuel rod
response, and the input to that analysis (such as power distribution changes,
rod reactivities, and reactivity feedback effects as a result of moderator and

fuel temperature changes) have been examined.

The staff concludes that the requirements of GDC 10, 20, and 25 have been met.
The applicant has met the requirements of GDC 10 that the specified acceptable
fuel design limits are not exceeded, of GDC 20 that the reactivity control
systems are automatically initiated so that specified acceptable fuel design
limtis are not exceeded, and of GDC 25 that single malfunctions in the reac-
tivity co'ntrol system will not cause the specified acceptable fuel design limits
to be exceeded. These requirements have been met by comparing the resulting
extreme operating conditions and response for the fuel (i. e., fuel duty) with
the acceptance criteria for fuel damage (e.g., critical heat flux, fuel tempera-
tures, and clad strain limits should not be exceeded), to ensure that fuel rod
failure will be precluded for this event. The basis for acceptance in the
staff review is that maximum configurations and transients for single error
control rod malfunctions have been analyzed, that the analysis methods and

input data are reasonably conservative, and that specified acceptable fuel
design limits will not be exceeded.

15. 4. 4/15. 4. 5 Startup of an Inactive Reactor Coolant Pump at an Incorrect
Temperature

In FSAR Section 15.4.4, the applicant provides the results of an analysis for
startup of an inactive reactor coolant pump event. This event is reviewed
using the review procedures and acceptance criteria set forth in SRP 15.4.4.

During the first part of the transient, the increase in core flow with cold
water results in an increase in nuclear power and a decrease in core average
temperature. Reactivity addition for the inactive loop startup event is the
result of the decrease in core inlet water temperature. This transient was

evaluated by the applicant using a mathematical model that has been reviewed
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and found acceptable to the staff. The maximum calculated RCS pressure is
2340 psia and the minimum ONBR is above 1.3 throughout the transient.

15.4.6 Inadvertent Boron 0'ilution

FSAR Section 15.4.6 covers chemical and volume control system (CVCS) malfunc-
tions that result in a decrease in the boron concentration in the reactor
coolant. The applicant in a recent submittal met the requirements of SRP 15.4. 6
because SRP 15.4.6 requires'that at least 15 minutes be available from the time
the operator is made aware of an unplanned boron dilution event to the time a
loss of shutdown margin occur s during cold shutdown. The applicant has commit-
ted (1) to administratively keep one reactor makeup pump locked out and (2) to
maintain a 2X shutdown margin during cold shutdown. The staff finds these
commitments acceptable.

15.4.? Inadvertent Loading of a Fuel Assembly into Improper Position

The staff has reviewed this event according to SRP 15.4.7

Strict administrative controls in the form of previously approved established
procedures and startup testing are followed during fuel loadings to prevent
operation with a fuel assembly in an improper location or a misloaded burnable
poison assembly. Nevertheless, an analysis of the consequences of a loading
error has been performed.

Comparisons of power distributions calculated for the nominal fuel loading
pattern and those calculated for five loadings with misplaced fuel assemblies
or burnable poison assemblies are presented by the applicant. The selected
nonnormal loadings represent the spectrum of potential inadvertent fuel mis-
placement. Calculations included, in particular, the power in assemblies that
contain provisions for monitoring with incore detectors.

As part of the required startup testing, the incore detector system is used to
detect misloaded fuel before operation at power. The analysis described above
shows that all but one on the above misloading events would be detected by this
test. In the excepted case (an interchange of Region 1 and 2 assemblies near
the center of the core), the increase in the power peaking is approximately
equal to the uncertainty in the measurement of this quantity (5 X). This un-
certainty is allowed for in analyses so that this misloading event does not
result in unacceptable consequences.

The staff has evaluated the consequences of a spectrum of postulated fuel
loading errors and concludes that the analyses provided by the applicant have
shown for each case considered that either the error is detectable by the
available instrumentation (and hence remediable) or the error is undetectable
but the offsite consequences of any fuel rod failures are a small fraction of
10 CFR 100 guidelines. 'The applicant affirms that the available incore instru-
mentation will be used before the start of a fuel cycle to search for fuel
loading'rrors.

The staff concludes that the requirements of GOC 13 and 10 CFR 100 have been
met. The applicant has met the requirements of GOC 13 with respect to providing
adequate provisions to minimize the potential of misloaded fuel assembly going
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undetected and meets 10 CFR 100 with respect to mitigating the consequences of
reactor operations with a misloaded fuel assembly. These requirements have
been met by providing acceptable procedures and design features that will
minimize the likelihood of loading fuel in a location other than its designated
place.

15;4.8 Rupture of a Control Rod Drive Mechanism Housing (Rod Cluster
Control Assembly Ejection)

The staff reviewed this event according to SRP 15.4.8. The assumptions used to
determine potential consequences of releases are listed in Table 15.3.

Table 15.3 Assumptions used for the rod ejection accident

Parameter

Power, Mwt

Failed fuel, X

Number of fuel rods in core

Primary coolant volume, gal

Steam generator tube leak rate, gpm

Steam generator decontamination factor

Value

2,900

10

41,448

67,000

100

Activity released to reactor coolant from failed fuel,
(X of gap inventory)

Iodines
Noble gases

Primary containment leakage, (%%u'/day)

Offsite power

Duration of primary-to-secondary leakage, minutes

10
10

0.1

lost

60

The mechanical failure of a control rod mechanism pressure housing would result
in the ejection of a rod cluster control assembly. For assemblies initially
inserted, the consequences would be a rapid reactivity insertion together with
an adverse core power distribution, possibly leading to localized fuel rod
damage. Although mechanical provisions have been made to make this accident
extremely unlikely, the applicant has analyzed the consequences of such an

event.

Meth'ods used in the analysis are reported in WCAP-7588, Revision 2, "An Evalua-
tion of the Rod Ejection Accident in Westinghouse Reactors Using Spatial
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Kinetics Methods," which has been reviewed and accepted by the staff. This
report demonstrated that the model used in the accident analysis is conserva-
tive relative to a three-dimensional kinetics calculation.

The applicant's criteria for gross damage of fuel are a maximum clad temperature
~ of 2700'F and an energy deposition of 200 cal/gm in the hottest pellet. Thesecriteria are more conservative* than those proposed in RG 1.77. Therefore,

they are acceptable.

Four cases were analyzed: beginning-of-cycle at 102X and zero power and end-
of-cycle at 102'nd zero power. The highest clad temperature, 2504 F, and the
highest fuel enthalpy, 180 cal/gm, were reached in the beginning-of-cycle full-
power case. The analysis also shows that less than 10K of the fuel experiences
DNB and less than 10X of the hot pellet melts. Analyses have been performed to
show that the pressure surge produced by the rod ejection is mild and will not
approach the reactor coolant system emergency limits. Futher analyses have.
shown that a cascade effect (i.e., the ejection of a further rod due to the
ejection of the first one) is not credible.

The staff concludes that the analysis of the rod ejection accident is accept-
able and meets the requirements of GDC 28 with respect to preventing postulated
reactivity accidents that could result in damage to the reactor coolant pres-
sure boundary greater than limited local yielding, or cause sufficient damage
that would significantly impair the capability to cool the core. The require-
ments have been met by demonstrating compliance with RG 1.77, "Assumptions Used
for Evaluating a Control Rod Ejection Accident for PWR's." The staff has eval-
uated the applicant's analysis of the assumed control rod ejection accident and
finds the assumptions, calculation techniques, and consequences acceptable.
Because the calculations resulted in peak fuel enthalpies less than 280 cal/gm,.
prompt fuel rupture with consequent ~apid heat transfer to the coolant from
finely dispersed molten UOz was assumed not to occur. The pressure surge was,
therefore, calculated on the basis of conventional heat transfer from the fuel
and resulted in a pressure increase below "Service Limit C" (as defined in
Section III, "Nuclear Power Plant Components," of the ASME Boiler and Pressure
Vessel Code) for the maximum control rod worths assumed. The staff believes
that the calculations contain sufficient conservatism, both in the initial as-
sumptions and in the analytical models, to ensure that primary system integritywill be maintained.

In calculating the radiological consequences of the rod ejection accident, the
staff assumed that 10K of all the fuel rods will experience clad failure.

The radiological consequences of this accident are from two pathways. Thefirst release path is via containment leakage. The ejected rod is assumed to
puncture the control rod drive housing, and reactor„coolant is released to the
containment building. The second path is through the release of contaminated
steam from the secondary system via the relief valves. The contamination of
the secondary system occurs by primary-to-secondary leakage through the steam

~RG 1.77 has an acceptance criterion of 280 cal/gm energy deposition and no
criterion for clad temperature other than that implicit in requirements for
fuel and pressure vessel damage.
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generator tubes. This leak rate is 1 gpm, as given in the Westinghouse Standard
Technical Specifications The primary-to-secondary leak is assumed to subside
after the pressure between the two systems equalizes. The applicant has esti-
mated that the pressure equalization occurs at 140 seconds. This value may
not be conservative for the case in which no rupture of the reactor coolant
pressure boundary occurs'herefore, the staff has conservatively assumed that
pressure equalization occurs .at. 1 hour.

The calculated doses listed in Table 15.1 are well within the 10 CFR 100 guide-
line values and, therefore, meet the acceptance criteria of SRP 15.4.8, Appen-
dix A. The staff concludes that the design for limiting the consequences of
this postulated accident is acceptable.

15.4.9 Spectrum of Rod Drop Accidents (BWR)

This item does not apply to Harris, which is a PWR.

15.5 Increases in Reactor Coolant S stem Inventor

The applicant's analyses of events that result. in increase in the primary
system inventory are addressed below.

15.5. 1 Inadvertent Operation of, the Emergency Core Cooling System During
Power Operation

See Section 15.5.2.

15. 5. 2 CVCS Malfunction that Increases Reactor Coolant Inventory

ECCS. operation could be initiated by a spurious signal or operator error. Two

cases were examined, one in which reactor trip occurs simultaneously as a re-
sult of the safety injection signal (the Shearon Harris plant has an automatic
reactor trip on SI signal), and the other in which reactor trips occur later in
the transient because of low reactor coolant system (RCS) pressure. The reactor
pressure decreases during initial phase of the transient and reaches a peak
pressure of 2350 psia at 160 seconds into the transient. The DNBR never drops
below its initial value for both cases of this transient. All of these tran-
sients are terminated by use of safety-grade systems only.

The applicant's evaluation of the CVCS malfunction event is presented in FSAR

Section 15.4.6 and the staff evaluation is in Section 15.4.6 of this SER.

15 ' Decreases in Reactor Coolant Inventor

The applicant has analyzed the following events that result in a decrease in
reactor coolant inventory.

15.6. 1 Inadvertent Opening of a Pressurizer Safety or Relief Valve

In, FSAR Section 15.6. 1, the applicant provides the results of an analysis for
inadvertent opening of a pressurizer safety valve. During this event, nuclear
power is maintained at the initial value until reactor trip occurs on low pres-
surizer pressure. The DNBR decreases initially, but increases rapidly following
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the trip. The minimum DNBR of 1.51 occurred at 2? seconds into the transient.
The RCS pressure decreases throughout the transient.

15. 6. 2 Radiological Consequences of the Failure of Small Lines Carrying
Primary Coolant Outside Containment

The applicant has performed an analysis of a letdown line break as the accident
with the most severe potential radiological consequences of any failure of a
small-diameter pipe carrying primary coolant outside the containment. The
applicant has stated that there are no instrument-sensing lines that connect to
the reactor coolant system and penetrate the containment and, therefore, the
staff has accepted a postulated break of a letdown line= as indicative of the
most severe case of a small-line-break accident in accordance with SRP 15.6.2.
The letdown line meets the requirements of GDC 55 in that it is equipped with
the inboard and outboard isolation valves; The staff has independently per-
formed an analysis of the radiological consequences of such an event using-
assumptions in accordance with SRP 15.6.2 (NUREG-0800).

The letdown line was postulated to rupture outside the containment, resulting
in a rapid loss of primary coolant inventory and pressure. Although the isola-
tion valves will close as a result of either a high letdown line temperature or
a safety injection actuation signal, the staff assumed conservatively that
these automatic functions failed and that the isolation is accomplished manually
by the operator at 30 minutes after the failure occurred. The staff assumed
that the primary coolant concentration was at the equilibrium technical speci-
fication limit of 1. 0 pCi/gm dose equivalent I-131. The iodine release rate
from the fuel was assumed to increase, (i.e., iodine spiking) by a factor of
500 at the time of the letdown line break.

Other assumptions are listed in Table 15.4. The resulting doses as given in
Table 15. 1 are less than a small fraction of 10 CFR 100 guideline values and,
therefore, the plant design with respect to failure of small lines is
acceptable.

15.6.3 Steam Generator Tube Rupture

In response to guestion 450.02," the applicant provided additional data regarding
the systems response and radiological consequences after a steam generator tube
rupture accident. This information, however, did not support the isolation
time of the affected steam generator at 30 minutes. Upon receipt of additional
information, the staff will complete the review of the radiological consequences
of this accident, and complete Table 15.5.

15. 6. 4 Main Steamline Failure Outside Containment

The staff has reviewed the sequence of events and the radiological consequence
analysis performed by the applicant for a main steamline failure outside con-
tainment. The applicant has determined that no fuel failures are expected as a
result of this accident, and the staff agrees with this finding. Therefore,
the staff has evaluated the radioactivity release, both with and without a
pre-accident iodine spi ke as described in SRP 15. 1.5, Appendix A. The staff's
assumptions are listed in Table 15.6, and the calculated doses are listed in
Table 15. 1. Westinghouse Standard Technical Specifications on primary and
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Table 15.4 Letdown line break assumptions

Parameter Value

Power level, MWt

Cleanup rate, gpm

Primary coolant volume, fts

2900

100

9000

Spiking factor

Length of accident, minutes

Primary coolant released during accident, lb

500

30

2600,

Table 15.5 Assumptions used for the calculations of the radiological
consequences of a postulated steam generator tube rupture
accident"

2.

3.

5.

6.
7.

8.

9.

The rupture is a double-ended guillotine break, resulting in an
'average leakage of lb/sec from the reactor coolant system
to the steam generator secondary side.
Concentration of iodine (as dose-equivalent I-131) in primary
coolant at start of accident: 60 pCi/g (technical specifications
for maximum concentration allowed during a short time), and
1.0 pCi/g (equilibrium technical specification limit). (Two
different cases.)
Secondary coolant activity, at start of accident: 0. 1 pCi/g
dose-equivalent I-131, technical specification limit.
Average ratio of iodine mass concentration in the steam to that in
the secondary side water, for both the affected and unaffected (but
leakihg slightly) steam generators: 0. l.
Steam release from affected generator over a 0-2 hour period:

lb.
Isolation of, affected„steam generator at minutes.
Primary to secondary leak rate of to each of the three
unaffected steam generators.
Iodine release rate from fuel increases by a factor of 500 over the
equi librium release rate.
Condenser use is lost at time of scram, about ll minutes after, the
rupture.

*The blanks in this table will be filled in when the open issue is
reso1 ved.
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Table 15.6 Assumptions used in the analysis of the
main steamline failure outside containment

j
Power level prior to the accident: 2900 Mwt.

No fuel failures are expected as a result of the accident.

Primary and secondary coolant equilibrium iodine concentrations
as limited by technical specifications:

primary coolant: 1.0 pCi/gm of dose equivalent I-131
secondary coolant: 0. 1 pCi/gm of dose equivalent I-131

For accidents with a pre-existing iodine spike, primary coolant
iodine concentration is the maximum allowed by technical
specifications for 48 hour periods (i.e., 60 pCi/gm dose
equi val ent I-131)

At the time of the accident the iodine release rate to the
primary coolant is assumed to increase by a spiking factor
of 500 over the equilibrium release rate.

Loss of offsite power occurs at time of reactor trip.
Steamline break occurs outside containment and upstream of the

main steamline isolation valve.

The entire secondary side coolant inventory of the affected steam
generator (162,400 lbs) is release to the atmosphere following
the steamline failure.

Primary-to-secondary leakage into the affected steam generator
continues at the Technical Specification value of 1 gpm for
the duration of the accident and is released directly to the
atmosphere.

Accident recovery occurs 8 hours following accident (i.e.,
leakage from primary-to-secondary system terminates).

The steam release values from the unaffected steam generator are:

0 - 2 hours: 335,000 lb.
2 — 8 hours: 721,000 lb.

secondary coolant activities will limit potential doses to a small fraction of
the 10 CFR 100 exposure guidelines, even if the accident should occur with an
iodine spike, and the acceptance criteria of SRP 15. 1.5, Appendix A are met.
The staff finds, therefore, that the Shearon Harris design, coupled with the
Mestinghouse Standard Technical Specifications, is acceptable for mitigating
the consequences of a main steamline break accident.
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15. 6. 5 LOCA

In FSAR Section 15.6.5, the applicant has analyzed the double-ended cold leg
guillotine (DECLG) as the most limiting large-break LOCA. The analysis is done
using three different flow coefficients. The results of these show that the
DECLG with a Moody break discharge coefficient of 0.4 is the worst case. In
this analysis, peak clad temperature reached is 2181'F. For the small-break
LOCA the applicant has determined that a cold leg rupture of le'ss than 10-inch
diameter is the most limiting. The analysis was performed for 3-inch, 4-inch
and 6-inch diameter breaks. The results show that the 3-inch diameter break is
the worst case, and it results in a peak clad temperature of 1808'F. Both of
these accidents are terminated by SIS and ECCS operations. Only safety-grade
equipment is utilized to mitigate the accident.

The staff concludes that the LOCA analysis resulting from a spectrum of postu-
lated piping breaks within the reactor coolant pressure boundary is acceptable
and meets the relevant requirements of 10 CFR 50.46, Appendix K to 10 CFR 50,'"
GDC 35, and 10 CFR 100.

The applicant has performed analyses of the performance of the ECCS in accord-
ance with the Commission's regulations (10 CFR 50.46 and Appendix K to
10 CFR 50). The analyses considered a spectrum of postulated break sizes and'-
locations and were performed with an evaluation model that has been previously
reviewed and approved by the staff, as described in NUREG-0390. The results of
the analyses show that the ECCS satisfy the following criteria:

(1) The calculated maximum fuel rod cladding temperature does not exceed
2200 F.

(2) The calculated maximum local oxidation of the cladding does not exceed 17K
of the total cladding thickness before oxidation.

(3) The calculated total amount of hydrogen generated from the chemical reac-
tion of the cladding with water or steam does not exceed 1X of the hypo-
thetical amount that would be generated if all of the metal in the cladding
cylinders surrounding the fuel, excluding the cladding surrounding the
plenum volume, were to react.

(4) Calculated changes in core geometry are such that the core remains amenable
to cooling.

(5) After any calculated successful initial operation of the ECCS, the cal-
culated core temperature is maintained at an acceptably low value and
decay heat is removed for the extended period of time required by the
long-lived radioactivity.

(6) The applicant has met the requirements of TMI Action Plan Items II.E.2.3,
II.K. 3. 5, II.K. 3. 25, II.K. 3. 30, and II.K. 3. 31.

The radiological consequence meets 10 CFR 100 requirements for the postulated
spectrum of LOCAs which were evaluated from the viewpoint of site acceptability.
For the purposes of this analysis, large fractions of the fission products were
assumed to be released from the core even though these releases would be pre-
cluded by the performance of the ECCS.
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The staff. concludes that the calculated performance of the ECCS following a
postulated LOCA accident and the conservatively calculated radiological conse-
quences of such an accident conform to the Commission's regulations and to
applicable regulatory guides and,staff technicial positions, and the ECCS per-
formance is considered acceptable for the postulated accident.,

The applicant has analyzed a hypothetical design-basis LOCA to demonstrate that
the distances to the exclusion area and to the low population zone (LPZ) bound-
aries in conjuction with the design mitigation features are sufficient to 'p'o-
vide reasonable assurance that the radiological consequences of such an accident
are within the guidelines set forth in 10 CFR 100.11(a)(l) and (2). The analy-
sis included the contribution from containment leakage and the contribution
from post-LOCA leakage from ESF systems outside containment.

The staff's review of the applicant's submittal was based on the applicant's
provision for and design of the containment system as summarized by the staff
in Chapter 6 of this report; and the staff's independent analysis of the radio-
logical consequences of a hypothetical design-basis LOCA as described below.

15.6.5. 1 Containment Leakage Contribution

The staff's calculation of the consequences of the hypothetical LOCA used the
conservative assumptions of positions C. l.a through C. l.e of RG 1.4 (Revision
2), "Assumptions Used for Evaluating the Potential Loss-of-Coolant Accident for
Pressurized Water Reactors." The primary containment was assumed to leak at a
rate of 0. 1X per day for the first 24 hours and 0.05K per day aft'er 24 hours.
The fraction of core inventory available for release was assumed to be 25K for
iodine and 100K for noble gases. The analysis took into account radiological
decay during holdup in the containment, mixing in the containment, and iodine
decontamination by the containment spray system. The additional assumptions
used in the calculation of the LOCA doses are presented in Table 15.7.

15.6.5.2 ECC$ Leakage Outside Containment

The maximum credible ECCS leakage outside containment would result from a pump
seal failure. The potential leakage would be processed through an

ESF-grade'mergencyfiltrations system, which also maintains the auxiliary building at a
negative pressure and limits the release of untreated radioactive materials "to
the environment. Because ESF-grade filters are supplied, no doses resulting
from passive failures were considered in accordance with SRP 15.'6.5, Appendix B.

The assumption's used by the staff in the evaluation of the radiological conse-
quences of the maximum operational ECCS leakage outside containment (defined as
the sum of the leakage for all the recirculation systems which is detectable
during tests and above which the Technical Specifications would require declar-
ing a.system out of service) are listed in Table 15.7.

The resulting computed doses are low and when added to the containment leakage
contribution, result in total estimated doses that are within the guideline
values -of 10 CFR 100.
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Table 15.7 Assumptions used in the calculation of LOCA doses

Parameter

Containment Leaka e

Power level, MMt

Val ue,

2900

Operating time, years

Fraction of core inventory available for containment
leakage, X

Iodines
Noble gases

Initial iodine composition in containment, X

Elemental
Organic
Particulate

25
100

91
4
5

Containment leak rate, X/day

0 - 24 hours
after'4 „hours

0.1
0. 05

Containment volume, fthm

Sprayed
Unsprayed

Mixing rate between sprayed and unsprayed vol,umes,
(ft3/hr)

Containment spray elemental iodine decontamination factor

Spray removal coefficients, hour-~

Elemental iodine
Particulate iodine
Organic iodine

ECCS Leaka e Outside Containment

Sump volume, gal
Fraction that flashes
Leak rate, gpm
Delay time, hour
Filter efficiency (all forms of iodine), X

2.0 x 106
2.7 x 10s

540,000

100

10
0. 45

0

4.7 x 10s"
0.1

2
0.5

99
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15.7 Radioactive Releases from a Subs stem 'or Com onent

15.7. 1 Maste Gas System Failure

This section has been deleted from the SRP.

15.7.2 Radioactive Liquid Maste System Leak or Failure

This section has been deleted from the SRP.

15.7.3 Liquid Tank Failure Accidents

The staff evaluated the consequences of tank failures for tanks located outside
the reactor containment that could result in releases of liquids containing
radioactive materials to the environs. This review is being conducted in ac-
cordance with SRP 15.7.3 (NUREG-0800). Considered in the evaluation are (1)
the. radionuclide inventory in each tank assuming a 0, 12X operating power fission
product source term, (2) a tank liquid inventory equal to 80K of its design
capacity, (3) mitigating effects incorporated into'he plant design, and (4) "

the effects of site geology and hydrology.

The applicant has incorporated provisions in the plant design to retain releases
from the liquid overflow as. discussed in Section 2.4.6 of this report.

15.7.4 Fuel-Handling Accidents

The assumptions used in analyzing fuel-handling accidents are given in
Table 15.8.

Table 15.8 Assumptions used in analyzing the fuel-handling accident

Parameter Value

Power level, NMt

Peaking factor
Decay time before fuel movement, hours

Number of fuel rods in core

Number of fuel rods damaged

Fraction of fission product gases in rod gaps, I
Kr-85
Other noble gases
Iodine

Chemical form of released iodine, X
Elemental
Organic

Filter efficiency for iodines, X
Organic
Elemental

2900

l. 65

48

41,448

264

30
10
10

75
25

95
95
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15.7.4. 1 Inside Containment

The applicant has provided systems to mitigate the consequences of a fuel-
handling accident inside containment. Redundant radiation monitors will detect
the radioactive gas released from the surface of the pool, and initiate closure
of the containment isolation valves. The monitor response time is estimated at
less than 5 seconds, and the isolation valves require 15 seconds to close.
Therefore, the containment wi 11 be isolated in 20 seconds or less. The appli-
cant submitted an analysis showing that the required time for any radioactive
release to travel from the pool surface to the isolation valve (via the closest
intake header to the pool surface), would take no less than 31 seconds. This
travel time of'31 seconds, compared with an isolation time of 20 seconds, will
ensure that the isolation valves will close before any activity will be released
to the environment.

The staff has reviewed the analysis and has concluded that there will be no
significant offsite consequences from a fuel-handling accident inside contain-
ment. The stafI', therefore, concludes that the design and operation of the
containment isolation system is acceptable with respect to a fuel-handling
accident inside containment.

15.7.4.2 Inside Fuel Building

The applicant has provided an analysis of the radiological consequences of a
fuel-handling accident in the spent fuel pool area. There are two new fuel
pools, the first associated with Unit 1 and the second with Unit 2. These two
pools are interconnected by means of a transfer canal that runs the length of
the fuel-handling building (FHB). These pools are normally isolated by means
of a removable gate. The fuel-handling area is provided with a normal venti la-
tion and a post-„accident cleanup system. The FHB will be held under negative
pressure following an event involving the release of radioactivity to the FHB
atmosphere. The applicant's analysis indicates that the normal ventilation
system is isolated in approximately 10 seconds and the switchover time for the
emergency ventilation and filtration system is 30 seconds. The travel time
for a gaseous radioactive release is conservatively estimated at 29.7 seconds.
Therefore, it is anticipated that no untreated leakage would occur as a result
of a fuel-handling'ccident.

The doses for the design-basis fuel-handling accident were conservatively cal-
culated and found to be "well within" the 10 CFR 100 exposure guidelines.
Therefore, the sta/f concludes that the applicant has provided a fuel-handling
system that meets GDC 61.

15.7.5 Spent Fuel Cask Drop

As discussed in FSAR Section 9. 1, the potential height from which a spent fuel
cask could be dropped during operations in the fuel building is physically
limited to less than 30 ft to ensure that the structural integrity of the cask
is maintained. Therefore, in accordance with SRP Section 15.7.5, no loss of
cask integrity is postulated to occur in the event of a drop, and the staff
concludes there will be no significant radiation released to the environment.
The radiological consequences will be less than a small fraction of the
10 CFR 100 exposure guideline values.
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15.8 Antici ated Transients Mithout Scram

Anticipated transients without scram (ATMS) are events in which the scram system
(reactor trip system) is postulated to fail to operate as required. This sub-
ject has been under generic review by the Commission staff for several years.

In December 1978, Volume 3 of NUREG-0460, "Anticipated Transients Without Scram
for Light Mater Reactors," was issued describing the proposed type of plant
modifications the staff considers necessary to reduce the risk from anticipated
transients with fai lure to scram to an acceptable level. The staff issued
requests for the industry to supply generic analyses to confirm the ATWS miti-
gation capability described in Volume 3 of NUREG-0460, and presented its recom-
mendations on plant modifications to the Commission in September 1980. The
staff has recommended to the Commission that rulemaking be used to determine
the required modifications to resolve ATMS concerns as well as the required
schedule for implementation of such modifications. Shearon Harris is subject
to the Commission decision in this matter.

The following discusses the bases for operation of Shearon Harris Units 1 and
2, at full power while final resolution of ATMS is being considered by the
Commission.

NUREG-0460, Volume 3 states

The staff has maintained since 1973 (for example, see pages 69 and
70 of MASH-1270) and reaffirms today that the present likelihood of
severe consequences arising-from an ATWS event is acceptably small
and presently there is no undue risk to the public from ATWS. This
conclusion is based on engineering judgement in view of: (a') the
estimated arrival rate of anticipated transients with potentially
severe consequences in the event of a scram failure; (b) the favor-
able operating experience with current scram systems; and (c) the
limited number of operating reactors.

In view of these considerations and the expectation that the necessary plant
modifications wi 11 be implemented in 1 to 4 years following a Commission deci-
sion on ATMS, the staff has generally concluded that PWR plants can continue to
operate because the risk from ATWS events in this time period is acceptably
small. As a prudent course, to further reduce the risk from ATWS'vents in
this time period is acceptably small. As a prudent course, to further reduce
the risk from ATWS events during the period before plant modifications deemed
necessary by the Commission are completed, the staff has required that emer-
gency procedures be developed to assist operators in the recognition of an ATWS

event, including consideration of scram indicators, rod position indicators,
flux monitors, pressurizer level-and pressure indicators, pressurizer relief
valve and safety valve indicators, and any other alarms annunciated in the
control room, with emphasis on alarms not processed through the electric por-
tion of the reactor scram system.

The staff considers that these procedural requirements, when implemented, will
provide an acceptable basis for interim operation of Shearon Harris Units 1 and
2, based on the staff's understanding of the plant response to postulated ATMS
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events. The Westinghouse Owners Group is currently developing guidelines for
reactivity control that will be reviewed to ensure that they incorporate the
above steps for mitigating ATWS events. The applicant has committed to imple-
ment procedures based on these guidelines as described in Section 13.5.2. The
results of the staff review will be reported in a supplement to this SER.

15.9 TMI Action Plan Re uirements

15.9. 1 II.B.1 reactor Coolant System Vents

The design for the reactor coolant system vents is described in the TMI
Appendix in the FSAR and the applicant's submittal of August 11, 1983. In the
August ll, 1983 submittal, at the staff's request, the applicant identified the
design criteria, location, and failure modes and -effects analysis for these
vents.

The reactor systems a pects of the reactor coolant system vents have been
reviewed, and the staff concludes that they meet the requirements in NUREG-0737
and are, therefore, acceptable.

The vent paths from the reactor vessel head and the pressurizer are designed to
provide venting capability to the pressu'rizer relief tank and the containment
atmosphere through the control of various solenoid-operated valves. The valves
and their power supply are arranged to provide redundancy in both venting and
vent isolation modes. Power to the valves is provided by two independent emer-
gency power trains that ensure reactor coolant vent system venting and vent iso-
lation capability for single fai lure of an emergency power train. Valve control
and positive indication of each valve are provided in the control room. Valves
are designed to fail in the closed position under loss of power. No single
inadvertent actuation of any valve can cause accidental venting, because actua-
tions of two valves is required to vent.

The proposed design described above conforms with the criteria outlined in
NUREG-0737 Item II.B.l.
Acceptability of the qualification requirements and instrumentation and con-
trols for these vents is addressed in Sections 3. 11 and 7 of .this report.

15.9.2 II'. 1.5 Review ESF Valve Positions, Controls, and Related Test and
Maintenance Procedures To Assure Proper ESF Functioning

In response to the above requirement, the applicant has stated that proper ESF
functioning will be verified through completion of the applicable portions of
the start-up test program prior to fuel load. Based on the above, the staff
concludes that the applicant's commitments meet the schedule guidelines of this
item and are acceptable.

15. 9. 3 II.K. 1. 10 Review and Modify Procedures for Removing ESF from Service
To Assure Operability Status Is Known

'I

The applicant is preparing procedures that will govern the premaintenance and
postmaintenance safety-related system status.
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To remove safety-related equipment from service, two operations documents will
be initiated. One is an Operations'Work Procedure (OWP), which wi 11 define
(1) the testing before and during maintenance and (2) test requirements. Double
verification line-ups will be provided on the OMP for "maintenance" positions
and "return to normal" positions. The second operations document is the Equip-
ment Inoperable Record (EIR)-in which the equipment out of service will be
logged and a running total of any applicable time limitations will be kept.
The EIR will be updated at the beginning of each shift as part of the shift
foreman's turnover procedure.

The staff finds the applicant's proposed procedures for removing ESF from ser-
vice acceptable.

15. 9. 4 II.K. 2. 13 Thermal Hechanical Report Effect of High Pressure Injection
on Vessel Integrity for Small-Break LOCA with no Auxiliary Feedwater

The staff review of this item is included in Unresolved Safety Issue A-49,
"Pressurized Thermal Shock," in Appendix C of this report.

15.9.5 II.K.2. 17 Potential for Voiding in the Reactor Coolant System During
Transients

Westinghouse has performed a study that addresses the potential for void for-
mation in Westinghouse-designed NSSS during natural circulation cooldown/
depressurization transients. The report on this study, which has been submitted
to the NRC by the Westinghouse Owners Group, is being reviewed by the staff.
If, as a result of its review, the staff determines that plant operating pro-
cedures must be modified, the applicant wi 11 be required to implement these
changes for Shearon Harris.

15. 9. 6 II.K. 2. 19 Sequential Auxiliary Flow Analysis

Sequential auxiliary feedwater flow analytical requirements is only of concern
to once-through steam generator designs. Because Westinghouse utilizes inverted
U-tube steam generator designs, Item II.K.2. 19 is not applicable to Shearon
Harris plant.

15.9.7 II.K.3. 1 Installation and Testing of Automatic PORV Isolation System

As a response to II.K. 3. 2, the applicant referenced a generic Westinghouse
Owner's Group submittal. Should the staff's generic review of this material
determine that modifications are necessary, the applicant will be required to
implement them.

15. 9.8 II.K. 3. 3 Reporting SV and PORV Challenges and Failures

In response to the above requirement, the applicant stated that any failure of
a relief or safety valve will be reported to NRC in accordance with plant
"Licensee Event Report" procedures. All challenges to a relief or safety valve
will be documented in the plant Annual Report. Based on the above, the staff
concludes that the Shearon Harris procedures meet the requirement of this item
and are acceptable.
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15.9.9 II.K.3.5 Automatic Trip of RCPs During LOCA

In response to this requirement, the applicant stated that Westinghouse per-
formed an analysis of delayed RCP trip during LOCA. This analysis is documented
and is the basis for the Westinghouse position on RCP trip (i.e., automatic RCP

trip is not necessary because sufficient time is available for manual tripping
of the RCPs).

The staff will issue RCP trip criteria to the app')icant shortly.

15. 9. 10 II.K. 3. 10 Proposed Anticipatory Trip Modification

The applicant has not proposed any modification to the standard anticipatory
trip. Therefore, no TMI Action Plan requirements are imposed.

15.9. 11 II.K.3. 17 Report on Outages of ECCS

The applicant has proposed a program for collecting ECCS outage information
for NRC. The staff finds this commitment acceptable.

15,9. 12 II.K.3.25 Effect of Loss of AC Power on RCP Seals

In response to this requirement, the applicant stated that in the event of loss
of offsite power, the RCP motor is de-energized, the diesel generators are auto-
matically started, and either seal injection flow or component cooling water to
the thermal barrier heat exchanger is automatically restored within seconds.
Either of these cooling supplies is adequate to provide seal cooling and pre-
vent seal failure as a result of loss of seal cooling during a loss of offsite
power for at least 2 hours.

Based on the above, the staff concludes that the applicant's design meets. the
requirement of this item and is acceptable.

15. 9. 13 II.K. 3. 30 Revised Small-Break LOCA Methods To Show Compliance with
10 CFR 50, Appendix K

In response to this requirement, the applicant stated that Westinghouse has
submitted a new small-break evaluation model, which the staff is reviewing.
However, the staff has determined that the present model is in compliance with
Appendix K. Should changes be required as a result of II.K.3.30 review, the
reanalysis will be done as part of II.K.3.31 review.

15. 9. 14 II.K. 3. 31 Plant-Specific Calculations To Show Compliance with
10 CFR 50.46

In response to the above requirement, the applicant stated that the necessary
specific calculations to show compliance with 10 CFR 50. 46 will be submitted
either within 1 year of NRC approval of the Westinghouse model or before fuel
load, whichever occurs later'. The staff concludes that this, commitment meets
the schedule requirement of this item and is acceptable.
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16 TECHNICAL SPECIFICATIONS

The Technical Specifications in a license define certain features, character-
istics, and conditions governing operation of a facility that cannot be changed
without prior approval of the staff. The finally approved Technical Specifica-
tions will be made a part of the operating license. Included will be sections
covering definitions, safety limits, limiting safety system settings, limiting
conditions for operations, surveillance requirements, design features, and
admini strati ve control s.

The Technical Specifications for Shearon Harris will be based on "Standard
Technical Specifications for Westinghouse Pressurized Mater Reactors" {NUREG-
0452, Revision 4). This document has been updated from earlier revisions as
a result of continued discussion with Mestinghouse and licensees with Westing-
house PWRs.

The staff is working with the applicant to prepare a draft of the Technical
S ecifications for the facility. On the basis of its review to date, the staff
concludes that normal plant operation within the limits of the Technical Spec-pec'fications will not result in offsite'exposure in excess of the 10 CFR 20 limits.
Furthermore, the limiting conditions for operation and surveillance requirements
will ensure that necessary engineered safety features will be available in the
event of malfunctions within the facility.
During its review of the Harris application, the staff has identified issues
that must be included in the Technical Specifications as a condition of staff
acceptance. These issues are listed in Table 16. 1 and discussed further in
the sections of this report as indicated.
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Table 16,1 Issues to be included in Harris Technical Specifications

Issue
Applicable
SER Section(s)

(1)
(2)

(3)
(4)
(5)

(6)
(7)
(8)
(9)
(10)
(11)
(12)

(13}
(14)

(15)

(16)
(17)

(18)
(19)

(20)

(21)
(22}

(23)
(24)

(25)

Matertight and airtight doors normally closed

Defining procedures to ensure that sediment deposition
does not adversely affect the emer gency water supply
Monitoring of reservoir level for 2 years
Compliance with provisions of RG 1.

127'egulatingrod insertion controlled by power-dependent
insertion limit
Mide 6 I band

Reactor coolant system flow monitored every 24 hours

Revision of flow uncertainties
Rod bow provisions
Loose parts monitoring system alarm setpoints
Provisions prohibiting N-1 loop operation
Leakage through valves serving as pressure isolation
boundaries (inventory balance)

Requirements from modifications to D4 steam generators
Periodic leak integrity tests
Demonstrate need for continuous operation of the
normal containment purge system

Containment isolation setpoint pressure

Limit on control room pressure flow to less than or
equal to 142 cfm at pressures greater than 1/8 in.
water gauge

Trip set point methodology

Response time testing
Testing of spare CCM pump breaker and surge tank
level instrumentation
Testing of spare charging pump breaker

Periodic testing of safety-related portion of the
service water system and CCM system

Periodic testing of the ESCMS

Post-maintenance test on emergency diesel generator
in accordance with the surveillance requirements of
the Standard Technical Specifications
Outage time with two and three auxiliary feedwater
pumps inoperable

2.4.2.2, 2.4.14
2. 4. 11

2.5.2.6
2.5.6.7, 2.2.6.9
4.3

4.3.2
4. 4. 3. 3. 1

4. 4. 3. 3. 1

4. 4. 3. 3. 3

4

4.4.6.4
5.2.5

5.4. 2. 2. 2

6.2.4
6.2.4

6.2.4
6.4

7.2.2.2
7.2.2.3
7.3.3.9

7. 3. 3. 10

9.2.1, 9.2 ~ 2

9.2.7
9.5.4. 1

10.4. 9
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Table 16.1 (Continued)

Issue
Applicable
SER Section(s)

(26) Flow test after cold shutdown to verify normal AFW

system flow path

(27) Process and effluent monitoring system

(28) Minimum containment pressure

10.4. 9

ll.5. 2

6.2.1.5

Shearon Harris SER 16-3



17 EQUALITY ASSURANCE

17. 1 Gener al

The description of the quality assurance (gA) program for the operations phase
of Shearon Harris Units 1 and 2, is in FSAR Section 17.2. The staff evaluation
of this gA program is based on a review of this information and discussions
with representatives from Carolina Power and Light Company (CP8 L) and the NRC

Region II Office. The staff assessed CP8L's gA program for the operations
phase to determine if it complies with the requirements of 10 CFR 50, Appendix B

and SRP 17.2 (NUREG-0800).

7.

The structure of the organization responsible for the operation of Shearon
Harris Units 1 and 2 and for the establishment and execution of the operations
phase gA program is shown in Figure 17. l.
The Chairman/President is responsible for setting gA policies, goals, and
objectives. The Executive Vice President, Power Supply and Engineering and
Construction, reporting through the Vice Chairman to the Chairman/President,
has overall responsibility for the engineering, operations, and gA activities
at Shearon Harris. He executes his responsibilities through the Senior Vice
President-Power Supply, Senior Vice President-Engineering and Construction,
Senior Vice President-Fuels and Materials Management, Vice President-Corporate
Nuclear Safety and Research, and the Manager-Corporate guality Assurance.

The Senior Vice President-Power Supply is responsible for power production and
system operation. He has assigned the responsibility for operation and main-
tenance of nuclear plants to the Vice President-Nuclear Operations.

The Plant General Manager, who reports to the Vice President-Nuclear Operations,
is responsible for safe and efficient plant operation in accordance with the
operating license, requirements of the Technical Specifications, and the Plant
Operating Manuals He is directly responsible for developing and implementing
procedures consistent with the requirements established in the corporate gA
program. The Plant General Manager directs and coordinates plant operations
through the plant management personnel.

The Senior Vice President-Engineering and Construction is responsible for plant
engineering and construction. He has assigned the responsibility for engineer-
ing, including engineering support for plant modifications, to the Vice
President-Nuclear Plant Engineering, and the responsibility for construction,
including construction support for plant modifications, to the Vice President-
Nuclear Plant Construction.

The Senior Vice President-Fuel and Materials Management is responsible for the
management of the materials and fuel needs of the generating facilities. He
has assigned the responsibility for procurement of supplies and services,
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inventory control, and warehousing activities to the Vice President-Materiags
Management, and the responsibility for direct management of activities assoV
ciated with the procurement, design, engineering, and fabrication of nuclear
fuel to the Vice President-Fuels.

The Vice President-Corporate Nuclear Safety and Research is responsible for
the management of the functions of corporate health physics, corporate nuclear
safety, safety analysis review at the nuclear plants, and research in support
of CP&L activities.

The Manager-Corporate Quality Assurance is assigned authority and responsibility
for the CPKL Corporate Quality Assurance Program. He reports directly to the
Executive Vice President-Power Supply and Engineering and Construction. He is
independent from cost and schedule responsibilities and has no other duties or,
responsibilities that would prevent his full attention to QA matters.

The Corporate Quality Assurance Mana'ger has access to corporate management up
to and including the Chairman/President to resolve any QA-related concerns if
the concerns cannot be resolved satisfactorily at a lower management level.
He has delegated the responsibility for implementation of the corporate QA

program to the Manager-Engineering and Construction Quality Assurance/Quality
Control Section, Principal QA Specialist-Performance Evaluation Unit, and the
Project QA Specialist-Training and Procedures Unit (see Figure 17.2).

The quality assurance/quality control (QA/QC) organizations are in the review
and concurrence cycle for procedures that address QA requirements such as
administrative procedures involving QA program requirements, maintenance and
modification procedures, preoperational test procedures, and surveillance test
procedures. I

QA/QC personnel participate in plant meetings and review schedules to keep
abreast of plant activities and to ensure that sufficient qualified QA/QC man-

power and procedures are made available to provide the necessary QA/QC coverage
for the scheduled activities.

Responsible plant and QA/QC personnel are required to be knowledgeable of the
FSAR commitments, with particular emphasis given to Technical Specifications,
RGs, and codes and standards. Procedural controls will be developed that detail
accountability and define the system for ensuring that FSAR commitments and
changes/additions to those commitments are correctly translated into implementa-
tion procedures and instructions. Proper implementation of this procedure and
FSAR commitments will be subject to surveillance and audit by QA. As an addi-
tional check, QA will develop a matrix of Technical Specification commitments
versus implementing procedures to provide a level of assurance that Technical
Specification commitments are addressed in implementing procedures. Procedural
compliance will be verified through QA survei llances and audits.

The Manager-Engineering and Construction Quality Assurance/Quality Control
Section has direct management responsibility for the QA/QC activities related
to the engineering, construction, startup, and operation of Shearon Harris.
He has delegated the responsibility for implementation of the corporate QA

program to the Director-Shearon Harris Units 1 and 2 QA/QC Unit, Principal QA

Engineer-Engineering Quality Assurance Unit, and Principal Specialist-Vendor
Surveillance Unit.
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The QA/QC Director of Shearon Harris is the senior -QA/QC respresentative at the
plant site. He is responsible for conducting the onsite QA/QC activities during
construction and operation of Shearon Harris in accordance with the corporate
QA program and QA/QC procedures. This includes reviewing modification and plant
maintenance documents and selected plant procedures and instructions to ensure
that quality requirements are adequately prescribed; ensuring holdpoints have
been inserted in work control documents and conducting inspections of maintenance
and modification activities; reviewing purchase requisitions and ensuring that
QA/QC requirements are speci, fied; conducting receipt inspection activities;
coordinating/conducting surveillance of ongoing plant activities; and stopping
maintenance and modification work that does not meet requirements.

The Principal QA Engineer is located at the corporate office and is responsible
for reviewing contracts for inclusion of applicable QA/QC requirements; review-
ing design specifications and site-generated specifications and their revisions
for QA/QC requirements; reviewing applicable construction technical procedures
for compliance with specific QA/QC and code requirements when the procedures
are designated for use with code items at the construction site; and ensuring
timely resolution of identified concerns and nonconformances.

The Principal Specialist-Vendor Surveillance Unit, which is located at the cor-
porate office, is responsible for conducting inspections and item acceptance
activities at supplier facilities for procurement and ensuring timely resolution
of identified concerns and nonconformances; evaluating suppliers'orrective
actions to prevent recurrence of nonconformances identified during shop inspec-
tions; and conducting audits of suppliers'uality-related activities.

The Principal QA Specialist-Performance Evaluation Unit is located at corporate
office and is responsible for conducting an independent corporate audit program
for all CP8 L nuclear plants. Personnel in this unit have no responsibility for
QA functions other than auditing. Reports of all audit results are distributed
to the Chairman/President, Vice-Chairman, Executive Vice President-Power Supply
and Engineering and Construction, and to the management of the function audi'ted.

The Project QA Specialist-Training and Procedures Unit also is located at the
corporate office and is responsible for maintaining the QA/QC program and pro-
cedures for corporate and/or field use, including document control and coordi-
nation of preparation of revisions; for maintaining codes and standards current;
for controlling issuance of codes and standards and their updates or revisions;
and for providing company interpretation and training in codes and standards.

4

17.3 ualit Assurance Pro ram

The QA program for the operation of Shearon Harris is described in FSAR Sec-
tion 17.2 and is implemented by written policies, procedures, and instructions.
CP6L has committed that its QA program for the operations phase will be in
compliance with the provisions of the RGs listed in Table 17. 1. The CP8L QA

program for fire protection, described in FSAR Section 17.2, meets the guide-
lines of BTP ASB 9.5" Appendix A.
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Table 17.1 Regulatory guidance applicable to quality assuranc'e program

RG Title Date Rev.

1. 30

1. 33

gual ity Assurance Requirements for
Installation, Inspection, and Testing of
Instrumentation and Electrical Equipment

equality Assurance Program Requirements
(Operation}

8/11/72

2/78

l. 37 equality Assurance Requirements for Cleaning 3/16/73
of Fluid Systems and Associated Components
of Water-Cooled Nuclear Power Plants

1. 38 equality Assurance Requirements for
Packaging, Shipping, Receiving, Storage,
and Handling of Items for Water-Cooled
Nuclear Power Plants

5/77

l. 39 Housekeeping Requirements for Water-Cooled
Nuclear Power Plants

9/77

1. 58 gualification of Nuclear Power Plant
Inspection, Examination, and Testing
Personnel

9/80

l. 64 guality Assurance Requirements for
the Design of Nuclear Power Plants

6/76

1. 74

1. 88

guality Assurance Terms and Definitions

Collection, Storage, and Maintenance
of Nuclear Power Plant guality Assurance
Records

2/74

10/76 2

1. 94 guality Assurance Requirements for
Installation, Inspection, and Testing
of Structural Concrete and Structural
Steel During the Construction Phase of
Nuclear Power Plants

4/76

1. 116

1. 123

equality

Assurance Requirements for
Installation, Inspection, and Testing
of Mechanical Equipment and Systems

guality Assurance Requirements for
Control of Procurement of Items and
Services for Nuclear Power Plants

5/7.7

7/77

0-R
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Table 17. 1 (Continued)

RG Title Date Rev.

1. 144 Auditing of Quality Assurance Programs
for Nuclear Power Plants

1/79

l. 146 Qualification of Quality Assurance Program
Audit Personnel for Nuclear Power Plants

8/80

The QA/QC organization is responsible for ensuring that procedures and inst'ruc-
tions completely and adequately satisfy QA/QC requirements. In addition, QA/QC

personnel conduct reviews, inspections, and audits to verify the effective
implementation of the entire QA program.

The CP8 L QA program requires that implementing procedures and instructions
encompass detailed controls for (1) translating codes, standards, regulatory
requirements, Technical Specifications, and engineering and process require-
ments into drawings and specifications, procedures, and instructions; (2)
developing, reviewing, and approving procurement documents, including changes;
(3) prescribing all quality-related activities by documented instructions,
procedures, drawings, and specifications; (4) issuing and distributing approved
documents; (5) purchasing items and services; (6) identifying materials, parts,
and components; (7) performing special processes; (8) inspecting and/or testing
materials, equipment, processes, or services; (9) calibrating and maintaining
measuring and test equipment; (10) handling, storing, and shipping of items;
(11) identifying the inspection, test, and operating status of items; (12)
identifying and handling the disposition of nonconforming items; (13) cor rect-
ing conditions adverse to quality; (14) preparing and maintaining QA records;
and (15) auditing activities that affect quality.

The indoctrination and training program ensures that personnel performing -activ-
ities affecting quality are knowledgeable in QA/QC requirements, implementing
procedures and instructions, and that they have competence and skill in the
performance of their quality-related activities. It also provides for the
retraining of personnel performing activities affecting quality.

Quality is verified through checking, review, surveillance, inspection, testing,
and audit -of quality-related activities.

The QA program requires that quality verification be performed by individuals
who are not directly responsible for performing the quality-related activities.
Inspections are performed by qualified personnel in accordance with procedures,
instructions, and checklists approved by the QA organization.

Audits are performed in accordance with pre-established written checklists by
qualified personnel not having direct responsibilities in the areas being
audited. Periodic audits will be performed to evaluate all aspects of the QA

program including the effectiveness of the QA program implementation. The QA
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program requires the person having responsibility in the area audited to review
audit results and to determine and take corrective action where necessary.
Followup audits are performed to determine that nonconformances and deficiencies
are effectively corrected and that the corrective action precludes repetitive
occurrences.

17.4 Conclusions

On the basis of its detailed review and evaluation of the gA program descrip-
tion in FSAR Section 17 and the topical report referenced, therein, the staff
concludes that the gA program for operations meets the requirements of 10 CFR

50, Appendix B, and is acceptable. The review included a review of the list of
items to which the gA program applies.

Oifferences between the staff and the applicant regarding the list have been
resolved to the staff's satisfaction. The list has been expanded to include
safety-related items reflected in NUREG-0737. Therefore, the staff has no open
items concerning the gA program for operations or its application.

Based on its detailed review and evaluation of the gA program as described in
FSAR Section 17.2, the staff concludes that

(1) The organizations and persons performing gA functions appear to have the
required independence and authority. to effectively carry out the gA pro-
gram without undue influence from those directly responsible for cost and
schedules.

(2) The gA program describes requirements, procedures, and controls that,
when properly implemented, comply with the requirements of Appendix B to
10 CFR 50 and with,the acceptance criteria in SRP 17.2.

Accordingly, the staff concludes that CP8L's description of the gA program is
in compliance with applicable NRC regulations.
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18 HUMAN FACTORS ENGINEERING

All licensees and applicants for an operating license are required to conduct
a detailed control room design review (DCRDR) in response to NRC Task Action
Plant Item I.D. 1 (NUREG-0660, May 1980 and NUREG-0737, November 1980, as sup-
plemented by Generic Letter 82-33, December 17, 1982). The purpose of the
DCRDR is to identify and correct human engineering discrepancies (HEDs) that
might affect the operator's ability to prevent or cope with an accident.
NUREG-0700, "Guidelines for Control Room Design Reviews," dated September 1981,
provides guidance for conducting the DCRDR. Operating license applicants
whose first SER supplement (SSER) was scheduled to be issued after June 1983
will be required to complete their DCRDR before licensing.

NUREG-0737, Supplement 1, also requires that each operating reactor be provided
with a safety parameter display system (SPDS) that is located convenient to
the, control room operators. This system will continuously display information
from which the plant safety status can be readily and reliably assessed. The
principal purpose and function of the SPDS is to aid the control room personnel
during abnormal and emergency conditions in determining the safety status of
the plant and in assessing whether abnormal conditions warrant corrective ac-
tion by operators to avoid a degraded core. A written SPDS safety analysis
shall be prepared describing the basis on which the selected parameters are
sufficient to assess the safety status of each identified function for a wide
range of events, which include symptoms of severe accidents.

Because the first supplement to the SER for Shearon Harris is scheduled to be
published after June 1, 1983, the applicant is required to complete the DCRDR
before operating licenses will be issued.

In a letter dated December 7, 1982, the applicant submitted copies of its
"Human Factors Design Evaluation Report for the Shearon Harris Unit 1 Control
Room" (Summary Report), dated January 23, 1981 and revised September 16, 1981.
This document was prepared by the Essex Corporation for the applicant. In
response to a March 25, 1983, meeting with the NRC staff (referenced in the
applicant's April 15, 1983, response to Generic Letter 82-33), the applicant
submitted additional information pertaining to a program plan (letter to H. R.
Denton from E. E. Utley dated June 1, 1983) to supplement the December 1982
submittal.

The applicant's submittals were reviewed against the requirements of Supplement 1
to NUREG-0737 and the guidelines of NUREG-0700. Because the applicant completed
the DCRDR before Supplement 1 to NUREG-0737 was issued and before the NUREG-0700
guidelines were published, the staff is conducting an "after-the-fact" review
to determine how all of the important phases of an effective human factors
design review were accomplished. The applicant did not submit a separate pro-
gram plan that described how each of the DCRDR activities was accomplished.
The staff conducted a detailed review of the applicant's submittals to excerpt
elements of the program plan. Draft comments were prepared and discussed with
the applicant before the staff's onsite audit of the Shearon Harris Unit 1 con-
trol room. The onsite audit was performed on August 15-19, 1983, by NRC staff
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members, with the technical assistance of personnel from Lawrence Livermore Na-
tional Laboratory (LLNL). It consisted of a review of the Shearon Harris simu-
lator and the Unit 1 control room (under construction), and an audit of the
applicant's documentation of the DCRDR. Several areas and items that were not
reviewed or discussed in the applicant's Summary Report and the results of the
NRC audit will be addressed in an SER supplement.

The NRC audit of the Shearon Harris Unit 1 control room review and supporting
documentation indicated that although the applicant performed a OCRDR before
Supplement 1 to NUREG-0737 and NUREG-0700 were issued, the applicant generally
applied appropriate human factors guidelines and principles in conducting the
OCRDR. However, before the staff can complete its review of the Shearon
Harris Unit 1 DCRDR, the applicant will be required to furnish the following
information:

(1) a description of the process used to define control and display require-
ments and the basis for determining how control and display arrangements
were made; also, a description of how the applicant will verify that the
selection and arrangement of controls and displays and other equipment
required during emergency operations will enable operators to effectively
execute plant emergency operating procedures

(2) for items and areas in the control room not yet reviewed, an assessment
and proposed corrective actions for HEDs identified at least 6 months
before licensing

(3) acceptable corrective actions and an implementation schedule for HEDs iden-
tified by the NRC audit (these will be addressed in more detail in the
audit report that will be forwarded to the applicant when it is completed)

The staff will update its comments on the program plan, based on information
obtained during the onsite audit, and forward these, along with the audit re-
port, to the applicant.

Completion of the Shearon Harris Unit 1 DCRDR review will be predicated on re-
ceipt of acceptable information on system function/task analysis from the appli-
cant, satisfactory resolution of the HEOs identified during the audit that will
be addressed in the staff audit report, and an acceptable report covering items
and areas not yet reviewed by the applicant. The report should be submitted to
the NRC at least 6 months before the planned OL issue date.

The staff will review the Shearon Harris Unit 1 SPDS after it receives informa-
tion on the system from the applicant. The results of the review will be ad-
dressed in an SER supplement.
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19 REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

The Shearon Harris application for an operating license will be reviewed by the
Advisory Committee on Reactor Safeguards. The NRC staff will issue a supple-
ment to this Safety Evaluation Report after the Committee report to the Commis-
sion is available. The supplement will include a copy of the Committee's re-
port, will address comments made by the Committee, and will describe steps taken
by the NRC staff to resolve any issues raised as a result of the Committee's
review.
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20 COMMON DEFENSE AND SECURITY

The application reflects that the activities to be conducted will be within the
jurisdiction of the United States and that all of the directors and principalofficers of the applicant are citizens of the United States. CP8 L, the appli-
cant, is not owned, dominated, or controlled by an alien, a foreign corpora-
tion, or a foreign government. The activities to be conducted do not involve
any restricted data, but, in accordance with the requirements of 10 CFR 50, the
applicant has agreed to safeguard any such data that might become involved.
The applicant will rely on obtaining fuel as it is needed from sources of sup-
ply available for civilian purposes, so that no diversion of special nuclear
material for military purposes is involved. For these reasons, and in the

ab-'enceof any information to the contrary, the NRC staff finds that the activi-
ties to be performed will not be inimical to the common defense and security.

Shearon Harris SER 20-1



21 FINANCIAL QUALIFICATIONS

On March 31, 1982, the MRC published in the Federal ~Re ister (47 FR 13750)
amendments to its regulations that entirely eliminate the review relating to
the financial qualifications of applicants for construction permits and
operating licenses. Because these amendment were effective immediately, there
will be no further review of the financial qualifications of the applicant.

Shearon Harris SER 21"1



22 FINANCIAL PROTECTION AND INDEMNITY REQUIREMENTS

22. 1 Gener al

Pursuant to the financial protection and indemnification provisions of the
Atomic Energy Act of 1954, as amended (Section 170 and related sections), the
Commission has issued regulations in 10 CFR 140. These regulations set forth
the Commission's requirements with regard to proof of financial protection by,
and indemnification of, licenses for facilities such as power reactors under
10 CFR 50.

22.2 Prep erational Stora e of Nuclear Fuel

The Commission's regulations in 10 CFR 140 require that each holder of a con-
struction permit under 10 CFR 50, who is also the holder of a license under
10 CFR 70 authorizing the ownership and possession for storage only of special
nuclear material at the reactor construction site for future use as fuel in the
reactor (after an operating license is issued under 10 CFR 50), shall, during
the interim storage period before licensed operation, have and maintain finan-
cial protection in the amount of $1,000,000 and execute an indemnity agreement
with the Commission. Proof of financial protection is to be furnished prior to,
and the indemnity agreement executed as of, the effective date of the 10 CFR 70
license. Payment of an annual indemnity fee is required.

The applicant will furnish the Commission proof of financial protection in the
amount of $1,000,000 in the form of a Nuclear Energy Liability Insurace Asso-
ciation Policy. Further, the applicant will execute an indemnity agreement
with the Commission effective as of the date of the preopertional fuel storage
license. The applicant will pay the annual indemnity fee applicable to pre-
operational fuel storage.

22.3 0 eratin Licenses

Under the Commission's regulations in 10 CFR 140, a license authorizing the
operation of a reactor may not be issued until proof of financial protection
in the amount required for such operation has been furnished, and an indemnity
agreement covering such operation (as distinguished from preoperational fuel
storage only) has been executed. The amount of financial protection that must
be maintained for the Shearon Harris plant (which has a rated capacity in excess
of 100,000 kWe) is the maximum amount available from private sources; this
amount is currently $ 570 million.

Accordingly, licenses authorizing operation of the Shearon Harris nuclear plant
wi 11 not be issued until proof of financial protection in the requisite amount
has been received and the requisite indemnity agreement executed.

The staff expects that, in accordance with the usual procedure, the nuclear
liability insurance pools will provide, several days in advance of anticipated
issuance of the operating license document, evidence in writing, on behalf of
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the applicant, that the present 'coverage has been appropriately amended so
that the policy limits have been increased to meet the requirements of the
Commission's regulations for reactor operation. Similarly, operating licenses
will not be issued until an appropriate amendment to the present indemnity
agreement has been executed. The applicant will be required to pay an annual
fee for operating license indemnity as provided in the Commission regulations.

On the basis of the above considerations, the staff concludes that the presently
applicable requirements of 10 CFR 140 have been satisfied and, before operating
licenses are issued, the applicant will be required to comply with the pro-
visions of 10 CFR 140 applicable to operating licenses, including those regard-
ing (1) proof of financial protection in the requisite amount and (2) execution
of an appropriate indemnity agreement with the

Commission.'hearon
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23 CONCLUSIONS

Based on its evaluation of the application as set forth above, the staff has
determined that, upon favorable resolution of the outstanding matters described
herein, it will be able to conclude that

(1) The application for facility licenses filed by the applicant dated
June 26, 1980, complies with the requirements of the Atomic Energy Act of
1954, as amended '(Act), and the Commission's regulations set forth in
10 CFR Chapter 1.

(2) Construction of Shearon Harris Units 1 and 2 has proceeded, and there is
reasonable assurance that it will be substantially completed, in conformity
with Construction Permits Nos. CPPR-158 and 159, the application as amended,
the provisions of the Act, and the rules and regulations of the Commission.

(3) The facility will operate in conformity with the application as amended,
the provisions of the Act, and the rules and regulations of the Commission.

(4) There is reasonable assurance (a) that the activities authorized by the
operating licenses can be conducted without endangering the health and
safety of the public and (b) that such activities will be conducted in
compliance with regulations of the Commission set forth in 10 CFR

Chapter l.
(5) The applicant is technically qualified to engage in the activities author-

ized by the licenses, in accordance with the regulations of the Commission
set forth in 10 CFR Chap'ter 1.

(6) The issuance of these licenses will not be inimical to the common defense
and security or to the health and safety of the public.

Before operating licenses are issued to the applicant for operation of the
Shearon Harris Units 1 and 2, the units must be completed in conformity with
the provisional construction permits, the application, the Act, and the rules
and regulations of the Commission. Such completeness of construction as is
required for safe operation at the authorized power levels must be verified by
the Commission before licenses are issued.

Furthermore, before operating licenses are issued, the applicant will be
required to satisfy the applicable provisions of 10 CFR 140.
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APPENDIX A

CHRONOLOGY OF NRC STAFF RADIOLOGIAL
REVIEW OF SHEARON HARRIS

NUCLEAR POWER PLANT, UNITS 1 AND 2

December 18, 1981

January 7, 1982

Letter from applicant forwarding OL application for
docketing; application docketed December 22, 1981.

Letter from applicant clarifying that review and
notice for Harris should indicate Units 1 and 2.

January 12, 1982

January 25, 1982

Issuance of Generic Letter 82-01 regarding new license
application survey.

Letter from applicant advising that four people have
completed final examinations for senior reactor
operator.

January 29, 1982

February 2, 1982

Letter from applicant transmitting Amendment 1 to FSAR.

Letter from applicant forwarding quarterly report on
seismic monitoring program.

February 8, 1982 Issuance of Generic Letter 82-02, Nuclear Power, Plant .

Staff Working Hours.

February 8, 1982

February 16, 1982

Letter from applicant transmitting responses to accep-
tance review questions.

Letter to applicant transmitting request for additional
information.

February 16, 1982

March 9, 1982

March 16, 1982

Letter to applicant forwarding supplement to acceptance
letter of November 25, 1981.

Issuance of Generic Letter 82-04, Use of INPO SEE-IN
program.

Letter to applicant regarding April 6-7, 1982, site
visit.

March 26, 1982 Letter to applicant concerning Human Factors Engineering
Control Room review.

March 29, 1982 Letter from applicant in response to Generic Letter
82-01.

Rarch 31, 1982

April 6-7, 1982

April 15, 1982

Letter from applicant transmitting Amendment 2 to FSAR.

Meeting to discuss environmental review and site tour.

Issuance of Generic Letter 82-08 transmitting NUREG-0909

regarding the Ginna tube rupture.

Shearon Harris SER A-1



April 15, 1982

April 20, 1982

Letter from applicant forwarding electrical drawings.

Issuance of Generic Letter 82-09, Environmental quali-
fication of Safety-Related Electrical Equipment.

April 21, 1982 Letter fr om app1 icant tr ansmi tting quarterly sei smi c
monitoring report.

April 26, 1982 Letter to applicant transmitting request for additional
information.

April 28, 1982 Letter to'applicant transmitting request for additional
information.

May 7, 1982 Letter to applicant transmitting request for additional
information.

May 18, 1982

May 18, 1982

Hydrologic site visit.
Letter from applicant transmitting "Reactor Pressure
Vessel Preservice Inspection Program Plan," Revision 0.

May 21, 1982 Letter to applicant transmitting request for additional
information.

June 1, 1982 Letter from applicant regarding detailed control room
design review performed between April 1980 and January
1981.

June 9, 1982

June 9, 1982

Issuance of Generic Letter 82-11, transmitting NUREG-0916
regarding the restart of Ginna.

Letter to applicant transmitting request for additional
information.

June 14, 1982 Letter to applicant transmitting request for additional
information.

June 15, 1982

June 17, 1982

Issuance of Generic Letter 82-12 regarding nuclear power
plant staff workers hours.

Issuance of Generic Letter 82-13, regarding Reactor
Operator and Senior Reactor Operator exams, July 13-14,
1982.

June 30, 1982

June 30, 1982

July 2, 1982

Letter from applicant transmitting Amendment 3 to FSAR.

Letter from applicant providing information in response
to acceptance review items.

Issuance of Generic Letter, Commission Approved Charter
for the Committee To Review Generic Requirements
(CRGR).
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July 2, 1982

July 7, 1982

Letter from applicant advising of schedule of meetings
for July.

Meeting with applicant to discuss method for instru-
mentation and control review.

July 13, 1982

July 13; 1982

July,15-16, 1982

July 20, 1982

July 26, 1982

July 28, 1982

July 29, 1982

July 30, 1982

July 30, 1982

July 30, 1982

August 2, 1982

August 9," 1982

Letter to applicant transmitting request for additional
informati on.

Meeting with applicant regarding fire protection matters.

Meeting with applicant to discuss staff questions
regarding gA program.

Meeting with applicant to discuss operator training
plans for cold licensing.

Letter from applicant transmitting 14th quarterly
report on seismic monitoring program.

Meeting with applicant to discuss staff questions on
the initial test program.

Letter from applicant confirming meetings on July 28
and August 16-20, 1982.

Letter to applicant transmitting request for additional
information.

Letter to applicant transmitting agenda for August 16,
1982 meeting on instrumentation and control system.

Letter from applicaqt forwarding response to February 16,
1982, letter requesting information on unresolved
safety issues.

Letter from applicant transmitting responses to
questions.

Issuance of Generic Letter 82-14, Submittal of Documents
to NRC.

August 16-20, 1982

August 18, 1982

Meetin'g with applicant regarding instrumentation and
control portion of FSAR.

Letter to applicant transmitting request for, additional
information.

August 23, 1982

August 31, 1982

August 31, 1982

Meeting with applicant to discuss reservoir reanalysis.

Letter from applicant transmitting Amendment 4 to FSAR.

Letter from applicant transmitting responses to FSAR

review questions.
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September 14-16, 1982 Meeting with applicant regarding'instrumentation and
control portion of the FSAR.

September 16, 1982 Letter from applicant transmitting responses to requests
by Effluent Treatment Systems Branch.

September 20, 1982

September 20-24, 1982

Letter to applicant transmitting comments on security
plan and contingency plan.

Structural design audit.

September 21, 1982 Meeting with applicant to discuss responses to Reactor
Systems Branch review questions.

September 23, 1982 Letter to applicant transmitting request for additional
information.

September 27, 1982

September 29, 1982

Letter from applicant advising of change of addressee,

Letter to applicant transmitting request for additional
information.

September 30, 1982 Letter from applicant transmitting response to requests
for information by Instrumentation and Control Systems
Branch.

September 30, 1982 Letter from applicant transmitting responses to requests
by Reactor Systems Branch.

October 1, 1982 Issuance of Generic Letter 82-17, Inconsistency Between
Requirements of 10 CFR 50.54 (t) and Standard Technical
Specifications for Performing Audits of Emergency
Preparedness Programs.

October 6, 1982 Letter from applicant to ASLB advising that the com-
mercial operation date for Unit 1 has changed from
Fall 1985 to Spring 1986 and that no funds are to be
allocated in 1983 for construction wor k on Unit 2.

October 6, 1982 Issuance of Generic Letter 82-21 regarding Technical
Specifications for fire protection audits.

October 12, 1982 Issuance of Generic Letter 82-18 regarding reactor
operator and senior reactor operator requalification
examinations.

October 14, 1982 Letter from applicant advising of rescheduled fuel
load date of June 1985; any revision in Unit 2 schedule
to be announced in December 1982.

October 20, 1982 Letter to applicant providing clarification of responses
to questions from Containment Systems Branch.
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October 21, 1982 Letter to applicant transmitting request for additional
information.

October 26, 1982 Letter from applicant transmitting quarterly seismic
monitoring report.

October 26, 1982 Issuance of Generic Letter 82-20, Guidance for
Implementing SRP Rule.

October 30, 1982

November 2, 1982

Issuance of Generic Letter 82-23 regarding inconsistency
between requirements of 10 CFR 73.40(a) and the Standard
Technical Specifications for performing audits of safe-
guards contingency plans.

Site visit to conduct inspection of main steam piping
outside of containment for confirmatory analysis.

November 4, 1982 Letter from applicant transmitting responses to FSAR

Hydrologic Engineering review questions.

November 15, 1982

November 26, 1982

Letter from applicant forwarding responses to
miscellaneous review questions.

Letter from applicant transmitting request for
additional information.

December 7, 1982

December 10, 1982

December 13, 1982

December 17, 1982

December 20, 1982

December 22, 1982

Letter from applicant transmitting "Human Factors Design
Evaluation Report for the Shearon Harris Unit 1 Control
Room," dated January 23, 1981, revised November 16, 1981.

Letter to applicant concerning confirmatory piping
analysis and design documentation review.

Letter from applicant transmitting information on volume
reduction system.

Issuance of Generic Letter 82-33, Supplement 1 to
NUREG-0737 - Requirements for Emergency Response
Capability.

Letter to applicant regarding January 26, 1983 meeting
with Westinghouse on reactor trip breaker testing.

Letter to applicant transmitting request for additional
information.

December 22, 1982 Issuance of Generic Letter 82-38 regarding meeting to
discuss recent developments for licensing examinations.

December 22, 1982

December 28, 1982

Issuance of Generic Letter 82-39 regarding problems
with submittals of 10 CFR 73.21 safeguards information.

Letter to applicant transmitting current licensing
schedule.
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December 28, 1982 . Issuance of, Generic Letter 82-30 advising of current
listing of branch assignments.

January 11, 1983 Issuance of Generic Letter 83-01 requesting schedule
for examination requests expected for submittal prior
to„December 31,, 1985.

January 19, 1983

/

January 19, 1983

Letter from app 1 icant transmi t ting nonradi ol ogi cal
environmental monitoring program.

Letter from applicant advising that June 1989 is the
fuel load date for Unit 2 and March 1990 is the
commercial, operation date for Unit 2, and requesting
that the December 28 schedule be revised to include
Unit 2 milestones.

January 28, 1983 Letter from applicant transmitting quarterly seismic
monitoring report.

January 31, 1983 Issuance of Generic letter 83-06 regarding certificates
and revised format for reactor operator and senior
reactor operator licenses.

February 1-3, 1983 Meeting with applicant to discuss material engineering"
issues, discuss confirmatory piping analysis, and per-
form design documentation review.

February 1, 1983 Issuance of Generic Letter 83-04 regarding regional
workshop concerning Supplement 1 to NUREG-0737.

February 1, 1983 Letter to applicant transmitting draft Safety Evaluation
Report.

February 2, 1983 Letter to applicant requesting additional information
for seismic and dynamic qualification review.

February 2, 1983

February 8, 1983

Letter from applicant forwarding tables regarding
activity inputs to the volume reduction system.

1

Issuance, of Generic Letter 83-10C regarding resolution
of TMI Action Item II'.K.3.5, "Automatic Trip of Reactor
Coolant Pumps."

February 9, 1983

February ll, 1983

Letter to applicant transmitting revised table of
licensing milestones.

Letter from applicant transmitting source term evalua-
tion for the volume reduction system.

February 16, 1983 Issuance of Generic Letter 83-07 regarding Nuclear Waste
: Policy Act of 1982.

February 16-18, 1983 Caseload forecast panel visit to assess status of
construction and completion schedules.
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February 24, 1983 Letter from applicant transmitting additional informa-
tion on, source term evaluation and volume reduction
system.

February 24, 1983 Issuance of Generic Letter 83-12 regarding NRC Form 398,
"Personal qualifications Statement -- Licensee."

February 28, 1983 Meeting with applicant regarding postulated Neuse fault
and proposed site seismic instrumentation and U.S.
Geological Survey reassessment of later implications of
the Charleston earthquake.

March 2, 1983 Letter from applicant in response to Generic Letter
83-01.

March 7, 1983 Issuance of Generic Letter 83-14 regarding definition
of "Key Maintenance Personnel:"

March 7-11, 1983 Meeting to conduct indepth review of structural design
for seismic Category I structures.

March 14, 1983 Letter from applicant concerning the reactor vessel
preservice inspection program.

March 16, 1983 Letter from applicant forwarding minutes of February 1-3,
1983 meeting.

March 16, 1983 Letter to applicant advising of upcoming geotechnical
engineering site visit and audit.

March 23, 1983 Issuance of Generic Letter 83-15 regarding implementa-
tion of Regulatory Guide 1. 150.

March 24, 1983 Letter to applicant regarding discrepancy in LOCA

peaking factor.

March 24, 1983

March 25, 1983

Issuance of Generic Letter 83-'6 regarding NUREG-0977.

Meeting with applicant to exchange information
regarding current status of control room design and
documentation.

March 29, 1983 Letter from applicant forwarding Revision 0 to emergency
plan.

March 31, 1983 Letter from applicant transmitting "Report on Proposed
Neuse Fault." V

April 1, 1983

April 6, 1983

Issuance of Generic Letter 83-16A regarding NUREG-0977.

Letter from applicant transmitting responses to Draft
SER open items.
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April 8, 1983

April 8, 1983

Issuance of Generic Letter 83-17 concerning integrity
of requalification examinations for renewal of reactor
operator and senior reactor operator licenses.

Letter to applicant requesting additional information
on electrical cables.

April 8, 1983 Letter from applicant transmitting responses to Draft
SER Open Items 51, 52 and 215.

April 8, 1983 Letter from applicant transmitting response to Draft
SER Open Item 27.

April ll, 1983 Letter to applicant transmitting request for additional
information on personnel training.

April 12-14, 1983 Site visit and meeting on geotechnical engineering
matters to examine structures and documents, based on
list transmitted March 16, 1983.

April 13, 1983

April 15, 1983

April 18, 1983

Letter from applicant transmitting Amendment 5 to FSAR.

Letter from applicant responding to Generic Letter 82-33.

Letter from applicant transmitting response to Draft
SER Open Item 225.

April 19, 1983 Letter from applicant documenting telecon agreement
regarding closing Draft SER Open Items 60 and 62.

April 19, 1983

April 21, 1983

Letter from applicant transmitting response to Draft
SER Open Item 169.

Letter to applicant transmitting request'for additional
information.

April 22, 1983 " Letter from applicant forwarding information to resolve
TMI Action Item II.K.3.5, "Automatic Trip of Reactor
Coolant Pumps" (Generic Letter 83-10c).

April 26, 1983 Letter from applicant transmitting information on
electrical cables.

April 26, 1983 Letter from applicant transmitting response to Draft
SER Open Item 111.

April 27, 1983 Letter from applicant transmitting 17th quarterly
se i smi c moni tor i ng repor t.

April 27, 1983 Letter from applicant transmitting response to SER

Open Items 8 and 9.

May 3, 1983 Letter to applicant transmitting request for additional
information.
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May 4, 1983

May 9, 1983

Letter from applicant transmitting responses to several
Draft SER open items.

Letter from applicant documenting agreement that Open
Items 298 and 299 are closed.

May 9, 1983

May 9, 1983

Issuance of Generic Letter 83-20 regarding integrated
scheduling for implementation of plant modifications.

Letter from applicant documenting agreement that Open
Item 67 is closed.

May 9, 1983 Letter from applicant concerning changes to corporate
quality assurance program.

May 9, 1983 Letter from applicant regarding conformance with
10 CFR 20, 50, and 100.

May ll, 1983

May ll, 1983

May ll, 1983

May 11, 1983

Letter from applicant transmitting response to Draft
SER Open Item 294.

Letter from applicant transmitting response to Draft
SER Open Item 59.

Issuance of Generic Letter 83-21 concerning clarifica-
tion of access to control procedures for law enforcement
visits.

F

Letter from applicant documenting agreement that Open
Items 48 and 74 are closed.

May 13, 1983

May 16, 1983

May 16, 1983

Letter from applicant transmitting Amendment 6 to FSAR.

Letter from applicant transmitting response to Draft
SER Open Item 191.

Letter from applicant documenting agreement that Open
Item 128 is closed.

May 18, 1983 Letter from applicant transmitting response to Draft
SER Open Items 32 and 33.

May 18, 1983

May 23, 1983
I

May 23, 1983

Letter from applicant transmitting responses to Draft
SER Open Items 200, 205, and 206.

Letter from applicant documenting that Open Items 12,
15, and 16 are closed.

Letter from applicant forwarding response to Draft SER

Open Items 145 and 148.

May 24, 1983 Letter from applicant documenting agreement that Draft
SER Open Item 168 is closed.
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May 24, 1983 Letter to applicant regarding additional input to
Draft SER and forwarding request for information.

June 1, 1983 Letter from applicant transmitting request for addi-
tional information.

June 1, 1983 Letter from applicant forwarding supplemental informa-
tion to detailed control room design review summary
report.

June 1, 1983

June 2, 1983

Letter to applicant transmitting changes to Draft SER.

Letter from applicant transmitting response to.Draft
SER Open Item 306;

June 2, 1983 Letter from applicant transmitting response to Draft
SER Open Item 182.

June 2, 1983 Letter, from applicant transmitting response to Draft"
SER Open Items 156 and 157.

June 2, 1983 Letter from applicant transmitting response to Draft
SER Open Item 210.

June 3, 1983 Letter from applicant transmitting response to Draft
SER Open Items 32 and 33.

June 3, 1983 Issuance of Generic Letter 83-22 concerning the safety
evaluation of "Emergency Response Guidelines."

June 3,„ 1983 Letter to applicant transmitting results of structural
audit and related open items.

June 7, 1983 Letter from applicant transmitting response to Draft
SER Open Item 34.

June 7, 1983 Letter to applicant transmitting request for additional
information on guality Group classification.

June 10, 1983 Letter to applicant transmitting report on geotechnical
engineering site visit and audit.

June 13, 1983 Letter from applicant transmitting response to Open
Item 117.

June 14, 1983 Letter from applicant transmitting response to Open
Item 126.

June 14, 1983 Letter from applicant transmitting response to Draft
SER Open Items 64 and 71.

June 14, 1983 Letter from applicant transmitting
SER Open Items 37, 39, and 43.

response to

Draft'hearon
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June '15, 1983

June 17, 1983

June 17, 1983

June 22, 1983

Meeting with applicant to discuss soil structure
'nteractionwith respect to structural analysis.

Letter from applicant transmitting response to Draft
SER Open Items 165 and 176.

Letter from applicant forwarding additional information
relating to Amendment 5 to FSAR.

Letter from applicant transmitting response to Draft
SER Open Item 22.

June 22,-1983

June 22, 1983

June 22, 1983

June 22, 1983

June 22, 1983

June 23, 1983
4

June 29, 1983

Letter from applicant transmitting response to Draft "

SER Open Items 110 and 113.

Letter from applicant transmitting Draft SER open item
log.

Letter from applicant transmitting responses to several
Draft SER open items.

Letter from applicant transmitting response to Draft ~

SER Open Items 290 and 291.

Letter from applicant transmitting design documents.

Meeting with applicant to discuss its management
organization and operational structure with respect to
NRC staff requirements.

Letter from applicant transmitting responses to several
Draft SER open items.

June 30, 1983

June 30, 1983

Letter from applicant transmitting responses to Draft
SER Open Items 134, 135, and 224.

Letter from applicant transmitting response to Draft
SER Open Items 146 and 147.

'June 30, 1983

June 30, 1983

July 1, 1983

July 1, 1983

July 1, 1983

Letter from applicant transmitting response to Draft
SER Open Item 55.

Letter from applicant transmitting Amendment 7 to FSAR.

Letter from applicant transmitting response to Draft
SER Open Item 36.

Letter from applicant transmitting response to Draft
SER Open Items 194, 195, and 217.

Letter from applicant transmitting response to Draft
SER Open Item 68.,
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July 1, 1983 Letter from applicant transmitting responses.to several
Draft SER open items.

July 1, 1983 Letter from applicant transmitting response to Draft
SER Open Item 10.

July 1, 1983

July 5, 1983

July 5, 1983

July 5, 1983

Letter from applicant transmitting response to Draft
SER Open Item 29.

Issuance of Generic Letter 83-26 regarding clarifica-
tion of surveillance requirements for diesel fuel
impurity.

Letter from applicant transmitting response to Draft
SER Open Item 209.

Letter from applicant transmitting responses to Draft
SER Open Items 129, 130, 131, and 137.

July 6, 1983 Issuance of Generic Letter 83-27 regarding surveillance
intervals for Standard Technical Specifications.

July 8, 1983 Issuance of Generic Letter 83-28 regarding required
actions based on generic implications of Salem ATWS
events.

July 11, 1983 Letter from applicant transmitting responses to Draft
SER Open Items 158 and 186.

July ll, 1983 Letter from applicant forwarding responses to acceptance
review and safety review questions on fire protection.

July 15, 1983 Letter from applicant transmitting responses to several
Draft SER open items and revised response to Draft
SER Open Item 151.

July 18, 1983 Letter from applicant transmitting response to Draft
SER Open Items 172 and 173.

July 20-21, 1983 Meeting with applicant to review physical security
plan.

July 21, 1983

July 21, 1983

Issaunce of Generic Letter 83-30 concerning deletion
of Standard Technical Specification Surveillance Require-
ment 4.8.1.1.2.d.6 for diesel generator testing.

Letter from applicant transmitting 18th quarterly
seismic monitoring report.

July 22, 1983

July 22, 1983

Letter from, applicant transmitting Amendment 8 to FSAR.

Letter from applicant transmitting "Safe Shutdown
Analysis in Case of Fire."
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July 25, 1983 Letter from applicant transmitting responses to
questions on training program.

July 28, 1983 Meeting with applicant to conduct an audit of Class 1
piping (design specifications and reports).

July 29, 1983 Letter from applicant transmitting documentation of
response to Draft SER Open Item 1.

July 29, 1983

August 1, 1983

August 4, 1983

Letter from applicant transmitting revised security
plan, contingency plan and training and qualification
pl an.

s 4

Letter from applicant forwarding revised response
regarding shift technical adviser training program.

'etterfrom applicant transmitting revised "Management,
Capability Report."

August 10, 1983 Meeting with applicant to discuss licensing schedule
and process.

August 11, 1983 Letter from applicant transmitting responses to several ''
Draft SER open items.

August 12, 1983 Letter from applicant transmitting response to Draft
SER Open Item 5.

August 12, 1983 Letter from applicant transmitting responses to several
Draft SER open items and acceptance review questions.

August 12, 1983 Letter from applicant transmitting response to acceptance
review question 280.30 and supplementary information to
questions 280.9 and 280.31.

August 12, 1983 Letter from applicant transmitting response to Draft
SER Open Item 7.

August 12, 1983 Letter from applicant documenting that Draft SER Open
Items 104 and 115 are considered closed.

August 12, 1983 Letter from applicant transmitting response to Draft
SER Open Item 225.

August 12, 1983 Letter from applicant providing information to resolve
Draft SER Open Item 41.

August 12, 1983 Letter from applicant providing response to Draft SER
Open Item 223.,

August 12, 1983 Letter from applicant transmitting responses to Draft
SER Open Items 155, 159, 177, and 178.
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August 12, 1983

August 12, 1983

August 15-19, 1983

August 16-18, 1983

Letter from applicant transmitting response to Draft
SER Open Item 276.

Letter from applicant transmitting responses to Draft
SER Open Items 220, 236, 286, and 307.

Audit of Control Room Design.
f

Meeting with applicant to discuss status of review by
several review'branches.

August 17, 1983

August 17, 1983

August 18, 1983

August 19, 1983

August 24, 1983

August 24, 1983

Letter to applicant transmitting request for additional
information.

Letter from applicant transmitting response to Draft
SER Open Item 276 with correction.

Letter from applicant transmitting Amendment 9 to FSAR.

Letter to applicant transmitting request for additional
information.

r

Letter from applicant transmitting final embankment
report for the main and auxiliary dam and auxi'liary
separating dike.

Letter from applicant transmitting "Final Geologic
Report on Foundation Conditions, Power Plant, Dams and
Related Structures."

August 25, 1983

August 25, 1983

August 25, 1983

September 2, 1983

September 6, 1983

Meeting with applicant to discuss Draft SER open items

Meeting with applicant to discuss fire protection
schedule.

1

Letter to applicant transmitting request for additional
information on Class 1 piping design documentation.

Letter from applicant transmitting revision to document
control procedures.

Letter from applicant transmitting information concern-
ing draft SER Open Item 223, commenting on Regulatory
Guide 1.97.

September 13, 1983

September 13, 1983

September 16, 1983

Letter from applicant transmitting Amendment 10 to FSAR.

Letter from applicant advising of substantial organi-
zational changes; FSAR changes are being prepared and
wi 11 be forwarded when. completed. ~ ~

Letter from applicant transmitting additional informa-
tion regarding training (Draft SER Open Item 322).
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September 19, 1983

September 19, 1983

September 19, 1983

Letter from applicant advising that the correct date
for FSAR Amendment 10 is September 13, 1983.

Letter from applicant documenting that piping, tubing,
isolation valves, actuators, and controls associated
with penetration Nos. 94A, 94B, and 95B are seismic .

Category I, Class 2, as applicable, and are protected
against missiles and pipe whip.

Letter from applicant forwarding responses to requests
for additional information.

September 19, 1983 Letter from applicant forwarding responses to requests
for additional information.

September 21, 1983

September 21-22, 1983

September 26-27, 1983

September 27, 1983

Letter from applicant transmitting responses to
requests for additional information discussed at
August 24, 1983, meeting.

Meeting with applicant to discuss unresolved issues.

Meeting with applicant to discuss fire protection open
items.

Letter from applicant forwarding additional information
in response to NUREG-0737, Supplement 1 concerning
detailed control room design review.

September 30, 1983

September 30, 1983

Letter from applicant transmitting amended response to
Draft SER Open Item 38.

Letter from applicant transmitting responses to requests
for additional information.

October 4, 1983

October 5, 1983

October 10, 1983

Letter from applicant transmitting Revision 1 to
emergency plan.

Letter from applicant transmitting responses to Draft
SER open items.

Letter from applicant transmitting response to request
for additional information.

October ll, 1983

October ll, 1983

Letter from applicant transmitting response to Draft
SER Open Items 335-383.

Letter to applicant transmitting request for additional
information.

'ctober12, 1983 Letter from applicant transmitting responses to requests
for additional information.

October 14, 1983 Letter from applicant transmitting responses to requests
for additional information.
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October 14, 1983 Letter from applicant forwarding information on fire
protection.

October 14, 1983

October 14, 1983

October 18, 1983

Letter from applicant forwarding supplemental informa-
tion in response to Draft SER Open Item 7.

Letter from applicant transmitting "Table of Control
Rod Drive Mechanism-Materials" (proprietary and
nonproprietary versions).

Letter to applicant forwarding additional guidance to
clarify associated circuits for safe shutdown.

October 19, 1983 Issuance of Generic Letter 83-33 regarding certain
requirements of Appendix R to 10 CFR 50.

October 19, 1983 Letter from applicant transmitting 19th quarterly
seismic monitoring report.

October 20, 1983 Letter from applicant forwarding responses to
Draft'ER

Open Items 63 and 67.

October 20, 1983

October 21, 1983

Letter from applicant forwarding response to Draft SER
Open Item 310.

Letter from applicant transmitting "Shearon Harris Spent
Fuel Rack Criticality Analysis" (proprietary and non-
proprietary versions).

October 21, 1983 Letter from applicant transmitting response to Draft
SER Open Item 77.

October 24, 1983

October 25, 1983

Meeting with applicant to discuss several open items.

Letter from applicant transmitting "Analysis of
Habitability of the Shearon Harris Nuclear 'Power Plant
Emergency Operations Facility" and the "Analysis of
Habitability of the Shearon Harris Nuclear Power Plant
Technical Support Center."

October 26, 1983 Letter from applicant transmitting responses to requests
for additional information.

October 27, 1983 Letter from applicant transmitting response to Draft SER
Open Item 99.

October 27, 1983 Letter from applicant transmitting responses to requests
for additional information.

October 28, 1983 Letter from applicant transmitting responses to requests
for additional information and proprietary documents,
"DNINS Accelerometer Details" and Recommended Incontain-
ment Equipment Installation," Westinghouse Drawings
2342D26, Revision 1 and 1606E41, Revision 2.
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October 31, 1983 Issuance of Generic Letter 83-38 regarding NUREG-0965,
"NRC Inventory of Dams."

November 1, 1983

November 2, 1983

Letter to applicant regarding the staff evaluation of
the modification to Westinghouse D4/D5/E steam
generators.

Issuance"of Generic Letter 83-35 regarding clarification
of TMI Action Plan Item II.K.3.31.

November 3, 1983

November 3, 1983

November 4, 1983

Letter from applicant forwarding responses to requests
for additional information, including report on control
system failures.

Letter from applicant transmitting response to Draft
'ER

Open Item 7.

Letter from applicant transmitting response to Draft
SER Open Items 31, 47, 139, 365 and 369.

November 7, 1983 Letter from applicant in response to Generic Letter
83-28.

November 8, 1983

November 8, 1983

November 9, 1983

Letter from applicant transmitting response to Draft
SER Open Item 335.

Letter from applicant transmitting response to Draft
SER Open Item 71.

Letter from applicant forwarding resume for Manager,
Environmental and Radiation Control.

November 14, 1983

November 14, 1983

November 15, 1983

Letter from applicant transmitting response to Draft
SER Open Items 99 and 107.

Letter from applicant transmitting response to draft
SER Open Item 220 and other revised responses.

Letter from applicant transmitting responses to several
Draft SER open items.

November 15, 1983

November 18, 1983

November 28, 1983

Letter from applicant transmitting revised response to
Draft SER Open Item 343.

Letter from applicant forwarding responses to Draft SER
open items.

Meeting with applicant to discuss status of certain
review issues.
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APPENDIX C

NUCLEAR REGULATORY COMMISSION UNRESOLVED SAFETY ISSUES

C. 1 Introduction

The Nuclear Regulatory Commission (NRC) staff evaluates the safety require-
ments used in its reviews against new information as it becomes available.
Information related to the safety of nuclear power plants comes from a variety
of sources including experience from operating reactors; research results; NRC

staff and Advisory Committee on Reactor Safeguards (ACRS) safety reviews; and

vendor, architect/engineer, and utility design reviews. After the accident at
TMI, the Office for Analysis and Evaluation of Operational Data was established
to provide a systematic and continuing review of operating experience. Each

time a new concern or safety issue is identified from one or more of these
sources, the need for immediate action to ensure safe operation is assessed.
This assessment includes consideration of the generic implications of the
issue.

In some cases, immediate action is taken to ensure safety, such as derating
of boi ling water reactor s as a result of the channel box wear problems in
1975. In other cases, interim measures, such as modifications to operating
procedures, may be sufficient to allow further study of the issue before
licensing decisions are made. In most cases, however, the initial assessment
indicates that immediate licensing actions or changes in licensing criteria
are not necessary. If the issue applies to several or a class of plants the
issue is evaluated further as a "generic safety issue." This evaluation
considers the safety significance of the issues, the cost to implement any
changes in plant design or operation, and other significant and relevant
factors to establish a priority ranking of the issue. Based on this ranking,
resolution of the issue is (1) scheduled for near-term resolution, (2) deferred
unti 1 resources become available, or (3) dropped from further consideration.

The issues with the highest priority ranking are reviewed to determine whether
they should be designated as "Unresolved Safety Issues" (NUREG-0410). However,
as discussed above, such issues are considered on a generic basis only after
the staff has made an initial determination that the safety significance of
the issue does not prohibit continued operation or require licensing actions
while the longer term generic review is under way.

C.2 ALAB-444 Re uirements

These longer term generic studies were the subject of a decision by the Atomic
Safety and Licensing Appeal Board of the Nuclear Regulatory Commission. The

decision was issued on November 23, 1977 (ALAB-444) in connection with the
Appeal Board's consideration of the Gulf States Utility Company application for
the River Bend Station, Units 1 and 2.
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In the view of the Appeal Board

In short, the board (and the public as well) should be in a position
to ascertain from the SER itself--without the need to resort to
extrinsic documents--the staff's perception of the nature and
extent of the relationship between each significant unresolved
generic safety question and the eventual operation of the reactor
under scrutiny. Once again, this assessment might well have a
direct bearing upon the ability of the licensing board to make the
safety, findings required of it on the construction permit level
even though the generic answer to the question remains in the
offing. Among other things, the furnished information would likely
shed light on such alternatively important considerations as whether:
(1) the problem has already been resolved for the reactor under-
study; (2) there is a reasonable basis for concluding that a satis-,
factory solution will be obtained before the reactor is put in
operation; or (3) the problem would have no safety implications
until after several years of reactor operation and, should it not
be resolved by then, alternative means will be available to insure
that continued operation (if permi.tted at all) would not pose an
undue risk to the public.

This appendix is specifically included to respond to the decision of the
Atomic Safety and Licensing Appeal Board as enunciated in ALAB-444, and as
applied to an operating license proceeding Vir inia Electric and Power Com an
(North Anna Nuclear Power Station, Units 1 and 2), ALAB-491, NRC 245 (1978).

C.3 Definition

In a related matter, as a result of the Congressional action on the Nuclear
Regulatory Commission budget for Fiscal Year 1978, the Energy Reorganization
Act of 1974 was amended (PL 95-209) on December 12, 1977, to include, among
other things, a new Section 210 as follows:

UNRESOLVED SAFETY ISSUES PLAN

SEC. 210. The Commission shall develop a plan providing for speci-
fication and analysis of unresolved safety issues relating to nuclear
reactors and shall take such action as may be necessary to implement
corrective measures with respect to such issues. Such plan shall be
submitted to the Congress on or before January 1, 1978 and progress
reports shall be included in the annual report of the Commission
thereafter.

The Joint Explanatory Statement of the House-Senate Conference Committee for
the Fiscal Year 1978 Appropriations Bill (Bill S. 1131) provided the following
additional information regarding the Committee's deliberations on this portion
of the bill:

SECTION 3 - UNRESOLVED SAFETY ISSUES

The House amendment required development of a plan to resolve, generic
safety issues. The conferees agreed to a requirement that the plan be
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submitted to the Congress on or before January 1, 1978. The
conferees also expressed the intent that this plan should identify
and describe those safety issues, relating to nuclear power reactors,
which are unresolved on the date of enactment. It should set forth:
(1) Commission, actions taken directly or indirectly to develop and
implement corrective measures; (2) further actions planned concerning
such measures; and (3) timetables and cost estimates of such actions.
The Commission should indicate the priority it has,assigned to each
issue, and the basis on which priorities have been assigned.

In response to the reporting requirements of the new Section 210, the NRC

staff submitted to Congress on January 1, 1978, NUREG-0410, entitled "NRC

Program for the Resolution of Generic Issues Related to Nuclear Power Plants,"
describing the NRC generic issues program. The NRC program was already in
place when PL 95-209 was enacted and is of considerably broader scope than the
Unresolved Safety Issues Plan required by Section 210. In the letter trans-
mitting NUREG-0410 to the Congress on December 30, 1977, the Commission
indicated: "the progress reports, which are required by Section 210 to be
included in future NRC annual reports, may be more useful to Congress if they
focus on the specific Section 210 safety items."

1t

It is the NRC's view that the intent of Section 210 was to ensure that plans
were developed and impiemented on issues with potentially significant public
safety implications. In 1978, the NRC undertook a review of more than 130
generic issues addressed in the NRC program to determine which issues fit this
description and qualify as Unresolved Safety Issues for reporting to the
Congress. The NRC review included the development of proposals by the NRC

staff and review and final approval by the NRC Commissioners.

This review is described in NUREG-0510, "Identification of Unresolved Safety
Issues Relating to Nuclear Power Plants - A Report to Congress," dated January
1979. The report provides the following definition of an Unresolved Safety
Issue:

An Unresolved Safety Issue is a matter affecting a number of nuclear
power plants that poses important questions concerning the adequacy
of existing safety requirements for which a final resolution has not
yet been developed and that involves conditions not likely to be
acceptable over the lifetime of'the plants it affects.

Further the report indicates that in applying this definition,'matters that
pose "important questions concerning the adequacy of existing safety require-
ments" were judged to be those for which resolution is necessary to (1) compen-
sate for a possible major reduction in the'egree of, protection of the public
health and safety, or (2) provide a potentially significant decrease in the
risk to the public health and safety. (vite simply, an Unresolved Safety
Issue is potentially significant from a public safety standpoint and its
resolution is likely to result in NRC action in the affected plants.

All of the original issues addressed in the NRC program were systematically
evaluated against this definition as described in NUREG-0510. As a result,
17 Unresolved Safety Issues addressed by 22 tasks in the NRC program were
identified.
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An indepth and systematic review of generic safety concerns identified between
January 1979 and March 1981 was performed by the staff to determine if any of
these issues should be designated as Unresolved Safety Issues. The candidate
issues originated from concerns identified in NUREG-0660, "NRC Action Plan as
a Result of the TMI-2 Accident"; ACRS recommendations; abnormal occurrence
reports; and other operating experience. The staff's proposed 'list was
reviewed and commented on by the ACRS, the Office of Analysis and Evaluation
of Operational Data (AEOD), and the Office of Policy Evaluation. The ACRS and
AEOD also proposed that several additional Unresolved Safety'ssues be con-
sidered by the Commission. The Commission considered the above information and
approved the four Unresolved Safety Issues A-45 and A-48. A description of the
review process of candidate issues, together with a list of the issues con-
sidered is in NUREG-0705, "Identification of New Unresolved Safety Issues
Relating to Nuclear Power Plants„ Special Report to Congress," dated March 1981.
An expanded discussion of each of the new Unresolved Safety Issues is also
contained in NUREG-0705. In addition to the four issues identified above, the
Commission approved another issue, A-49, Pressurized Thermal Shock, as an
Unresolved Safety Issue in December 1981.

The issues are in Table C. 1 below. The number(s) of the generic task(s)
(for example, A-1) in the NRC program addressing each issue is indicated in
parantheses following the title.

Table C. 1 Unresolved Safety Issues (Applicable Task Nos.)

(1) Waterhammer (A-1)
(2) Asymmetric Blowdown Loads on the Reactor Coolant System (A-2)
(3) Pressurized Water Reactor Steam Generator Tube Integrity (A-3, A-4, A-5)
(4) Boiling Water Reactor (BWR) Mark I and Mark II Pressure Suppression

Containments (A-6, A-7, A-8, A-39)
(5) Anticipated Transients Without Scram (A-9)
(6) BWR Nozzle Cracking (A-10)
(7) Reactor Vessel Materials Toughness (A-11)
(8) Fracture Toughness of Steam Generator and Reactor Coolant Pump Supports

(A-12)
(9) Systems Interactions in Nuclear Power Plants (A-17)
(10) Environmental gualification of Safety-Related Electrical Equipment

(A-24)
(ll) Reactor Vessel Pressure Transient Protection (A-26)
(12) Residual Heat Removal Requirements (A-31)
(13) Control of Heavy Loads Near Spent Fuel (A-36)
(14) Se i smi c Des ign Cri ter ia, (A-40)
(15) Pipe Cracks at Boiling Water Reactors (A-42)
(16) Containment Emergency Sump Reliability (A-43)
(17) Station Blackout'(A-44) II

(18) Shutdown Decay Heat Removal Requirements (A-45)
(19) Seismic gualification of Equipment in Operating Plants (A-46)
(20) Safety Implications of Control Systems (A-47)
(21) Hydrogen Control Measures and Effects of Hydrogen Burns on Safety

Equipment (A-48)
(22) Pressurized Thermal Shock (A-49)
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In the view. of the staff, the Unresolved Safety Issues listed above are the sub-
stantive safety issues referred to by the Appeal Board in ALAB-444 when it spoke
of "...those generic problems under continuing study which have... potentially
significant public safety implications." Eleven of the tasks identified with
the unresolved safety issues are not applicable to Shearon Harris, and 6 of
these 11 tasks (A-6, A-7, A-8, A-10, A-39; and A-42) are peculiar to boiling
water reactors. Tasks A-4 and A-5 address steam generator tube problems in
Combustion Engineering and Babcock and Wilcox plants. Task A-12 has been re-
solved by the issuing of NUREG-0577, Revision 1. However, the requirements for
resolving the issue apply to new CP and PDA plants only. Therefore, Task A-12
is not applicable to the Shearon Harris units. Task A-46 deals with operating
plants and Task A-48 is related to PWR plants with ice-condenser containments
or BWR plants with pressure-suppression type containments. With regard to the, .

remaining 16 tasks that are applicable to this facility, the NRC staff has
issued NUREG reports providing its proposed resolution of seven of these issues.
Each of these have been addressed in this Safety Evaluation Report or will„be
addressed in a future supplement. Table C.2 lists those issues and the section
of this Safety Evaluation Report in which they are discussed. '

Table C.2 Unresolved safety issues discussed in this SER

Task No. NUREG Report and Title SER Section

A-2

A-9

NUREG-0609, "Asystemetric Blowdown Loads
on PWR Primary Systems"

NUREG-0460, "Anticipated Transients
Without Scram for Light Water Reactors,"
Vol 4,

3.9.2.3

15. 3. 8

A-ll NUREG-0744, "Resolution of the Task A-ll 5.3
Reactor Vessel Materials Toughness Safety
Issue," Vols I and II, Revision 1,
October 1982

A-24

A-26

NUREG-0588, ", Interim Staff Position on
Environmental qualification of Safety-
Related Electrical Equipment," Revision 1,

NUREG-0224, "Reactor Vessel Pressure
Transient Protection for Pressurized
Water Reactors" and RSB BTP 5-2

3. 11

5.2.2

A-31

A-36

SRP 5.4.7 and BTP 5-1 "Residual Heat
Removal Systems"

NUREG-0612, "Control of Heavy Loads at
Nuclear Power Plants"

5.4.3

9.1.4
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The remaining issues applicable to this facility are

(1) Materhammer (A-1)
(2) Mestinghouse Steam Generator Tube Integrity (A-3)
(3) Systems Interaction in Nuclear Power Plants (A-17)
(4) Seismic Design Criteria (A-40)
(5) Containment Emergency Sump Reliability (A-43)
(6) Station Blackout (A-44)
(7) Shutdown Decay Heat Removal Requirements (A-45)
(8) Safety Implications of Control Systems (A-47)
(9) Pressurized Thermal Shock (A-49)

i

Mith the exception of A-12, all task actions plans for the generic tasks up
to and including A-40 above are included in NUREG-0649, "Task Action Plans
for Unresolved Safety Issues Related to Nuclear Power Plants." NUREG-0577
which represents staff resolution of Unresolved Safety Issue A-12 was issued
for comment in November 1979. The NUREG contained the task action plan for
A-12. Task action plans for later tasks were issued individually as indicated
in Table C.3.

Table C.3 Task action plans for selected
Unresolved Safety Issues

Task
Number

Issue Date of
Task Action Plan

A-43
A-44
A-45

A-46
A-47
A-48
A-49

January 1981
July 1980
October 1981
June 1982
(Revision 1)
May 1982
September 1982
December 1982
March 1982

Each task action plan provides a description of the problem; the staff's
approach to its resolution; a general discussion of the bases upon which
continued plant licensing or operation can proceed pending completion of the
task; the technical organizations involved in the task and estimates of the
manpower required; a description of the interactions with other NRC offices,
the Advisory Committee on Reactor Safeguards, and outside organizations;
estimates of funding required for contractor-supplied technical assistance;
prospective dates for completing the task; and a description of potential
problems that could alter the planned approach or schedule.

In addition to the task action plans, the staff issues the "Office of Nuclear
Reactor Regulation Unresolved Safety Issues Summary, Aqua Book" (NUREG-0606)
on a quarterly basis, which provides current schedule information for each of
the Unresolved Safety Issues. It also includes information relative to the
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implementation status of each Unresolved Safety Issue for which technical
resolution is complete.

The staff has reviewed the 9 Unresolved Safety Issues listed above as they
relate to Shearon Harris. Discussion of each of these issues, including refer-
ences to related discussions in this Safety Evaluation Report, are provided
,below in Section C.4. Based on its review of these items, the staff concluded,
for the reasons set forth in Section C.4, that, with exception of A-45 and
A-47, Shearon Harris can be operated prior to the ultimate resolution of these
generic issues without endangering the health and safety of the public. Tasks
A-45 and A-47 are accepted subject to the resolution of those open items ident-
ified in Section C.4. The resolution of these open items will be reported in
a supplement to the SER.

C.4 Discussion of Task as The Relate to Shearon Harris Units 1 and 2

This section provides the NRC staff's evaluation of Shearon Harris Units 1
™

and 2 for each of the applicable Unresolved Safety Issues, including the staff's
bases for licensing before ultimate resolution of these issues. The staff's
conclusions are based in part on information provided by the applicant in theletter of July 30, 1982 from M. A. McDuffie to H. R. Denton.

A-1 Waterhammer

Large hydraulic loads can be caused by waterhammer events that are initiated
by steam bubble collapse, steam-driven slugs of water, pump startup into voided
lines, and rapid or improper valve closures. Of the approximately 150 water-
hammer events that have been reported in nuclear power plants since 1968, the
reported damage has been principally confined to pipe hanger and snubber damage,
and associated pipe movement. Of these reported events, about half have occur-
red during preoperational testing and the first year of commercial operation--
thus suggesting a learning process during plant operation.

The resolution of Unresolved Safety Issue A-1 is nearing completion. The
technical findings are reported in NUREG-0927 and stress the need to maintain
proven design concepts (e. g., use of J-tubes in top feedring steam generators,
jockey pumps and vacuum breakers) and to alert operators to plant (and system)
operating conditions that can lead to waterhammer. These views are reflected
in the proposed revisions to Sections 3.9.3, 3.9.4, 5.4.6, 5.4.7, 6.3, 9.2. 1,
9.2.2, 10.3, and 10.4.7 of the NRC Standard Review Plan (SRP) (NUREG-0800).
In conjunction with revisions to SRP 10.4.7, Branch Technical Position (BTP)
ASB-10.2 has been revised to provide design guidelines for avoiding waterhammer
in PWR steam generators.

The Shearon Harris plant utilizes Westinghouse Model D steam generators, which
are a bottom-feed, preheat design. This type of design is felt to be less
suceptible to waterhammer (as discussed in NUREG/CR-3090). Nonetheless, the
applicant has committed to conducting a preoperational test (per response to
question 410.19 (10.4.7)) to verify transfer capability from top-feed auxiliary
feedwater operation to main feedwater/pre-heater nozzle operation without
incurring waterhammer. This type of test satisfies the needs outlined in BTP
ASB-10.2.
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In the unlikely event of a large pipe break (as a result of a very severe
waterhammer) core cooling is ensured by the redundant ECCS systems described
in Section 6 ' of the SER, and protection against dynamic effects of such
pipe breaks inside, and outside containment is provided as described in
Section 3.6 of the Shearon Harris FSAR.

Thus, based on its A-1 evaluations, the staff calculates th'at the probability
of a significantly damaging waterhammer event is very low. Therefore, thestaff concludes that plant design and operational controls beyond those being
planned will not likely be required. Based on the foregoing, the staff has
concluded that the Shearon Harris plant can be operated before final resolution
of this generic issue without undue risk to the health and safety of the public.

n ut

A-3 Steam Generator Tube Inte rit
The primary concern is the capability of steam generator tubes to maintain
their integrity during normal operation and postulated accident conditions.

Westinghouse steam generators have experienced tube degradation in several
forms. These are wastage, intergranular attack, stress, corrosion cracking,
and denting. These forms of degradation are discussed separately in the
following paragraphs, including the specific measures to prevent their occur-
rence at Shearon Harris:

~Masta e is characterized by general loss of metal from the tube wall as a
result of a chemical corrosive reaction. Wastage has occurred only in steam
generators that used sodium phosphate as a chemical additive to control the
pH of steam generator secondary water. The Shearon Harris steam generators
will use a water treatment consisting of hydrazine and ammonium hydroxide
(this is called all volatile treatment or AVT). Wastage has not been observed
in steam generators using all volatile chemistry control.

r

Inter ranular attack is a chemical reaction wherein the grain bounda'ries of
the Inconel 600 tube are attacked by either acidic or caustic solutions.
Significant intergranular attack has occurred only in steam generators that
have used sodium phosphate as a chemical additive and have an open crevice in
the tube to tubesheet area. In the Shearon Harris steam generators, there is
no open crevice in the tubesheet area, and there will be no sodium phosphate
addition.

C
II

Stress corrosion crackin has occurred in a number of Westinghouse steam
generators. If one excludes stress corrosion cracking due to denting (dis-
cussed below), the most significant instances of stress corrosion cracking
have occurred in the narrow. radius U bend area of the tubes on the bundle
interior. This problem has been restricted to Westhinghouse Model 51 steam
generators constructed in the early 1970s. These steam generators have
particularly tight U bends, which apparently has created excessive residual
stress. The Shearon Harris steam generators are Westinghouse Model D, which
have tubes of smaller diameter bent on a larger bend radius. Thus, the
residual stress at the U bend area is lowered, and stress corrosion cracking
will be precluded;
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~Dentin is the most serious degradation problem encountered in Westinghouse
steam generators. Denting is caused by rapid corrosion of the tube support
plates at the holes where the tubes pass through the support plates. Denting
is known to be caused by operation of the steam generators outside the allow-
able range of water chemistry control parameters, specifically during times
of major condenser leakage. It appears that the use of copper materials in
the feed and condensate systems contributes to the severity of denting. The
following actions will be taken to prevent denting:

(1) Under the sponsorship of the Steam Generator Owners Group (SGOG), a set
of chemistry guidelines for the satisfactory operation of steam generators
has been written. These guidelines provide, based on the best available
research data on the steam generator tube corrosion problem, limits which
will ensure that problems such as denting do not occur. The applicant
commits to operate in accordance with these guidelines.

(2) Systems design has taken into account the necessity for steam generator
corrosion protection. Use of copper components has been avoided in the
condenser and feed systems. Condenser integrity has been an important
design feature of the condenser. The blowdown system has been designed
to accommodate the maximum, available blowdown flow from the steam gen-
erator. A wet layup recirculation system has been provided to permit
proper chemistry control during layup periods. Full flow condensate
polish demineralization will be used to establish proper water chemistry
during startup and to maintain chemistry within required limits during
operation.

There is no industry experience available to assess the long-term reliability
of the Westinghouse Model D steam generator. The applicant will maintain
communications with utilities which operate similar equipment to ensure that
their experience is properly factored into the operational considerations at
Shearon Harris. The applicant is also a member of the SGOG and fully supports
the objectives of that organization. Included.,in the work of the SGOG are
long-term evaluations of the applications of the chemistry guidelines, improved
nondestructive examination techniques, research into the causes of known tube
degradation mechanics, and development of analytical techniques to predict steam
generator performance.

Excessive tube vibration and wear in the preheater region has been a problem at
earlier units with the Westinghouse Model D steam generator. Modifications in
the D4/D5 steam generator such as expanding tubes at two baffle plate locations
in the preheater region have been made to address this problem. The staff's
evaluation of these modifications is contained in NUREG-1014, "Review of
Model D4/05 Preheat Steam Generator Modifications" (to be published).

Pending completion of Task A-3, the measures taken at this facility should min-
imize the steam generator tube problems encountered. . Further the inservice
inspection and Technical Specification requirements will ensure that the appli-
cant and the NRC staff are alerted to tube degradations should it occur. Appro-
priate actions such as tube plugging, increased and more 'frequent inspections,
and power derating could be taken if necessary. Because the improvements that
will result from Task A-3 are expected to be procedural (such as improved
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inspection of the steam generators), they can be implemented by the applicant
after operation of this facility begins, if necessary.'

Based on the foregoing, the staff concludes that the Shearon Harris plant can
be operated before final resolution of this generic issue without undue risk
to the health and safety of the public.

A-17 S stems Interaction in Nuclear Power Plants

The staff's systems interaction program was initiated in May 1978 with the
definition of A-17. The concern arises because the design, analysis, and
installation of systems are frequently the responsibility of teams of engi-
neers with functional specialities--such as. civil, electrical, mechanical,
or nuclear. Experience at operating plants has led to questions of whether
the work of these functional specialists is sufficiently integrated to enable
them to minimize adverse interactions among systems. Some adverse events that
occurred in the past might have been prevented if the teams had ensured the
necessary independence of safety systems under all conditions of operation.

The applicant has not described a comprehensive program that separately evalu-
ates all structures, systems, and components important to safety for adverse
systems interactions. However, there is assurance that the Shearon Harris
plant can be operated without endangering the health and safety of the public.
The plant has been evaluated against current licensing requirements that are
founded on the principle of defense-in-depth. Adherence to this principle
results in requirements such as physical separation and independence of redun-
dant safety systems, and protection against hazards such as high energy line
ruptures, missiles, high winds, flooding, seismic events, fires, human factors,
and sabotage. These design provisions are subject to disciplinary reviews of
safety-grade equipment and address potential systems intei actions. Also, the
quality assurance program that is followed during the design, construction,
and operational phases of 'each plant contributes to the prevention of introduc-
ing adverse systems interactions. Thus, the current licensing requirements and
procedures provide an adequate degree of plant safety.

The NRC staff's current procedures assign primary responsibility for review of
various technical areas to specific organizational units and assign secondary
responsibility to other units where there is a functional interface. Designers
follow somewhat similar procedures and provide the analyses of systems and inter-
face reviews. Task A-17 has been developing methods that identify potential
adverse systems interactions that may not have been considered by current
review procedures. The first phase of this study began in May 1978 and was com-
pleted in February 1980 by Sandia Laboratories, under contract to the NRC staff.

, The Phase I investigation was structured to identify areas where interactions
are possible between systems and have the potential of negating or degrading
the performance of safety functions. The study concentrated on common cause
failures of systems that would degrade a safety function.'' The investigation
was to then identify where NRC review procedures may not have properly
accounted for these interactions.

The Sandia Laboratories used fault-tree analysis on the selected plant design
to identify component failure combinations (cut-sets) that could result in
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loss of a safety function. The cut-sets were further reduced by incorporating
six linking systems failures into the analysis. The results of the Sandia
effort indicated a few potentially adverse systems interactions within the
limited scope of the study. The staff reviewed the interactions for safety
significance and generic implications. The staff concluded that no corrective
measures needed to be implemented immediately except for the potential interac-
tion between the PORV and its block valve. This interaction had been separately
identified by the evaluations of the TMI-2 accident while Sandia was studying
the selected plant. Because corrective measures were already being implemented,
no separate measures were needed under A-17.

Based on the foregoing discussion, the staff concludes that Shearon Harris can
operate safely pending resolution of A-17. After the resolution of A-17, thestaff will determine whether the applicant must perform further evaluations
for adverse systems interaction.

A-40 Seismic Desi n Criteria--Short-Term Pro ram

NRC regulations require that safety-related nuclear power plant structures,
systems, and components be designed to withstand the effects of natural phe-

'omenasuch as earthquakes. Detailed requirements and guidance regarding
the seismic design of nuclear plants are provided in the NRC regulations and
in Regulatory Guides issued by the Commission. However, there are a number
of plants with construction permits and operating licenses issued before the
NRC's current regulations and regulatory guidance were in place. For this
reason, further reviews of the seismic design of various pl'ants are being
undertaken. Task A-40 is, in effect, a compendium of short-term efforts to
support such reevaluations by the NRC staff, in particular, those related to
older operating plants.

Safety-related structures, systems, and components for Shearon Harris are
designed to withstand the effects of earthquakes in accordance with current
NRC regulations, regulatory guides, and SRP sections, as discussed in Sec-
tion 3.7 of the FSAR. Specifically, the subjects identified in the NRC problem
description for A-40 (magnitude of earthquakes (SSE),'free-field motion (SSE),
motion of plant equipment, and load combinations) are discussed therein.

As discussed in Section 3.7 of this SER, the seismic design basis and seismic
design of the facility have been evaluated at the operating license stage and
have been found acceptable. The staff does not expect the results of Task A-40
to affect these conclusions because the techniques under consideration are
essentially utilized in the review of this facility. Should the resolution of
Task A-40 indicate a change is needed in licensing requirements, all operating
reactors, including Shearon Harris will be reevaluated on a case-by-case basis.
Accordingly, the staff has concluded that this facility can be operated before
the ultimate resolution of this generic issue without undue risk to the health
and safety of the public.

A-43 Containment Emer enc Sum Performance

Following a postulated loss-of-coolant accident, water would be collected in
the containment emergency sump for use in the long-term recirculation mode,
thus maintaining core cooling. This water could also be circulated through
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the containment spray cooling system for removal of heat and fission products
within containment. The principal safety concern is loss of the ability to
draw water from the containment emergency sump under post-LOCA conditions--thus
leading to the degradation of, or disability of, the long-term recirculation
safety train and impairment of decay heat removal.

Two major concerns have been postulated: (1) adverse hydraulic conditions in
the sump (e. g.; air ingestion, break flow effects, vortex formation, etc. )
thereby leading to loss of residual heat removal pumping, and (2) severe sump
screen blockages resulting from LOCA-generated insulation debris, which could
cause loss of net positive suction head requirements.

The evaluation of such safety concerns has been carried out, and the tech'nical
findings are reported in NUREG-0897. The result has been a recommended revis-
ion to RG 1.82 that reflects these findings. The destruction of plant insula-
tion by the LOCA jet is viewed as a potential safety concern relative to screen
blockage. The evaluation of debris blockage is a plant-specific requirement
resulting from design differences and types of insulation employed. Air inges-''"'
tion and vortex formation are not as serious as previously hypothesized.,",,
NUREG-0897 and NUREG-0869 (which includes the proposed RG 1.82, Revision. 1)

and'RP

6.2.2, were issued for public comment in May 1983. The requirements that
may result from A-43 are expected to be primarily procedural, i.e., an a'ssess-
ment of sump blockage following a postulated LOCA. Plant modifications,"if
necessary, can be implemented after operation of the facility begins.

The staff has reviewed the applicant's sump design; the results of this review
are documented in Section 6.2.2 of this SER. Based on the above, the staff
has concluded that there is reasonable assurance that Shearon Harris can be
operated before the ultimate resolution of this generic issue without undue
risk to the health and safety of the public.

A-44 Station Blackout

Electrical power for safety systems at nuclear power plants must be supplied
by at least two redundant and independent divisions. The systems used to
remove decay heat to cool the reactor core following a reactor shutdown are
included among the safety systems that must meet these requirements. Each
electrical division for safety systems includes an offsite ac power connection,
a standby emergency diesel generator ac power supply, and direct current sources.

Task A-44 involves a study of whether or not nuclear power plants should be
designed to accommodate a complete loss of all ac power, i.e., loss of both
the offsite and the emergency diesel generator ac power supplies. This issue
arose because of operating experience regarding the reliability of ac power
supplies. A number of operating plants have experienced a total loss of off-
site electrical power, and more occurrences are expected in the future. In
almost every one of these loss-of-offsite-power events, the onsite emergency
ac power supplies were available immediately to supply the power needed by
vital safety equipment. However, in some instances, one of the redundant
emergency power supplies has been unavailable. In a few cases, there has been
a complete loss of ac power, but it was restored in less than a few minutes
without any serious consequences. In addition, there have been numerous reports
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of emergency diesel generators failing to start and run in response to tests
conducted at operating plants.

A loss of all ac power is not a design-basis event for Shearon Harris. None-
theless, the combination of design, operation, and testing requirements that
have been imposed on the applican) will ensure that these units will have sub-
stantial resistance to this event and that even if a loss of all ac power
should occur, there is re'asonable assurance that the core will be cooled.
These are discussed below.

A loss of offsite ac power involves a loss of both the preferred and backup
sources of offsite power. The staff's review and basis for acceptance of the
design, inspection, and testing provisions for the offsite power system are
described in Section 8.2 of this SER. If offsite ac power is lost, two inde-
pendent and redundant onsite diesel generators per unit and their associated
distribution systems will deliver emergency power to safety-related equipment.
The staff review of the design, testing, surveillance, and maintenance provis.-
ions for the onsite emergency diesels is described in Section 8.3. 1 of the SER.
The staff requirements include preoperational testing to ensure the reliability
of the installed diesel generators in accordance with the provisions of RG 1. 108.
In addition, the applicant has been required to implement a program for enhance-
ment of diesel generator reliability to better ensure the long-term reliability
of the diesel generators. This program resulted from recommendations of NUREG/
CR-0660, "Enhancement of Onsite Emergency Generator Reliability."
Even if both offsite and onsite ac power are lost, cooling water from the
condensate storage tank can still be provided to the steam generators by the
auxiliary feedwater system by employing a turbine-driven pump that does not
rely on ac power for operation. A reliability analysis of the auxiliary
feedwater system has been performed by the applicant and the results presented
to the NRC in response to NUREG-0737, Item II.E. 1. 1. This analysis considers
the complete loss of ac power. The staff review of the auxiliary feedwater
system design and operation is described in Section 10.4.9 of the SER.

In addition to the above, the Commission has determined that some interim mea-
sures should be taken at all plants to accommodate a station blackout pending
resolution of the issue. Consequently, the NRC requested (Generic Letter 81-04,
dated Feburary 25, 1981) a review of plant operation to determine the appli-
cant's capability to mitigate a station blackout event and properly implement,
as necessary, emergency procedures and training programs for station blackout
events. Appropriate review of the procedures and training programs 'for station
blackout events will be completed before fuel load.

Based on the above, the staff has concluded that there is reasonable assurance
that Shearon Harris can be operated before the ultimate resolution of this
generic issue without undue risk to the health and safety of the public.

\

A-45 Shutdown Deca Heat Removal Re uirements

Under normal operating conditions, power generated within a reactor is removed
as steam to produce electricity through a turbine generator. Following a
reactor shutdown, a reactor produces insufficient power to operate the turbine;
however, the radioactive decay of fission products continues to produce heat
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(so-called "decay heat"). Therefore, when the reactor is shut down, other mea-
sures must be available to remove decay heat from .the reactor to ensure that
high temperatures and pressures do not develop that could jeopardize the reactor
and the reactor coolant system. lt is„ evident, therefore, that all light-water
reactors (LWRs) share two common decay-heat-removal functional requirements:
(1) to provide a means of transferring decay heat from the reactor coolant
system to an ultimate heat sink and (2) to maintain sufficient water inventory
inside the reactor vessel to ensure adequate cooling of the reactor fuel. Thereliability of a particular power plant to perform these functions depends on
the frequency of initiating events that require or jeopardize decay heat removal
operations and the probability that required systems will respond to remove the
decay heat. ~

" ~

The TMI-2 accident demonstrated how a relatively common fault, with which the
operator should have been able to cope easily, could escalate into a potentially
hazardous situation, with severe financial losses to the utility, as a resultdifficulties arising in the decay heat removal (DHR) process.

Other circumstances, of a more unusual nature (e.g., damage to systems by
external events such as floods or earthquakes, or by sabotage), which could
make removal of the decay heat difficult, can also be foreseen.

The question arises, therefore, whether current licensing design requirements
are adequate to ensure that LWRs do not pose unacceptable risk as a result of
a failure to remove shutdown decay heat, and whether, at a cost commensurate
with the increase in safety that could be achieved, improvements could be made
in the effectiveness of shutdown decay heat removal in one or more transient
or accident situations. Resolution of this question is considered to be of
sufficient importance to merit raising it to the status of an unresolved
safety issue.

To some extent, the effectiveness of the DHR systems is linked to that of the
onsite and offsite electrical supplies; the performance and reliability of
those supplies is being considered in A-44, Station Blackout. Consequently,
the scope of work required in relation to the decay-heat-removal systems is
complementary to Task A-44 above.

The overall purpose of Task A-45 is to evaluate the adequacy of current licens-
ing design requirements to ensure that nuclear power plants do not pose an
unacceptable risk because of a failure to remove shutdown decay heat. This
will require the development of a comprehensive and consistent set of shutdown
cooling requirements for existing and future LWRs, including the study of
alternative means of shutdown decay heat removal and of diverse "dedicated"
systems for this purpose.

This task will evaluate the benefit of providing alternate means of DHR that
could substantially increase the plant's capability to handle a broader spec-
trum of transients and accidents. The study will include a number of plant-
specific DHR systems evaluations and will result in recommendations regarding
the desirability of, and possible design requirements for, improvements in
existing systems of an alternative decay-heat-removal method, if the improve-
ments or alternatives can significantly reduce 'the overall risk to the public
in a cost-effective manner.
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An integrated systems approach to the problem will be employed. Accordingly,
quantitative methods will be used, where possible, to define design require-
ments for future plants and to measure the effectiveness and acceptability of
the shutdown DHR systems in existing plants.

The principal means for removing the decay heat in a PWR under normal condi-
tions immediately following reactor shutdown is through the steam generators,
using the auxiliary feedwater system. In addition to the WASH-1400 study
(NUREG-75/014), later reliability studies and related experience from the Three
Mile Island Unit 2 (TMI-2) accident have reaffirmed that the loss of capability
to remove heat through the steam generator is a significant contributor to the
probability of a core melt event. The staff's review of the auxiliary feedwater
system design and operation is described in Section 10.4.9 of this SER.

It should be noted, as discussed below, that the NRC required licensees to
implement many improvements to the steam generator auxiliary feedwater system
following the TMI-2 accident. However, the staff still believes that provid-
ing an alternative means of decay heat removal could substantially increase
the plant's capability to deal with a broader spectrum of transients and acci-
dents and potentially could, therefore, significantly reduce the overall risk
to the public. Consequently, this task will investigate alternative means of
decay heat removal in PWR plants, including but not limited to, using existing
equipment where possible. This study will include a representative sample of
plant-specific DHR system evaluations. It will result in recommendations
regarding the adequacy of existing DHR requirements and the desirability of,
and possible design requirements for, an alternative DHR method, other than
that normally associated with the steam generator and secondary coolant system.

The auxiliary feedwater (AFW) system is a very important safety system in a
PWR in terms of providing a heat sink via the steam generators to remove core
decay heat. As mentioned above, the TMI-2 accident and subsequent studies have
further highlighted the importance of the AFW systems. As discussed below, the
NRC staff has required certain upgrading of the AFW systems for all LWRs fol-
lowing the TMI-2 accident. Although this task will investigate alternative
means of decay heat removal, the NRC staff concludes that in general (not on a
plant-specific basis) if the licensees comply with the upgrading of requirements
for the AFW system, the action taken following the TMI-2 accident justifies
continued operation and licensing pending completion of this task. Further
discussion and the bases for this view are provided below.

~ TMI-2 Accident

The accident at TMI-2 on March 28, 1979 involved a main feedwater transient
coupled with a stuck-open pressurizer power-operated relief valve and a tem-
porary failure of the auxiliary feedwater system, and subsequent operator
intervention to severely reduce flow from the safety injection system. The
resulting severity of the ensuing events and the potential generic aspects of
the accident on other operating reactors led the NRC .to initiate prompt action
to: (1) ensure that other reactor licensees, particularly those with plants
similar in design to TMI-2, took the necessary action to substantially reduce
the likelihood for TMI-2-type events, and (2) investigate the potential generic
implications of this action for other operating reactors.
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The Bulletins 8 Orders Task Force (BOTF) was established within the NRC Office
of Nuclear Reactor Regulation (NRR) in early May 1979 and completed its work
on December 31, 1979. This task force was responsible for reviewing and direct-
ing the TNI-2-related staff activities associated with the NRC Office of Inspec-
tion and Enforcement (IE) Bulletins, Commission Orders, and generic evaluations
of loss-of-feedwater transients and small-break loss-of-coolant accidents for
all operating plants to ensure .their continued safe operation. 'UREG-0645,
'"Report of the Bulletins and Orders Task Force," summarizes the results of the
work performed.

Generic and Plant-S ecific Studies

For B8W-designed operating reactors, an initial NRC staff study was'"completed
and published in NUREG-0560, "Staff Report on the Generic Assessment of Feed-
water Transients in Pressurized Mater Reactors Designed by the Babcock 8 "Milcox
Company." This study considered the particular design features and operational .

history of BEM-designed .operating plants in light of the TMI-2 accident and <''
related current licensing requirements. As a result of this study, a number'of
findings and recommendations resulted that are now being pursued.

Generally, the activities involving the B8W-designed reactors are reflected
in the actions specified in the Commission Orders. Consequently, a

number'f'ctions

have been specified regarding transient and small-break analyses,
upgrading of auxiliary feedwater reliability and performance, procedures for
operator action, and operator training. The results of the NRC staff review
of the BLW small-break analysis is published in NUREG-0565, "Generic Evalua-
tion of Small-Break Loss-of-Coolant Accident Behavior in Babcock 8 Wilcox-
Designed Operating Plants."-

Similar studies have been completed for operating plants designed by Westi ng-
house (W), Combustion =Engineering (CE), and General Electric (GE). Those
studies, which also focus specifically on the predicted plant performance under
different accident scenarios involving feedwater transients and small-break
LOCAs, are published in NUREG-0611, "Generic Evaluation of Feedwater Transients
and Small.-Break Loss-of-Coolant'ccidents in Westinghouse-Designed Operating
Plants"; NUREG-0635, "General Evaluation of Feedwater Transient and Small-Break
Loss-of-Coolant-Accidents in Combustion Engineering-Designed Operating Plants";
and NUREG-0626, "Generic Evaluation of Feedwater Transients and Small-Break
Loss-of-Coolant Accidents in GE-Designed Operating Plants and Near-Term Operat-
ing License Applications."

Based on the review of the operating plants in light of the TMI-2 accident,
the NRC staff reached the following conclusions:

(1) The continued operation of the operating plants is acceptable provided
that certain actions-related to the plants'esign and operation and
training of operators identified in NUREG-0645 are implemented, consist-
ent with the recommended implementation schedules.

'(2) The actions taken by the licensee's with operating plants in response to
the IE Bulletins (including the actions specified in NUREG-0623, "Generic
Assessment of Delayed Reactor Coolant Pump Trip During Small Break Loss-
of-Coolant Accidents in Pressurized Water Reactors" ) provide added
assurance for the protection of the health and safety of the public.
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In addition, the BOTF independently confirmed the safety significance of those
related actions recommended by other NRR task forces as discussed in NUREG-0645.

~ Pressurized Water Reactors

The primary method for removal of decay heat from PWRs is via the steam gen-
erators to the secondary system. This energy is transferred on the secondary
side to either the main feedwater or auxiliary feedwater systems, and is
rejected to either the turbine condenser or the atmosphere via the secondary
coolant system safety/relief valves. Following the TMI-2 accident, the import-
ance of the AFW was highlighted and a number of improvements were made to
improve the reliability of the AFW (NUREG-0645). It was also required that
operating plants be capable of providing the required AFW flow for at least 2
hours from one AFW pump train independent of any ac power source; that is, if
both offsite and onsite ac power sources are lost.

Some PWRs potentially have a least one alternate means of removing decay heatif an extended loss of feedwater is postulated. This method is known as "feed
and bleed" and uses the high-pressure injection (HPI) system to add water cool-
ant (feed) at high pressure to the primary system. The decay heat increases
the system pressure and energy is removed through the power-operated relief
valves (PORVs) and/or the safety valves (bleed), if necessary. It should be
noted that some PWRs incorporate HPI pumps that cannot operate at full system
pressure (cutoff head about 1500 psi). For those cases, the PORVs can be
manually opened, thereby reducing the system pressure to within the operating
range of the HPI. Limited vendor analyses have shown that the core can be
adequately cooled by this means, provided that the containment pressure can be
controlled to a safe level.

When the primary system is at low pressure, the long-term decay heat is removed
by the residual heat removal system to achieve and maintain cold shutdown condi-
tions. Task A-45 will also consider the adequacy of reliability and performance
criteria and standards for RHR systems. The staff's review of the RHR system
design and operation is described in Section 5.4.7 of the SER.

~ Conclusion

In summary, because of the upgrading of current DHR systems that was required
following the TMI-2 accident, the staff concludes that, in general, plants may
continue to be licensed and operated before the ultimate resolution of this
generic issue without endangering the health and safety of the public. However,
licensee compliance with the upgr ading of DHR system requirements must be
examined by the staff on an individual case basis. For Shearon Harris, the
staff is reviewing additional information related to this issue, particularly
the open items identified in SER Section 10. 4. 9, and wi 11 report its findings
in a supplement to this SER. Consequently, the staff has concluded that, sub-
ject to the satisfactory resolution of the items regarding the AFW system,
there is reasonable assurance that Shearon Harris can be operated prior to
ultimate resolution of this generic issue without undue risk to the health and
safety of the public.
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A-47 Safet 1m licatio»s of Control S stems

This issue concerns the potential for transients or accidents being made more
severe as a result of control system failures or malfunctions. These fai lures
or malfunctions may'ccur independently or as a result of the accident or tran-
sient under consideration. One concern is the potential for a single failure
such as a loss of a power supply, short circuit, open circuit, or sensor failure
to cause simultaneous malfunction of several control features. Such an occur-
rence could conceivably result in a transient more severe than those transients
analyzed as anticipated operational occurrences. A second concern is that a
postulated accident could cause control system failures that could make the
accident more severe than analyzed. Accidents could conceivably causeCcontrol

'ystemfailures'y creating a harsh environment in the area of the control
equipment or by physically damaging the control equipment. It is generally
believed by the staff that such control system failures would not lead to
serious events or result in conditions that safety systems cannot safety,
handle. Detailed systematic evaluations of all nonsafety systems, .however,",
have not been performed to verify this belief. The potential for an accident
that could affect a particular control system and the effects of the control
system failures may differ from plant to plant. Therefore, it is not possible
to develop generic answers to those concerns, but rather plant-specific evalua-
tions are required. The purpose of this task is to define generic criteria that
will be used for plant-specific evaluations.

Shearon Harris control and safety systems have been designed with the goal of
ensuring that control system failures will not prevent automatic or manual
initiation and operation of any safety system equipment required for accident
mitigation and/or to maintain the plant in a safe shutdown condition following
any anticipated operational occurrence or "accident." This has been accomp-
lished by providing independence and physical separation between safety system
trains and between safety and nonsafety systems. For the latter, as a minimum,
isolation devices were provided. These devices preclude the propagation of
nonsafety system equipment faults to the protection systems. Also, to ensure
that the operation of safety system equipment is not impaired, the single
failure criterion has been applied in the plant design.

A systematic evaluation of the control system design, as contemplated for this
Unresolved Safety Issue, has not been performed to determine whether postulated
accidents could cause significant control system failures that would make the
accident consequences more severe than presently analyzed. However, a wide
range of bounding transients and accidents is presently analyzed to assure that
the postulated events such as steam generator overfill and overcooling events
would be adequately mitigated by the safety systems. In addition, systematic
reviews of safety systems are being performed with the goal of ensuring that
control system failures (single or multiple) will not defeat safety system
action.

Also, the applicant has been required (NRC Information Notice 79-22, "qualifi-
cation of Control Systems," September 17, 1979) to review the possibility of
consequential control system failures which exacerbate the effects of high
energy line breaks (HELB) and adopt new operator procedures where needed, to
ensure that the postulated events would be adequately mitigated. As part of
the review, the staff is also evaluating the qualification program to ensure
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that equipment that may potentially be exposed to HELB environments has been
adequately qualified or an adequate basis has been provided for not qualifying
the equipment to the limiting hostile environment. The staff has evaluated
the applicant's response to Information Notice 79-22, and the adequacy of the
qualification program is addressed in Sections 7.7.2.2 and 3. 11 of the SER,
respectively. As noted in Section, 3. 11, additional information is required
for the resolution of this issue.

With the recent emphasis on the availability of post-accident instrumentation
(RG 1.97, " Instrumentation for Light-Water-Cooled Nuclear Power Plants to
Assess Plant Conditions During and Following an Accident" ); the staff reviews
evaluate the designs to ensure that control system failures will not deprive
the operator of information required to maintain the plant in a safe shutdown
condition after any "anticipated operational occurrence or accident." The .-„-

applicant was requested to evaluate the Shearon Harris control systems and-
identify any control systems whose malfunction could impact plant safety. ,The
applicant was requested to document the degree of interdependence of these ,,
identified control systems and identify the use (if any) of common power sup-
plies, and the use of common sensors or common sensor impulse lines whose
failure could have potential safety significance. The staff's evaluation is
in Section 7. 7. 2. 1 of the SER.

In addition, IE Bulletin 79-27 ("Loss of Non-Class IE Instrumentation and Con-
trol Power System Bus During Operation," November 30, 1979) was issued to the
applicant requesting that evaluations be performed to ensure the adequacy of
plant procedures for accomplishing shutdown upon loss of power to any elec-
trical bus supplying power. for instruments and controls. The results of this
review are in the SER, Section 7.5.2.

Based on the above, the staff has concluded that, subject to the satisfactory
resolution of the items regarding the adequacy of the qualification program
discussed in Sections 7.7.2.2 and 3. 11, there is reasonable assurance that
Shearon Harris can be operated before the ultimate resolution of this generic
issue without undue risk to the health and safety of the public.

A-49 Pressurized Thermal Shock

The issue of pressurized thermal shock (PTS) arises because in PWRs transients
and accidents can occur that result in severe overcooling (thermal shock) of
the reactor pressure vessel, concurrent with or followed by repressurization.
In these PTS events, rapid cooling of the reactor vessel internal surface
results in thermal stress with a maximum tensile stress at the inside surface
of the vessel. The magnitude of the thermal stress depends on the temperature
profile across the reactor vessel wall as a function of time. The effects of
this thermal stress are compounded by pressure stresses.

Severe reactor system overcooling events simultaneous with or followed by
pressurization of the reactor vessel (PTS events) can result from a variety
of causes. These include system transients, some of which are initiated by
instrumentation and control system malfunctions (including stuck open valves
in either the primary or secondary system), and postulated accidents such as
small break LOCAs, main steamline breaks (MSLBs), and feedwater line breaks.
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The PTS issue is a concern for PWRs only after the reactor vessel has lostits fracture toughness properties and is embrittled by neutron irradiation.
The standard and regulatory requi rements to which the Shearon Harris Units 1
and 2 reactor vessels were designed and fabricated are described in Section
5.3 of the SER.

As long as the fracture resistance of the reactor vessel material is relatively
high, overcooling events are not expected to cause vessel failure. However,
the fracture resistance of reactor vessel materials decreases with exposure to
fast neutrons during the life of a nuclear power plant. The rate of decrease
is dependent on the metallurgical composition of the vessel walls and welds.If the fracture resistance of the vessel has been reduced sufficiently by
neutron irradiation, severe overcooling events could cause propagation of small
flaws that might exist near the inner surface. The assumed initial flaw might
be enlarged into a crack through the vessel wall of sufficient extent to
threaten vessel integrity, and therefore, core cooling capability.

For the reactor pressure vessel to fail and constitute a risk to public health
and safety, a number of contributing factors must be present. These factors
are (j.) a reactor vessel flaw of sufficient size to initiate and propagate;
(2) a level of irradiation (fluence) and material properties and composition
sufficient to cause significant embrittlement (the exace fluence depends on
materials present; i.e., high copper content causes embrittlement to occur
more rapidly); (3) a severe overcooling transient with repressurization; and
(4) the crack resulting from the propagation of initial cracks must be of such
size and location that the vessel fails.
As a result of the evaluation of the PTS issue, the staff recommended to the
Commission in SECY-82-465 (November 23, 1982) actions to prevent PTS events
in operating reactors. The staff concluded that the risk from PTS events for
reactor vessels with reference temperatures RTNpT values less than the proposed
screening criterion (270'F for axial cracks, and 300 F for circumferential
cracks) is acceptable. The Commission accepted the staff recommendations and
has directed the staff to develop a Notice of Proposed Rulemaking that would
establish an RTNpT screening criterion (below which PTS risk is considered
acceptable), require early analysis and implementation of such flux reduction
programs as are reasonably practicable to avoid reaching the screening criter-
ion and require plant-specific PTS safety analysis before plants are within
three calendar years of reaching the screening criterion, including analyses of
proposed alternatives to minimize the PTS problem.

Such a rule is now being developed by the staff; the staff is of the opinion
that the Shearon Harris plants could meet the requirements of such a rule.

The rate of increase in RTNDT for a material depends upon the concentration of
trace elements, especially copper and nickel, and the accumulated neutron
irradiation. This rate of increase in RTN>T is predicted by the Guthrie
formula, which is described in Section E.3.3 of SECY-82-465. The amount of
increase in a material s RTNDT that is predicted by the Guthrie formula is
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considered conservative, because the formula was derived from irradiation data
from 25 PWR reactor vessel material surveillance programs.

The limiting materials in the reactor vessels of Shearon Harris Units 1 and
2 are plates B-4197-2 and B-4197-1, respectively. Plate B-4197-2 has an
unirradiated RTNDT of 90'F and copper and nickel chemical composition of 0.10K

and 0.50K respectively. Plate B-4197-1 has an unirradiated RTNDT of 44'F and

copper and nickel chemical composition of 0. 10K and 0.49K respectively. The
end-of-lifenfluences at the inside wall of both vessels is predicted to be
5. 7 x 10 'cm (E>1 MeV). The Guthrie formula predicts that the 95K con-
fidence upper bound end-of-life RTNDT at the inside surface for the limiting
Units 1 and 2 reactor vessel materials will be 225'F and 179'F, respectively.

On the basis of the above consideration, the staff concludes that the Shearon
Harris facility can be operated before complete resolution of this issue and
completion of the proposed rulemaking without undue risk to the health and
safety of the public.
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APPENDIX D

ACRONYMS AND INITIALISMS

ACI
ACRS
ACTS
AEC
AEOD
AFW

AFWS

AISC
ALARA
ANO

ANS
ANSI
APDMS
ARMS

ARRS
ASCE
ASHRAE

ASLB
ASME
ATWS
AWWA

American Concrete Institute
Advisory Committee on Reactor Safeguards
automated commitment tracking system
Atomic Energy Commission
Office of Analysis and Evaluation of Operational Data
auxiliary feedwater
auxiliary feedwater system
American Institute of Steel Construction
as low as reasonable achievable
Arkansas Nuclear One
American Nuclear Society
American National Standards Institute
axial power distribution monitoring system
area radiation monitoring system
airborne radioactivity removal system
American Society of Civil Engineers
American Society of Heating, Refrigeration and Air
Conditioning Engineers
Atomic Safety and Licensing Board
American Society of Mechanical Engineers
anticipated transients without scram
American Waterworks Association

BNP
BOL
BOP
B8(OTF
BPRA
BRS
BTP
BWR

Brunswick Nuclear Plant
beginning of life
balance of plant
Bulletins and Orders Task Force
burnable poison rod assembly
boron recycle system
Branch Technical Position
boiling water reactor

CAN
CAOC

CCS

CCS

CCW

CCWS

CFR
CIS
CNSLR
COCORP

COE

CP

continuous air monitors
constant axial control mode
condensate cooling system
containment cooling system
component cooling water
component cooling water system
Code of Federal Regulations
containment isolation signal
Corporate Nuclear Safety and Research Department
Consortium of Continental Reflection Profiling
Corps of Engineers (U.S. Army)
construction permit
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CP8(L
CRACS

C,RD

CROM

CRDS
CRT
CSS
CST
CT
CVCS
CVN

CVPETS
CWS

Carolina Power and Light Company (the applicant)
control room air conditioning system
control rod drive
control rod drive mechanism
control rod drive system
cathode-ray tube
containment spray system
condensate storage tank
cooling tower
chemical and volume control system
Charpy V-notch
condenser vacuum pump effluent treatment system
circulating water system

DBA
DBE
DCRDR

DECLG
,DEH
DEMA

DES
DHR

DHRS
DNB

DNBR
DOE

DWMS

design-basis accident
design-basis event
detailed control room design review
double-ended cold leg guillotine
digital electric hydraulic
Diesel Engine Manufacturers Association
Draft Environmental Statement
decay heat removal
decay heat removal system
departure from nucleate boi ling
departure from nucleate boi ling ratio
Department of Energy
demineralized water makeup system

EAB
EAS
ECC

ECCS
EDTS
EEPVS
EFPY
EIR
EOC

EOF
EPRI
EPZ

EQ
ERFIS
ERG

ESCWS

ESF
ESFA
ESFAS
ESW

ESWI
ESWD

ESWS

ETS
EVP

exclusion area boundary
essential auxiliary support
emergency core cooling
emergency core cooling system
equipment drain treatment system
electrical equipment protection room ventilation system
effective full-power year
equipment inoperable record
emergency operations center
emergency operations facility
Electrical Power Research Institute
emergency planning zone
equipment qualification
emergency response facility information system
emergency response guidelines
essential services chilled water system
engineered safety feature
engineered safety feature actuation
engineered safety feature actuation system
emergency service water
emergency service water intake
emergency service water discharge
emergency service water screening
Environmental Technology Section
executive vice president
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FDTS
FEMA
FES
FHB
FMEA
FPCCS
FPPVS
FSAR

GAO

GDC

GE

GWPS

HAZ
HED

HEPA
HMR

HNP
HPI
HVAC

I8(C
ICC
IE
IEEE
INEL
INPO
IRVH
ISEG
ISI

JTG

LLNL
LOCA
LOFW

LOMF
LPG
LPMS
LPZ
LWPS

floor drain treatment system
Federal Emergency Management Agency
Final Environmental Statement
fuel handling building
failure modes and effects analysis
fuel pool cooling and cleanup system
fuel pool pump ventilation system
Final Safety Analysis Report

General Accounting Office
General Design Criterion(a)
General Electric Company
gaseous waste processing building

heat-affected zone
human engineering discrepancy
high efficiency particulate air
Hydrometeorological Report
Harris Nuclear Project
high-pressure injection
heating, ventilation, and air conditioning

instrumentation and control
inadequate core cooling
Office of Inspection and Enforcement
Institute of Electrical and Electronics Engineers
Idaho National Engineering Laboratories
Institute of Nuclear Power Operations
integrated reactor vessel head
Independent Safety Engineering Group
inservice inspection

Joint Test Group

Lawrence Livermore National Laboratory
loss-of-coolant accident
loss of feedwater
loss of main feedwater
liquefied petroleum gas
loose parts monitoring system
low population zone
liquid waste processing system

MCC

MCES

MFWLB

MIMS
MM

MMI
MSIS
MSIV
msl
MSLB
MWt

motor control center
main condenser evacuation system
main feedwater line break
metal impact monitoring system
Modified Mercalli
Modified Mercalli intensity
main steam isolation signal
main steam isolation valve
mean sea level
main steamline break
megawatts thermal
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NDTT
NEMA
NEPA
NESCWS

NEUSSN
NFPA
NGG

NIS
NNS
NOAA
NPSH
NRC

NRR

NSSS

nil ductility transition temperature
National Electrical Manufacturers Association
National Environmental Policy Act
nonessential services chilled water system
Northeastern U.S. Seismic Network
National fire Protection Association
Nuclear Generation Group
nuclear instrumentation system
nonnuclear safety
National Oceanic and Atmospheric Administration
net positive suction head
U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
nuclear steam supply system

OBE
OFA
OHLH
OL
OM

OSG

OTTS
OWP

opearating basis earthquake
optimized fuel assembly
overhead heavy load handling
operating license
Operation and Maintenance
Operations Support Group
operations training and technical services
operations work procedure

PA
PABX
PAD
PCI
PCP
PCT
PDA
PID
PaID
PIS
PMf
PMH

PMP

PMWP

PNSC

PORV

PSAR
PSB(C
PSI
PTS
PVORT
PVRC
PWR

public address
private automatic branch exchange
performance analysis and design
pellet cladding interaction
process control program
peak cladding temperature
preliminary design approval
proportional integral derivative
piping and instrumentation diagram
process instrumentation system
probable maximum flood
probable maximum hurricane
probable maximum precipitation
probable maximum winter precipitation
Plant Nuclear Safety Committee
power-operated relief valve
Preliminary Safety Analysis Report
power supply and engineering and constr
preservice inspection
pressurized thermal shock
Pump and Valve Operability Review Team
Pressure Vessel Research Committee
pressurized-water reactor

uction

QA

QC

quality assurance
quality control

RAB

RABNYS
RCCA

reactor auxiliary building
r eactor auxi 1 i ary bui 1 ding normal venti 1 ati on system
rod cluster control assembly
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RCIC
RCP

RCPB
RCS

PCS
RG

RHR(S)
RO

RO

RgD
RTD
RTS
RWP

RWST

SM
SAFDL
SER
SER-CP
SEUSSN
SFA
SG

SGAS
SGBS
SGOG

SGTR
SI
SIAS
SIS
SPDS
SPT
SRO

SRP
SRSS
SSC
SSE
SSLPS
SWPS

SWS

SMTS

TLD
TMI-2

reactor core isolation cooling
reactor coolant pump
reactor coolant pressure boundary
reactor coolant system
radiological and chemical support
Regulatory Guide
residual heat removal (system)
reactor operator
reverse osmosis
rock quality designation
resistance temperature detector
reactor trip system
radiation work permit
refueling water storage tank

surveillance and accountability
specified acceptable fuel design limits
Safety Evaluation Report
Safety Evaluation Report issued at construction permit stage
Southeastern United States Seismic Network
standard fuel assembly
steam generator
steam generator available signal
steam generator blowdown system
Steam Generators Owners Group
steam generator tube rupture
safety injection
safety injection actuation signal
safety injection system
safety parameter display system
standard penetration test
senior reactor operator
Standard Review Plan
square root of the sum of the squares
structures, systems, and components
safe shutdown earthquake
solid-state logic protection system
solid waste processing system
service water system
secondary waste treatment system

thermoluminescent dosimeter
Three Mile Island Unit 2

UHS

UL
USGS
USI

VR

ultimate heat sink
Underwri ters Laboratory
U.S. Geological Survey
unresolved safety issue

volume reduction

MOG

WPB

WPBCWS

Mestinghouse Owners Group
waste processing building
waste processing building chilled water system
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Operational Safety Engineer
Nuclear Engineer
Equipment qualification
Engineer
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Accident Evaluation
Equipment qualification
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Materials Engineering
Radiological Assessment
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Engineering
Power Systems
Accident Evaluation
Office of State Programs

'aterials Engineering
Chemical Engineering
Siting Analysis
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Engineering
equality Assurance
Materials Engineering
Meteorology and Effluent
Treatment
Core Performance
Containment Systems

Materials Engineering
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Engineering
Mechanical Engineering
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Reactor Systems
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,Human Factors Engineering
Core Performance
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Nuclear Engineer
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Engineering
Core Performance
Licensee qualification
Emergency Preparedness
Materials Engineering
Geosciences
equality Assurance
Generic Issues
Mechanical Engineering
Structural and Geotechnical
Engineering
Power Systems
Chemical Engineering
Core Performance
Auxiliary Systems
Chemical Engineering
Equipment qualification

Consultants

Lawrence National Livermore Laboratory
Battelle Pacific Northwest Laboratories
Brookhaven National Laboratory
Idaho National Engineering Laboratory

Shearon Harris SER E-2



APPENDIX F
"

INTERIM POSITION ON

CHARLESTON EARTH(UAKE
FOR LICENSING PROCEEDING



I



Interim Position on Char leston Earthquake for Licensina Proceeding

The HRR St'aff position with respect to the Intensity X 1886'Charleston earth-
quake has been that, in the context of the tectonic province approach used for
licensing nuclear power plants, this earthquake should be restricted to the
Char leston vicinity.. This position was based, in part, on information provided
by the United States Geological Survey (USGS) in a letter dated December 30,
1980 from J. E. Devine to R. E. Jackson (see Summer Safety Evaluation Report).
The USGS has been rea'ssessing its postion and issued a clarification on Novem-
ber'8, 1982 in a letter from J. E. Devine to R. E. Jackson. As a result of
this letter, a preliminary evaluation and outline for HRC ac 'ion was forwarded
to the Commission in a memorandum from W. J. Dircks on Hovember 19, 1982.

The USGS letter states that:

"Secause the geologic and tectonic features of the Charles on region
are similar to those in other regions of the eastern seaboard, we
conclude that although there is no recent or historical evidence
that other regions have experienced strong earthquakes, the his or"
ical record is not, of itself, sufficient grounds for ruling out the
occurrence in these other regions of strong seismic ground motions
similar to those experienced near Charleston in 1886. Although the
probability of strong ground motion due to an earthquake in any given
year at a particular location in the eastern seabroard may be very
low, deterministic and probabi listic evaluations of he seismic hazard
should be made for individual sites in the eastern seaboard to estab-
lish the seismic engineering parameters for critical facilities."

The USGS clarification represents not so much a new understanding but rather a
more explicit recognition of existing uncertainties with respect to the causa-
tive structure and mechanism of the 1886 Charleston earthquake. Hany hypotheses
have been proposed as to the locale in the eastern seaboard of future Charles-.on-
size earthquakes. Some of these could be very restrictive in location while
others would allow this earthquake to recur over very large areas. Presently
none of these hypotheses are definitive and all contain a strong element of
speculation.

We are addressing this uncertainty in both longer"term deterministic and shorter-
term probabilistic programs. The deterministic studies, funded primarily by
the Office of Resarch of the HRC should reduce the uncertainty by better iden"
tifying (1) the causal mechanism of the Charleston earthquake and (2) the poten-
tial for the .occurrence of large earthquakes throughout the eas em seaboard.
The probabilistic studies, primarily that being conducted for HRC by Lawrence
Livermore Hational Laboratory (LLHL) will take into account existing uncertain-
ties. They will have as their aim to determine differences, if any, between
the probabilities of seismic ground motion exceeding design levels in the
eastern seaboard (i. e. as affected by the USGS clarified postion on the
Charleston earthquake) and the probabilities of seismic ground motion exceeding
design levels elsewhere in the central and eastern U.S. Any plants ~here the
probabilities of exceeding design level gr" nd motions are significantly higher
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than those calculated for other plants in the Central and Eastern U.S. will be
identified and evaluated for possible further engineering analysis.

Given the speculative nature of the hypotheses with respect to the recurrence
of large Charleston-type earthquakes as a result of our limited scien ific
knowledge and the generalized low probability associated with such events, we
do not see a need for any ac ion for specific sites at this time. It is our
position, as it has been in the past, that facilities should be designd to
withstand the recurrence of an earthquake the size of the 1886 earthquake in
the vicinity of Charleston. At the conclusion of the shorter term prcbabilis.ic
program and during.„the 'longer-term deterministic studies, we will be assessing
the need for a modified position with respect to specific sites.
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