
""""Safety
Evaluation Repori neoeie,o,A*;"m?a";

related to construction of Office of N c ar

Cherokee Nuclear Station
Units 1,2 and 3 ""* * "' $$ $$

STN 50-493

Duke Power Company -

i
'

,

.

/f

hb
w w] _ w" aa dL _J iW

j !



Available from
National Technical Information Service

Springfield, Virginia 22161
Price: Printed Copy $10.75 , Microfiche $3.00

0 D

aaS
eq g 7

-

O JU_SJ_ i
",

2
-

-. ...
/ ,Y



NUREG-0189

March, 1977

SAftTY EVALUATION REPORT

_BY THE

OFFICE OF N'lCLEAR REACTOR REGULATION

U.S. NUCLEAR REGULATORY COMMISSION

IN THE MATTER OF

Dj[KE POWER COMPANY

CHEROKEE NUCLEAR STATION

IJ' lTS 1, 2 AND 3

00CKET '.05. STN 50-01, STN 50-492 AND STN 50-4930

-

.
,

() .,



TABLE OF CONTENTS

PAjE_

l.0 INTRODUCTION AND GENERAL DISCUSSION. 1-1

1.1 Introduction. 1 -1

1.2 General Plant Description. . 1-3

1.2.1. Reference Systen Design Sccpe. 1-3.

1.2.2. Containment and Shield Building. 1-3. .

1.2.3. Other Major Structures. 1-6

1.2.4 Ultimate Heat Sink. 1-8

1.2.5. Permanent Dewatering System. 1-8

1.3 Shared Systems. 1-8. .

1.4 Conparison with imilar Facility Designs. 1-11

1.5 Identification of Agents and Contraccors. 1-11.

1.6 Sunnary of Principal Review Matters. 1-11

1.7 Facility Modifications as a Result of Staff Review. 1-13

1.8 Requirements for Future Technical Information. 1-13

1.9 Outstanding Items. 1-14

i.10 Generic Issues. 1-15

1.11 Exceptions to Pegulatory Guides. 1-16

1.11.1 Exceptions to Regulatory Guides Not Relied on in tre Review. 1-16

1.11.2 Exceptions to Regulatory Guides Not Applicable. 1-17

1.11.3 Acceptable Excepticr to Regulatory Guides. 1-17

1.11.4 Non-Acceptable Exc_ tions to Regulato'y Guides. 1-18

1.11.5 Exceptions to Regulatory Guides - Review Not Corpleted. 1-19

1.12 Exceptions to the CE35AR. 1-20

1.13 Exceptions to CESSAR Interface Requirer:ents. 1-21. .

2.0 SYTE CHARACTERISTICS. 2-1

2.. Geography and Demography. 2-1. . . .

2.1.1 Eite Descriotion. 2-1. .

2.1.2 Exclusion Area Control. . 2-1.

2.1.3 Population and Population Distribution. 2-1

2.1.4 Conclusion. 2-5. . . .

i '

.I
'



TABLE OF CONTENTS (Continued)

PAGE

2.? Nearby Industrial, Transportation and Military facilities. 2-7

2.3 Meteorology. 2-7
. .

2.3.1 Regional Climatology. 2-7
. .

2.3.2 Lor.al Meteorology. 2-9
.

2.3.3 Onsite Meteorological Measurements Program. 2-10.

2.3.4 Stort-Tern ( Accident) Dif fusion Estimates. 2-11

2.3.5 Long-Term (Routine) Dif fusion Estimates. 2 11
.

2.3.6 Conclusions. 2 11

2.4 Hydrologic Engineering. 2-12

2.4.1 Hydrriogic Description. 2-12
.

2.4.2 Flooding Potential. 2-13

2.4.3 Low River Consideration. 2-15

2.4.4 Groundwater. 2-15.

2.4.5 Permaneat Dewatering System. 2-16.

2.4.6 Ultimate Heat Sink. 2-19

2.5 Geology and Seismoiogy. 2-20.

2.5.1 Geology. 2-20

2.5.2 Seismology. 2-21

2.5.3 Fnundation Engineering. 2 22

3.0 DESIGN CRITERI A FOR STPCCTURES, SY5TEMS AND CC''PONENTS. 3-1

3.1 Conforrance with General Design Criteria. 3-1.

3.2 Classification of Structures, Systens and Components. 3-1

3.2.1 Seismic Classification. 3-1.

3.2.2 Systen Quality Group Classification. 3-2.

3.3 Wind and Tornado Design Criteria. 3-3

3.4 Water Level (Flcod) Design Criteria. 3-4

3.5 Missile Protection. 3-5

"
ii

'

- a



TABLE OF CCNTENTS (Continued)

PAGE

3.5.1 Missile Selection and Description. 3-5
3.5.2 Structures Systems and Components to te Missile Protected. 3-6
3.5.3 Missile Barrier Design Procedures. 3-7

3.6 Criteria for Frctection Against Dynamic and Ensircnnental Effects
Associated with the Pcstulated Rupture of Piping. . 37

3.6.1 Protection Against Dynamic and Envircnnental Effects Associated

with the Fostulated Rupture of Piping Inside Containment. 3-7
3.6.2 Criteria for Protection Against Dynamic ar d Envircnrrental Ef fects

Associated with the Postulated Rupture of High Energy Piping Outside
Centainment. 3-7.

3.7 Seisnic Design. 3-3

3.7.1 Seismic Irput. 3-8.

3.7.2 Seismic System and Subsystem Analysis. 3-9
3.7.3 Seis~ic Instranentation Program- 3-10

3.8 Cesign of Seisnic Catrgery I Structures. 3-10

3.8.1 Steel Contairrent. 3-10.

3.8.2 Coicrete and Structural Steel Internal Structures. 3-11

3.8.3 Other Seismic Category I Structures. 3-12.

3.8.4 Foundations. 3-13.

3.8.5 Loads Due to Failure of c . >anent n ' atering Systen. . 3-14e e

3.9 Mechanical Syste'"s and Conpenents. 3-14

3.9.1 Dynamic Systems Analysis and Testing. 3-14.

3.9.2 AS"E Code Class 2 and 3 Components. 3-15. .

3.10 Seisnic Qualificaticn of 3rismic Category I Instrumentation and
Electrical Equipment. 3-16. . .

3.11 Environmental Design of Mechanical and Electrical Equipment. 3-17

4.0 REACT 0's. 4 -1

_

iii ['O J



TABLE OF CONTENTS (Continued)

PAGE

5-15.0 REACTOR COOL ANT SYSTEM. . . . . . .

. . . . . . 5-15.1 Introduction.
5-15.2 Integrity of the Reactor Coolar.t Pressure Boundary. .

5.2.! Design of Reactor Coolant Pressure Boundary Components. 5-1

5.2.2 Overpressurization Protection. 5-1
. . .. .

5~5.2.6 Pump Flywheel . ..

5-35.2.7 Leakage Detection System. . .

5.2.8 Inservice Inspection Systen. 5-4. . ..

5.2.9 Loose Parts Monitor. 5-4.

5.5 Component and Subsysten Design. 5-5

5.5.2 Steam Generator. 5-5
.

5.5.5 Residual Heat Removal System. 5-5.. ..

6.0 ENGINEERED SAFETY FEATURES. 6-1
.

6.1 Cesign Considerations. e -1

0.2 Ccatainment Systems. 6-1
. . .

6.2.1 Containment Functional Cesign. 6-1

6.2.2 Containment Heat Removal Systam. 6-4

6.2.3 Secondary Containment Functional Design. 6-5

6.2.4 Contairnent Isolaticn System. 6-6. .

6-76.2.5 Combustible Gas Control System. . .

6.2.6 Containment Leakage lesting Program 6-3

6.2.7 Engineered Safety Features Air Filtraticn Systems. 6-8

6.2.8 Containment Air Purification and Cleanup Systems. 6-11

6.3 Emergency Core Cooling System. 6-12

6.3.1 Design Basis. 6-12.

6.3.3 Performance Evaluation. 6-13

6.3.4 Tests and Inspections. 6-14.

iv
,

I



TABLE OF CONTENTS (Continued)

PAGE

6.4 Engineered Safety Features Materials. 6-lu. .

6.5 Control Room Habitability. 6-16. .

6.5.1 Radiation Prctective Provisiens. 6-16.. .

6.5.2 Toxic Gas Protective Provisions. 6-16.. .

7.0 INSTRUMENTATION AND CONTROLS. 7-1.

7.1 General. 7-1

7.1.1 Criteria. 7-1
7.1.2 Use of CESSrR in the Review. 7-1<

7.2 Peactor Trip Systen. 7-3. .

7.3 Engineered Safety Features Actuation Systems. 7-3

7.3.1 Introduction. 7-3.

7.3.2 Compliance with IEEE Standard 279-1971. 7-4
7.3.3 Auxiliary Feedwater System. 7-4
7.3.4 Annulus Ventilation System- 7-5.

,.3.5 Control Equipnent and Cable Roons Heating, Ventilation and
Ai r Conditioning Systen. 7-5.

7.3.6 Containment Spray Systen. 7-6
/.3.7 Recirculation to the Refueling Water 'ank. 7-6

7.4 Syst ns Required for Safe Shutdcwn. 7-7. .

7.5 Sa fety-Related Di splay Instrumentation. 7-7
7.6 Other Syster;s Required for Safety. 7-7

7.6.1 References to the 'ESSAR. 7-7.. .

7.6.2 Equipment Frovided by the Applicant.
. . . 7-7

7.6.3 Class IE Diesel Lubrication Systen Instrumentation. 7-8

7.7 Centrol Systems Not Required for Safety. 7-8..

7.8 ncerating Control Systems. 7-9. . . .

7.9 Technical Specifications. 7-9. . .

8.0 ELECTRIC POWER. 8-1. . .

* f-'

i . . ,

f
\)s



TABLE OF CONTENTS (Continued)

PACE

8.1 Introduction. 8-1
. . .

P-18.2 Of fsita Power Syste- .

B-1C.2.1 Offsite Routing. . . .

8-l8.2.2 Onsite Routing.

8.2.3 Switching Station, 8-2

8.2.4 Unit Feeders. 8-3

8.2.5 Bus Transfers. 8-3. .

S.9.6 Generator Power Circuit Breakers. 8-4

8.2.7 Ccoclusions. 8-5

2-58.3 Onsite Power Systems

8.3.1 Alternating Current Pcwer System. 8-5

S.3.2 Vital Power Systems. 8-6

8.4 Physical Independence of t!cctrical Equipr:ent and Ci, cuits. 3-7

9.0 AUXILIARY SYSTEMS. 9-1

9.1 Fuel Stcrage and Handling. 9-2.

9.1.1 New Fuel Storage. 9-2.

9.1.2 Spent Fuel Storage. 9-2

9.1.3 Spent Fuel Fool Cooling and Cleanup Systems. 9-3

9.1.4 FJel Handling System. 9-4

9.2 Wa ter Systems. 9-5

9.2.1 Naclear Service Water System 9-5

4.2.2 Component Cool ing System. 9-6

9.2.5 Ul timate Heat Sirk. 9-R.

9.3 Process Auxiliaries. 9-9.

9.3.1 ^ompressed Air Systems. 9-9.

9.4 air Conditioning. Heating Cooling and Ventilaticn Systems. 9-10

vi
i t! ,



_ TABLE OF CONTENTS (Continued)

PAGE

9.4.1 Control, Equipment and Cable ROCms Ventilaticn System. 9-10

9.4.2 Fuel Handling A Ventilation Systen. 9-11

9.4.6 Diesel Bailding Ventilation System. 9-11

3.4.7 Reactor G;ilding Auxiliary Equipment Ventilation Systen. 9-12

9.5 Other Aaxiliary Systers 9-13

9.5.1 Fire Protection Syster 9-13

9.5.4 Diesel Generator fuel Oil Storage and Transfer System 9-13

9.5.5 Diesel Generator Auxiliary Sjstems. 9-14

9.5.6 Storage of Compressed Gases. 9-14

9.5.8 Pe rmanent Dewatering Sys tem- 9-15

10.0 STEA" uD POWER C0% ERSION SYSTE!'S. 10 1

10.1 Su rary Description. 10-1

10.2 Tarbine Gererator. 10-i
10.3 Main Stoan Surply System 10-2

10.4 Circulating Water System 10-3

10.5 Feetater Systems. 10-3

10 2 Auxilisry Feedwater Systen. 10-3

10.6 Steam and feedaater Systen Materials. 10-5

11.0 RADI0 ACTIVE WASTE M MAGE"ENT. 11-1

11.1 Su rary Descripticn. 11-1

11.2 Liquid Radwaste Treatrent Syster. 11-2

11.3 G3seous Radw3ste Treatrent System 11-0

!1.4 Solid Radwaste Treatr:ent Syster 11-7

11.5 Process and Ef fluent Radiological Monitoring Systems. 11-8

11.6 Evaluatico findings, 11-10

12.0 RADIATION PROTECTICN. 12-1

12.1 Shielding. 12-1

cr

k)vii .



TABLE OF CONTENTS (Continued)

PAGE

12.1.1 Area Monitoring. 12-2.. ... . .

12.2 Ventilation. 12-2.. . .

12.2.1 Airborne Radioactivity Monitoring. 12-3

12.3 Health Physics. 12-4.

13.0 CONDUCT OF OPERATIONS. 13-1.

13.1 Organization and Qualit a:tions. 13-i.

13.2 Training Program. 13-2

13.3 Emergency Planning. 13-3.

13.4 Review and Audit. 13-4.

13.5 Plant Procedures 13-4. .

13.6 Plant Recards. 13-4. .

13.7 Industrial Security. 13-4..

14.0 INITI AL TESTS AND OPERATIONS. 14-1

15.0 ACCIDENT ANALYSES. 15-1

15.4 Anticipated Transients. 15-1

15.5 Postulated Accidents. 15-1.

15.5.4 Spectrum of Steam Piping Breaks Inside and Outside of Containment. 15-1

15.5.6 Radiological Conseq;ences of Accidents. 15-1

15.6 Anticipated Transients Without Scram. 15-9. ... .

16.0 TECHNICAL SPECIFICATION 16-1

17.0 CUALITY ASSURANCE. 17-1

1;.1 General. 17-1. . . .

17.2 Duke Power Company. 17-1. .

17.3 Combustion Engineering, Incorporated. 17-5.

17.4 Implementation of Quality Assurance Program. 17-5.

17.5 Conclusion. 17-5
.

viii

'
) :,



TABLE OF CONTENTS (Continued)

PAGE

16 . '., REVIEW BY THE ADVISORY C05NITTEE ON REACTOR SAFEGUARDS. 10-1

19.0 COMMON DEFENSE AND SuCURITY. . . .. . 19-1

20.0 FINANCI AL QUALIFICATIONS. 20-1. . . . . .

2'.0 CONCLUSIONS. 21-1. . .

ix l! I; 7,



APPENDICES

PAGE

APPENDIX A SAFEfY EVALUATION REPORT BY THE OFFICE OF NUCLEAR REACTOR

REGULATION,11.5. NUCLDR DMULATORY COMMISS!CN, IN THE MATTER

OF COMBUSTION ENGINEERING, INCORPORATED, CESSAR SYSTEM 80

DOCKE' NO. STN 50-470. A-1

APPENDIX B CHPCNOLOGY OF .7EGULATORY RADIOLOGICAL REVIEW. E-1

APPENDIX C ADVISORY COMMITTEE ON REACTOR SAFEGUARDS - GENERIC MATTERS. C-1

APPENDIX D SIBLIOGRAPtly . D-1

APPENDIX E NRC STAFF EVALUATION OF L1']UID AND GASECUS EFFLUENTS WITH

RESPECT TO APPENDIX 1 CF 10 CFR PART 50 E-1

APPENDIX F PROGRAM FCR GECLOGIC MAPPING C6 RING EXCAVATION. F-1

*
a

,
,



LIST OF T'8LES_

PAGE

TABLL 6.1 E!1RGENCY CORE COOLING dYSTEM PE,(FOR"X;CE. 6-14

TABLE 11.1 MODIFICATIONS TO THE WASTE MANAGEMEFT SYSTEMS A5 PRCPJSED IN TbE

PSAi< AMENDt1ENTS SINCE THE FINAL ENVIRONMENTAL STATEMENT (FES). 11-3

TABLE 11.2 DESIGN PARAMETERS Of FRINCIPAL COMPONENiS CONSIDERED IN THE

'<ADWASTE EVALUATION. 11-5

TABLE 11.3 PROCESS AND EFFLUENT MONITORING. 11-9

TASLE 15.1 RADICLOGICAL CONSEQUENCES OF DESIGN BASIS ACCIDENTS. 15-3

TABLE 15.2 ASSUMPTIONS USED IN THE CAI CULATION CF LOSS-OF-COOLANT ACCIDENT DOSES 15-4

iABL E 15.3 HYDRuGEN PURGE DOSE INPUT PARAMETERS. 15-7

TABLE 15.4 ASSUMPTIMS USED IN THE FUEL iMNDLI:G ACLIDENT ANALYSIS. 15 4

'

!i ( .'

I (- ; 't

xi



LIST OF FIGURES

PAGE

FIGURE 1.1 CONTAINMENT AND SHIELD BUILDING.. 1-4

FIGURE 1.2 LOWER CONTAINMENT PLATE WELD... 1-5. .. . .

FIGt'RE 1.3 FACILITY AND SITE FEATURES. 1-7
. . . ..

1-9FIGURE 1.4 PERMANENT DEWATERING SYSTEM. . .

FIGURE 1.5 CONSTRUCTION PROCEDURES FOR PERMANENT DEWATERING SYSTEM. 1-10

FIGURE 2.1 GENERAL AREA MAP. 2-2..

FIGURE 2.2 PLOT PLAN AND SITE BOUNDARY. 2-3. .

FIGURE 2.3 CUMULATIVE POPULATION DISTRIBUTION (1980). 2-4

FIGURE 2.4 BEA AREA NO. 28 WITH PLANT SITE LOCATION AND 50-MILE RADIUS. 2-6

FIGURE 2.5 NEARBY INDUSTRIAL AJD TRANSPORTATION FACILITIES. 2-8

FIGURE 17.1 UUKE PCWER COMPANY QUALITY ASSURANCE DEPARTMENT. 17-2

Exii i
J,



1.0 INTRODUCTION AND GENERAL DISCUSSION

1.1 Introduction

The Duke Power Company (hereinafter refered to as the applicant) filed w+ * * *he.

Nuclear Regulatory Comission (NRC or Commission) an application docketec c1 May 24,
1974, for licenses to constr.ct and operate its proposed Cherokee Nuclear Station
Units 1, 2, and 3 (Cherokee Nuclear Station ce facility). The facility will be
located on a 1560-acre site adjacent to the Broad River in the eastern portion of
Cherokee County, Sc2th Carolina, approximately eight miles southwest of Gaffney,
South Carolina, the county seat, 21 miles east of Spartanburg, South Carolina, and 40
miles southwest of Chaelotte, Narth Carolina. The Cherokee Nuclear Station will

uti'ize a Combustion Engineering, Incorporated, standard reference nuclear steam
supply system. The application for the Cherokee facility also served as an application
for the applicant's pecposed Perkins Nuclear Station, Units 1, 2 and 3. A separate

Environmental Report was subnitted for each facility in accordance with the Comission's
regJIPtion,10 CFR Part 51, which irpienents the National Environmental Policy Act of

1969 (NEPA).

A single Preliminary Safety naiysis Report (pSAR) was submitted with the application.
This PSAR is titled, " Duke Pcwer Corpany, Project 81, Preliminary Safety Analysis
Reoort." Major partions of this report describe the design of the balance of plant

structures, systers and co-ponents and incorporates, by reference, sections of the

Coroustion Engineer ing report, "Corbustion Engineerirg StaNard Safety Analysis
Report" (CESSAR). The CESSAR describes the design of the Systen 80 nuclear steam
supply system The same Systen 80 nuclear steam supply system design will be used

for both facilities. Also, designs of najor balance of plant structures, systems and
components will be identical. Designs of other structures, systen; and components
will be functionally identical but may have dif ferent configurations to adapt to
different site features. For such differences, and for site characteristic descriptions,

data, and analyses, two sestiens of the PSAR are provided (blue paper for Cherokee
and pink paper for Ferkins).

The Comission issued WASH-1341, "Progranmatic Information for the Licensing of
Standardized Nuclear Power Plants, ' on August 2C,1974 Arendment I to WASH-1341,

dealing with " options" ard " overlaps" was issued on January 16, 1975. The regulations
governing tM submittal and review of standard designs under the " reference system"
cption are found in Appendix 0 to Part 50, " Licensing of Prcduction and Utilization
Facilities," and Section 2.110 of Part 2, " Rules of Practice" of Title 10 cf the Code

of Federal Regulations (CFR).

The CESSAR was submitted by Combustion Engineering in the form of an application for

a Preliminary Design Approval f rom the Comission and ,s in response to Option 1 of

1-1 ei j
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the Nuclear Regulatory Commission's standardization policy. Option 1 allows for the
raview of a " reference systen" that involves an entire facility design or major
fracticr. of a desiqn outside the context of a license application. On December 19,
1973, the application for the CESSAR was docketed.

Our evaluation of the CESSAR is prec'nted in our Safety Evaluation Report " Safety

Evaluation Report by the Of fice of Nuclear Reactor Regulation, l .S. Nuclear Regulatory

Commission, In the Matter of Combustion Engineering, Incorporated, CESSAR System 80,
Docket No. STN 50-470" NUREG-75/ll2, Decemoer 31, 1975. A ccpy of NUREG-75/112 is

attached as Appendix A to this report, and we have referenced sections of Appendix A
in this report as appropriate.

Duke Power Company's application was for licenses to construct and operate its prcposed
Cherokee and Perkins facilities. Our evaluation of the application for the Perkins

facility will be presented in a separate Safetj Evaluation Report. Where reference
is made herein to the Cherckee PSAR, the reference is to the portions of the Project

PSAR common to both the Cherokee and Perbins facilities and to porticns of the

Project 81 PSAR applicable only to the Cnerokee facility. The * 71icant states in
Section 1.1 of the PSAR that the Perkirs '3"-lear 5tation and the Cherokee Nuclear
Staticn are intended to be duplicates. Althcugh we conducted a sir.gle revier cf
ca een fea* ;res and a concurrent review of site related matters for the two facilities,
we are issuing separate ard corplete Safety Evaluation Reports for each of the two
stations and the Co rission will make twt separate decisions c, the issuance of
constructicn pernits, i.e., one decisior or three permits for the prcposed Cherokee

Nsclear Station and one decisicn for three permit _ for the proposed Perkins Nuclear

Station.

The information in the PSAs was supplerented by Arendrents 1 through 28. Copies of

the PSAR, as amended, are available fcr public inspection at the U.S. Nuclea- Regulatcry
Connissinn's Public Document Room, 1717 H Street, NW, Washington, D. C. 20555, and at

the Cherokee Cosnty Library, 300 East nutledge Avenue, Gaffney, South Carolina 29340.

This Safety Evaluation Report surrarizes the results of the technical evaluation of
the proposed Cherckee Nuclear Station perforred by the Connission's staf f and deline-
ates the sccpe of tne technical ratters ccnsicered in evaluating the radiological
safety asrect of tne facility. sspects of the envirorrental irract consieered in
the review of the f acility in accordance with 10 CFR Part 51, " Licensing and Regulatory
Policy and Proced;res for Envircrrental Protection" of the Co rission's regulations ,
waich implements the National Environrental Policy Act of 1969, are discussed in the
Corrission's final Environmental Statement which was is;ued in October 1975.

L;on favorable resolution of the oatstarding issues discussed herein and surrarized
in Section 1.9 of this repcrt, we will be 'ble to conclude th3t the Cherokee Nuclear
Station can be constructed and operated as proposed without endangering the health

and safety of the public. Our detailed conclusicns are presented in Sectioa 21.0 of
this report.

1-2
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The review and evaluation of the proposed design of the facilities reported herein is
only the first stage of a ccntinuing review by the Commission's staff of the design,
construction, and operating features c - the Cherokee facility. Construction will be
accomplished under the surveillance of the Commission's staf f. Prior to issuance of
operating licenses, we will review the final design to determine that all of the
Commission's safety regt ements have been met. The facility may then be operated
only in accordance with t,.e terms of the operating licenses and the Cormission's
regulations under the continued surveillance of the Connission's staff.

1.2 General Plant Description

1.2.1 Reference System Desico Scope,

The CESSAR reference system design scope, as stated in Section 1.2 of Appendix A to
this report, comprises the following systems:

(1) Reactor syste,

(2) Reactur coolant system
(3) Reactcr control system
(4) Reactor protective syste,
(5) Engineered safety features actuation system
(6) Chemical and volu e ccntrol system
(7) Shutdown coolant system
(8) Safety injection system
(9) Fuel handling systen

A sumnary description of each of these nine systens is presented in Sectioni i.2.1
through 1.2.9 of Appendix A to this report.

1.2.2 Containment and Shield Building

The containment as shown in Figure 1.1 will be a 195-foot diameter spherical steel
shell with a wall thickness of one and five-eighths inches. Thic containment shell
will be supported in but not anchored to a spherical depression in an intermediate
ficar of the shield building, which in the application is also referred to as the

reactor building. The shield building will be a reinforced concrete cylindrical
building with a spherical done, that totally encloses the containment. The outer
periphery of the containnent support floor is at plant elevation 92.0 feet relative

to a pl ant gi ade elevation of 100.0 feet. All postulated containment leakage following
post 21ated accidents will be collected in the annulus above elevation 92.0 feet,
eithcr by direct leakane into the annulus above elevation 92.0 feet or through a leak
chase, or collection, system consisting of a network of steel channels welded over
containrent welds and penetration seal welds as shown in Figure 1.2.

An annulus ventilation system will continuously circulate air from the annulus through.

engineered safety features filter systems at a rate of about 16,000 cubic feet per
minute for each redundant train af ter a vacuum of about 0.5 inches of water gauge is
drawn by exhrusting air from the annulus through the plant vent during the first 80 ,

seconds following a postulated loss-of-coolant accident.
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Af ter '"e vacuum is achieved, air would be exhausted at a ri,te of 400 cubic feet per
minute or less to match the inflow to the annulus consisting of outward containment
leakage, inward leakage through the shield building and upward leakane through the
containment support floor.

Space below the containment and inside the shield building will be occupied by
engineered saf ety features equipment, e.g., energency core cooling system equiprent,
containment spray system equiprent, and shutdown coolant system equipment. Some of
the containrent penetrctions terminate in those areas below the containment and
others pass through the annulus above elevation 92.0 feet and terminate outside the
shield building. Since the containment support floor is not a fluid seal, postulated,
but unlikely, pipe breaks in the regions below the containment could result in external
pressures on the con tairrent. The containment will be designed to withstand these
pressures without utilization of vacuum relief devices. Guard pipes will be provided
around high erergy lines that traverse the annulus. Although similarly unlikely to
occur, cracks in roderate energy lines within the annulus could be a potential source
of water that could flood the containrent support floor and, depending on the existing
leak characteristics, could flood the spaces below the containsent support floo-
Tne facility will be designed such that these effects will be prevented from impairing
the function of the containnent and other engineered safety features

1.2.3 Other Major Structures

The shield building as is shown in Fiqure 1.3 has innediately adjacent to it the
auxiliary building, which includes areas for fuel handling, auxiliary equipment, the
control room, and a non-seismic Category I control annex that will be supported on
portions of the seismic Category I auxiliary building. The end of the turbine
building will abut this contt annet such that an extension of the turbine generator

axis will pass through the center of the containment. Each of the three units is
identical, and the turbine generator axes are parallel and about 400 feet apart.

Three cir cular mechanical draf t cooling towers will be locatcd about 900 feet east of
the Unit 3 shield building and six 'ike towers will be located about 800 feet west of
the Unit 1 shield building. Two small cooling towers will be located just north of
thesP six primary Cooling towers to reject heat from the nuclear service water

Makeup to the nine main towers and the two nuc' ear service water coolingsystem.
towers will be provided by pumping water from the makeup intake structure located in
an intake sedinentation basin, adjacent to the Broad River.

The intake sedimentation basin will be replenished by water pumped from the river
int 3ke structure located in thn Broad River. Two nucleor service water pump structures
will be located between the nuclear service water cooling towers and Unit 1. Each

will house three p rps, one for each unit, to pump water to a corponent cooling water
neat excnanger in ore of two component coolinq loops for each unit.
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1.2.4 Ultimate Heat S8nk

An alternate nuclear service water pond south of the six cooling towers will serve as
a backup source of makeup to the nuclear service water cooling towers during shutdown
cooling. A large pond will be located east of the six cooling tcwers and will be
connected by underground pipes to the nuclear service water pump structures. Water
pumped frorr these structures through underground pipes to each unit can be discharged
through underground pipes back to the cooling pond. The complex of the two ponds and

two cooling towers has be< identified as the ultimate heat sink. The ultimate heat
sink will be designed to provide facility cooling capability under various conditions
of severe natural phenomena and failures of tran-made structures.

1.2.5 per-anent Dewatering Systen

The external walls of the complex of the shield building ard the auxiliary building
will be surrounded t;y a vertical wall drain system and located over an underdrain
channel system. As shown in Figure 1.4 each system will be connected by an indepen-
dent set of redundant pipes to a sump located in the auxiliary building. Pumps in
that surp will be operated to depress the water level around the oufidings to the
foundation level and to alleviate the rebound pressure in the foundation rocks below
the buildings. Water purped from the surp will he discharged in tre yard adjacent to
the auxiliary building to flow by gravity through the yard storm drain system to an
auxiliary holding pond north of tr,e plant adjacent to the Broad River.

Under norral ccnditions, the permanent dewatering system would lower the nroundwater

level out to a " radius of influence" aboJt 200 feet f rcn the wall drains. There are
potentials for increased flow rates into the surp derir=g periods of heavy precipita-
tion and failures of fluid systers within the radius of influence. As indicated in
Section 2.4.5, 3.1, and 9.53, the applicant will rake reasurements of groundwater
flows during ccnstruction and in the final design will account for the effects of
natural phenorena and postJlated accident c-nditions. In adeition, the pen-anent
dewatering systen and auxiliary holding pond will be eierents in the liquid pathway to
the Broad River following postulated failures of liquid radwaste tanks. Sone of the

construction details that will be discussed in Sections 2.4 and 2.5 are shown in
Figure 1.5.

1.3 Shared Systems

Systens and corporents within the scope of the s'andard reference systen that are
irportant to safety will not t,e shared (Section .2 of 4pendix A to this report).
Within the Cherokee facility, sharing of strt.ctutas, systens and components anong the
three units is linited to the (1) switchyard, telemetering and load dispatch equipment.

! - (2) the ultimate heat sink including ponds and cooling tower structure, (3) intake
structure for the nuclear service water systen, (4) nakeup and olowdown systems for

the conden;er cooling tcwers, (b) onsite and of fsite environrental rcnitoring systems,
.
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(6) the fire protection system, (7) the service building, (8) the compressed air
system, and (9) underground Class IE electric cable tunnets. Our review h . considered

sharing of facilities and it is discussed in appropriate sections of this report.

1.4 Comparison with Similar Facility Designs

Sone features of the CESSAR are new Cor.bustion Engineering designs. However, many
aspects of the plant are similar to those we have evaluated and previomly approved
for other nuclear power plants. To the extent feasible and appropriate, we have made
use of our previous evaluations during our review of those features that are similar
to CESSAR features. Where this has been done, the appropriate sections of Appendix A
to this report identify the specific applications involved.

To assist in better understanding the relationship of the System 80 reference system
design, as described in the CESSAR, to other Combustion Engineering & signs, we have
1 resented a comparison of Systen SD and Se.: inofre Units 2 and 3 (Docket Nos. 50-361
cnd 50-362) principal design features in Tat, . 4.1 of Appendix A to this report. The
Safety Evaluation Reports for the applications mentioned in Appendix A to this report
are available for public inspection in the Nuclear Pegulatory Cmmission's Fublic
Docurent Room,1717 H Street, N.W. , Washington, D.C. , 20555.

1.5 Iden+ ification of Agents and contractors

The Duke Power Corpany is the applicant for the crnstruction pemit; for the Cherokee
facility, and is responsible for the design, co .struction and operat'en of the unit:,.

The appli:..nt engaged Corbustion Engineering, Incorpcrated, to design, manufacture, and
deliver to the site the ruclear steam supply system ard initial core for each unit.
Combustion Engineerinc will also provide technical assistanca during the erection of
each nuclear steam supply systen, core loading, startup, and preoperational testirg.
The applicant will perfom the architectural engineer %; and construction services.
The turbine-generator will be nanufactured by the General Electric Corpany.

The applicant will also e ploy consultants, as required, in specialized areas; for
example, Law Ergineering .asting Company is assisting in the seismologic and geologic
studies.

1.6 Sunnary of Principal Review Matters

Our technical review and evaluation of the inforration submitted by the applicant
considered the principal Patters sumatized below:

(1) We evaluated the pcpulation density and land use characteristics of the site

environs and the physical characteristics of the site (including seismology,

meteorology, geology, and hydrolcgy) to establish that these characteristics

1]/h1-11 7
,
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have been determined adequately and have been given appropriate consideration in
the plant design, and that the site characteristics are in accordance with the

Comission's siting criteria (10 CFR Part 100), taking into consideration the
design of the facilities, including the engineered safety features provided.

(2) We have evaluated the design, fabrication, construction and testing criteria,
and expected performance characteristics of the plant structures, systems, and
components important to safety to determine that they are in accord with the
Commission's Genertl Cesign Criteria. Quality Assurance Criteria, Regulatory
Guides, and other appropriate rules, codes and standards, and that any departure
from these criteria, codes and str dards have been identified and justified.

(3) We evaluated the expected resnonse of the facilitie: to various anticipated
operating transients and to a broad spectrum of postulated accidents. Based on
this evaluation, we determined that the potential corsequences of a few highly
unlikely pnstJlated accidents (design bdsis accidents) would exceed those of all
other accidenti considered. We performed conservative analyses of these design
basis accidents to deternine that the calculated potential (ffsite radiation

doses that might result in the very unlikely event of their occurrence would not
exceed the Comission's guidelines for site acceptability given in 10 CFR Part 100.

(4) We evaluated the applicant's engineering and construction organization, plans for
the cond t t of plant cperations (including the organizational structure end the
general qualifications of cperating and technical support pers 1), the plans

for industry security, and the planning for emergency actiont tt ue taken in tht
unlikely event of an accident that night affect the general public, to M ~ ire

that the applicant will te technically qualified to safely operate the + -ies.

(5) We evaluated the design of the systens provided for control of the radiological
ef fluents fror' the facilities to determine that these systems will be capable of
controlling the release of radic3ctive wastes fror. the facility within the
limits of the Comission's regulations (10 CFR Part 20), and that the equiprent
to be provided will be capable of being cperated by the applicant in such a
manner as to reduce radioactive releases to levels that are as icw is remnably

achievable within the context of the Conmissior.'s regulations (10 CFl Part 50),
and to meet the dose design objectives of Acpendix I, 10 CFR Part 50.

(6) We evaluated the applicant's quality assurance program for the desigr and con-
struction of the facilities to assure that the program complies with the intent
of the Comission's regulaticns (10 CFR Part 50) and that the applicant will
have proper controls 0/er the facility design and construction such that there
will be a high degree of assurance that, when completed, the facilities can be
operated safely and reliably.

(7) We are evaluating the financial dau and information supplied by the applicant
as required by the Comissior's regulations (Section 50.33(f) of 10 CFR Part 50

1-12

.I



and Appendix C to 10 CFR Part 50) to detc^ ine that the applicant is financially
qualified tn design and construct the proposed facilities. We will report the
results of our evaluation in a supplement to this report.

1.7 Facility Modifications as a Recult of Staff Review

During the review of the application for the Cherokee Nuclear Station, numerous
meetings were held with the applicant's representatives, its contractors, and consultants
to discuss the proposed facility and the technical r.aterial submitted. A chronological
listing of the meetings and other sigs ificant events is given in Appendix B to this
report. During the course of the review, the applicant proposed or we requested a
nunter of technical and administrative changes These are described in various
a"|endments to the original application, and are di* cussed in appropriate 'eClions of
this report.

1.8 Pequirements for Fitu.e 'echnica! Information

Our evaluation of the requirement:, for future technical information within the scope
of the CESSAR is presented in Section 1.4 of Appendix A to this report. We have also
identified the need for certain design information that we normally review before the
applicant begins the construction of certain structures in the ever.t of a fasorable

decision on issuance of construction permits Since nest of this in'ormatico will be
obtained from the site during constr'ction, and since interpretation and judgenent
Tay be required to develop detailed procedures for subseqbent Construction actions,
e.g., placement of compacted fill, we conclude that oJr review of these matters should

be made during construction rather than later during the operatiaq license stage of
review. The applicant has corritted to providing the following information during
construction, if construction permits are granteJ:

(1) Detaile of the nuclear service water pond overflow spillway for our review and
approval prior to construction (Section 2.4.2(4)).

(2) Details of the alternate nuclear service water makeup pond for our review .rd
approval prior to construction (Sectico 2.4.2(5)).

f3) Details of foundation preparation, including blasting controls, control of
engineered fill and inspection of excavation for nuclear service water dam, and
of settlement ncnitoring (Section 2.5.3).

(4) Cetails of the geologic mapping program during excavation (Appendix F to this
report).

(5) Details of the implerentation of the progran to environmentally qualify Class IE
electrical equipment (Section 3.11).
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1.9 Outstanding items

We have identified certain outstanding issues in our review, some of which will
require that the applicant provide additional infornation to confirm that the proposed
design will meet our requirements. Items 1 through 9 are issues that require addi-
ticnal informaticn. Items 10 through 12 are issues where we are currently reviewing
information provided by the applicant, and where our review is not yet complete.
These items will te addressed in a supplement to this Safety Evaluation Report. These
iters are listed below and are discussed further in the sections of this report as

irdicated.

(1) We require the applicant to conform to the reconnendations of the Connission's
Fegulatory Guides 1.8,1.63, l.67, and 1.79 or for each guide provide an acceptable
alternative solution to the safety ratter addressed by the guide (Section 1.11.4).

(2) We require additional information on foundations for above-ground water storage
tanks and for buried diesel generator fuel oil tanks (2.5.3(4)).

(3) We require that the chimney drain in the nuclear service water cam be increased
from a width of three feet to a width of six feet and that a twelve-foot wide
impervious e"bankment Zone be provided upstream and adjacent to the chimney

drain and to the blanket drain in the core trench (2.5.3(7)).

(4) We require that the applicant provide criteria for assuring that postulated
failures of non-seismic Category I structures would not irpair the capability
of seismic Category I structures to perforn their design function (Section 3.7.2).

(5) We reauire a commitment ey the applicant to provide acceptable equiprent design
rodificaticrs in the FSAR to preclude water-solid overpressurization of the
reactor coolant syster (Section 5.2.2).

(6) We require that the applicant provide suf ficient justification for excluding
several paths from his Proposed list of ccntainment leakage paths that bypass
the secondary containment (Section 6.2.4). We will require a resolution of this

natter prior to corpletion of our review.

(7) Unless new tases are developed which we find acceptable, we require that periodic
local containment leakage rate testing be accorplished without use of water as a
pressurizing redium (Section 6.2.4).

(8) For the fuel handling accident, the applicant has referenced Section 15.4.E.1 of
the CESSAR which states "Pelease of activity through the Containrent Purge

Systems would te prevented by automatic closure of the containrent isolation
dampers. The containment personnel and equiprent hatches are closed during fuel

handling operat.ons Since the Auxiliary Building camot be completely isolated,
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this results in a more limiting activity release to the environrent." Consistent
with this statement, we calculated the offsite dosts that would result from a

postulated fuel handling sccident in the fuel handling portion of the auxiliary
building (Section 15.5.6 of this report). Hcwever, as noted in Section 6.2.4 of
this report, the applican; has not described the provisions for containment
isolation required by the CESSAR reference in order that the above statement be
valid for tne proposed facility. We require a resolution of this matter by the
applicant prior to the completion of our review.

(9) We require the applicant to docunent a connitrent that suitable design
modifications will be provided if his analysis shows that the consequences of
two steam generators' blowing down are not acceptable (Section 7.1.2 of this
report).

(10) Evaluation of the applicant's exceptions to the Comission's Regulatory Guides
1.14, 1.31, 1.44, 1.50, (Section 1.11.5).

(11) Evaluation of the applicant's proposed exceptions to CESSAR interface require-
ments on use of delta ferrite in oustenitic stainless steel and on water quality

of the emergency feedwater (Section 1.13 items 1 and 6).

(12) Evaluation of the applicant's financial qualification (Section 20.0).

1.10 Generic Issues

The Advisory Comittee on Reactor Safeguards periodically issues a report listing
various generic matters applicable to light water reactors. Our discussicn of these
matters is provided in Appendix C to this report which includes references to sections

of this report for r,.ure scecific discussions that particularize for the proposed

facility the generic status.

In addition to t .e generic ratters identified by the Corrittee that are listed in

Appendix C, the following are ratters for which the starf is ccnducting generic
reviews that may impact the design of the proposed facility.

(1) Design provisions to preclude water-solid overpressurization of the prirary
coolant systen (Section 5.2.2).

(2) Evaluation of fuel rod bowing effects (Section 15.4).

(3) Anticipated transients without scram (Section 15.6 and Section 15.6 of Appendix A).

_ , _ ,
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1.11 Exceptions to ReSulatory Guides

The applicant states in Section 1.7 of the PSAR that he revitws each Regulatory Guide
generally within six ronths of issuance of the guide. Table 1.7-1 of the FSAR, which
is a surrary of the applicant's position on each Fegulatory Guide, was updated to
hovember, 1976 by Arendment 28 to the PSAR. By letter of February 8, 1977, the
applicant stated that Table 1.7-1 will be updated in Ar+,drent 29. That updating as

described in the february 8, 1977 lettar has been reflected in our review.

We did not review the proposed exceptions to five of the Regulatory Guides (Section
1.11.1 below), deternined that exceptions to two of the Fegulatory Guides were not
applicable to the prcposed facility (Sect'on 1.11.2), fcund exceptiens to seven of the
Regulatory Guides were acceptable for the proposed facility (Section 1.11.3), found
exceptions to four of the Regulatory Guides were not acceptable (Section 1.ll.t), and
have not completed our review of proposed exceptions to five Regulatory Guides (1.11.5).

1.11.1 Exce::tions tn Regulatory Guides Not r,elied on in the Review

We did not review the proposed exceptions to five Regulatory Guides because we used
the recomendations of the guides for our independent analyses and did not rely on the
applicant's infornation in the areas of his prcposed exceptions. The five guides for
which we did not review the proposed exceptions are:

Fegulatory Guide 1.4 " Assumptions Used for Evaluating the Potential Radiological

Consequences of a LOCA for Pressurized Reactors (Rev. 2)" (Sections 2.3.4 and 15.5.6).

Regulatory Guide _1.24 " Ass rptions used for Evaluating the Potential Radiological
Consequences of a Pressurized Water Reactor Gas Storage Tank Failure (Rev. 0)"

(Section 15.5.6).

Regulatory _ Guide 1.2_5_ "Assurptions Used for Evaluating the Potential Radiological

Consequences of a Fuel Handling Accident in the fuel Handling and Storage Facility
for 3 oiling and Pressurized Water Peactors (Pev. 0)" (Section 15.5.6).

Peguletory Guide 1.77 " Assumptions Used for Evaluating a Control Rod Ejection Accident
for PWR's (Rev. 0) .' We corpleted our review of the CESSAR using the Fethods of

Regulatory Guide 1.77 to perform an analysis of the radiological consequences of a
postulated control rod ejection accident (Sectic 15.5.0 cf Appendix A). For our

short term diffussion estimates for the proposed 3. Section 2.3.4), the results of

our analysis in Appendix A show a need for a reduction the primary to secondary

leak rate below the one gallen per minute assured in Appendix A (Section 15.5.6) in
order to maintain calculated offsite doses within the guideline values of Appendix A.
Since the analysis rethods of Regulatory Guide 1.77 are conservative, a future finding
by the staff that the CESSAR exceptions are acceptable would likely p% t technical
specifications at the operating license stage of review for less restrictive primary
to secondary leak rates.

- ,
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pequlator.y Guide 1.111 " Methods for Estinating Atmospheric Transport and Dispersion of
Gaseous Fffluents in Routine Releases from Light-Water-Ccoled Reactors (Rev. 0)."
(Section 2.3.5)

1.11.2 Exceptions to Pegulatory Guides Not Applicable

We reviewed and concluded that proposed exceptions to two Regulatory Guides were not
applicable because of the design features of the proposed facility. (We did not review
the applicability to other facilities licensed or proposed by the applicant.) The two
Regulatory Guides with proposed exceptions that are not applicable to the proposed
facility are:

Cegulatory Guide 1.78 "Assurptions for Evaluating the H3bitability of a Nuclear
Power Plant Control Poon During a Postulated Hazardous Chemical Pelease" (Section 6.5.2).

Regulatory Guide 1.95 " Protection of Nuclear Power Plant Control Roon Operators
Against an Accidental Chlorine Pelease (Rev 0)" (Section 6.5.2).

1.11.3 Ac eptable Exceotions to r gulatory Guidese

We have reviewed and found acceptable for the proposed facility exceptions proposed
by the applicant to the following seven Pegulatory Guides:

Pegulatory Guide 1.46 " Protection Against Pipe Whip Inside Containment (Rev. 0)." As

reported in Section 3.6 of Appendix A to the report, we find that the CESSAR is
censistent with Pegulatory Guide 1.46. For systems inside the containment but not
within the scope of the CESSAR, the applicant proposed exceptions to Pegulatory Guide
1.46 in Table 3.6.1-3 of the PSAR. We reviewed these exceptions and found then
acceptable for the proposed f acility (Sec tion 3.6.1).

Regulatory Guide 1.52 " Design, Testing, and Maintenance Criteria for Engineered-
Safety-Feature Atrosphere Cleanup Systen Air Filtration and Adsorption Units o' Light-
Water-Cooled Nuclear Power Plants (Rev. 1)." The applicant states that the various

air filtration systems comply as applicable with the positions of Pegulatory Guide
1.52 and cites Table 6.2.3.3 of the PSAR for clarificatien and applicability (PSAR
Section 5.2.3). We have corpleted our review and conclude that the extant of confor-

rance with the provisions of Pegulatory Guide 1.52 is acceptable (Section 5.2.3).

PeJulatory Guide 1.54 " Quality Assurance Reguirements for Protective Coati'gs Applied

to Water-Cooled Naclear Power P! ants (Rev. 0).' The applicant states that the

r;aterials and corponents will be compatible with both the rorral oparating envircnrent
and the n0st severe therral, chemical and radiation environment expected during
post-accident conditions and that sur face preparation and coatings compatible with the

exposure and environnent will be in accordance with Table 6.?.1 -16 of the PSAR (PSAR

Section 6.2.1.6). We have reviewed this information and find the applicant's

~1 n7^l-17 s: (.,



provisions for quality assurance for protective coatings to be acceptable (Section 17.2
staf f review of Duke Power Company Topical Report, " Quality Assurance Prog > am-Duke 1";.

Regulatory Guide 1.E3 " Qualification of Nuclear Power Plant Inspection Examination,
and Testing Personnel (Rev. 0).' We fcund the applicant's exctptions to ce acceptable

during our review cf Duke Power Company's QA program described in their topical report
on quality assurance, " Quality Assurance Program-Duke 1" as modified by Anendments
1, 2 and 3 (Section 17.2).

Porulatory Guide 1. 75 " Physical Independence of Electric Systems (Rev. I). The

applicant has provided clarifying statenents pertaining to his confornance to the
provisions of Regulatory Guide 1.75 (PSAR Section 8.3.1.2.6). We have reviewed this

in'ormation and find acceptable confonnance with Regulatory Guide 1.75.

Peg 1 ator,y Guide 1.P0 "Preoperatioral Testing of Instrument Air Systems (Rev. 0
"

1

By letter of February 8,1977, the applicant corriitled to performing precperational
tests in accordance with the provisions of Regulatory Guice 1.G0 except fcr tests C9
and C10 specified by the guide. The applicant claims tcst C9 is not necessary because,
for the p-aposed design, toisture freezing in the lines is not credible and test C10
would dur.icate test C8. We have reviewed *.his matter and ccnclude that the applicant's
exceptions are acceptable for the proposed tacility design.

Pegu'ato_ry_ Guide 1.89. " Qualification of Class IE Equipment for Nuclear Power Plants

(Rev. 0). The applicant states that exceptions to the requirenents of IEEE 323-1974
will be stated in the implementation program and justified (PSAR Section 3.11.2.1-' )

applicant's commitments to meet theHowever, in Section 3.11, w conclude 4

requirements of IEEE 323-1974 are acceptable on this basis. On this basis we conclude
there will be no exception to Pegulatory Guide 1.89 having a safety signiffrance.

1.11.4 Non Acceptable Exceptions to PPjulatory Guides

We have completed our review anc find exceptions proposed to four Regulatory Guides to
be unacceptable to us on tha basis of information presented by the applicant. We will
require that the applictnt connit to conform to the reconrendations of each these
guides or provide an alternative solution to the safety matt'r addressed by the guide
that provides a level of safety equivalent to that of the guide. These four Regulatory
Guides are:

Fegulatory Guide 1.8 "Personrel Selectica and Training. ' We will require confornance
with our position that acceptable qualifications for the Sosition of Radiation Protec-
tion Manager include nine years' experience (Section 13.1).

Pegulatary Guide 1,67 " Electric Penetration Assemblies in Containment Structures for
Water-Cooled Not;>ar Power Plants (Rev. 0)." The applicant proposes that those

circuits which are incapable of supplying a fault current sufficient to cause loss of
rechanical integrity of the penetration will not be provided with overload protection

1-18
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(PSAR Section 8.3.1.2.11). We agree with the applicant that for themoccuple instru-
rentation circuits and corputer points overload protection is not needed. However,
for the annunciator circuits, we will require a comitrent that an analysis be provided
in the FSAR to derenstrate to our satisfaction that protecti)n is not needed, or that
failing such demonstration, protection will be provided.

Pejulatory Guide 1,67 " Installation of Overpressure Frotection Devices (Fev. '' ) . ' By
letter of February 8.1977, the applicant proposes an exception to Arerican Society of
Mechanical Engineers (ASME) Code Case 1569, which is incorporated in the provisions of
Rs ulatory Guide 1.67. The proposed aception is to use nominal inlet pipe sizes

instead of nominal discharge pipe size in computing the " branch moment.' On the basis
of our review, and in the absence of favorable action by an ASME Code Comittee we '

not find the proposed exception acceptable. We will require that the applicant

withdraw this exception.

$ atory Guide 1.79 "Preoperational Testing of ECCS fcr FWR's (Pev. 1)." The appli-lP

cant in Trble 1.7-1 references Section 3.1.33 of the CESSAR which in turn shows no
exception to Pegulatory Guide 1.79. Since this is a precperational test we will

require a confir-ation of this comitrent by the applicant in the PSA9

1.11.5 Exceptiens to Fegulatory Guides-Peview Not Corpleted

We have not completed our review of exceptions proposed to five Pegulatory Guides. A
will report the results of our review in a supplenert to this report. The five

RegJlatory GJides are:

Pegulatory Guide 1.14 "Fe5ctor Coolant Purp Flywheel Integrity (Rev. 1).' We conclude

in Appendix A to this repcrt that the confomance to the recomendations of Pegulatory
Guide 1.14 comitted to in the CESSAR constituted an acceptable basis for satisfying
the requirerents of Criterico 4 of the Comission's General Design Criteria. In
Arendment 28 the applicant in Table 1.7.1 of the FSAR has comitted to partial
corpliance with the in-service inspection recterendations of Regulatory Guice 1.14.

ReqJlatory_ Guide 1.31 " Control of ,tainless Stee' Welding (Rev. 1). The anplicant

has proposed on extensive list of requirerents in lieu of the provisions of Regulatory
Guide 1.31 for control of stainless steel welding (PSAP Section 5.2.5.7).

Peaulatorv Guide 1.44 " Control of the Use of Sensitized Stainless Steel (Rev. 0).
The applicant has prcposed an extensive list of require-ents ' lieu of the provisions

of Regulatory Guide 1.44 for control of the use of stainless steel (PSAR Section

5.3.5.8).

Mulatory Guide 1.50 " Control of Freheat Temperature for Welding of Low-Alloy S' eel
(Rev. 0)." The applicant ha3 Laken an exception to paragraph 6.2 of Pegulatory Guide
1.50 pertainin7 to the maintenance of preheat until stress relief is perforned (PSAR

Section 5.2.3.5).

1-19
.

w8 |



Regulatcry Guide 1.71 " Welder Qualification for Areas of Limited Accessibility (Rev.
0)." The applicant takes exception to the access provisions of the guide (PSAR

Section S.2.3.9).

1.12 Fxceptions to the CESSAR

In Section 1.9.3.3 of the PSAR the applicant states t'at _ PSAR incorporates byr

reference the major portions of the CESSAR, and that, howe.er sore subsections of
CESSAR are not incorperated in their entirety. The applicant states that this
situation is due to contractural options with the nuclear ste3m supplv .ysten vendor
which the applicant has exercised and tne use of alternative dcc on criteria or codei

re q u i rer en t s . In Arendment 29 to the PSAR, the applicas.t will .'tnoraw the following
two exceptions listed in Section 1.9.3.3 of the PSAR.

3.10 Seismic Design of Class IE Irstrumentaticn and Electrica' Equipment.

10.4.4 Turbine Bypass Syster (Footnote in Table 1.2-1, sheet 2 of 2 is applicab'

Secticn 11 S, " Post Review ispects" of WASH-1341, "Progra ratic Information for the

Licensing of Standardized Nuclear Power Plants" strongly discourages changes to the
standard design as proposed by the appl ; ant. Nevert'?less, we have reviewed the.

applicant's f cur remaining proposed exceptions to determir,e whe+her they would
invalidate our reliance on our review of the CESSAR as described in Appendix A to

this report.

The results of our review of the four proposed exceptions are as follows:

3.11 Envircnmental Design of Pechanical and Electrical Equipment. We will
require that rechanical and electrical equipment within the scope of the
CESSAR, and located in the containr ent be qualifiid to containrent environ-

rental conditions at least as severe as those for which the rechanical and
electrical equiprent within the scope of the PSAR wi'i te qualified

(Secticn 3.11).

S.2.5.7 P_ercentage of Celta Ferrite Used in AJs'.enitic Steinless Steel. We will
require that for stainless steel within the sccpe of the CESSAR, the
applicant include the sa e percentage of delth ferrite as specified in the
CESSAR. We have not reviewed the CESSAR for the applicant's proposed

exception to this percentage of delta ferrite.

4.0 Peactor. The applicant proposes that eight additional control element
assemblies (CEA's) be installed in the locations designated as spares en
LESSAR Figure 4.2-19. We did not complete a review of such a proposed on-

figuration (Appendix A to this report), and the applicant did not provide a
safety analysis. F a. we cannot find this proposed exception acceptable

on the basis of informaticn now available.
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9.1.4.2 Spent Fuel Handling Machine. The applicant statas that he has elected to

use a spent fuel handling machine that is identical to the refueling machine
described in the CESSAR. We have concluded that the use of the CESSAR
refueling machine design for the spent fuel handling machine in the proposea
facility instead of the CESSAR spent fuel handling machine design is accept-
able (Section 9.l.4).

Unless specifically excluded by this report, any equipment within the sccpe of the
CESSAR is subject to the provisions of the CESSAR independent of the source of supply,
including the applicant as a scpplier.

1.13 Exceptions to LES3AR Interface Reauirements

The applicant in Section 1.9.3.3 of the PSAR has identified, and characterizes as
mincr vari 3tions to the CESSAR interface requirenents that he proposes. The results
of our review are as follows:

(1) Deita ferrite - The exception is that expressed as an exception to Regulatory
Guide 1.31 (Section 1.12 of this report). We will report the results of our
review in a supplement to this report.

(2) Source tems - The applicant has [coposed source t(ms for the liquid and gaseous
radioactive waste management systens and for release to containment following a
postulated loss-of-coolant au.ident. We have used source terms that we nornally
use in our review and did not rely on the tems proposed by the applicant
(Sections 11.2,11.3 and 15. 5. 6).

(3) Environmental Design Conditions - Wa have made our independent calculations of
environmental conditions within thE Containment and Conclude that applicant's
conditicns proposed for qualification of mechanical and electrical equipnent
will be acceptable (See Sect:en 3.11).

(4) Water Pumped Gases - The interface requirement is for use of water in purping
cases. The applicant has connitted to minimum purity requirenerts of the CESSAR
without yet choosing the compression process. We conclude that this commitment
is acceptable for the construction permit stage of review.

(S) Estrument Accuracy - The applicant proposes to increase the inaccuracy of
feedwater torperature reasurement fron plus or minus one degree Fahrenheit as
required by a CESSAR interface requirement to plus or minus two degrees Fahrenheit.
This is acceptable for the construction pemit stage of resiew, but appropriate
justification will be required at the operating license stage of review to show

that perfomance analyses are applicable for this instrument capability.
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(6) Water Quality - A CESSAR interface requirenent is that the quality of er'ergency
feedaater shall be that of nornal reactor coolant nakeup water. The soplicant
proposes the same quality as for the condensate in the exterior condensate
storage tank. We will corplete the results of our review of this natter in a
supplement to this report.

(7) Electrical Instrumentation - The CESSAR includes interface require ents that
require sources of electric power to the reactor protective systen and engineered
safety features actuation system be ungrounded. The applicant proposes that the
direct current sources re:ain ungrounded and that the alternating current sources
be grounded. We conclude that including provisions for grounding of the alternat-
ing current sources is corpatible with the CISSAR systens and is acceptable.

A CESSAR interf ace requirer,ent is that CO-AX or TRI AX cable used for nuclear
instrumentation shall be run its entire length In conduit. The applicant's
exception preposes the use of a s all separate cable tray in lieu of conduit,
which we concluded is acceptable.

.
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20 SITE CHARACTERISTICS

2.1 Geography and Den ography

2.1.' Site Description

The site is located in the eastern portion of s'herokee County, South Carolina, approxi-
mately 40 miles southwest of Charlotte, North Ca olina, and 21 miles east of Spartanburg,
South Carolina. The geographic location of the site is shown in Figure 2.1. The site
property is bordered on the north and east by the Broad River, on the south by South
Carolina Hignway 13 cr by property fronting on Highway 13, and on the west by private
property and is directly west of Duke Power Cor:pany's Ninety-Nine Islands Hydroelectric
Station. The 13 cations of " 9 proposed facility features relative to the locations of
existing features are shown in Figure 2.2.

2.1.2 Exclusion Area Control

The exclusion area for the site is a 2500-foot (762 meters) diameter circular area
extending fron 'the center of the middle contairrent of the three containments. The

minimum exclusion area distance for the two end units is 1960 feet (594 reters). Duke
Power Corpany owns all land within the exclusion area. We conclude that this owner-
ship constitutes adequate assurance that the applicant can provide control of the land
within the exclusion area in acccedance with the requirements of Section 100.3 of 10 CFR
Part 100. The exclusion area includes parts of the Ninety-Nine Islands Reservoir and
the Broad River. Prior to a decision to issue construction permits, the applicant
must demonstrate that it can control the movement of persons in these water areas
in the event of an emergency.

2.1.3 _Po M ation and Peculation Distribution

In Figures 2.1.3-3 through 2.1.3-14 of the PSAR, the applicant has shown population
d3ta or population projections out to a distance of 50 miles from the site for the

years 1970, 1930, 1930, 2010, 2010 and 2020. The data fcr tne year 1980 shown in
Figures 2.1.3-4 and 2.1.3-10 of the PSAR and Shown in Fio;re 2.3 of this report as
cumulative population illustrate that the population at all distances out to 50 miles

from the site is less than 500 people per square mile, which is a population density
that we use to characterize a mcderately populated area.

We obtained an independent estimate of the 1970 population within 50 miles of the

site from Jureau of the Census data and found that our population figures agreed
reasonably well with the applicant's value of 1,308,327. The applicant's projected

pcrulation growth rate to the year 2020 for tne area within 50 miles of the site was

con;ared to the population projections of the Bureau of Economic Analysis for Economic
'^ ^ i ' ' f3 ' COJO~ '
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Area 28, whicn is shown in Figure 2 4 This corparison showed that the applicant's

growth projections of about 16 percent per decade, for the 50-mile area was hightr
than thc Bureau of Ecenomic Analysis projecticn of 10 percent per decade for Area 28.

The 8pplicant has selected a LOW population zone with an outer radius of five miles.
The total 1970 resident populatinn within the low pcpulation zone was about 3500
; ersons. Transient population within the Cherokee low population zone is estirated to

include 250 at Burlington Indu-;tries, 2.5 miles northea>t of the sita, up to 35 per day
at the reservoir near the Ninety-Nine Islands Dam, and 30 per day et local game
raragement areas; transient proulation outside the low population zone includes up to

1300 per day at Kings Mountain National Military Park eight miles nertheast of the
site.

As a result o' our evaluation of the applicant's proposed low pepJIation zone, we

conclude that there is reasonable assurance that the 10 CFR Part 100 definition of
the Icw popul3 tion zone can te satisfied in that we have not identified any unusual
characteristics with respect to the Icw population zore which would prevent the

deveicy ent of a;propriate emergency response proc edur es (see Section 13.3 cf this
report).

The populaticn cent _r nearest the Cherokee site, as defined in 10 CFR Part 100, is

Spartanburg, South Carolina, which is aboat 21 miles from the site and which had a
1970 population of arcut 45,000 cerscns. Gaffney, South Carolina, had a copulation of
atout 13,250 in 1970. Our projections su;> st that it is unlikely that Gaffney would

tecy o a population center until very late in the plant lifetime. Since Gaffney is

about eight niles frcm the site, 3 reed for a rajcr reduction in the low repulaticn

zone distance during the plant li'etire would not be necessary even it a pupulatico
center were to develop at G3f fney. As is indicated in T3ble 15.1 of this report, the

calculated low population zeno 30-day doses are a small fraction of the guideline
doses of 10 CFR Part 100. Trus, rajor reductions in the ice pcpalation zone distance

would be possible for the proposed facilities. The presert population center dis-

tance of 21 miles is well in excess of the mini- " distance o' one and one-third
tires the low population zcna distance required by 10 CFR Part 10n. These require-
ents can also be satisfied for population centers as cicse or even closer than a

potential populaticn center at Gaf fney without any changes in en ,ineered safety
feature; for the facility.

2.1.4 Ccnclusion

Cn the basis of the 10 CFR Part 100 definitions of the population center distance the

exclusion area distance, and the lcw population zone radius, our estirate of the 1980
pcpulation distribution, our an3 lysis of the onsite r:eteorological data from which
relative concentraticn factors were calculated (See Section 2.3 of this report), and

the calculated potential radiological dose consequences of cesign basis accidents
(See Section 15.0 of this report), we have concluded that the exclusion area, low
population zone and peculation center distance reet i sitir,q criteria of 10 CFR Part,

m_a ,

(;' L'
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100 and are acceptable. We further conclude that these siting criteria can be ret for
all population centers that we have projected as potential population centers t tat
could develop during the plant life for the proposed facility.

2.2 Nearby Industrial, Tran_spo_rtation and Militp_ry Facilities

hearby industrial and transportation facilities 're shown in fifure 2.5. The nearest

industry to the proposed facility 's Burlington Industries, a ma iufacturer of cotton

and cray coods, located two and one-half miles northwest of the site. We find that

this activity will pose no potential hazard to tha plant. A pipeline corridor

approximately four miles northwest of the site includes pipelines that carry refined

liquid petroleum products and pipelines that carry rethane gas. We have investigated
the hazards associated with these pipelines and have concluded that the pipelines do

not pose a significant threat to plant safety. There are no other industrial

fccilities within five miles of the plant location.

TFere are presently no State n- U.S. highways within four miler of the site, The

nearest airport is the Chtrokee Airport with a sod rurway located nine niles west-

aorthwest of the site. There is a railroad line of Southern Railways five tc six miles

from the site which we conclude would pose no hazard to the proposed Cherokee

facility.

We have investigated the federal and n*litary airways identified in Section 2.2.1 of
the PSAR and conclude that activities on these airways pose no threat to safe plant

croration.

On the basis of our evalLition, we conclude that nearby industrial, transportation,

a nd r:i l i ta r) facilities pose no threat to safe plant operation.

2.3 M_e teo ro.l ogy

2.3.1 peaional Ciiratoloav

The climate of the Cherokee site, located about 40 miles west-southnest of Charlotte,

North Carolina, is typical of continental climates in southern areas and is character-
ized by cool winters and relatively long, warr su rers. Cold air r:oving southward
into the area is rodified somewhat by crossing the Arcalachian Mountains.

The site ray be af fected by thunderstorns, tornadoes, tropical stores and hurricanes

Thunderstcres can te expected to occur on ctout 42 days Eer year, with the period May

through Auqast havinq 30 thurderstorn days. Hail greater than three-fourths of an
inch in dia-eter within the 13-year period 1955-1967 has been reported 14 tires in the
region of the site. Also in this period, 20 windstcrru (excluding tornadoes) with
;usts greater than 50 knots (58 n;A) occurred within tto one-deqree latitude-lengitude
square that contains the site.

*n
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In the period 18/1-1974, 27 tropical dopressions, storrs, and hurricanes passed

within 50 miles of the site.

During the period 1955-1974, four tornadces wete reported in the one-degree latitude-
lcngitude square containing the site, giving a nean annual frequency of 0.3 per year.
The computed recurrence interval for a tornado at the plant site is a400 years. The
design b3 sis tornada characteristics selected by the applicant for the site conform to

the recorrend3tions of Regulatory Guide 1.76, " Design Basis Tornado for Nuclear Power
Plants" (April 1974), for this region of the country.

The " fastest mile" wind spced recorded at Charlotte was 74 miles per hour. The
operating basis wind speed (defined as the " fastest nile" wind speed at a height of 30
feet above the ground with a return period of 100 years) of 95 riles per hour selected
by the applicant is adequate for the proposed site.

Tre applicant has e>arined reteorological data from Charlotte, North Carolina, for the
period 1949 through 1973 to select the appropriate design basis reteorological
conditions to be considered in the design of the ultinate heat -ink as reccd aended in
Regulatory Gaide 1.27, "Ul' irate Heat Sink for Nuclear Power Flants" (Revision 1,
" arch 1974). We find t6 e reteorological data presented in Table 9.2.5-4 ot ihe ?SAR
for analyses of ninimun water cooling and the data presented in Table 9.2.5-5 of tne
PSAR for analyses of maxinun water loss reasonably conservative, and are acceptable
for design of the ultimate heat sink.

In the period 1936-1970, there were atout 84 atmospheric stagnation cases totaling
about 325 days repor1.ed in the area of the site. The raxi"'un ronthly frequency
occurs in October.

2.3.2 Local Meteorolra:v

Climatological data from Charlotte and from Greenville-Spartanburg Airport (about 40
miles west of the site), and available onsite data have been used to assess local
reteorological characteristics of the site.

Mean monthly te*peratures at the site ray be expected to range fron about 42 degrees
Fahrenheit in January to about 79 degrees Fahrenheit in July. Record extreme ten-
peratures in the site area have been 104 degrees Fahrenteit and six decrees Fahrenheit

4nnual average precipitation in the site area is about 43 inches The raximum rean

rcnthly precipitation of about 4.6 inches occurs in July, while the minimur. rean
renthly precipitation of about 2.7 inctes occurs in October and Noverber. Annual
average snowfall is about five incFes.

Wind data from the 30-foot leeel at the site for the period September 11, 1973,

through September 10, 1974, indicate crevailing wind directions from the soithwest
ard the northwest directions with frequencies of 11 percent for each dir% tion.

4y2-9 :
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lhese predominant wind directions evidently reflect drainage flow patterns under
certain synoptic conditions. Winds from the south-southeast occurred least fre-

quently with a frequency of about two percent. Calms occurreJ about 5.5 percent of
the time. The average wind speed at the 30-foot level for this time period was 3.6
miles per hour.

2.3.3 Onsite Meteorological Measurements Program

The preoperational onsite meteorological program was initiated in Septerter 1973.

A 30-foot tower and a 130-foot tower (a converted electrical transmissien tower) were
located on the site at the proposed location of the cooling towers. As stated in
Amendrent 13 to the PSAR (page 2.3-10), these towers will be replaced by a permanent
meteorological f acility to becore operational "as soon as oractical af ter site excavation
has rendered the elevations and exposure representative of final plant conditions."

Wind speed and direction were measured at the top of the 30-foot tcwer. On the 130-
foot tower, vertical temperature difference was measured between 30 feet and 130

feet, tower wind speed and direction were measured at the 130-foot level, ambient air

and dewpoint temperatures were measured at 30 feet and precipitation was reasured
near the ground The data were recorded on strip charts

The accuracy capability of the vertical temperature difference data system did not
initially conform to the recorrendations of Regulatory Guide 1.23, "Onsite "eteo-
rolcgical Programs", however, the applicant, in Neverber 1974 installed instruments

that conform to the accuracy reco-r:endation, and perforred a cor parisen of relative
concentration values usin3 data from both syster s for the sa~e month. Our indepen-
dent analysis of these data indicate that relative c_ncentration values calculated

differ by only about ten percent. Therefore, we conclude that the meteorological
maasurements program meets the recorriendations and intent of Regulatory Guide 1.23.

The applicant has submitted one full year (September 11, 1973 through September 10,
1974) of onsite joint frequency distributions of wind speed an i direction at the 30-
foot level by atmospheric stability (as defined by the vertical temperature gradient
between 30 f eet and 130 feet) in thc ferrat suggested in Regulatory Guide 1.23.
The Jata recovery -ate was 93 percent. Sinilar distributions were submitted with

wind data from the 133-f oot level of the onsite tower, with a data recovery rate

of 92 percent. Also subnitted were joint frequency distributions (with stability

defined by the STAR program) for a five-year period (1968-1972) from Greenville-
Spartanburg Airport.

We have examined relative concentration values using each joint frequency distribution.

Relative concentration values calculated using each distribution were not significantly

different in maqaitude for pertiwnt distances and directions

The relative concentration values presented in Sections 2.3.4 and 2.3.5 are based on

the onsite data with wind speed and direction reasured at 30 feet.

2-10
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2.3.4 Short-Term (Accident) Diffusion Estirates

U?ing Duke Power Company's onsite neteorological data and the diffusien model

described in Pegulatory Guide 1.4 "Assucptions Used for Evaluating the Potential
Radiological Consequences of a loss of Coolant Accident for Pressurized Reactors ' we
have made conservative assessments of atnospheric dif fusion concentration values for
the various time periods follcwing a postulated accidental release. In our evaluation
of short-tern (0-2 hours at the exclusion distance and 0-8 hours at the low population
zone distance) accidental releases from tne plant buildings and vents, we assm ed a
ground-level release with the applicant's building wake factor, cA, of 808 square
reters.

The relative concentration for the 0-2-hour tire period which is exceeded no rare than
five percent of the tire is 2.5 x 10' seconds per cubic reter at the exclusion
distance of 594 reters. This relative concentration is equivalent to that calculated
assuming Pasquill Type F stability with a wind speed of 0.3 neters per second.

The relative concentration values for various tire periods at the outer boundary of
the low population zore (8000 meters) are:

Relative Concentrations in
Time Feriods Seconds Fer Cubit Meter

0-8 hours 5.9 x 10
8-24 ho;rs 3.8 x 10'c'

l-4 days 1. 5 x 10
4-30 days 4.0 x 10

2.3.5 Long-Tern (Routine) Diff sion Estimates1

Using the diffusicn model described in Regulatory Guide 1.111, " Methods for Estimating
Atrospheric Transport and Dispersion of Gaseous Effluents in Routine Releases from

Light-Water Cooled Reactors,' and Duke Power Corpany's onsite reteorological data,
wa calculated the highest offsite annual average relative concentration for vent
releases assring a ground-level release to be 2.4 x 10~ seconds per cubic meter at
the site boundary (594 reters) east of the proposed reactor complex.

2.'.6 Ctnclusions

We have concluded that the reteorological data presented by the applicant for the
period from September 11, 1973 to SepteTber 10, 1974 provide an acceptable basis for

determining conservative estimates of atroscheric dispersicn to be used calculating
accidental and routine gaseous releases from the Cherokee facility.
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Hydrolo 1 ngineeringE2.4

2.4.1 Hydrologic Description

The Cherokee site is located on the west bank of the Broad River approximately 91

miles upstream of its confluence with the Saluda River and just upstream of the
applicant's Ninety-Nine Islands Dam and Hydro Station. ficGewan Creek, to the west,
will be impounded to forn a reservoir which will serve as the nuclear service water
rond. To the east of the site is a storage ir poundment for the Ninety-Nine Islands
(run-of-the-river) Hydroelectric Station. The intake sedimentation basin which will
be f ormed by it. pounding e leg of Ninety-Nine Islands irpoundment will provide holdup
of w3ter pumped from the Broad River to remove sedirent from the water prior to its
use as plant makeup water. The river intake structure will be located on the west
bank of the Broad River about 1000 feet upstream of the Ninety-Nine Islands Dam Other

major hydraulic structures at the site will include (1) reservoir er banbrents and
associated witer control structures for the nuclear service water pond and the

alternate nuclear service water pond, (2) pump houses for the plant water systers, and
(3) the seismic Category 1 perranent underdrain systen and exterior wall drains.

The Broad River begins in the eastern fccthills of the rountains in western North
Carolina ar.d flows in a southeasterly direction to a point near Gaffney, Snuth
Carolira. It then flows in a so/:.crly direction to Colu-bia, South Carolina, where
it is joined by the Saluja River to fern the Cong3ree River. The Cong3ree River joins
the Witeree River near Eastover, South Carolina, forming the Santee River which flows

southe3sterly into tre Atlantic Ocean near Georgetcwn, South Carolina. The Broij
River has a length of approairately 185 riiles and a drainaae area of about 5,240
s4;are miles. The drainage area at the site is about 1550 square miles The river is

g3uged at the Gaffney gauge about five miles upstream of the site where the drainage
area equals 1433 square railes. Tne mean annual flow at the qauge is about 2470 cubic
feet per second. The raximum and miniran finws of record are 119,000 cubic feet cer
second and 140 cubic feet per second, respecti.ely. The Broad River is generally wide
and shallow and carries a large sediment load, includirl a large bedload conprised
mostly of sand. There are several uvstream reservoirs that partially control the fluw
at the site. Lake Lure, Lake Adger and Lake Scrit are headwater reservoirs, located
in the upper reaches of the Eroad River ard itc tributaries The rearest major

apstream river control structure is the Gaston 55031 ' r , which is a run-of-the-river
hjdrcelectric plant located about 10 miles upstrer o' the sita.

The Ninety-Nina Islands Hydro Staticn and da <ere completed in 1910 by the applicant.

The original surf ace ai ea and voire of the reservoir were 885 acres and 21,240 atre-
feet at the full pond elevation of 511 f eet above rean se.i level. The pond is now
teavily silted with a surface area of about 350 acres and 3 normal pool volun e of
2260 acre-feet.

2-12
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2.4.2 Flooding Potential

Several potential flood-producing sources including the Broad River, site drairile in
the vicinity of safety-related structures, potential dan failure, ice floodin; sarges,
and tsunamis, were investigated by the applicant and evaluated by the staff as follows:

(1) Historically, the flood flows ii) the Broad River have been caused by tropical
storms that rioved ashore and inland, usually in the surrie and early auturn
rien t h s . The August 14, 1943 flood was the raxinun flood of record listed in the
U.S. Geological Survey Water Supply Papers for the Gaffney gauge. This flood
had a raximum conputed flow over the Gaston Shoals Can of about 119,000 cubic

feet per second. This flow corresponds to an estimated maximtni stage, at the
proposed location of the facility river intake structure, of about elevatico
522.0 feet above mean sea level. The applicant has quoted the maximum finnd of

record for the Ninety-Nine Islands drainage areas as the flood of July 1916.
This flood had a discharge of about 133,000 cubic feet per second and a static
water level at the proposed location of the facility river intake of 524.1 feet
above mean sea level. The co puted raxi um elevation, including wind tide and
wave runup resulting from a 40 mile per hour overland wind, would be 527.7 feet
rean sea level. The source of this historic flood data was not given, although
presumably it is tron unpublished records for the Ninety-Nine Islands Hydro
Station.

Three criteria used as bases for design flood levels on the Broad River were (a)
the probable maximum ficod due to probable maximun crecipitation, (b) the
complete 'f ailure of any upstream dan (s) during the probable maximum flood, and
(c) the seismic failure of any upstream dam (s) coircident with the standard
project flood. The highest water surface elevation calculated for the ah^ve
conditions is elevation 567.4 feet above rean sea level for criterion (b), which
assumes a surge wave f rom the domino failure of Tuxedo and Turrier Dams and the

f ailure of Lake Lure Cam, such that these peaks would coincide with the probable
raximum flood peak stage at the plant site. We concur that this is a conservative
analysis based upon our recomrended design basis flood criteria described in
Pe]ulatory Guide 1.59, " Design Basis Floods for Nuclear Power Plants," August
1973, and with tre resultant peak stage of 567.4 feet above nean sea level as
the probable maxi a, flood level at the site. This peak stage is 22.6 feet
belt 4 the plant grade elevation of 590 feet above rean sea level, and we conclude
tha* the site will not be flooded from any reasonably possible combination of
probable raximun flood and upstream dam failures on the Eroad River.

(2) ne conclude that the proposed facility river intake structure is not a necessary
feature for the facility design to be in accordance with the provisions of

Regulatory Guide 1.27, " Ultimate Heat Sink for Nuclear Power Plants" and that our
review of the design considerations is not recessary for a decision on issuance
of construction pernits. However, the river intake structure will be designed by
tre applicant to withstand the postulated standard project flood. Electric
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rotors and controls for intake pumps and traveling screens will be set above the
standard project flood elevation. The plant can be shut down for an extended
period of time by using either the rechanical draf t cooling towers or the nuclear
service water pond. Neither systrem relies on the river intake as a single source
of water (see Section 9.2.5 for our evaluation of the bases for the design of the

ultimate heat sink).

(3) The ground floor level of all plant substructures will be at least one foot above
the high points of yard grade. In the event of blockage of site drains, the
surface water will be conveyed away fron plant buildings by natural flow proccsses
with no potential for flooding the plant's safety-related facilities. The roofs
of safety-related buildings will be proviced with overflow scuppers to allcw for
runof f in the event of normal roof-drain biockage and for rainfall in excess of

design values and up to the probable max +'m value. In the event of scupper

blockage, water will accumulate until ic spills over the side walls. Roof
penetrations on safety-related buildings will be waterproofed to above the
maxinun possible water legel. We conclude that these considerations for site
and roof drainage are acceptable.

(4) The nuclear service water pord will te forced by a seismic Category I dam to be
constructed across McGowan Creek, a small tributary of the Broad River, irr edi a tel y
west of the plant area. The dissipation of beat fron the nuclear service water
will be norrally accor.plished by closed-cycle rechanical draf t cooling towers.
The pond will function as the ultimate heat sink if the towers are inoperable.

The pond will have a drainage 3rea of approxirately 1350 acres. The water level
of the nuclear service water pcnd will be controlled by an ungated overflow
spillway with an agee crest at elevation 570.0 feet ab ve mean sea level. The
probable m_ximun flood resulting from the probable raw inum precipitation on the
pond drainage area, routed through the reservoir and erergency spillway, wil.
produce a peii pool elevation of 582.8 feet above rean sea level plus a 0.1-foot
wind setup and cre-foot wave runup for a total dyramic water level cf 583.9 feet
above mean sea level, which is 6.1 feet telow the tcp of dan elevation of 590.0
feet nean sea level. The ogne weir will be founded in rock and will have a
transition thro;gh a 200-foot concrete-walled rock chute to a 1400-foot concrete-
lined channel to the Broad River. Slope protection will be ;rovided for the
upstream and downstrean slopes of the nac' ear service water pond dam and also at
the spillway outlet works. Damped store riprap will te placed f rom seven feet
telow maximum drawdown to the crest on the upstream slope. Downstream sloces

will have riprap protection to the Broad River 100-year flood elevation of 525.0
feet above rean sea level. We have reviewed the analyses and prcposed flood

protection for the nuclear service water pond dam, and have concluded that the
applicant's design bases are acceptable. eowever, we will require additional
deta11s of the desiga of the scillway and its appurtenant structures in order to
verify that the prcbable rasimum flood can be safely discharged. We will
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require that these design details be reviewed and approved by us prior to
construction. The applicant has committed to this requirement.

(5) The alternate nuclear service water r:akeup pond wil? be forned by a separate non-
seismic Category I dam on a small southeastern arm of the nuclear service water
pond. The pond will provide an alternate source of rakeup water foi the nuclear
service w3ter cooling towers, which normally will be supplied with makeup fran
the intake sedi ?ntation basin. The standard project floed, routed through the
reservoir, resulted in a calculatcd naximum pond elevation of 53,.0 feet above
rean sea level which is three feet below the top of the the dam. Normally this
capability would be acceptable for such an alternate source of water. L owe v e r ,
this dan is located upstream of the nuclear service water pond dam, and it is

essential that f ailure of the alternate nuclear service water [ond dan does not
pose a threat to the safety of the downstroan seismic Category I nuclear service
water dam The applicant has stated that the seis-ic Category I nuclear service
water dam will be designed to withstand the instantaneous failure of the alternate
nucle 3r service water d3m We have also analyzed the failure of the alternate

nuclear service w3ter d3 with the reservoir at elevatien 590 feet above rean sea
level and with the nuclear service water reservoir at elevation 583.9, and have

concluded that the instantaneous failure of the al:errate nuclear service water
dan will not induce an cyt rtepping f ailure of the nuclear service water in. In

Section 2.4.i.2.0 of the PSAR the applicant has connitted to provide the G3 tails
of the altern3te nuclear service witer rakeuo pond for our rev i and appresal

prior to construction.

2.4.3 Low River Consideraticn

Extended drought conditions in the Croad River Easin could induce loss of river wa'er
intake capability. Howeser, the nuclear service water pond will !e designed to
provide sufficient stcrage to assure safe shutdown of the plant.

2.4.4 Groundwater

TFe proposed site lies within a groundwater region which is part of the Pie.inent
Grcundw3ter Province. Grourdwater in the area is derived entirely from local pro-
ciDitation. The water is contained in the peres of the residual soils and in joints
and cracks of the rock. There is a north-south grou dwater ridge at tre plant area,n

and groundwater flew is to the north, east, and west. Tne groundwater gradient in the
plant area is abcat six to seven feet per 100 feet. Perreability is controlled by the
extent and distribution of fractures in the bedrock and by the size and distribution
of pores in the overlying soil. The applicant h3s rade laboratory and field per-
meaDility tests and has deternined values ranging fron zero to about 5000 feet per
year. Measured depths fran the existing ground surface to the groundwater table on
the ridges range from about 40 to 80 feet. However, the prcposed plant grade will be

at about existing groundwater level. The groundwater table is generally at or near
the surface in valleys and draws near the site.

m,, 9-
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The applicant has analyzed two postulated spills of liquid radwaste to the groundwater
regimes. In the first, it was postulated that one set of liquid radwaste storage
tanks (witn the potential for the largest source of radionuclides), located to the
northwest of the reactors, would simultaneously rupture with no detention in the
concrete vault in which the tanks reside. The conteminants would move in the ground-
water northerly along the groundwater gradient and would break out as a spring at the
toe of the plant yard fill. The contaminants would then travel as surface water to
the Broad River where they would be further diluted by the historical minimum daily
river flow of 224 cubic feet per second. This would result in a dilution f actor of
11,200 and a travel tire of 1.3 years with respect to the nearest water supply located

22 miles downstream f rom the site.

For the second postulated spill, it nas assumed that ore set of liquid radwaste . > rage
tanks would simultaneously rupture and leak directly to the wall drain system where

Thethey would be purped at maximum system capacity to the auxiliary holding pond.
applicant assumed the contaminants would be cor. fined in the holding pond where they
would not be a safety problem.

We do rst concur with either of the applicant's analyses. Under the first postula-
tio. we conclude that since the radius of influence for the underdrain system extends
past the concrete vault any spill would te intercepted by the groundwater depression
for the permanent dewatering system. It would then be purped to the auxiliary holding
pond which we assured failed from either a seismic or flood event. This would result
in a dilution factor of 6000 and travel time of 15 hours at the nearest downstream
user 22 miles downstream. It is our position that the liquid radwaste-spill fron tre
second postulation would be diluted initially by the auxiliary holding pcnd volume and
would then seep through and under the dan and te diluted with the minimum average
annual Broad River flow of record. We made independent calculations of the travel
times and dilutico factors based on our stated position and calculated a dilution
factor of 36,0C0 and travel times of 4.7 years for strcntium-90 and 8.8 years for
cesium-134 and cesium-137 based on conservative ion exchange characteristics for the

soil.

Considering dilution and radioactive decoy over the above transit time, a rupture of
the recycle holdup tank will give a known radionuclide concentration of less than
5x 10'I microcuries per milliliter at the nearest potable water source in the Broad
River. This value is a fraction of the limits of 10 CFR Part 20, Appendix B.
Table II, Column 2 for unrestricted areas.

2.4.5 Permaneat Oewatering System

The applicant proposes to permanently lower the groundwater levels in the vicinity of
safety-related structures by using a system of seismic Category I underdrains and

exterior wall drains. The underdrains will consist of a series of interconnected flow
cFannels spaced on 20-foot centers located under the foundation slabs. The exterior
wall drains will consist of zoned filter materials around the walls, which will drain
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to a horizontal perforated pipe located at mat level. Both the underdrains and the
perforated pipe will discharge to a surp Iccated inside the auxiliary tuilding fran
which the water will be pumped to the plant storm drains system for gravity flow to an
auxiliary lolding pond onsite. The underdrain system of connected flow channels will
be loc .ed at the top of rock or at the top of the first level of fill concrete below
the foundation slabs. Each channel will run the full length of the buildirg escavation
tut will be closed at each eri so that no sedirent can be transported into it from
backfill outside the walls. All channels in tne grid system will drain by gravity
througn eight pipes to a 15-foot square sump located inside the auxiliary building.
The exterior wall drains will be located arourd the exterior walls of the auxiliary
and reactor building and will drain to the sane surp a the underdrain systen. No
cornection between the w311 drains and the underdrain systeu will exist such thit each
drains to the surp through independent and separate conduits. The exterior wall drain

systen will consist of a zored filter system which extends fran five feet below yard
grade to the botton of the excavaticn. The continuous perforated pipe will extend
around the perireter of tha building exterior walls at the botton of the zor.ed wall
filter. Two 120-gallen per mirute seismic Category I punps will raintain the water
level autor.atically in the sur p with each purp capable of handling the total corputed
flow of up to 35 galions per ninute per unit.

The applicant will include prosisions in the design f" ronitoring of punp operation

and visual inspection of drain outlets in the surp will provide assurance that the
zoned filter, drains and purps are functioning properly. Seismic Category I ranholes,
located along tr e exterior walls of the reactcr and auxiliary buildings, will provide
access to the perforated pipe in the zoned wall filter for inspection and cleanout.
These manholes can be used for temporary installation of pumps in the unlikely event
that groJndW3ter rises in the wall erains. An inspect,sn and monitoring procedure
will be developed for both the construction and c;eration phase of the plant. Several
observation wells will be located at strategic locations to monitor groundwater levels
in the vicinity of the shield and auxiliary buildings and will be used to verify that
the groundwater draudown is effected as predicted and to establish its extent cf

influence in the yard area. These wells will be ronitored periodically during
construction for a sufficient period to verify that a steady state condition has been
achieved. The details of the operational unitoring rrogram will be provided during
the operating license stage of our review.

Tre applicant states that design parameters used to size the dewaterirg system and to
establish the monitoring program will be verified during constructio xcavation. The
applicant has agreed tnat the currently proposed system would be modified or other
groundwater drainage designs would be adopted in the event that the current design
parareters are found to be substantially changed, as determined during construction
excavation. For example, if the site soils or rocks are fcund to be more permeable,
cau ing an increase in the design discharge, modifications such as increased purpc

size, or other designs would be irplemented. The applicant has also agreed that the
final design will ce based on data gethered during the construction excavation, if the
current design bases are inadequata.
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We have reviewed the applicant's plans for providing ronitoring programs during con-
struction and operation and his corritrent to appropriately rodify the design if
neasurenents show significantly higher grounda3ter flows than assu~ed for the prelini-
nary design. We find that the nooitoring program will provide suf ficient data fer
design input, and conclude that an acceptable design can te prnvided for the reasured
groundwater flow.

In addition to the c1pability of the perranent dewatering systen to handle norral
groundwiter flow, we asked the aLplicant to consider the effects of accidents and
natural phonorena on the capability of the perranent dewatering syster and the accept-
ability of the proposed structural design of th< facility. The applicant had already
considered the ef fects of ~'iltration of rainf all within the radiu3 of influence
assuming blockage of discha. ge pipes f rom the wall drains to the su p in the auxiliary
buildin J, but had not considered the ef fects on the su"p in the absence of such
blockage

in considerinq accidents that could release fluids within the radius of influence, tw
applicant concentrated his assessment en a lar ;e source of water, the condenser cir-

and on sc rces that could be accidently released directly intocul3 ting water systen, a

the will drain.

Tro applic19t states that the failure of a circulatirg water syster pipo insido th"
turbine b Jilding would cause water to be porded to a depth of 13 f eet atove the
turbine building ficor. The will of the adjacent auxiliary bu11dino fac ,; t'e
turbine buildin7 will be constructed as a seismic Category I wall up in i leu 1 uf 13
feet-six inche , above the turbir.e f'cor to prevent flow of the ponde1 wator in tre
turbine bull jing into the auxiliary building. In addition, +he applicant properos to
place a grout curtain under this wall to reduce seepage to the anderdr 31n system anti

to eatend sois" La ter; cry I retaining walls OJtward f ror cho ausiliary tn2ilding to
retain a colu',n nf icw perr e 3bility soil as a barrier to flow of water f rom tre
turbine building around to will drains along the sides of the auriliary building.

Ino primary grout holes for the grout curtain below the auiliary tuildirq substruc-
tur" at and the retaining w.11) will be spaced at 20 fcut inte vals. Secondary Foles

will split-space the primary grout holes Af ter the grout curta in is co~pleted, with
core holes will to drilled toa maxirun hole spacing o f 10 feet center-to-center, fou r

serify the adelu cy of the grout curtain. Along with visual inspotticn of tho rock
cores, the holes will be water tested to assu e that the permeability of the nroutr

curtain is less than the average perreability of continuous rock. The qrout holes are
to be split-spaced until the equality in Jerreability is attained. After completion
of the grouting and testing, the f our test holes will te cased and maintained for
cbserva' ion and testing throughout the life of the plant

> conclude that the critoria for the desiqn of retaining wall and placerent of tv
grout curtain are acceptable and should result in an acceptable " cans of preventing
Ieakage from the turbine building to the perranant decterinq systen in the event of
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a circv.ating wa'.er systen pipe rupture outside of the turbine buildi-1, the applicant
has stated t hat the r esul ts of an analysis predict that any additional water which
will enter the dewatering system will be niniral, and ~~~al groundwater levels will

not be affected.

The applicant initially prcrosed as a design basis for subsurface hydrostatic loads,
groundwater levols at the elevation of the under1 rain system. During our review the
applicant investigited the consequences of failures of sore of the fluid containing
tarks cnj piping within the adius of influence o' the perronent dewatering systen.
Consequences of some of those failures which could release fluids directly into or
noar the Eennarent dewatering system were analyzed by the applicant.

The nJclear service w1ter p' pes will pass through the wall drain adjacent to the
shield building. As described in Section 9.5.8 of this report, a r.oderate energy pipe
crack within the wall drain would cause overflow of the su p ard flooling of the
auxiliary building flocr, and in iitien would cause a localized elevation of water in
tre wall drain by about 2.5 feet. The arpl' cant in Section 2.4.13 of the PSAR has
described the consequences o' other accidents and additicn31 design changes that were
ade to nitigate the ccnsequ2nces of the accidents Although the accidents do not

include all ccnceivable eve its that could result in excess flow into the surp, the
applicant proposes to use the breu of the nuclear service w;1ter pipe as the desiqn
basis event for evaluat ng surp overflow. It would appear thit alternate designs,
such as highP/ su~p w311s, could te readily i plecented as a backup design feature if
cther sources result in unacceptab.e sump cverflow. We conclude that the applicant's
criteria for liniting su p overf1,w, or utilization of irodifications to the preliminary
design, if necessary, provil; assurance that iesign can be developed thit will

provide adequate flood pro ection for syste s and corporents located in the shield
and auxiliary taildings.

In respense to our ccrcerns about potential blockage of ficw paths from the wall drain
to the sur p, the applicant has connitted, as described in Section 3.3.5 of this report,
to design external structural walls surrcanded by wall drains and foundaticn floors to
withstand as an extr""e environ" ental load the hjdrostatic load caused by postulated
rebound of water in tre wall drains to nlant grade evca though no specific rechanism
fnr ef fecting such a rebound has been postulated. Va clude that this corritrent ise

conservative approcch with respect to r.axi*um desian water level in the wall drain<

and is accept 3t e.

2.4.6 Ultimate Heat Sink

Independent sources of nuclear service water will be available to provide an adequate
supply of cooling witer to dissipate heat rejected during a postulated loss-of-coolant
accident in one u1it and a norral shutdown in the other two units. Each sourcc I be
separated so that failure of or.e doos not cause failure of the other. Dissipation of
waste heat in the nuclear service water will be normally accoaplished t closed-cycle
rect 5nical draft cooling towers. Two separate and redundant towers will corprise this
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cooling system. Normal makeup for these towers will be furnished from the intake
sedimentation basin. An alternate source of makeup water is provided by an alternate
service water pond. Sufficient volume of water will be stored to assure availability
of makeup for 30 days. A nuclear se vice water pond formed by a seismic Category I
dam will provide sufficient storage of water for direct circulation to the nuclear
service system with recirculation to the pond for heat rejection from the pond
surface. On the basis of our review and independent analyses, we conclude that the
h drologic bases and design considerations for the ultimate heat sink are acceptable.i

Our overall conclusions on the ultimate heat sink are presented in Section 9.2.5 of

this report.

2.5 Geology and Seismology

We have completed our review of the geology and seis:aology data contained in the TAR
The seismology and geolcgy review of the site addressed the geologic history of the
region including physiographic, lithologic, stratigraphic and tectonic settings, as
well as the subregional and site-specific geology and seismology. Staff geologists
and seistelogists visited the site. Dgring these visits we examined the regional
geology, bedrock and diabase dike exposures, and core bcrings and soil samples from the
areas of the major structures and dam foundation areas.

Since the regicnal aspects which also apply to this site have been addressed
extensively in otrer reviews and safety evaluations, including those for the
Willian B. McGuire N; clear Station and Catawba Nuclear Station, the main ef fort
egended in our review dealt with resolving specific issues which might be of signifi-
cance in relaticn to the prc;osed site.

We have concludeJ that the investigations performed by the applicant have been
sufficient to adequately assess site geologic conditions. We reviewed available
data and conducted discussions with geologic authorities familiar with the site area.
Taese data indicate that there are no known geologic cr seismic problems at the location
of the site which would preclude the constructicn of the proposed nuclear power
plants; however, due to the existence of ancient srall-scale shears discovered in
borings and test pits in the area, the geologic investigation program must te con-
tinued during e>cavation. The applicant has committed to this program (Appendix F to
this report)'. The folicwing paragraphs contain a sumnary of the geology, seismology
and foundation engineering aspects of the proposed site.

2.5.1 Geology

It+ site is located in the Piedmont Fhysiographic Prov . nf South Carolina about

eight miles southeast of Gaffney, South Carolina, on tae west side of the Broad River.
The Piedmont frovince, which trends northeast - southwest, extends from Alabama to

New Jersey and is underlain by a complex sequence of deformed paleozoic metamorphic

rocks, igneous rocks of Paleozoic age and sedinentary rocks of Triassic age. This

province is bounded on the west by the Blue Ridge Province and cn the east by the
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Coastal Plain Province. A major structural geologic feature, the Brevard Fault Zone,
is located between the Piedmont and Blue Ridge Provinces. Structurally, the Piedmont
is characterized by large scale folds and ancient fault zones, or structural belts that
trend northeast - southwest. These belts include from east to west: the Carolina
State Belt, the Charlotte Belt, the Kings Mountain Belt, the Inner Piedmont Belt, and

ithe Brevard Zone. The site is in the southern portion of the canplex Kings Mounta n

Belt. Surface deposits are predaninantly saprolitic soils and saprolite with scat-
tered outcrops of metamorphosed bedrock, lhe surface material is underlain by mafic
and felsic gneiss, schist, metaconglomerate, and quartzite. Potassium-argon dating
of these rocks indicates that the last major episode of metamorphism occurred between

234 to 362 million years ago. A similar, but earlier event also occurred during the
early to middle Paleozoic time span or about 400 million years ago. Because of the
intense deformation which preceded or accompanied these regional metamorphic events,

tight folds and minor shear zones were produced in the rocks of the region and their
original sedimentary and volcanic fabric was altered, thus clouding their genesis and
hi s to ry . They are considered to be Precambrian and early Paleozoic aged sediments and
volcanics deposited in a eugeosynclinal environment. The obscuration of geologic
history, mentioned above, makes geologic mapping and determination of local and
regional structural relationships difficult. This difficulty results from the
region's low relief and fron the thick cover of surface deposits that overlies bedrock
in the area. Also, the rocks of this part of the Piedmont are highly jointed. Based

on potassium-argon dating and field observation, the ninor shear zones at the site are
older than 170 million years and have displacenents of no more than several inches.
Several diabase dikes marking the last major tectonic event in the area have been
injected into the rocks near the Cherokee site. These features have been sampled and
dated; the ages range from 190 and 254 million years. Based on the detailed geologic,
radianetric, and surface investigations, it can be said that there has been no

tectonic activity at or near the site since the Jurassic about 150 million years ago.

Several features in the vicinity of the site have been described in the literature as
major faults; however, examination of these features has shown no basis in fact for
such a conclusion, or that there are alternative interpretations of the data which are

more correct. Displacements of several feet resulting from ninor faulting have been
observed in a spodumene mine 13 miles north-northeast of the site and in a verniculite

mine 35 miles to the southwest. Reginnal ;eclogic considerations and radionetric
dating techniques indicate Triassic or Jurassic age assignments for the formation of
these structures. Major tectonic structures in the region of the site are (1) the
Gold Hill-Silver Hill Fault Conplex, 40 miles east, dated by a pre-Triassic diabase at
233-254 million years; (2) the Jonesboro Fault, 60 miles east-southeast, which is
associated with a diabase of Triassic-Jurassic age; (3) the problematic Brevard Zor,e
about 50 miles west of the site whose development is believed to have ceased about
Fernian-Triassic time (225 million years ago); and (4) the Kings Mountain Corpound

Fold to the north of the site which was formed at the time or before the oldest shear
zones and breccias were developed at the site.

Based on our review of the results of the applicant's site investigations and on the
results of our own studies, we conclude that there are no known faults or other geologic
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structures in the innediate vicinity of the site which could be expected to localize
earthquakes in the plant area.

2.5.2 Seismology

The applicant's review of literature and investigations of the site geology has not
identified any geologically recent faulting in the site area. In addition, his work

has shown that all reported evidence of possible major faulting within a 200-mile
radius of the site is related to other geological phenomena, e.g. , fo? ding. Where
minor faults have been found they have been dated as being geologically old and non-
capable within the reaning of 10 CFR Part 100. As a result of these observations, no
major recent faulting can be found within 200 miles of the site which could generate a
large earthquake. Small earthquakes, however, have been observea in the Piedmont.

None of these have been associated with faulting, although investigations of the depth
dnd thoroughness that are characteristic of nuclear power plant siting investigations
have not been made for the entire region. Such shocks are assumed to occur on small

zones of weakness which are scattered at randon throughout the Piedmont Province. The
largest such shock was of Modified Mercalli intensity VII. The applicant and we have
also considered both the consequences of a recurrence of the Charleston earthquake of
August 31, 1856, 175 miles f rom the site, and the consequer.ces of ground moticn at the
site from an earthquake cn presently undetected major faults at distai. es greater than
200 miles from_the site. Based on these considerations, we conclude that the 0.15g
acceleration prcrosed by the applicant for the safe shutdown earthquake and the 0.089
acceleration for the operating basis earthquake are adequate for the bedrock at tne
site.

Accelerations greater than the bedrock acceleration might occur for structures founded
on soil or fill overlying bedrock. Rather than designing for these effects the
applicant propcses to lower the najor foundations to bedrock and to design the plant
for the safe shutdown earthquake of 0.15g and the operating basis earthquake of
0.069

On the basis of our analysis and evaluation, we ccnclude that there is reasonable
assurance that tnere are no seismic or geologic related problems that would render the
sita unsuitable for the construction and safe operation of the proposed nuclear
facilities.

2.:.3 Foundation Engineering

(1) Site

The plant site is in an area of low rounded hills which are divided by small
drainage features that empty into the Broad River. Existing ground elevations
at the site ranges from 550 to 650 feet about mean sea level. Plant finished

grade in the vicinity of the major structures will be at elevation 590.0 feet
above mean sea level, which is abcut 100 feet above the river level. The facility
structure will be founded on rock and residual soil derived fran rock weathering.

2-22

r-;
a i



(2) Design Pasis Ear _th uakesSs

The design tasis earthqaakes, consisting of an operating basis earthquake and a
safe shutdown earthquake, ure described in Section 2.5.2. For the safe shutdown
earthquake, a ground motien with a peak acceleration at a zero period of 0.15g

will be applied at the foundation level to rock suppcrted structures. The

response spectrum for this input motion at the foundation level will be in

aCCOrdance with the provisions of Regulatory Guide 1.60, " Design Response Spectra
for Seisnic Design of Tuclear Power Plants." For structures founded on soil,
saprolite, or weathered rock, the design ground motion will be applied at the

level of continuous rock and propagated upward to the foundation level. The
applicant's preliminary soil anplification studies, indicate that the peak

acceleration of 0.15 g at continuous rock level will be amplified by a factnr

of about two at the ground 5urface.

(3) Subsurface Concitions

The site is located in the Piednont Physiographic Province and is characterized
by a subsurface profile of residual snils and saprolite derived fr an the weathering

of piedoninantly retamorphosed and defor ed gneisses, schists and quartzite rocks.
The texture of the soil-saprolite profile ranges from a thin surface 1:yer of

brown to red clayey silt residuum to mixed zones and layers of sandy silts and
silty sands. There are quartz veins in the soil and rock profile which are pervious

and difficult to detect bj borings. The pervious condition does not present any

problem for the foundation design of major structures, and tFe nuclear service

water dan will be designed to provide for this condition by utilization cf a core

trench and a drainage blanket as discussea below under items (6) and (7).

The sandy silts comprise approximately 70 percent of the soils in the foundation
and are predoninantly derised f ran the weathering of gneiss and schist reck.
They are costly reddish tan in color, contain 10 to 60 percent mica and have 20 to
50 percei finas passing tne number 200 sieve. The variations in the soil

textures a, e gradual and are due to the changes in the composition of the parent
rocks. These saprolitic soils gradually grade downward into felsic and rafic
gneiss bedrock at a maximum depth of about 70 feet below the existing ground level.
Bedrock is closely jointed.

Rock jointing coupled with variatien in the mineralogical and chemical c omposition
of the rock have caused large differential weathering er fects at the site naking
the geologic profile very complex.

For engineering purposes, the applicant has chosen to define and classify naterials
as either soils, we6thered rock, or continuous rock. Materials having a Standard
Penetration Test resistance of less than 100 blows per foot are classified as
soils. Soil raterials extend to a maximum depth of 65 feet and include those

materials wnich may be excavated using conventional earth moving equipment.
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Partially weathered rock is defined as that rock below a horizon of dense saprolite
having a Standard Penetration Test resistance greate- than 100 blows per foot, and
above continuous rock. Tha partially weathered rock zone ranges from a few feet
to about 30 feet in thickness and will requ re ripping and light blasting duringi

excavation. Continuous rock is hard rock having a Rock Quality Designation of
at least 65 percent, a shear wave velocity greater than 5000 feet per s:cond,
and a minimum unconfined compressive strength of 1500 pounds per square inch.

The existing groundwater level in the plant area ranges between elevation 570 and
620 feet above mean sea level. Nonnal groundwater level during plant operation
will be near the plant grade of 590 feet above met 7 sea level. However, tha
applicant has proposed to provide a permanent dewatering system to lower
groundwater from this normal level to near foundation levels (Sections 2.4.4 and
2.4.5 of this report).

(4) Foundations for Structures in Main Plant Area

The shield and auxiliary buildings for each of the three units will have mat
fosndations founded on continuous rock below the zone of major weathering or on
a thin layer of fill concrete over continuous rocks. The excavations for these

structures will extend to a maxinum depth of 50 feet below the level of continuous
rock. In a few areas, such as that for the auxiliary building for Unit 2, the
level of continuous rock will be slightly below foundation grade. In those !oca-
tions, and other local areas where weathered rock is present below founding levels,
the weathered rock will be excavated and replaced with fill concrete.

Each shield building for the three units will be supported on a 200-foot diameter
circular mat. The auxiliary building for each unit, which occupies an area
approximately 300 feet by 400 feet around the reactor building, will be sucported
on multiple mat foundaticos. Each building will be independen+1y supported.
Foundation loads for the mat foundations for the main plant tructurcs are equal
to or less than 11,000 pounds per square foot. The propose, rock foundation will
adequately support the imposed loa.s and the applicant estimates that settlement
will be negligible. However, we will require settlerent monitoring using three
monunents per structure and submittal of a record of the settlement history of
these structures in the FSAR. Settlement monitoring should begin after the
excavation is open and continue through and following construction.

Also, because of the corplex geology and weathering profile of the rock at the
site, we will require a test excavation in hard rock, during construction, to
demonstrate that specifications and controls for blasting are adequate to assure
that the reactor and auxiliary building excavations can be ccepleted without
unnecessary and unacceptable damage to the foundations. We will require
that the test excavation area be of sufficient size to be representative of

expected variation in geologic conditions, including rock type and the orientation
of jointing and foliation planes. We will require that the applicant advise us
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when tests are complete and when the test area will be available for inspection,

and that blasting records, including results and evaluation of tests, be sub-
mitted for our review. If the initial blasting methods used in the test area

yield satisfactory foundation conditions, rock excavation can proceed for all
safety-related structures using the same methods. If unsatisfactory results are
obtained, the field data will be evaluated by the applicant and by us to develop
suitable controls and criteria for blasting activity in critical foundation
areas.

There is insufficient information in Section 5 of Appendix D to the PSAR,
" Foundation Support," to complete our review. When sufficient information
is available, we will provide our evaluation of foundations for above groundwater
storage tanks and for buried diesel generator fuel oil tanks in a supplement to
this reper

For design purposes, the at-rest lateral earth pressure coefficient of 0.5 will
be increased by 32 percent to account for seismic effects. Lateral earth pressures
due to compaction of backfill and construction of the dewatering system will be
considered in the design.

(5) Pemanent Dewaterinq ( stem

As described in Section 2.4.5 of this report, the pemanent dewatering system will
consist cf (a) a peripheral line drain (perforated pipe) which extends around
the outside toe of the foundation of the auxiliary building complex, (b) a verti-
cal blanket drain placed against the exterior surface of structural walls and,
(c) a grid of drainage channels, spaced about 20 feet apart under the foundation
mats. The drainage cnannels will te approximately four inches by six inches
framed with wood, and placed on rock or on top of a leveling course of fill
concrete. Where the channels are placed on fill concrete, drain holes penetrating
rock joints, will be bored on a maximun spacing of eight foot centers. Also, a
blanket of porous concrete will be placed at the rock contact beneath the fill
concrete to provide a unifom water collection capability.

The applicant has conmitted to design seismic Category I structures for full
hydrostatic loading conditions that would be attained in the absence of the de-
watering system. The hydrostatic load will be corsidered as an extrere environ-
mental or abnormal load (Sections 2.4.5 ard 3.8.5 ef this report).

Also, an underdrain perfomance monitoring system including the use of manholes,
piezometers, observation wells, and alam systems will be provided (Section 2.4.5).

We conclude that the design of the foundation engineering aspects of the pemanent
dewatering system are acceptable for the foundation conditions at the Cherokee
Nuclear Station. Our conclusions on other aspects of the pemanent dewatering

system are reported in Sections 2.4.5, 3.8.5 and 9.5.8 of this report.
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(6) Foundaticn Conditions for ti.e Nuclear Service Water Facilities and Piping

The nuclear service water reservoir will be located west of the main plant area
and J31 be formed by impounding water in a natural valley that extends from an
ele on of about 510 feet above mean sea level in the flood plain to an average
elevation of 600 feet above mean sea level on the edge of the reservoir basin.
The main reservoir features will consist of an embankment dam, an uncontrolled

chute type spillway, and low level intake and pump structures for cenveying
water from the reservoir to the power plant. The normal water level in the

reservoir will be at elevation 570 feet above mean sea level and the crest of
the dam will be at an elevation of 500 feet above rean sea level.

(a ) Nuclear Serv;ce M er Dam

The maximum height of the enbankment dam wili be about 100 feet above the
flood plain elevation. The maximum section will be founder. on partially
weathared rock, and on soils at both abutments. The final excavation limits

for the dam foundation will be determined on the basis of Standard Penetra-
tion Test resistance, dynamic cone penetrometer resistance calibrated to the
Standerd Penetration Test, proofrolling, and field inspection by an expe-
r ienced geotechnical ?ngineer or geologist. Also, additional laboratory
'.estihg will be conducted cn soil samples obtained after the excavations are
open for verification of design strength aso rptions. For the portion of

the embankment supported on soil, the applicant has committed that founda-
tion materials having a Standard Penetration Test resistance of less than 15
to 20 blews per foot will be considered unsuitable for support of the dar
and will be renoved and replaced with compacted embanknent fill. Also,

naterials having shear strengths less than those assured for design will be
removed and replaced with conpacted fill with adequate shear strength. On
the abut-ents, w ere the enbankment is to be founded on soil-saprolite, ar

core trench will be excavated to groutable rock. The trench will permit
further exploration and inspection of subsurface conditions in order to

determire the level fren which foundation grouting shcuid comrence, and will
subsequently be used for incorporating an internal draina 7: system in the
embankrent found3 tion.

(b) Nuclear Service Water <pi_11way

The uncontrolled chute spillway will have a 10-fcot deep concrete aqee weir
founded on hard rock with a total loading of 4,000 pounde per square foot.

The chute will slope on a two-percent grade and will discharge into the
Ninety-Nine Islands at an elevation of 510.0 feet above mean sea level. It

will be cut into dense saprolite and partially weathered rock. Iht section

at the base of the spillway channel will be concrete lined, and a drainage
blanket will be olated behind the walls for the collection of seepage.
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Collected water will be discharged into the channel by drain holes through
the concrete liner.

(c) Nuclear Service Water Piping _and Intake, Discharge and Pump __ Structures

The nuclear service water intake and discharge structures will be founded on
saprolite or on compacted engineered fill (Group I). These structures will
have a total foundation loading of 1,000 pounds per sq;are font. The nuclear
service water pump structures will be founded on partially weathered rock at

an elevation of 550 feet above mean sea level with a total foundation
loading of 2,500 pounds per square foot.

The nuclear service water intake and discharge pipes will be supported on
saprolite, partially weathered rock, cr canpacted engineered fill. The
applicant has connitted to a test fill program during constructicn to develop
specifications for the control of Group I engineered fill. We require that
the final specifications for these fill materials, including controls for
its placement, roisture, and co paction be provided to us for review and
approval when they bc ome available, but no less than 60 days prior to fill
placement We require that abrupt changes in the pipe support cor.ditions
which may cause differential settlement and pipe stress concentrationr be
avoided.

(d) Settler'ent Monitoring and ReLorting

The settlement of the nuclear service water dam appurtenances, including
the intake, discharge, and pump structures, and nuclear servicc water piping
ray be influenced by the reservoir loading, and changes in groundwater
levels. Therefore, we will require settlement monitoring of these structures
and careful evaluation of data through construction and for the life of
the plant. We will require that sufficient instrumentation be provided for
each structure to monitor total settlement, differential settlement, and tilt,
and that settlement reference benchmarks te established on hard rock.

We will require that nuclear service witer pige connections not be made until
it is determined by field measurement that settlenents are within expected
ranges, and th3t connections be suf ficiently flexible to accorrodate at least
twice any additional settlerent expected after the connections are made. We
will require that the settlement history of these structures, togett.er with
details of how and when piping connections are rade, be presented in the FSAR,
and at the operating license stage of review will rer,uire that a program for
monitoring settlement after constructicn be provided in the technica',
specificaticns.
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(7) Nuclear Service Water Embankment Dam

The nuclear service water dam will be an earth embankment with a maximum height of
100 feet above its foundation level. The normal operating pool level will be

20 feet below the embankment crest. The crest width will be 40 feet and the
upstream slope of the embankment will be one vertical on 3.5 horizontal while the
downstream slope will be one vertical on three horizontal.

The embankment material will be mostly the micaceous sandy silt described under

item (3) above. Borrow for the embankment will come from the excavations in the
main plant area.

A zoned blanket drain will be placed on the prepared foundation beneath the down-
stream face of the embankment for the collection and control of seepage. The
blanket drain will be extended down to groutable rock on the downstream face
of the core trench excavation and extend up both abutments to the normal operating

pool level of elevation 570 feet above mean sea level. To control through
seepage, a chimney drain will be incorporated in the embankment at the upstream
limit of the blanket drain. We will require that the rinimum width of this drain

be six feet to assure acceptable procedures and that it be constructed by keeping
the level of the drain fill slightly above the embankment fill level to minimize
contamination of the drain material during placement.

We will require that the near surface layer of silty clay - clayey silc residuum
available from required excavations and borrow sources be used to construct an

impervious embankment zone upstream and adjacent to the chimney drain and to the
blanket drain in the coec irench. We will require that this zone be at least 12

feet wide and extend from the base of the core trench, or top of grout curtain, to

the crest of the embankrent.

The applicant has connitted to provide detailed excavation drawings and construc-
tion specifications relating to the design and construction of the nuclear service
water embankrent dam and its foundation for review prior to construction.

We will require that the applicant prepare the foundation excavation for an
observation and provide two weeks notice for os. We will make at least one
inspection of the nuciear service water dam foundation excavation during
construction.

We conclude that the proposed design of the nuclear service water wita our
additional requirements, cited above, will be adequate for the geologic con-
ditions of this site, as we know then. However, because the site geology is

conplex, we will requice that foundation excavations be carefully inspected to
determine if any local conditions exist which r,ay adversely affect the perfor-
mance of these structures, and if any such conditions are found, an assessrent of
the need for additional exploration and redesign.

.- r
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3.0 DESIra C7ITERI A FOR STRUCTURES, SYSTE!15 MD C0"PCNENTS

3.1 Con forrance wi th General Desion Criteria

The applicant has stated that Units 1, 2 and 3 of the proposed facility will be

insinned, constro ted and operated in accordance uith the Cerr:ission's General Design

Criteria for f.uclear Po<.er Plants ( Appendix A to 10 CFR Part 50). On the basis of
our review of the documentation sup .orting this comitrent, we coaclude that the,

preposed f acility can be designed, constructed and operated to reet the require-ents

of the reneral Desig> Criteria. Discussions regardina compliance with each critt rion

aro presented in Section 3.1 of the CESSM and Sec tion 3.1 of the PSAR.

3.2 Classi fic ation of Struc tures, Syster s a nd f v[o'er,t s
3.2.1 Eeis-ic Classification

Our ecaluttion of the seismic classification of structures, syste~s and co ronerts

, crtant ta safet s , hich are aithin the scopo of the nuclear steam supoly stardard.

reference svstm cesian is presented in 'ection 3.2.1 cf " w ondix A to this report.
TS,refore, the discussion helca is limited to structures, svsters and co ponents

wolch are within the scope of the balance of plant.

Safety-related structures, e)ste-s and componer ts, which are sithin the scope of the
b a l arc of pla t and are ro;uired to be desi7 e1 to withstand the ef fects of a cafe

;ttwn eartn ,O e and re-ain f unctional, h3ve Feen properly classified as seis~icc

f1ttacry I ite- These plant features are those r,ecess ary to assure (1) the
integrity of the reattor coolant pressure boundary, (2) the capability to shut down
the reactor ind aintain it in a safe shutdown conditicn, or (3) the capability to

crevent or r'itinate the ccrsetences of accidents shich could result in potential

,t f site exposures cce nrable to the cuideline exposures of 10 CFR Part 100.

All other structures, syste-s an1 components t*at ,ay be required for oper a tion of
t h.' facilities are designed to other than seismic Category I requirements Incluki

in tnis classific)tinn are thosn pc. tions of seismic Category I sy:tems which will
rot be required to cerf arn a safety function. Structures, systers and co porents

im portant to safety th3t will be designed to withstand the ef fccts of a safe shutdown
earthquake and remain f a tional have been identified in an acceptable an er in

Tables 3.2.1-1 through 3.2.2.; of tFe P5AR. As roted in Sec tion 3.2.1 of , perdix "

to this report, acceptance of certain coryonent cooling water lines to tho reactor
coolant co'us as Pualit/ Grouc ' desired to non-seisnic Catewry I requirements is
contingent upon f avorable results of pump tests wittout comorent coolirm water.

These results will t;e e /aluated d ; ring our reviee of the a alitation for Final Cesian

Ap;roval.

_
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The basis for our acceptance has been the conformance of the applicant's designs,

design criteria and design bases for stiuctures, systems, and components important to
safety with the Commission's regulations as set forth in Criterion 2 of the General
Ot sign Criteria, and to Regulatory Guide 1.29, " Seismic Design Classification," staf f
positions, and industry standards

Ue conclude that the safety-related structures, systens and components which are
within the scope of the balance of plant and will be designed to withstand the effects
of a safe shutdown earthquake and remain 'unctional, have been properly classified as

seismic Category I items in conformance with the Comnission's requlations, the
applicable Regulatory Guides, staf f positions, and industry standards.

3.2.2 System Ouality Group Classification

Our evaluation of the quality group classification of components important to safety
which are within the scope of the nuclear steam supply standard r eference syste,
design is presented in Section 3.2.2 of Appendix A to this report. The discussion
beiow is linited to structures, systems and components which are within the scope of
the balance of plant.

Fluid system pressure retaining components important to safety, which are within the
scope of the balance of plant, will be designed, f abricated, erected and tested to
quality standards corrensurate with the importance of the safety function to be
performed. The applicant has applied the American NJclear Society cl6 sification
system (Safety Classes 1, 2, 3 and non-nuclear safety) in accordance with Anerican
National Standards Institute Standard N18.2, to those fluid-containina corPcnents

uhich are part of the reactor coolant pressure boundary and other fluid systens
irportant to safety where reliance is placed on these systems: (1) to orevent or
nitiqate the consequences of accidents and nalfunctions originating within the reactor
toolant pressure boundary, (2) to permit shutdown of *te reactor and maintenance in a
safe snuteown condition, and (3) to contain radio 3ctive material . These classifica-

tions correspond to our Quality Groups A, B, C and D in Peculatory Guide 1.26,
" Quality Group Classifications and Standards These fluid syster s have been

classified in an acceptable manner in Tables 3.2.2-1, 3.2.2-2, 3.2.2-3 and 3.2.2-4 of

the PSAR and on system piping and instrumentation diaorams in the FSAR.

The basis for acceptance in the staf f's review has been confornance of the applicant's
designs, design criteria, and design bases for pressure-retaininq conoonents such as
pressure vessels, heat exchangers, storage tanks, purns, piping and valves in fluid
systems ir;ortant to safety with the Cornission's regulations as set forth in
Crite rion 1 of the General Design Criteria, the requirerents of Codes specified in
Sec tion S0.55a of 10 CFR Part Sq, and to Regulatory "oide 1.26, staf f oosi tions, and

indu't'y standards

-,
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We conclude that the fluid system pressure-retaining components important to safety,
which are within the balance of plant scope, that are designed, fabricated, erected
and tested to quality standards in conformance with the Connission's regulations, the
applicable Regulatory Guides, staff positions and industry standards, are acceptable.

3.3 Wind and Tornado Desinn Criteria

All seismic Category I structures exposed to wind forces will be designed to withstand
the ef fects of forces imposed by the design wind. All seismic Category I systems and
components located within these structures will be protected from the effects of the
design wind. The design wind specified has a velocity of 95 miles per hour based on
a recurrence interval of 100 years. The procedures that are used to transform the
design wina velocity into pressure loadings on structures and the associated vertical
distribution of wind presseres and g,st factors are in accordance with the American
Society of Civil Engineers paper No. 3269, " Wind Forces on Structures. ' This paper

has been widely used and recognized and has been accepted for use in the design of
recently-licensed nuclear power plants. The design wind loads will be combined with
other applicable loads as discussed in Section 3.8 of this report.

All seismic Category I structures exposed to tornado foccee and required to maintain
their integrity for the safe shutdown of the facility, wi'il be designed to withstand
the effects of the design basis tornado. Ali seismic Category I systems and components
located within these structures will tuerefore he protected from the effects of the
design basis tornado. The design basis tornado conforms to the recammendations of
Pegulatory Guide 1.76, " Design Basis Tornado for Nuclear Power Plants," wnich specifies
a tangential wind velocity of 29n miles per hour and a translational velocity of 70
miles per hour. The associated simultaneous mospheric pressure drop is three

pounds per square inch at a rate of two pounc per square inch per second.

The p'ccedures that will be used to transform the tornadt wind velocity into pressure
loadi igs will be similar to those used for the design wind loadings, discussed above,
exce,t that no gust factors will be used and no change of veiccity witt height will
be assumed. The pressure drop associated with the design tornado will b^ treated as
a static load. The tornada missile ef fects will be deterninec sing procedures

discussed in Section 3.5 of this report. The total effect of the desinn basis

tornado on seismic Cate^ory I structures will be determined by cppropriate cenbina-

tions of tne individual effects of the tornado wind pressure, pressure drop and

torrade-associateo missiles. Tornado-generated loads will be conbined with other
aoplicable loads as discussed in bection 3.8 of this report.

All the plant structures not designed for the tornado effects will be investigated to

assure that they will not fail to the extent that they might damage seismic Category
I structures. The safety f unction and structural integrity of seismic Category I

structures will thereby be assured.
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We conclude that the procedures to be utilized to deternine the loadings on seismic
Category I structures induced by the desinn wind and by the design basis tornado

specified for the facilities are acceptable, since these procedures provide a

conservative basis for engineering design to assure that the structures w ll with-i

stand such environmental forces.

The use of these procedJres provides reasonable assJrance that, in the event of the

occurrence of the design wind or the design basis tornado, the structural inteqrity

of seismic Category I structures will not be impaired. Seismic Category I systems

and components located within these structures will be adequately protected and will

perforri their intended sa fety functions Conformance with these procedures is an

acceptable basis for satisfying the require'"ents of Criterion 2 of the General Design

Criteria.

3.4 Water Level _]fiood) Cesign Cr teriai

The design basis flood levels resulting from the most unfavorable condition or

co-bination of conditions that prod;ce the maxicaun 'ater level at the site are

di scussed in Section 2.4 of th. report-

We have reviewed tre hydrostatic and hydrodjnaric effects associated with these flood

levels and find ther a c c ep ta bl e .

Although the plant grade is substantially above the river water level resul ting f rom
the probable n1ximun ficod, flood cc".ditions in the alterrate service water pond

could result in water levels in e> cess of the Cherokee plant arado which is at 593

feet abose rean se) level. Ucwever, tho elevated cooling tower yard and other areas
h!qher than t"e flood levels will preclude flew from the pond to the plant yard.

The groundwater elevation in the vicinity of the reactor ard auxiliary buildings,

which contains safety-related equiprent, will ha lcaered by a perranent dewatorino
systen consistina of a wall drain system and an underdrain system. The designs of
these syste s and tho bases for round water levels to be specified for design are

discussed in Sections 2.4 and 9.5.8 of this report. The resulting term, to be

included in load co-birations for these structures are discussed in Section 3. 8. 5 ' '
this report.

50 have reviewed the adequacy of the applicant's proposed design criteria and design

bases to determine the loadinjs on seisnic Category I structures indaced by the

highest design basis flood, or highest groundaater level, or other design basis

events as described in Sections 2. ard 9.5.8 of this re p rt. concludo that thea

desic;n criteria and desico bases for loadings due to water level nn seis nic Category
I structures are accentable.
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3.5 Missile Protection
3.5.1 Missile Selection and Description

In Section 3.5 of the PSAR the applicant states that all seismic Category I structures
and components, except those shielded from missiles will be designed for protection
against missiles. The applicant states that he has considered (a) missiles identified
in Taole 3.5.3-1 of the CESSAR postulated to originate frcm equipment within the scnpe
of the CESSAR, (b) tornado missiles, (c) turbine nissiles, and (d) aircraft missiles.

We have concluded that nearby industrial, transpcrtation, and military facilities
pose no threat to safe plant operation (Section 2.2). We have cate_;rized the other
missiles considered by the applicant as (1) missiles generated by postulated failures
of equipment within the facility, (2) missiles generated by postulated failures of
the power conversion turbines and (3) nissiles generated by postulated tornadoes The

results of cur review of the applicant's missile selection is as follows:

(1) Facility Equiggent Generated Missiles

Missiles that could be generated by postulated failures of equipment within the
scope cf the CESSAR are listed in Table 3.5.3-1 of the CESSAR. These include
appurtenances to pressurized systers, e.g. , nuts, bolts, studs, control rod drive
assemblies and instrurentation no2Zles. The possibility of missiles being
generated due to overspeed of the ieactor coolant puTp is being reviewed by the
staff as a gereric issue. (Sectico 5.2.6 and Appendix C to this report.)

The results of our review of missiles selected within the scope of the CESSAR
are reported in Sectico 3.4 of Appendix A to this report.

The applicant has not selected missiles from postulated failures of equiprent
within the scope of the PSAR and outside the scope of the CESSAR. 4crever, he has
connitted to the CESSAR interface requirerents stated in Section 3.5.4.1 of the
CESSAR which includes requirerents (1) to consider any potential nissile within
containment whose impact would lead to a loss-of-coolant accident or preclude
systems within containment fron carrying out their specified safety functions,
(2) to consider any potential missile outside containment with a potential for
preventing the system or eq ip ent listed in Section 3.5.1 of the CESSiR from
carrying out its specified safety functions, and (Ji to consider any potential
missile that could prevent conduct of safe shutdown. or prevent the plant fron
remaining in a safe shutdown condition. The applicart in Section 3.5 of the PSAR
has connitted to provide protection against internal or external nissiles that could
damage seismic Category I eauipment and components and in Table 3.2.1-1 has

corriitted to providing protection for the containment against equiptrent missiles.

We ccnclude that the applicant's criteria for nissile protection is acceptable

at this construction permit stage of review for selection of missiles due to

failures of plant features outside the sccpe of the CESSAR.

3-5
-

,.

| .

|



(2) Turbine Missiles

The CESSAR in Section 3.5.1 includes a statement that the systems listed in
Table 1.2-1 of the CESSAR are systems withir the scope of the CESSAR whose damage

by turbine missiles could have radiological consequences. The applicant in
Section 3.5 of the PSAR states that protection is not provided specifically for
turbine missiles on the basis that his analysis in Section 3.5.2.1 demonstrates
an acceptably low probability of damage from turbine missiles. We e d not
evaluate the applicant's analysis but perfarned our own independent analysis.

Each of the three turbine generatcrs will be arranged in a peninsular orientation
relative to its respective containment. We reviewed the exposure of essential
structures and systems of each unit to low trajectory turbine missiles postulated
to occur in the other two units. We conclude that only about one-tenth of the
turbine wheels could generate missiles that could strike safety-related structures
and that the angles subtended by the exposed safety-related structures assure
that for each postulated turbine missile the probability of a damaging strike is
less than 10- We consider that the prcbability of the occurrence of any
destructive overspeed turbine missile is in the order of 4 x 10 per turbine-year

and, hence, conclude : hat the overall probability of a dmaging turbine missile
trike is in the order of 10 Since we consider this probability to be

s :ceptably low, we conclude that the proposed locations and orientations of the
turbine-generators will provide acceptable protection against potentially
damaging low trajectory turbine missiles.

(3) Torrado Missiles

The applicant proposed seven postulated tornado missiles and described the bases
for the proposed missile characteristics in Appendix 3A to the PSAR. We did
not find that proposed nissile spectrum acceptable. Subsequently in Arendment
28 to the PSAR the applicant in Table 3.5.3-1 proposed a revised tornado missile
spectrur which we find acceptable.

3.5.2 Structures, S/sters and Components to t:e Missile Protected

ThP interface requirements stated in Section 3.5.4.1 of tre CESSAR identify as systems

to be protected: (1) inside containnent the reactor ecolant systre and connectf rq
systems, engineered safety feature systems, (2) outside containment the systers listed
in Section 3.5.1 of the CESSAR and (3) all systers and equipnent needed to conduct a
safe plant shutdown, or to prevent the plant from renaining in a safe shutdown
condition. As stated in Section 3.5 of Appendix A tc inis report, we have reviewed

the interface requirements in Section 3.5.4.1 of the CESSAE and find them acceptable
with respect to missile protection.

The applicant states in Section 3.5 of the PSAR that missile protaction er redundancy
will t,e provided for seismic Category [ equipment and corponents suc h tha t internal or
external missiles will not cause the release of significant amounts of radioactivity or
prevent the safe and orderly shutdown cl the reactor. In Table 3.2.1-1 of the PSAR
the applicant has identified structures that will be protected aqainst tornado
missiles and structures that will be protected against equipment missiles
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We have concluded that the applicant's corritnent te the CESSAR interface requirenents
and his additional commitments in Section 3.5 of the PSAR are acceptable at the
construction permit stage of review for determining which systers will be prottcted
against missiles.

3.5.3 Missile Barrier Design Procedures

The analysis of seisnic Category I structures, shields and barriers to deternine the
ef fects of missile inpact, will be accomplished in two steps. In the first step, for

missiles generated by equipment failure, tne potential damage that could be done by
the missile in the innediate vicinity of impact will be determined. T*.is will be
accomplished by estimating the depth of penetration of the missile into the impacted
structure. For cercrete structures, the modified Petry equation will be used to

determine the extent of missile penetration. For steel structures, fornules developed
by the Stanford Research Institute for estimation of penetration of missiles will be
used. These formulas are widely used and recocnized and were used on recently
licensed plants. Furthermore, secend3ry missiles will te prevented by fixing the
target thickness well above that determined for penetration.

For torna do nissiles, the applicant has coanitted by Amendment 28 to the PSAh to
design walls and roofs exposed to tornado missiles to thicknesses shoon in Tabie 3.5.3-2
of the PSAR. We conclude that this procedure is acceptable for tornado nissiles and
that local damage an31yses of walls so sized need not be made for tornado aissiles.
However, analyses to predict overall structural responte as described in the following
paralraph is recessary. Ej A endnent 23 to the f 5AR the applicant corrriitted in
Section 3.5.4 of the PSAR to demonstrate acceptable overall structural response for
the tornado rissile spectrr shown in Table 3.5.3-1 of the PSAR.

In the second step of the analysis, the overall structJral response of the tarcet
when impacted by a missile will te determined usinq established and accep+able rethods
of impactive anal y sis. The load of nissile i pact, whetFer the missile is environ-

mentally gene'ated or actidentally generated within the plant, will be combined with
other applicable Icads as discussed in Section 3.- of tnis report.

The use of these procedures provides reasonable assurance that, in the esent of
design basis missiles striking seisnic Categir, I structures or other missile shields
and tarriers, the structural integrity of sti uctures, shields and barriers will not

te irpaired or degraded to an e< tent that will result in a loss of reouired protection.
Seismic Category I systens and components protected by these structures will,
theref ore, be adequately protected against th" effects of nissiles. Conformance with
these preo Dres is an acceptable basis for satisfying the rec aircrents of Criterien 4

of the Get eral Design Criteria.

Wo conclude that the design procedures that will be utilized tu determine th? effects
and loadings on seismic Category I structures, barriers an1 nissile shields induced
by desir;n basis missiles selected for the plant are accep+oble, since these procedures
represent accepted practice for engineering design to as are that the structures or

barriers are adequately resistant to the ef f ects of missile impacts.
.,
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3.6 Criteria for Protection Anainst Dynamic and Environmental Effects Associated With_
the Postulated Rupture of Piping

3.6.1 Protection Against Dynamic and Environmental Effects Associated with the Postulated

Pupture of Piping Inside Containment

Our safety evaluation of the criteria and nethods for protection against the effects
of postulated ruptures of the reactor coolant system loop piping which are within the
scope of the nuclear steam supply system is presented in Section 3.6 of Appendix A to
this report. In addition, the applicant has incorpcrated provisions in the desien of
tne pipinq systems which are within the scope of balance of plant that are generally
consistent with Regulatory Guide 1.46, " Protection Against Pipe Whip Inside Contain-

rent." We conclude that exceptions to Regulatory Guide 1.46 proposed by the applicant
that are delineated in Table 3.6.1-3 of the PSAR are acceptable.

These provisions for protection against the djnamic ef fects associated with pipe
ruptures and the resulting discharging coolant provide acceptable assurance that, in
the event of the occurrence of the carbined loadings imposed iy an earthquake of the

ma Jnitude specified for the safe shutdown earthquake and a concurrent single pipe
break of the largest oipe et or.e of the design basis break locations, the folloning
conditions and safety functicns will be acconrodated and assured:

(1) The ragnitude of the design basis loss-of-cooiant accident cannot be aggravated
by potentially multiple f ailures of piping.

(2) Tne reactor e~ergency ccre cooling systems can be expected to perfc treir

intended fu ction.n

(3) The cantainment structure's leak-tight integrity can be expected to be raintained
in order to contain within the leakage limits of tre containment, any radioactisa
raterials released fron the discharging coolant into the containment atmosphere.

On the basis of our review, we conclude that the criteria that niil te used for the
identification, design and analysis of piping syste-s, where postulated treaks may
occur, constitute an acceptable design basis in reeting the applicable requirerents
of Criteria 1, 2, 4,14 and 15 of the General Design Criteria.

3.6.2 Criteria for Protection Against Dynamic and Environmental Ef fects Associatrd with

the Postulated __P@re of High Energy Pipinq Outside Coniainment

The proposed design will accomnodate the effects of postuleted pipe breaks and cracks
in high cnergy fluid piping syster's outside containrent with respect to pipe wtip,
jet inpinge ent and resulting reaction forces, and environ ental corditions. The
general arrangement and tre layout of high energy syste's will utilize the r'ssible
combinations of physical separation, pipe enclosures, pipe tAip restraints and equip-

rent shields
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The criteria to be folicwed in the design of the piping systems and associated components

and structures will be in acccedarce with those contained in Branch Technical Positions
AFCSB 3-1, "Protecticn Against Postulated Piping failures in Fluid Systems outside
Containrent" and PEB 3-1, " Postulated Break dr.d leakage Locations in Fluid System
Piping Outside Containrent'' witn exceptions identified in Table 3.6.1-3 of the applicart's
PSAR. We have reviewed these exceptions and find thers acceptable for the proposed

facility.

The applicant will aralyze high energy piping systens fcr the effects of pipe whip,

jet impinge ent, and environment on safety-related systers and structures. For

raderate energy syste'"s, the jet and environmental ef fects due to critical cracks will
also te considered.

The plant design basis will include the ability to sustain a postulated high energy
pipe break accident coircident with a single active failure anJ retain the capability

for safe cold shutdown. For Ecstulated pipe failures, the resulting envircreental

effect will not preciuae the habitability of the central rcon, the accessibility of

other areas that have to t.e marr+d durir,g an accident condition, and the loss of
function of electric ;cwe- supplics, ccntrols and instru~entation reeded to complete a

safety action.

We conclude that tre dcsi';n criteria and bases to te used for pr otection of esser tial
syster and ctcporents f rc~ a pcstulated f ailure of piping cutside the cantainr Ert

are acceptable.

3./ Seismic Desian

Our evaluation ct t"e seis"ic cesign of systens d cor ; orents wi thin the scope of

the standard refererre syster ces gn is preserted in Section 3.7 nf rr;endix A to

this repcrt. Cur disc,ssion belcw is li~ited to structures, syste s ard co ;orerts

within the sccre of the balarce of plant.

3.7.1 teismic I qut

The seismic design resca se s,ectra to be applied in the resign of seismic Category I
structures, syster s and ccrrponents comply with the reccrr endations of Fegulatory
S2ide 1.60, Oesign rescenso Erectra for 5eis~:: Cesign nf 'uclear rower Piants

T N- srecific percentage of critical damping values to be used in the seismic analysis
cf seismic Category I structures, systers and co7 cnents are in confcarance with
Pegulatory Guide 1.01, "D= ping ialues for Erisnic Design of Nuclear Fewer Plants."

The synthetic tire histcry to be used for the seismic desiqn cf seismic Category I
plant structures, systm , and cce pcrcnts is adjusted in arglitude and f requency con-
tent to obtain rescanse spectra that envelcp the cesign restonse spectre specified for

the site.

,
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Conformance with the recommentations of Regulatory Guides 1.60 and 1.61 provides
reoscnable assurance that the systems and components will be adequately designed to
withstend the consequent seismic loadings associated with the operating basis earth-
quake and safe shutdown earthquake accelerations.

We conclude that the applicant's proposed seismic input criteria are acceptable for
seismic design.

3.7.2 Seismic System and Subsystem Analysis

The scope of our review for the seismic system and subsystem analysis for the balance
of plant included the following: (l) the seismic analysis nethods for all seismic
Category I structures, systems and components, (2) procedures for modeling, (3)
seismic soil-structure interaction, (4) the development of floor response spectra,
(5) the inclusion of torsional effects, (6) seismic analysis of seismic Category I

dams, (7) the evaluation of seismic Category I structure overturning, (8) cesign
criteria and procedures for evaluation of interaction of non-seismic Category I

structures and piping with seismic Category I structures and piping, and (9) the
effects of parameter variations on floor response spectra.

The systen and subsystem analysis will be perfanned by the applicant on an elastic
basis. Modal response spectrum multi-degree-of-freedon and time history methods fann
the basis for the analysis of all najor seismic Cat 2 gory I structures, systems and
components. When the modal response spectrum rethod is used, governing response

parameters will te conbined by the square-rcot-nf-the-sun-of-the-squares rule.
However, the absolute sum of the modal responses is used for modes with clotely
spaced frequencies

The square-root-of-the-sun-of-the-squares of the ruximum codirectional responses will

be used in accounting for three components of the earti,q13ke rotion for both the time
history and response srectrun nethods. Floor spectra inp;ts to be used for design

and test verifications of structures, systers, and ccrparents will be generated f rom

the tire history rethod, taking into account variation of parameters by peak widening.

A vertical seismic systen dynamic analysis will be erployed for all structures,

systems, and conponents where analyses show significant structural amplification in
the vertical directico. Torsional effects and stability against overturning will

also be considered.

The finite element approach will be used for the analysis of seismic Category I dams
This approach will take into consideration the time history cf forces and the

behavior of the defornation cf the dan due to the earthquake, and the applicable

stress-strain relations will be used.

In Amendment 29 to the pSAR the applicant will add a commitrent on interaction of non-

seismic Category I structures with seismic Cateaory I structures in accordance with
the provisions of 5ection 3.7.2, II 8 of " Standard Review Plan For the Peview of
Safety Analysis Reports for NJclear Power Plants," NURFG-75/no7.
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The applicant will verify that the response spectra obtained at the interface of the

structure and the nuclear steam supply systen will be less than those specified in
the CESSAR.

We conclude thal the seisnic system and subsysten onalysis procedures and criteria
proposed by the applicant provide an acceptable basis for th' *eismic design of

seismic Category I structures, systems and components.

3.7.3 Seismic Instrumentation Program

The installation of the specified seismic instrume tation in the reactor containment
structu e and at other seismic Category I structures, systems, and components constitutes
an acceptable program to record data on seismic ground rotion as well as data on the
frequency and amplitude relationship of the seismic response of major structures and
systems. A prampt readout of pertinent data at the control room can be expected to
yield sufficit 'nfon,ation to guide the operator on a timely basis for the purpose

of evaluating th sismic respcose in the event of an earthquake. Data to be obtained

from such installeu seismic instrumentation will be sufficient to determine that the
seismic analysis assunptions and the analytical model used for the design of the

plant are adequate and that allowable stresses are not exceeded under conditions

where continuity of operation is intended. We have determined that the proposed

seismic instrumentation program conplies with the provisions of Regulatory Guide
1.12. " Ins trumentation for Earthquakes," and is, therefore, acceptable.

Des _i n of Seismic Cate3 cry I Structures3.8 S

3.8.1 Steel Containment

The containment will consist of a spherical, fr9e-standing steel shell located within

a separate, reinforced concrete shield buildina. The containaant will be desiened,
fabricated, constructed and tested as a Class MC vessel in accordance with Subsection

NE Section III of the American Society of Mechanical Engineers (ASME) Boiler and
pressure Vessel Ccde, 1971 Edition. Loads will include an apprcpriate combinatien of
dead and live loads, thernal loads, seismic and loss-of-coolant accident indaced

loads, including pressure and jet forces. A seismic Category I concrete shield
building will protect the steel containment from the ef fects .of wind and tornadoes
and various postulated accidents occurring outside the shield building.

The analysis of the containment will be based on the elastic thin shell theory. The
allowable stress and strain limits for the various loading conditions are generally

those delineated in the applicable sections of Subsection NE of the ASME Code, Section
III suppienented by the Regulatory Guide 1.57, " Design Limits and Loading Combinations
for Metal Primary Feactor Containment System Components." After the completion of

construction and prior to operation, the containment will be subjected to structural
pro'f tests, including hydrostatic, pneumatic or leak tests in accordance with
Subsection NE of the ASME Code, Section III and Regulatory Guide 1.57.
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Ine criteria to be used in the analysis, design, construction and testing of the
steel containment structure to account for the loading and conditions that are
anticipated to be experienced by the structure during tae service lifetine, are in

conformance with the acceptable rules of the ASME Boiler and Pressure Vessel Code,

Section III, Subsection NE, Class MC Components. By letter dated February 8,1977,
the applicant has connitted to apply the explicit load ccobinations delineated in

Section 3.8.2. paragraph II 3 of the " Standard Review Plar f or the Review of Safety
Analysis Reports for Nuclear Power Plants," NUREG-75/037, November 24, 1974. The

criteria used in the analysis, design, and construction of the steel containment
struc'ure to account for anticipated loadings and postulated conditions that may be

imposed upon the structure during its service lifetime are generally ir, conformance
with established criteria, codes, standards, and guides which we find to be acceptable.

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

techniques, and the testing and in-service surveillance requirements, provide

reasonable assurance that, in the event of earthquakes and various postulated accidents

occurring within and outside the containment, the steel containment will withstand
the specified conditions without inpairrent of structural integrity or safety function.

Conformance with these criteria constitutes an acceptable basis for satisfying the

applicable requirements of Criteria 2, 4, 16, and 50 of the General Design Criteria.

3.8.2 Concrete and Structural Steel Internal Structures

The containment interior structures will consist of a snield wall around the reactor,

secondary shield walls and other interior wall s, compartments and floors The interior

structures will ce designed in accordance with the American Concrete Institute (ACI)-

313-71 Code for concrete and the American Institute of Steel Construction (AISC)
specifications 7th Edition for structural steel . The load f actors, the maxinum

allowable stresses and the load corbinations of both of these codes have been nodified
in accordance with positions that we nave developed to adcpt then to the conditions

encountered in the design of nuclear plants

The applicant has considered those loads which nav act on the structure dJTin9 its
lifetire, such as dea f and live loads, accident-induced loads, including pressure and

;et loads, and seismic loads. The lo' combinations to be used cover all postulated

events and include all loads which may act simJltaneo; sly. In the design of concrete

interior structures, the strength design method will be used.

Tre criteria to be used in the design, analysis, and construction of the containment

internal structures to accoant for anticipated loadings and postulated conditions

th3t ray be imposej upon the structures during their service iifetire are in conforrance

with established criteria, and with codes, standards, and specifications which we

finJ to be acceptable.

-.
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The use of these criteria as defined by applicable codes, standards, and specifica-
tions; 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 in-service surveillance requirements
provide reasonable assurance that, in the event of earthquakes and various postulated
accidents occuring within the containment, the interior structures will withstand the
specified design conditions without impairment of structural integrity or the performance
of required safety functions. Confcnnance with these criteria constitutes an acceptable
basis for satisfying the applicable requirements of Criteria 2 and 4 of the General
Design Criteria.

3.8.3 Other_ Seismic Category I structures

Seismic Category I structures other than the containment will include the containment

shield building, the service water intake structures, the auxiliary building which
includes the fuel handling area and the control roon. With the exception of the
containment shield building which is cylindrical in shape with a hemispherical do,e
the seisnic Category I structures other than ccntainment will be predoninantly
rectangular type structures consisting of slabs, beams, walls and colunns

The major code to be used in the design of concrete seismic Category I structures
will be the ACI 318-71, " Building Code Requirements for Reinforced Concrete.' For

steel seismic Category I structures, the AISC specification, "Speci fication for the
Design, Fabricat'on and Erection of Structural Steel for Buildings,' will te used.
The load f actors, the maximum allowable stresses and the load combinations of both of
these codes have Lcen nodified in accordance with the positions that we have develoced
to adopt them to the conditicns encountered in the design of nuclear plants.

The concrete and al seismic Category I structures will te designed to resist
various combinations of dead loads; live loads; environnental loads including winds,
tornadoes, operating basis earthquake and safe shutdown earthquake; and loads generated
by postulated ruptures of high energy pipes such as reaction and jet impingement
forces, compartment pressures, and impact effects of whipping pipes.

The design and analysis procedJres that will be u;cd for these seismic Category I
structures are the sa e as those approved cn previously-licensed applications and, in
general, are in accordance with procedures delineated in the ACI 318-71 Code and in

the AISC specificatico for concrete and steel structures, respectively.

The varicus seismic Category I structures will be designed and proportioned to remain
within limits that we have established under the various load combinations.

The criteria to be used in the analysis, design and construction of the seismic
Category I structures to account for anticipated loadings and postulated conditions
that nay ta inposed upon eaG. _tructure during its service lifetire, are in conferrance
with established criteria, codes, standards, and specifications which we find to be
acceptable.
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The use of these criteria as defined by applicable codes, staMards and specifica-
tions; the loads and loading ccmbinations; the design and analysis procedures; the
structural acceptance criteria; the materials, quality control and special construc-
tion techniques; and the testing and in-service surveillance requirenents, provide
reasonable assurance that, ii the event of winds, tornadoes, earthquakes and various
postulated accidents occurring within the structures, the structures will withstand
the specified design conditions without impairment of their structural integrity in
the performance of their safety function. Conformance with these criteria codes,
specifications, and standards constitutes an acceptable basis for satisfying the
applicable requirenents of Criteria 2 and 4 of the General Design Criteria.

3.8.4 Foundations

Foundations or seismic Category I structures are described in Section 3.8.5 of the
PSAR. Primarily, these foundations will be reinforced concrete of the mat type.
These foundations, in most cases, will be supported directly on sound rock or fill
concrete that extends to sound rock. The major code to be used in the design of

these concrete mat foundations is ACI 318-71. These concrete foundations will be
designed to resist various combinations of dead loads, live loads, environmental
loads including winds, tornadoes, operating basis earthquake and safe shutdown
earthquake, and loads generated by postulated ruptures of high energy pipes.

The design and analysis procedures that will be used for these seismic Category I
foundations are the same as those approved on previously-licensed applications and,

in general, are in accordance with procecures delineated in the ACI 318-71 Code. The
various seismic Category I foundations will be designed and proportioned to recair
within limits that we have established under the various load conbinations. These
limits are, in general, based on the ACI 318-71 Code modified as appropriate for load
combinations that are considered extrene. The materials of construction, their

fabrication, construction and installation, will be in accordance with the ACI ,18-71
Code.

The criteria used in the analysis, design and construction of plant seismic Category
I foundations to account for anticipated loadings and postulated conditions that may
be imposed upon each foundation during its service lifetime are in confornance with
established criteria, codes, standards, and specifications which we find to be
acceptable.

The use of these criteria as defined by applicable codes, standards and specifications;
the loads and loading corbinations; the design and ar,alysis procedures; the structural
acceptance criteria; and the materials, quality control and special construction
techniques; and the testing and in-service surveillace requirements provide reasonable
assurance that, in the event of winds, tornadoes, earthquakes, and various postulated
events, seismic Category 1 foundations will withstand the specified design conditions
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without impairment of structural integrity and stability or the perfonnance of
required safety functions. Conformance with these criteria, codes, specifications,
and standards constitutes an acceptable basis f or satisfying in part tne requirements
cf Criteria 2 and 4 of the General Design Criteria.

3.8.5 Load: Due to failure of Pemanent Dewatering Systen

As described in Section 2.4.5 of this report, exterior walls of structures located
within the permanent dewaterii.q systen will be designed to withstand the full

hydrostatic pressure resulting frun full ground water level rebound to plant grade
follo ing a postulated blockage of the lines to the dewatering system sump. This

load will be treated as an extreme environmental load and will be combined with other
normal operating loads as showr in Table 3.8.1-2 of Amendnent 27 to the PSAR.

The hydrostatic load resulting fron postulated leakage cracks in the nuclear service
water pipe will be defined as an abnormal load, P,, and included in the several load
combinations of Table 3.8.!-2 of the PSAR.

The exterior walls and foundation mats of the shield and auxiliary buildings will be
designed for these load combinations. We conclude that this approach is acceptable
for the design basis events proposed by the applicant.

3.9 Mechanical Systems and Components

3.9.1 Dranic Systens Analysis and Testing

Our evaluation of the criteria, testing procedures and dynamic analysis e ployed to
assure structural and functional integrity of pioing systens, rechanical equipment,
and reactor internals, which are within the scope of the standard reference systen
design, is presented in Section 3.9 of Ap grdix A to this report. Therefore, the
discussion below is limited to piping systens and mechanical equipment which are
within the scope of the balance of plant.

The applicant will perform a preoperational piping vibrational and dynamic effects
test progran to confirm that dynamic loadings on piping from operational transients
conditions have teen prcperly accounted for in the design and analysis of pioing
systens and restraints classified as ASME Code Class 1 and 2 components. This progran
will provide adequate assurance that the piping and piping restraints of the systens
will be designed to withstand vibrational djnamic effects due to valve closures, pump
trips and operating nodes associated with the design operational transients. The
tests, as planned, will develop loads similar to those experienced during reactor
opera tion . A corritrent to proceed with such a program constitutes an acceptable
design basis at the construction pemit stage of review in fulfillrent of the
arplicable requirerents of Criterion 15 of the General Design Criteria.

The applicant has proposed acceptable dynamic testing and analysis procedures to
confina the adequacy of all seismic Category I rechanical equipr'ent, including their
supports, to function during and af ter an earthquake of magnitude up to and including
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the safe shutdown earthquake at the site. Subjecting the equipment and supports to

these dynamic testing and analysis procedures provides reasonable assurance that, in
the event of an earthquake at the site, the seismic Category I mechanical equipment
will continue to function during and af ter the seismic event. We conclude that
irmlenentation of these dynamic testing and analysis procedures constitutes an
acceptable basis for satisfyinq the requirements of Criteria 2 and 14 of the General
Design Criteria.

3.9.2 ASPE Code Class 2 and 3 Components

All seismic Category I pressure-retaining systems, components and equipment outside
of the reactor coolant pressure bconaary, including active pumps and valves, are to
be designed to sustain nor";al loads, anticipated transients, the operating basis
carthquake, and the safe shutdown earthquake within stress limits which are comparable
to those outlined in PeTalatory Guide 1.48, " Design Limits and Loading Combinations

for Seismic Category I Fluid Syster: Corponents"

The specified design basis combin3tions of loading, as applied to the design of the
safety-related Code Class 2 and 3 pressure-retaining components in systers classified
as seismic Category I, provide reasonable assurance that in the event: (1) an
earthquake should occur at the site, er (2) an upset, erergency or faulted plant
transient should occur during normal plant operation, the resulting combined stresses
imposed on the systr coGenents ray be expected not to exceed the allowable design

stress and strain limits for the raterials of construction.

Limiting the stresses under such loading conbinations provides a conservative basis
for the design of tha systcr comonents to withstand the nost adverse combinations of
lo3 ding events without gross loss of structural i n teg ri ty. The design load combina-

tions and associated stress and deformation limits specified for all AS"r Code Class

2 and 3 corponents, includinq the active prps and valves, constitute an acceptable

basis for desigr in satisfying Criteria 1, 2 and a of the General Design Criteria.

The a9ticant has aqreed to utilize an anerability assurance program, in addition to
the limits on stress and dcfce aticn, to q;aliff active A5"C Class 2 and 3 seismic
Ca tegory I pumps and v al ves. %ch a progrr will include cor pcnent testing, or a

cc%ination of tests ed credictive analysis supplerented by seismic qulification
testing of rotors, oceratcrs, and cc:ponent , an, en13ges to provide assurance that
,2ch corponents can withstard postulated seismic loads in conbination with other
significant loads without lose of structural integrity, and can perform tr e "ac tive"

f u : tion (i .e., valve cloure or orening or [ rp opera tion) wnen a saf e plant shut-
dbn is to l'e ef f ected, or tre consequences of an accident are to be riti ;1ted. We

Five concluded that this cornitrent to aevelop ani utilize a conpo' ent owability

assurance progran is acce^ table and constitutes an acceptable basis at the constrx tion
ormit stage of review f or assuring the operability of AS"E Code Class ? and 3 active

pum s and valves.
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The criteria to be used in developing the design and mounting of ASME Class 2 and 3
safety and relief valves provide adequate assurance that, under discharging conditions,
the resulting stresses will not exceed the allowable design stress and strain limits
for the materials of constuction. Limiting the stresses under the loading combinations
associated with the actuation of the pressure relief devices provides a conservative
basis for the design of the syster, components to withstand these loads without loss
of structural integrity and impairment of the overpressure protecticn function.

The criteria originally proposed to be used for the design and the installation of
ASME Class 2 and 3 cverpressure relief devices constitute an acceptable design ba;is
in meeting the applicable requirements of Criteria 1, 2, 4,14 and 15 of the General
Design Criteria, and are consistent with the provisions of Regulatory Guide 1.67
" Installation of Overpressure Protection Devices.' By letter of February 8,1977,
the applicant proposed an exception to Regulatory Guide 1.67 that consists of an
exception to ASME Code Case 1569. We will not complete our rev'cw of this natter
until after the ASME acts on this proposal. We will require that 9rior to a decision
on issuance of construction pemits, the appitcant recenfim that his desityn and instal-
lation cf ASME Class 1 overpressure relief devices will be in accordance with the
provisions of Regulatory Guide 1.67, including the Guide's a e ption of ASME Code
Case 1569.

3.10 Seismic Quali'. cation of Seismic Category i Instrumentation and Electrical Equipment

Our evaluation of the design of seismic Category I instrumentation and electrical
equiprent within the scope of the standard nuclear steam supply reference system
design is presented in Section 3.10 of Appendix A to this report. Therefore, the
discussion below is limited to seismic Category I instrumentation and electrical
equipment within the sccpe of the balance of plant.

Operability of the instrumentation and electrical equipment is essential to assure t"
capability of such equipment ta initiate protective actions in the event of a safe
shutdown e3rthquake, as necessary, for the cperation of engineered safety features and
standby power systens. The proposed seismic qualification program, which will be
implerented for seismic Category I instrumentat:on and electrical equipment and
supports within the balance of plant scope, will provide assurance that such equipment
ray be expected to function properly and that structural irtegrity of the supports
will be naintained during the excitation and vibratory forces imposed by the safe
stat!cwn earthquake under the conditions of post-accident operation.

Fcr Class IE equipment within the balance of pla'it scope, the applicant has stated
that the purchase specification requirements will corrply with those provided in
Institute of Electrical and Electronics Engineers (IEEE) Standard 344-1971, " Guide
fcr Seismic Qualification of Class 1 Electric Equipment for fuclear Power Generating
Stations.' Additionally, these requirements will be supplemented by multi-frequency
excitation and multi-axis testing in accordence with Standarl Review Plan Section

[uL3.10. 7
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We conclude that the above commitaents for the seismic qualification of Class IE
equipment conply with staf f technical positions and are acceptable. This program
constitutes an acceptable basis for satisfying the requirements of Criterion 2 of the
General Design Criteria.

3.11 Environrental Design of Mechanical and Electrical Equipment

The applicant has adcquately 'dentified the safety-related (Class IE) equiprent and,
for each item, the environmental design basis, the definition of normal and postulated
accident environments, and the required time of post-accident operability.

The applicant proposes to qualify Class IE equipment in accordance with IEEE Jtandards
323-1974, 382-1974, 317-1972, and 334-1971 and has presented the same additional
corrents on IEEE Std 323-1974 as are found in the CESSAR. We have 'nterpretei these
corrents as a commitnent to reet the requirements of IEEE Std 323-1974 without

exception.

We informed the cpplicant that we had reviewed the descriptive information presented
by the application in support of the abowe connitment and noted that the temperatu~es
for which the instrumentation and control equiprent inside of containment will be
qualified are given in Table 3.11.2 cf the PSAR. Tne maximum temperatures are 407
degrees Fahrenheit for 60 seconds and 350 degrees Fahrenheit for 9 minutes. Our
analysis of the worst case accident containment temperatures shows a pe3k at 403
aegrees Fahrenheit and temperatures that exceed 350 deg ees Fahrenheit for 72 seconds
We required, and the applicant has comnitted to condJct appropriate testing to enso-e

that the staff's calculated worst case environmental conditions are used as the basis
for equipment qualification. The test results will be documented dur ing the operatinq
license stage of our review. We also required that the applicant provide an implementa-
tion program including the test methods and documentation requirements for meeting
IEEE Std 323-1974, as required in Section 3.11 of the " Standard format and Content of
Safety Analysis Peports for Nuclear Power Plants," NUREG-75/094, within six months of
any issuance of construction permits.

As reported in Se' tion 7.6-1 of Appendix A to this r $3rt Combustion Engineering has
stated that all class IE equipment in Conbustic, Engineering's scope will be quali'ied
for use under specified environnental service conditions in accordance with IEEE 123-
1974, without exception. For Class lE equipment which is r ot within the Combustion

Engineering scope of supply the applicant states,

"The qualification nethod and qualified life will be established at the time of
purcrase by determining whether specified equipnent has or will have had previous
operating experience, is already quo ''ied with satisfac* cry qualified life to
IEEE 323-;974, or will require on-going quali fication. The method of qualifica-
tion for each item of equipment can b" deterrined as specific manuf ac tur ers are

known, thereby, establishing known operating history, exact vendar qualification
nethod in compliance with appropriate standards, or the necessity of on-going
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qualification. The schedule for this enqineering effort will generally coincide
with equipnelt purchasing schedules. Approxirately six months after issuance of
construction permits for the preposea facility, the equipment listing and other
availaUe infomation will be corpiled into a technical report and filed with the
Conmission for review.'

Discussions between the staff and the applicant have established that the other
infonnation which will be in the technical report will include a statement as to how
each piece of eqJipPent has been or wili be qualified and analytical methods and
results or test results, if available, when the report is prepared. This connitrent
is acceptable to us.

With regard to qualification methods for equipment which cannot be pre-aged the
applicant has stated,

"For equipnient with a qualified life less than full plant life, on-going qualifica-
tion program will utilize the opera,ing history of similar equipment at other
plants in conjunction with in-plant baseline parameter nonitoring. This rethod
of on-going qu3lification will be based on established periodic testing telow;

(1) Establish baseline data for the equipment at factory checkout or during
testing following installation.

(2) Select appropriate indicator parameters f;r ei-going nonitoring to be cocpared
with baseline data.

(3) Establish initial on-going test and surveillance frequencies to maintain
operability based on vendor information, operating history, ard/or analysis.

(4) Determine degradation level of indicator parareters to Se allo''ed before
corrective action is taken. Co rective action will be ..ntenance, rodifica-
tion, or replacement."

Discussions between the staff and the applicant have established that the on-going
qualification program will only be used in-plant for the cualification of equipment
l' locaticns where the norral % <ating environment (including electrical supply from
a 5 ''ss IE source) will be the same as the design bases accident er.vironments.
Eecause the applicant understands that all Class IE eq4iprent must be tested at the
(onditions for which it is to be qualified and the indi;ator parameters must contain
suitable margin, we find the use of an on-going qualification progrant acceptable.
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As reported in Section 7.6.1 of Appendix " to this report, we conclude that the-

proposed criteria for the qualification cf Class IE equipnent in the CESSAR can
f acilitate developent of a qualification progran censistent with the cbjectives
established in IEEE Std 323-1974 and that the comitrent described provides an accep-
table basis for the Frelininary Design Approval of the Class IE equipnent cualifica-

tion program,

h
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4.0 [Jffl03

0;r ev11oation o f the reactor design is pr esented in Section 4.'l of 4p,>ndix A to
this report.
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5.0 REACTOR COOLANT SYSTEM,

5.1 Introduction

Our evaluation of the reactor coolant system is presented in Section 5.0 of Appendix
A to this report. Therefore, our discussions below are specifically related to the
appropriate portions of the balance of plant. The section numbering system used in
this section is based on the numbers in Section 5.0 of Appendix A to this report that
deal with the same subject matter.

5.2 Integrity of the Reartor Coolant Pressure Boundm
5.2.1 Design of Reactor Coolant Pressur, Boundary Cpmponents

Components of the reactor coolant pressure boundary, as defined by 10 CFR Part 50

Section 50.55a, have been properly identified and classified as American Society of
Mechanical Engineers ( ASME) Section III, Code Class I components in Table 5.2-1 of

the CESSAR. These components within the reactor coolant pressure boundary will be
constructed in accordance with the requirements of the applicable codes and addenda
as specified by the rules of 10 CFR Part 50, Section 50.55a, Codes and Standards. We
have concluded that construction of the components of the reactor coolant pressure
boundary in conformance with the Conmission's regulations provides reasonable assurance
that the resulting quality standards will be connensurate with the irportance of the
safety functicn of the reactor coolant pressure boundary, and is acceptable.

The ASME Code Cases specified in Table 5.2-6 of the CESSAR, whose requirements will
be applied in the construction of pressure-retaining A$ME Section III, Class I con-
ponents within the reactor coolant pressure boundary (Quality Group Classification A),
are in accordance with those code cases stated in Regulatory Guides 1.84, " Code Case
Acceptability--ASME Section III Cesign and Fabrication," and 1.85, ' Code Case
Acceptability--ASME Section III Materials," that are generally acceptable to us.
We conclude that compliance with the requirements of these code cases, in conformance
with the Connission's regulations, will result in a comornent quality level that is
conrensurate with the importance of the safety function of the reactor coolant pressure
b3urdary and is acccptable.

5.2.2 Oyerp_ressurization Protection

The reactor coolant system design relies upon the combined action of the pressurizer
safety Valves, the steam system safety valves, and the reactor protection systen for
overpressurization protecticn. The standard referer.ce system design scope includes
the pressur;zer safety valves and the reactor protection systen. Our evaluation of

.
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these systems is contained in Section 5.2.2 of Appendix A la this report. T he s t e a.')

ard feeduater systen piping and valves, inclujing the relief ard safety valves to
p ro tec t the ste3 n generator shell side against oserpressurization are within the
balance of plant scope.

We have evalu3ted the design comitments with respect to the int ~ face requirer"ents
and preliminary overpressurization protection analysis and assumptions used in the
accident analyses. Based on our review, we conclude that the design is acceptable
for the construction permit stage of review. However, equiprent nalfunction or

operator error when the reactor coolant system is water-solid during startup or
shutdawn could result in inadvertent reactor vessel oserpressurization. The staff
will . equire that the applicant provide acceptable equip:ent design rodification in
the Final Safety Analysis Report for the proposed facility which will preclude such
oserpressure events. We will require a connitment to this requirement prior to a
decision on issulnce of construction permits.

The relief requirements for the shell side of the ster generator are specified in
the CESSAR as design interface requirer.ents that rust be ret by the user. The applicant
in Sec tion 1.9.3.3 of the p5AR shows no exception to these interface requirer.ents

In Section 5.2.2 of Appendix A to this repar t we conclude that the criteria usej for
dosign and installation of AEME Class 1 oserpressure relief devices are consistent"

with Regulatory Guide 1.67, " installation of Overpressure Pro'.ection Devices, and
constitute an acceptable basis in r:eeting the applicable requirements of Criteria 1,
2, 4,14 and 15 of the Co:rission's General Design Criteria. By letter of February 8,
1977, the applicant proposed an exception to Regulatory Guide 1.07 that consists of
an exception to ASME Code Case 1569. We will not complete our review of this ra tter
until af ter the ASME acts on this proposal. We will require that prior to a decision
on issuance of construction permits the applicant reconfirm that his des.7 and
installation of ASMF Class 1 overpressure relief devices will t;e in accordance with
the provisions of Regulatory Guide 1.67, including the Guide's adoption of A5ME Code
Case 15f,9.

5.2.6 pg p_ Fly g el

In Section 5.2.6 cf Appendix A to this report, we conclude that the CESSAR cavi t t !
conformance with the reconrendations of Pegulatory Guide 1.14, " Reactor Coolant i . ,

Fl ywheel Integrity, constituted an acceptable basis for satisfyirg the requireronts
of Criterion 4 of the Comission's General Design Criteria. In Arendr'en t 2B , the ap-
plicant in Table 1.7-1 of the PSAR has committed to partial conpliance with the
inservice inspection reconnendations of Regulatory Guide 1.14. We will report the

results of our evalu3 tion of these exceptions in a supplement to this report. We
will require conformance with Regulatory Guide 1.14 or a demonstration that an
equivalent level of safety is provided by the citernative proposal prior to a decision
on issuance of construction permits.
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Criterion 4 of the General Design Criter'' requires that structures, systems, and
components of nuclear power plants impo". ant to safety be protected against the
ef fects of missiles that laight result from equipment failures. Because flywheels
have large masses and rotate at speeds of about 1200 revolutions per minute during
ncrmal reactor operation, a loss of integrity could result in high energy missiles
and excessive vibration of the reactor coolant pump assembly. The safety consequences

could be significant because of possible damage to the reactor coolant system, the
containment, or the engineered safety features.

The potential for the reactor coolant pump flywheel to become a missile in the event
of a rupture in the pump suction or discharge sections of reactor coolant systen
pioing is under generic study by EPRI (Electrical Power Research Institute) and the
NRC staf f. EpRI has contracted Combustion Engineering, CREARE, and Massachussetts

Institute of Technology to perform experimental and analytical work on two-phase flow
reactor coolant pump performance. The pump test progran is in progress and testing
will be performed on a one-fif th-scale test loop at Combustion Engineering, and a
1/20-scale test loop at CREARE. The objective of the program will 'e, in part, to

obtain empirical data to substantiate or rodify current mathematical nodels used in
predicting pump performance during a postulated loss-of-coolant accident. EpRI and
its contractors plan to complete the program by late 1977.

5.2.7 Leakace Cetection 5 stJ;nt

Coolant le3kage within the primary containment nay be an indication of a small through-
wall flaw in the reactor coolant pressure boundary. The proposed systems for detection
of coolant leakage to containment will provide: (1) diverse leak detec r4e t hod s ,

(2) sufficient sensitivity to reasure small leaks, (3) identification of the leakage

.soarce to the extent practicable, and (4) suitable control room alarms and readouts.

The primary rethod of detecting unidentified leakage into the containment will be by
r.easurement of the surp level. Methods in addition to the sump level rethod will be

the use of the containment particulatc activity nonitor and the containment gaseeJs

activity monitor. Instrumentation will be provided to ronitor identified leakage
from the reactor vessel head Closure seal, reactor Cool 39t punp se3l prinary safety

v31ves, anc leakage through the steam generator tubes or tubesheet.

We fir.d th3t the leak 3ge detection system for detecting leakage from components and
pioing of the reactor coolant pressure boundary are in accordance with the recorrenda-
tions of Regulatory Guide 1.45, " Reactor Coolant Pressure Ecundary Le5kage Detection
Systems." This provides reasonable assurance that any structural degradation resulting
in leakage during service will be detected in tire to pernit corrective actions We

have concluded that corpliance with the recorrendations of Pegulatory Guide 1.45
ccnstitutes att acceptable basis for satisfying the requirenents of Criterion 30 of
the General Design Criteria, and that the prcposed leakage control systen neets the
intet face requirerents stated in the CESSAR.

,,,

| | ,1 ii o /
5-3



5.2.8 Inservice Inspection Progra3

Our evaluation of the inservice inspection progran for systems within the nuclear
steam supply system, which include all of the reactor coolant pressure boundary (A5ME
Code Class 1 components) and a part of the ASME Code Class 2 and Class 3 components,
is presented in Section 5.2.8 of Appendix A to this report.

To ensure that during plant service lifetime no deleterio;s defects develop during
service in ASME Code Class 2 system components, selected welds and weld heat-affected

zores will be inspected prior to reacter startup and periodically throughout the life
of the plant. In addition, Code Class 2 systems and Code Class 3 systems will receive
visual inspections while the systens are pressurized in order to detect leakage,
signs of rechanical cr structural distress, and corrosion.

Engineered safety f eatures, not part of Code Class 1 systems, represent an exa ple of
Code Class 2 systems. Examples of Code Class 3 systens are the comconent cooling

water systen and portiens of the radwaste systens. All of tr.ese sy:* ns transport
fluids. The app'icant hJs stated that the design of Code Class 2 systems will neet
the requirements of the ASME Code, Section XI. Compliance with the inservice inspec

tions required by this code constitutes an acceptable basis for satisfying Criteria
36, 39, 42, and 45 of the General Design Criteria.

To ensure that all ASME Code Class 1, 2 and 3 purps and valves will be in a state of
cperational readiness to perform necessary safety functions throughout the life of
the plant, the applicant has connitted to a test program which will include baseline
preservice testing ar.d periodic inservice testing. Such a program will provide for
both functional testing of the components in the operating state and for visual
inspection for leds and other signs of distress.

The applicant has stated that the inservice test progran for all Code Class 1, 2 and
3 pumps and valves will meet the requirerents of Subsections IWP and IW, respectively
of the ASME Code, Section XI. Specific details of the testing prograrr. will te pro-
vided during the operating license review.

Corpliance with the referenced code requirements constitutes an acceptable basis for
satisfying the requirerents of Criteria 31, 40, 43 and 46 of the General Design
Criteria.

5.2.9 Loose Parts Monitor

The interface requirement stated in the CESSAR is that the balance of plant design
include a louse parts monitor systen having the capability to detect an impact of
one-half foot cound or more on internal surfaces of reactor coolant system. The
applicant has connitted to install such a systen but is still evaluating the extent
of compliance with the sensitivity requirerents. We conclude that the coraitment to
supply a loose parts nonitor is acceptable at the construction permit stage of review.
Additional discussion is included in Section 5.2.9 cf Appendix A to this report.
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5.5 Component and Subsystem Desicn

5.5.2 Steam Generator

Our evaluation of tte steam generator is presented in Section 5.5.2 of Appendix A to
this report. In addition to that evaluation, we have evaluated the factors that could

affect the integrity of the steam generator tubes that will be used. We conclude that
reasor.able measures will be taken to ensure that the tubes will not be subjec; . to

conditions that will cause deleterir is wastage or cracking. Our conclusion is based
on the following:

(1) The steam generators will be of advanced design with improved secondary water
flow characteristics. This will provide more tolerance for occasional lack of

control of the secondary water chenistry.

(2) All volatile treatrent is planned for secondary . tater chenistry control, thereby
mininizing the probability of deleterioJs local high concentrations of caustic or
phosphate on the tubing.

(3) To further control impurities in the secondary water to very low levels, the

proposed facilities will use condensate polishing.

(4) Access has been provided and provision has been r;ade in the design for instal-
lation of equipment for the remote inservice volaretric inspection of stea

generator tubes.

5.5.5 Pesidual heat Renoval System

For the residual heat wal system design the PSAR references the CESSAR design
and satisfies the interfc e requirenents for the balance-of-plant design. Our

evaluation of the residual heat removal systen design is presented in Section 5.5.5
of Appendix A to this report.
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6.0 ENGINEEFED SAFETY FEATURES

6.1 Design Ccnsiderations

Engineered safety features is the designation given to . nose systers which will be
provided for the protection of the public and station personnel against the postulated
release to the envircnrent of radicactive prodJcts from the nuclear plant, particularl|<

as the result of the loss-of-coolant accident. This section contains our evaluaticn
of the engineered safety features which are within the balance of plant scope. Our
tvaluation cf those engineered safety features which are within the sccpe of the
standard reference systen design is contained in Section 6.0 of Appendix A to this
report.

Certain of these systers will have functions for nornal plant operation, as rell as
servinq as engireered safety features. Systens and corronents designated as eagi-
reered safety features will be designed to te capable of assurino saia shutdown of
the reactor under the adverse conditions of the varioJs postulated jesirn basis
accidents described in Secticn 15.0 of this rescrt. Therefore, they will be desinned
to seismic Category I standards and rust function even with assured corplete loss of
offsite power. Coroonents and systers will te provided in sufficient redundancy so
that a single failure of any corponent or systen will not result in the loss of the
capability to achieve safe shatdown of the reactor. The instrumentation systers and
er ergency power systems will be designed for the same seisnic and redundancy require-
:ents as the systems they serve. These systens are described in Section 7.0 ani 3.0
of this report.

6.2 fontainment Systers

The containtent systnes for each unit will include a ccntainment vessel, containrent
heat renoval syster, a contain ent isolation syste.1, a corbustible cas control
systen, drd provisions for containrent leakage testing.

6.2.1 Centainrent Functional Ces M

The containment for each unit will be a spherical steel vessel with a ninirun net
free volure of 3,300,000 cabic feet. The containrent vessel will house the nuclear
steam supply system, which will include the reactor, stean generators, reactor
coolant purps and pressurizer, as well as certain corporents of the plant's engineered
safety feature systers. The containnent will be desiqred fer an internci prassure of
46.8 pounds per snuare inch gauge and a temperature of 280 degrees Cahrenheit.
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The containnent vessel will be corpietely enclosed by a seismic Category I shield
building. The shield building will be a low leMage, reinforced concrete structure
designed to provide biological shielding during normal operations and postulated
loss-of-coolant accident condition:,, and protection for the containment f rom atros-
pheric conditions and external nissiles. The annulus between the containment and the

shield building above the 92-foot elevation will serve as a space for collection and
filtration of fission produc t leakage from the containrent vessel . Following a loss-
of-coolant accident the annulus ventilation system will circulate the annulus atmos-
nhere through filte, s and will exhaust a portion of the circulating flow to the
a:nosobere at rates to achieve and naintain a reduced pressure in the annulus. The

applicant has analyled the containnent pressure responses for postulated accidents in
the f ollo.ving rianner. Mass and energy release rates to the containment for postulated
reactor coolant syster pipe breaks were calculated by Combustion Engineering, Inc. in
acCordance with previously accepted r-thods presented in the CESSAR. The russ and
energy release rates were then used as inputs to the Cor bastion Engineering CONTRM
digital co"mter code, which perforr s transient therrodynamic calculations with
dppropriate consideration of Containment heat removal systems and structural heat
sinks to calculate the containment pressure and terperature response.

The applicant he. anllyzed a number of reactor coolant system pipe break accidents
ircluding a spectre of break locations and sizes. The postula ted dauble-ended slot
brelk at the pu p suction of ;te reactor coolant system resulted in the hichest
calculated containment prescure which was about 43 pounds per square inch qauge. The

loss of one of the tuo containrent spray trains and full energency core coolinq syster
o;+ ration were conservatively assured for the evaluation.

He have also inde,endently analyzed the containrent pressure response to a postulated

J;ublt-ended slot break at the pump suction of the reactor coolant system using the
CONTE"Pl rrputer codo Our analysis w1s based on tha mass and eneroy release,
containnent strt.ctural heat sink, and spray system performance data provided by the
applicant. Conservative condensing hodt transfer coef ficients to thc structures
inside the containrent were also used. The results of our analysis confirn the

accept 1bility of the peak pressure calculated by the applicant. Ye Lherefore conclude
that the containment design pressure is acce;!able since it provides a 10 percent
margin above the peak calculated pressure

'he applicant has analyzed a spectrun of rain steam line break accidents to deter-ine
t*e containrent pressure and terperature response. The N ss and energy release rate
d3ta used was based on previously accepted calculational "othods described in the
CESSAR. The applicant has also included in his analysis the volume of feedwater
stored in the lines beteen the isolation valves and ster qenerator nozzles At our

recuest, the applicant reanalyzed the rain steam line creak accident but did not

adequately justif y the method of feedditer addition used for the zero power case.
Ite CONTRA *.S corouter code is used by the applicant to calculate the terpera ture and

6-2
,,

, _

"j



pressure response of the containment. The code has been rodified such that the

saturation terperature of the condensate rather than the containrent vapor ter cerature

is used te calculate the heat transfer f rom the containrent atrosphere. We find this

' pnach to be accep'3ble..

The applicant calculated the higFest pressures and ten eratures for the rain stean

line break accident occurring at power with an 95 pe-cent break area. The applicant

calculetem peak atmospheric terperature of 337 degrees Fahrenheit and a peak cressure
less than tr- loss-cf-coolant accident peak pressure.

tw have done a confirratory analysis using the CONTEMPT-24 corputer code. Our analysis
w3s based on the rass and energy release rate data provided in the CESS"R and the
revised heat sinis presented in Ar endrent 20 to the PSM. We have also accounted for

the fluid volume in the feedwater lir.es by conservatively adding this volume of water
to the containrent before the containrent spray systen beco~es effective and assu'ing
the f eedwater flashed to saturated sten in the stean generator.

We calculated a pH k containment pressure that was less than the containrrnt ra essure

for the design basis lasc-of-coolant accident The peak calculated vapor tenperature
is 403 degrees Fahrenheit, which is abo.e the design terperature of 387 degrees

Fahrenheit proposed by the applicant for essential safety-related instrurentation

inside the contairvent. ns discussed in Section 3.11 of this report the applicant in

Arendr ont 27 increased tN peak terperature for equipment environrental natlificaticn

to 407 degrces Fahrenheit which is in excess of an calculated ter perature of 433
degrees Fahrenheit.

We ha ve also exa";ined the ef f ec ts on the contairm ent vessel and internals of the high

tm peratures resulting fren rain steaa line break accidents The results of our
analysis indicate that the containrent design temperature of 280 degrees Fahrenhoit
will not be exceo1ed.

The applicant has analyzed the pressure response within the various containment
interior compartrents, includirq the reactor activity, reactor cavity wall pipe

penetrations, steam cenerator corphrtments and the pressurized skirt.

For the reactor cavity, reactor cavity pipe penetrations and stean qenerator compart-

rents, the applicant postulated a single onded hot leg slot break (9.62 square feet)
which is acceptably conservative. A double-ended guillotine rupture of the surge
line was postulate 1 in the pressurizer skirt. The CEFLASH 4A ccrputer ccie was ustd
to calculate the mass and erergy release rates to the surccr partments. Cor bu s ti on
Engineering has made further constrvative assu~ptions which act to maxir.ize the rass
and energy release rdtes tC the compartrents.

The Corbustion Engineering DDIFF computer code was used tj the applicant to calculate
the subcorpartrent pressure responses. We have done a confirnatory analysis using
the FELAP-3 corpater code and our results are in goci agreerent with the applicant's
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results. The applicant has connitted that the design pressures for the subcorpartments
will be 40 percent greater than the peak pressures that will be calculated for the
final design of the subcompartments.

During our review, the applicant reevaluated the consequences of inadvertent actuation
of the containnent spray system on the containrent vessel, in the revised analysis,
the applicant assumed that the containrent atnosphere is initially at 120 degrees
Fahrenheit, 14.7 pounds per square inch and 90 percent relative humidity, and that
590,000 gallons of w ter from the refueling water storage tank is added to the
containment at a tent erature of 80 degrees Fahrenheit. The applicant calculated a
pressure drop of 1.93 pounds per square inch. We have done a confirnatory analysis
and find that the containment external design pressure of two pounds per square inch
gauge is acceptable provided there is a technical specification lower limit of 80
degrr .s Fahrenheit on the water stored in the refueling water tank.

We have completed our review of containrent systen functional design and conclude
that the containment con be designed and built to function in accordance with the
Connission's General Posign Criteria including Criteria 16 and 50. We conclude that

the furctional design of the containmert is acceptable for the cor:truction pennit
stage of review.

6.2.2 Containment Feat'Remosal System

The containnent spray systen will be provided to r(cove heat fron the containe.cnt
following a postulated loss-of-coolant accident or a main steam line break accident.
The spray systen will consist of two spray trains and will be designed to ats arrioda te
any single failure and still be capable of supplyir,g suf ficient containment cooling
to maintain the peak ccntainment pressure talow the design pressure. The containment

spray systen will serve only as an engineered safety feature ana therefore will not
be used for normal plant operation. It will be a seisnic Category I syster consistino

of redundant piping, valves, pumps and spray headers. All active components of the
containment spray systen will be located outside of the containment vessel. Missile
protection will be provided by direct shielding or physical separation of equipment.

Pedundant, completely separate sumps ' fill be provided in the containmenc In.

"rendrent 28, the applicant in Table 1.7-1 of the FSAR has corrlitted to design the

sump screen assemblies in accordance with the provisions of Regulatory r,uido 1.82,
" Sumps for Emergency Core Cooling and Containment Spray Systers, to prevent debris
f rom entering the spray systen that could clog the spray nozzles.

The containment spray actuation signal will be generated by coincidence of a high-
high containeent pressure and a safety injection actuation signal, which will occur
on high containment pressure. The spray pumps will initially tale suction from the

aben the water in the tank reaches a low level, the spray pumprefueling water tanb.

suction will be autoratically transf erred to the containment sum;) in initiate tho

spray recirculation phase. Operator action will te required to close the valves at

the outlet of the refueling water tank.

-
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We ha ve reviewed the containr ent spray syster1 and conclude that it is in conferrance
with Criteria 38, 33 and 40 of the General Design Criteria and with the recorrend3tions
0t Pegulatory Guide 1.1, 't et Positive 5 action Head for Ererconty Core Cooling and
Containment Heat Re' oval System Purps " and conclude that the conta inrent spray

systen is acceptable for the constr uction pen"it stage of review.

6.2.3 Socnndarv Containrent Functional Opsion

The secondary contain ent design will consist of an annular space tetween the contain-
rent vessel and the reactor, er snield, building above the 92-foot elevation. The

annulus ventilation system will be designed to control the atmosphere in the annulus
following a postulated loss-of-coolant accident and will raintain the annular space

at a negative pressure of 0.5 inches water gauge. Plant areas that are contiguous to

the containrent vessel below the 9?-foot elevation will not be included in the volu-e
served by the annulus ventilation system in these areas, the applicant proposes to

provide leak chase ch3nrels over the centainrent vessel welds an1 over penetration

v. elds and to vent the rh3ses to tho annular space above the 92-foot elevation. The

applicant contends that a negative pressure will te raintained in the leak chase

channels since they will t e open to the ann;lar space.

We have reviewed the function 11 design of the secondary containment system as rodified
during oJr review anG the proposed periodic oporability test program added to the
PSAR during our review. We find that the rodifications will assure that a negative
pressure can be drawn in the seccadiry containrent including toth the annulus and the
leak chase channels, and therefore, conclude that the furctional design of the
secondary containment systen is acceptable and that the proposed testing will demon-
strate its operability, including that of the leak chase channel : etwork.

However, we were unable tc conclude on the acceptability of the potential bypass lelk
paths identified by the applicant and the method of calculatina the bypas, leakage
traction. We retiested addition 31 justification by the applicant in acccrdance with

the guidance in Eranch Technic al Position CSB 6-3, "Deterrination of Bypass Leakage
Paths in DJal Ccntainment Plants. The applicant provided additional inforFation

in Arerdment 28 to the PSAR. We completed our review of this information and by

letter on February 22, 1971, requested additional inforratinn on six pctential bycass

leak paths

0 ;r evaluation of the addition 3l information requested aboJt potential bypass le3k

paths and calculated bypass leakage fraction will be presented in a su;plerent to
this report. The applicant rust provide justification for a bypass leakage froction

prior to a decision on issuance of construction percits. If that fraction is signi-

ficantly higher than ere cercent as we have asss ed in our dose calcu'aticns reported
in Section 15 cf this report. design changes may be required to decrease the cal-
culated doses to acceptable levels.

OO|
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6.2.4 Containment Isolation System

The containment isolation system will be designed to automatically isolate the con-
t.l.noent atrosphere from the outside cavironment under accident conditions. Dou bl e

barrier protection, in the forn of closed systems and isolation valves, will be

provided to assure that no single active failure will result in the loss of contain-

ment integrity. The containment isolation provisians will be designed as seismic
Category I equip,ent and will be protected against missiles which could be generated
by the postulated design basis accida.ts.

The applicant will incorporate in his plant design the containment isolation provisions
for certain systen lines and the isol? tion signals which are described in the CESSAR.
We have reviewed the interface requirenents and cor.c!ude that they will be satisfitd.

With regard to the isolation valves in the supply and exhaust lines of the contairment
purge 5ysten, the applicant has connitted to keep the /alves in the 42-inch lines

closed during normal plant operation. The plant design also will include a containment
pressure control system which will consist of a single, rormally-open four-inch line

and two 300 standard cubic feet per minute fans arranged in parallel. Provision will

be rade to filter the systen exhaust. The four-inch line will also contain two

automatic isolation valves in series, in accordance with Criterion 56 of the General

Desiso Criteria. We have reviewed infornation provided by the applicant in Amendment
28 to justify that the system design will be consistent with Branch Technical Position
CSB-4, " Containment purging During Normal Plant Cperations,' We conclude that the
information provided for normal power operation is acceptable. In our review cf
containment purge and pressure ccntrol systems, we identified a concern about a r.eed
for isalation activation signals derived from some parameter other than containment
pressure. For tre pressure control system, the applicant in Amendment 28 to the PSAR
(Se:tica 9.4.5.2.12) igreed to provide an engineered safety feature isolation si:;nal
to be designed to isolate the pressure control exhaust duct such that releases through
that dact would be within the limits of Section 20.106 of 13 CFR part 20.

The 42-inch lines would be cpen during refueling operations. In our accident analyses
(Section 15.0) we assumed valves in these lines would close following a postulated
refueling accident inside containment. Hcwever, the applicant has not described an
isolatir-n signal to close the large containment purse valves during refueling operations,
nar die he completely descrile other provisions for preventirg release of radionuclides
to the environment that would result in czlculated doses in exces . of a fraction of
the guideline values of 10 CFR Part 100. We have discussed the need for this ad-

ditional clarification with the applicant and will repcrt th( results of our review

of that clarification in a supplement to this report.

Each isolation valve will be designed to permit periodic testing to verify valve
operability and closure time. Design prov;sions will also be made to facilitate

teriodic local leakage rate testing of each isolation valve or barrier in accordante
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with the requirements of Appendix J to 10 CFR Part 50. We conclude that an acceptable
isolation valve testing program can be developed using air or nitrogen as a pressurizing
redium in lieu of using water as the applicant has proposed. Unless new bases are
developed which we find acceptable we will require th?t periodic local leakage rate
testing be accomplished without use of water as a pressurizing rrediun. This issue
must be resolved prior to a decision on issuance of construction oermits.

We have reviewed the containrent isolation system for conformance to Criteria 54, 55,
56, and 57 of the General Design Criteria and Regulatory Guide 1.11 " Instrument Lines
Penetrating Primary Reactor Containrent." Subject to resolution of the matter regarding
purging during refueling operations, we conclude that the applicant's proposed isola-
tion system will te in conformance with Criteria 54, 55, b6 and 57 and Regulatory
Guide 1.11, and therefore is acceptable.

6.2.5 Combustible Gas Control System

Follewing a loss-of coolant accident, hydrogen may accumulate inside the containrent
as a result of (1) chemical reaction between the fuel rod cladding ano the steam
resulting from vaporization of erergency core cooling water, (2) corrosion of construc-
tion materials by the alkaline spray sclution, and (3) radiolytic decorrosition of
the cooling water in the reactor core and the containment surp.

In order to mitigate the consequences of hydrogen accunulation in the containrent,
the applicant proposes to provide redundant hydro';en recorbiner systens, which will
be located outside containment, and a backup purge system. Each of the 100 percent
capacity recombiners and the backup purge system will be capable of processing the
containment atmosphere at a rate of 80 standard cubic feet per ninute. The applicant

will provide a capability to continuously monitor the hydrogen concentration within
the containment following a loss-of-coolant accident.

The applicant has not made a final decision as to the type af hydrogen ~_ ;.,m b i n e r
systen that will te used. However, the recombiner systen will incorporate several
desigq features that are intended to assure the capability of the system to remain

operable in the event of an accident. Anong these are: (l) seisnic Category I
design , (2) protection from rissile and jet impingement and (3) redJdancy to the
extent that no single corponent failure will disable both recorbiners. At the operating

license stace of our review, we will require that the applicant provide electric hydro-

gen rcce abiners of a type that we previously found acceptable, or other recombiners
th1t we find acceptable in the interin period, or the 00plicant will be required to

provide a complete description of the generic design of the hydrcqen reconbiner
systen selected and the test conducted to demonstrate the functional capability of
tte system

The applicant's analysis of the post-loss-of-coolant accident production and accumula-

tien of hydrogen within the containrent is consistent with the guidelines of Branch
Technical Position CSB 6-2, " Control of Corbustible Gas Concentrations in Containment
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following a Loss-of-Coolant Accident," including the assumptions of a five percent

zirconium-water reactior in the reactor core. Our confirmatory analyses verify the
acceptability of the hydrogen generation analysis provided by the applicant.

Our prior review experience for combustible gas control systens is that effective

hydrogen control systems can be designed to confonn to the requirer:ents of Criteria
41, 42, and 43 of the General Design Criteria and Regulatory Guide 1.7, " Control of
Combustible Gas Concentrations in Containment following a loss of Coolant Accident,"

and therefore, we conclude that an acceptable systen can be provided for combustible
gas control following a postulated loss-of-coolant accident. We will review the
design of the systen during the operating license stage of our review.

6.2.6 Containment Lea kage_Testin_1 Program

The containrent design will include the provisions and features to satisfy the
testing requirements of Appendix J to 10 CFR Part 50. The dee ;gn of the containment

penetrations ard isolation valves will permit periodic leakage rate testing at the

pressure specified in Appendix J. Ircluded are those penetrations that have gasketed

seals and electrical penetrations.

The proposed reacter centainment leakage testing program will coruly with the require-
nents of Appendix J to 10 CFR Part 50. Such compliance provides adequate assurante

that containrent leaktight integrity can be verifiad throughout service lifetire and

that the leakage rdtes will be periodically checked during service en a tirely basis
to naintain such leakages within the specified limits.

Maintaining containment leakage rates within such lirits provides reasonable assurance
that, in the event of any radioactivity releases within the containment, the loss of

the conta ir, ment atmosphere through leak paths will not be in excess of acceptable
limits specified for the site. Compliance with the requirerents of Appendix J con-

stitutes an acceptable basis for satisfying the requirements of Criteria 52, 53, and

54 of the General Design Criteria.

6.2.7 E_ngineered Safety Fe3tures Air Filtration S_ysters

The engineered safety feature air filtration systems for each unit of the proposed
facility will consist of process equipment and instrumentation to control the release
of radioactive caterials in gaseous ef fluents following a design basis accident.

H a b i t a bi l i ty__Syy_t_e Es__ There are two filtration systems designed for air cleanup in

habitable areas. These are the control roon ventilaticn system and the equiprent and

cable room ventilation systen. Each unit will be provided with these two filt: ation

systems.

(1) Control Poon Ventilation Sj_s_t o. The function of the control rmon ventilationt

systen will be to supply air that is free of radioactive matecials to ~he control
:,n r

6-8



roon after a postulated design basis accident and to pressurize the control room
to a mininum of 0.05 inches water gauge. This systen will pernit operating
personnel to remain in the contrcl room following a postulated accident. The
control room ventilation system will be a 100 percent redundant systen, with each
system having an intake design capacity of 1000 cubic feet per minute of air and
a recircu'ating design capaci sy of 2000 cubic feet per ninute of air. Each

systen will include (a) an electric heating coil (b) prefilter, (c) high effi-
ciency particulate mir, (d) carbon adsorber, (e) a second hi,h efficiency parti-
culate air filter, and (f) a fan. The equipnent and components will be designed
as recomended in Branch Technical Position ETSB 11-1 (Rev.1), " Design Guidance
f or Radioactive Waste Management Systems Installed in light-Water-Cooled Nuclear
Reactor Plants,' and will be located in a seismic Category I structure. Followino
a design basis accident, the pressurization and recirculatica system will be
automatically activated by a signal from radiation monitors, gas or smoke detectors
located in the inlet ducts or be activated ranually from the control room. '*er-
connections en the intake of this system with the equiprent and cable room ventila-
tion system intake provides 100 percent redundancy.

We have determined that the control rnom ventilation system will be designed in
accordance with the guidelines of Pegulatory Guide 1.52, " Design, Testing, and
Paintenance CriMria for Erlineered-Safety-Featre Atnosphere Cleanup System Air
Fil tration and Adsorption Units of Light-Water-Cooled Nuclear Fewer Plants, ' and is
Capable of maintaining a suitable control roon environment following a design basis
accident. We therefore find the system acceptable.

(2) Equinn," and Cable Room Ventilation Systen The fuaction of the equiprent and

cable room ventilation systen will be to supply air that is free of radioactive
raterials to these rooms after a design basis accident and to pressurize the rooms
to a mininun of 0.05 inches water gauge. This systen will provide a suitable en-
vironment for the operi tion of vital equigent d; ring an accident. The equiprent
and cable room ventilation system is a 100 percent redundant system, with each
systen 'ntake design capacity of 100 cubic feet per ninute of air and a recirculat-
ing design capacity of 2000 cubic feet per minute of air. Each systen will contain
a set of co3 00 nerts that is identical to the set of components provided for the
control room wentilation systen described above under (1), and which will also
be lecated in a seisric Category I structure. Following a design basis accident,
the pressurization and recirculation system will be automatically activated by a
signal from radiation nonitors, gas or smoke detectors located in the inlet
dccts or be activated manually from the control room

We have determined that the equipreat and cable roon ventilation systen will be
designed in accordance with the guide # Nes of Regulatory Guide 1.52 and will
be capable of naintaining a suitable roc environrent following a design bacis
accident. We therefore find the system at :eptable.

1 i d,
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Controlled Access Area Ventilation System There are three engineered safety

features filtration systems designed to control the release of radioactive raterials
in gaseous effluents. These are the annulus ventilation systa, the reactor building

auxiliary equipment exhaust system and the fuel handling ventilation exhaust system.
Each unit will be provided with all three of these filtration systems.

(1) Annulus Ventilation System. The function of the annulus ventilation system will

be to produce and maintain a slightly negative pressure in the annular space
between the containnent and the reactor shield building in order to control the
release of radioactive materials in gaseous 9ffluents following a loss-of-coolant
aCCidert. The system wiil be activated by the containrcent high-high pressure
signal. The annulus ventilation system will be a 100 percent rcdundant
systen. Each train will have a design capacity of 16,000 cubic feet per minute
and will include (a) a denister, (b) an electric heating coil, (c) a prefilter,
(d) a high ef ficiency particulate air filter, (e) a carbon adsorber, (f) a high
ef ficiency particula'.e air filter, and (g) a fan. The equipment ar.d components
will be desicned as reconrended in our Branch Technical Positior, 11-2 (Rev. 1)

" Design, Testing, and Maintenance Criteria for Normal Ventilation Exhaust Systen
Air Filtration and Adsorption Units of Light-Water-Cooled Nuclear Power Peactors
Plants," and will be located in a seismic Category I structure.

We have determined that the annulus ventilation systen will be designed in
accordance with the guidelines of Regulatory Guide 1.52, and therefore, we find
the system acceptable.

(2) Reactor Buildin1 uxiliaryAi nent Exhaust System. The function of the reactorA f

building auxiliary equioment exhaust systen will be to cont;ol the equipaent space
inside the reactor shield building at a slightly negative pressure with purge
filtration to the unit vent thereby controlling the release of radioactive

raterials in gaseous cffluents during normal operations, normal shutdown and
following a loss-of-coolant accident. The reactor building auxiliary equipnent
exhaust systen cnnsists of four trains, each consisting of (a) a demister, (b) a
electric heating coil, (c) a nrefilter, (d) a high efficiency particulate air

filter, (e) a carbon adsorber, and (f) a second a high efficiency particulate air
filter. The average continuous purge rate will be 200 cubic feet per minute with
the inlet supply automatically terninated following a loss-of-coolant accident.
The equipment and cc ponents will be designed as recorraended in our Branch Technical
Position ETSB 11-1 (Rev. 1) and will be located in a seismic Category I structure.

We have determinea that the reactor building auxiliary equipnent exhaust system
will be designed in accordance with the guidelines of Regulatory Guide 1.52, and
therefore, we find the system acceptable.

fuel Handl_in L entilation Exhaust j sten. The function of the fuel handlmg(3) V

ventilation exhaust systen will be to control the release of radioactive raterial;
in gaseous ef fluents f rom the fuel handling area followir.g a postulated fuel
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handling accident. The systen will be designed to riaintain a slight negative
pressure in the fuel handling area of the auxiliary building following a loss-
of-coolant accident within containment, a fuel handling accident in the f uel
handling building or loss-of-offsite power. The fuel handlina ventilation
exhaust systen will be a 100 percent redundant systen Each train will have a
design capacity for raintaining a minimum of 10 air changes per hour over the
spent fuel pool and will include (a) a demister, (b) an electric heating coil,
(c) a prefilter, (d) a high efficiency particulate air filter, (e) a carbon
adsorber, (f) a second high ef ficiency particulate air filter, and (q) a f an.
The equipment and corponents will be designed as reconrended in cur Branch

Technical Position ETSB 11-1 (Rev. 1) and will t,e located in a seismic Category
I ctructure. The fans will be operated during fuel handling and will auto-
ratically operate to maintain the pressure differential and radiaticn levels in
the area.

We have deterriined that the fuel h3ndling ventilation exhaust systen will be
designed in accordance with the guidelines of Re>;ulatory Guide 1.52, and there-
fore, we find the system acceptable.

6.2.8 Containrent Air Purification and Cleanun Syster s
_

The containt'ent spray system will be used for iodine re-oval following a postulated
loss-of-coolant accident. The applicant has proposed to add trace quantities of
hydrazine to the spray solution to enhance its eienental iodine recov31 cffectiveness.
We have previcusly resiewed the concept of hydrazine as a spray additive. This
concept has been thoroughly investigatej and its effectiveness denonstrated in small
and large scale experirents, including test runs at the Containment Syste"s Exceriment
f acility at the Pacific Northwest Laboratury.

The proposed systen will employ the hydrazine additive in conjunction with crystalline
disodium phosphate stored in the containnent for post-accident control of sumo hydrogen
ion concentration (pH). This cH control agent will be stored twelow the post-accident
su p water level in ne contain ent, and will produce a su~p solution in the range of
hydrogen ion concentration (ps) of 7.o to 7.3 wnen dissolved in the sump solution.

The hydrazine addition systen will be designed to prod;ce a spray additive concentra-
tion of 50 parts rer <rillion. Pedundant additive pu ps will be used to inject 35
weight percent hydrazine from the hydrazine storage tank to each train of the contain-
r.ent spray system.

Although post-accident circu~ stances are unlikely to require hydrazine injection
beyond an initial four-hour period, the applicant will provide a 24-hour capacity
tank. The excess capacity is sufficient for several additional injection periods, if

the need should arise, because of decorposition of the hydrazine that was injected
initially. We conclude that the proposed tank capacity is acceptable.
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The trace quantity hydrazine adJitive has been shown to produce elerental icdine
partition coefficients cor' parable to those achieved with sodium hydroxide systers.
The iodine removal effectiveness of the system, therefore, will be mass transfer
limited, and the iodine transfer across the gas film surrounding the spray drops ray
te expected to be the rate controlling process. The calculation models developed for
predicting the ef f ectiveness of sodium hydroxide spray systems, therefore, also apply
to the hydrazine system. Our calculations indicate that, similar to most Sodium
hydroxide systems, the iodine removal rate constant fcr the hydrazine spray system
exceeds the caximun value of 10 inverse hours, which represents the fastest rate
process consistent with the iodine plate-out assumptions incorperated into the source
terns of Regulatory Guide 1.4, "Assu ptions Used for Evaluating the Potential Radio-
logical Ccnsequences of a Loss of Coolant Accident for Pressurized Water Reactors."
The dose calculations of Section 15 of this report consequently, were performed usina
the conservative assurptions of iodine reroval coefficients of 10, 0, and 0.6 inverse
hours for the ele' rental, organic, and particulate forns of iodine, respectively,
assuming an effective volu e of 2,600,000 cubic feet which represents 79 percent of
the total free volune of the containnent. As for sodium hydroxide systens, the
elemental iodine removal effectiveness of the spray system was assured to diminish
af ter t*e initial concentration for this forn of iodine is reduced by a factor of
100.

We find that the proposed hydrazine additicn system can provide the iodine removal
coefficients used in our accident dose calculations in Section 15 of this rcport and
conclude that it is acceptable for the construction pen,it stace of revi:

6.3 Energoncy Core Cooling System

Our evaluation of the ereraency core cooling system is presented in Sectico 6.3 nf

Appendix A to this report.

The discussion in this secticn is limited to our review of the balante nf plant
design.

6.3.1 Qe_ sign Basis

With regard to p3ssive failures during long-tern cooling, the applicant has stated
in Section 6.3.1.5 of the PSAR that no limited leakage passive failure or the effects
thereof such as flooding, spray ir pingccent, terperature, pressure, radiation, or loss
of net positive suction head in the erergercy core cooling system during the recircu-
lation node will result in a loss of minirum acceptable system capability. Also, in
the event of linited leakage passive failure in one subsysten during recirculation,
the app'icant has stated that appropriate personnel access provisions to the intact
subsystem will be provided. We find these connitments to be acceptable for the
constructicn permit stage of review. During the operating license stage of review, we

will require and review c: ore detailed aspects of the design regarding cassive failures
during long-ten, cooling.

_
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6.3.3 Perforrance Evaluation

In respcnse to the requirements of Section 50.46 of 10 CFR Part 50 re.;3rding the

evaluation of energency core cooling systen perfernance, the applicant has referenced
the CESSAR evaluation of this system in the FSAF In addition, the applicant has

provided specific inforr:ation re rJired for tne proposed f acility design.

The staff issued a SJtety Evaluation Report on the CESSA? in Decenber 1975 (Appenaix A
to this repert) in which it was concluJeo that the etercency core cooling systen

evaluation for the CESSAR was in compliance with the staff's requirenents as stated

in Section 50.4o of 10 :F R Part 50. The report nated that verifica*. ion of certain

design aspects regarding the safety injection tark isolation valves, the nini-flow

bypass valves and the hot leg injection valves would be required during the finil
safety analysis review. The report alsu stated that ea;h plant referencing the

CESSAR would be ret; ired to submit plant specific information regarding the contain-
nent pressure calculaticns and subnerged valves within ccntairnent daring the
construction pernit review stage.

Tne applicant subnitted plant specific containnent paraneters in anendments 10, 20,

and 21 to the PSAR which we cone'ude confirred that the contairnent pressure calcula-

tions included in the CESSAR are conservative when applied to the proposed facility

and are acceptable.

In cendnent 13 to the PSAR, tne applicant stated that there were no v31ves inside

tce containment belcw elesation 79 f eet that would te reqJired to cperate af ter the

1 c s s-o f-conl a n t accident. Tnt applicant in /centent 2 3 will comit to en viron-

rentally qualify any valses, which dering the final design review nay bc identifieJ
as valves that CoJld be s;bnerged. We find this conritnent to be acceptable for the

construction pernit stage of review and will confirn dscunentation of tnis cennitnent

in a supplenent to this reEort.

In April 1976, Conbustion Enqineering inforned the staf f that an internal a;dit of

the Ccnbustion Engineerinq loss-of-coolant accident heatup code, STRIKIN-II, which
had been used in the loss-of-coolant accident analysis for the preposed facility,

h3d disclosed several errors in the code. After discussing the nature of the

errors with the staff, ConbJstiOO EnQineerirg nade appropriate Correctiors to the
STRIKIN-ll code. At our request, Conbustion Engineering also nodified the STRIKIN-
Il code to comply with that part of the Connission's r;1e which states that return

to nucleate boiling shall not be allowed in the nodel af ter critical heat flux is

predicted. These nodifications as well as the staff approved model change regarding

the use of the FLECHT heat transfer coefficients during reflood, which are described
in the Corbustion Engineering report, CENPD-213, " Application of Reflood Feat
Transfer Coef ficients to C-E's 16 x 16 fuel Bundle," January 1976, were incorporated
in the reanalysis of the CESSAR systen loss-of-coolant accidents Tne results of
calculations using tne corrected and revised version of the STRIKIN-II code were
documented by Combustion Engineering in CENPD-135, "STRIKIN-Il-T. Cylindrical Geometry

6-13
- ; .

| 'A+



Fuel Rod Heat Transfer Program Supplement 4-P by Combastion Engireering, dated
August 1976. We reviewed the modified STRIK1!4-II code and found it acceptable. We
documented our firdings in the report, " Amendment i to the Status Report by 'he
Directorate of Licensing in the catter of Conbustion Engineering, Inc. , ECCS Evalua-
tion Model Conf orming to 10 CFR 50, Appendix K," dated October 1976. The applicant

referenced the above analysis as beina applicable to the proposed facility in
Anendment 28 to the PSAR.

T* referenced analysis, as descrited in Combustion Engineering report CENPD-130,
i .cluded a spectrum of seven break", for the loss-of-coolant f roa najor reactor
coolant systen pipe ruptures. The worst break wa identified as the double-ended
slot break located in the pump discharge and having a treak discharge coefficient
of 1.0.

Table 6.1 below smrizes the energency core cooling system perfernance analysis
for the limiting fuel rod at a linear heat generation rate of 13.4 kilowatts per

foot and for the limiting break.

Table 6.1

EME R3ENCY CCRF C00LI'G SYSTf M PERFpTNCE

Para eter Value Criterion Limit

Peak Clad TeGerature, Degrees Fahrenheit 2115 2200

"axinum Local Oxidation, Percent 16.8 17

Uxiram hydrogen Generation, Fercent 0.525 1.0

As shown by Table 6.1, the predicted values fGr peak clad temperature, naximan local
clad oxidation and maxinun h,drcgen generation are belcw the corres pnding limits of
2200 degrees Fanrenheit, 17 percent and 1.0 percent res ectively as s scified in

Section 50.46(b) of 10 CFR Part 50. The apparent improve-ent in perf orrance over

the previous calculation shown in Secticn 6. 3.3 of Appendix A, which resul ted in 12.1
kilowatts per fcot as the liniting linear heat generation rate as compared to the

present 13.4 kilcwatts per foot linit, is due to the uso of the new nadel for the

FLECHT reflood heat transfer coefficients.

Cased on our review, we conclude that the emergency ccre cooling systen perfornance
evaluation st.bnitted for the proposed f acility is in ccnformance with the peak clad

temperature, maxim;n local oxidation, naxir . hydrogen generation, coolable geometry,
ano long-tern Coolin7 criteria stated in Secticn 50.46 of 10 CFR Part 50 with tM

provisions indicated for ccnfirning those matters during the operating stage of
review.

6.3.4 Tests and Inspec tions

For the tests and inspections to be performed for the emergency core cooling systems,
the applicant references the CESSAR.
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Our evaluation of the CESSAR preoperational tests of the syston and cor ponent tests
is presented in Section 6.3.4 of Appendix A to this report. Carbustion Enqineering
has stated that the CESSAR systen E0 tests would be perforrod in compliance with the
Regulatory Guide 1.79, "Preoperational Testing of Erergency Core Cooling Systems f or
Pressurized Water Reactors. The applicant references the (ESSAR test description,
but in Table 1.7.1 of the PSAR states that he intends only partial compliance with
the provisicns of Pequlatory Guide 1.79. The applicant will provide clarification of

his intent in Arendment 29 to the PSAR. We will require that he ccroit to confcreance
with the provisions of Regulatory Guide 1.79 which allow for justification of alter-
native test programs prior to a decision on issuance of construction permits. We
will report the results of our review in a supplement to this report.

6.4 Enjineered Safety features Materials

The rechanical properties of raterials selected for the engineered safety features
within the balance of plant scope will satisfy Appendix ! of Section III of the Arerican
Society of Mech 3nical Engineers (ASME) Code 1971 Edition, includinq the Winter 1973
Addenda, and the statf position that the yield strength of cold-worked stainless steels
stall be less than 90,000 posnds per sqaare inch.

We have reviewed the range of hydrogen ion concentration (CH) of the reactor containr+nt
spray, afd the energency core cooling water that will be raintained fcllowing a postu-
lated loss-of-coolant accident. We find that the proposed control of hydrocen ion
concentration will ensure f reedom f ron stress-corrosion cracking of the austenitic
stainless steel components and welds of the containment spray and energency core coolirq
sy s ten throughoJt the duration of operation of these systros following a postulated

loss-of-coolant accident. The ccntrols on the use and fabrication of the austenitic
stainless steel used in fabrication of the systens generally satisfy the reconrendations
of Pegulatory Guide 1.31 "Ccntrol of Stainless Steel Welding," and Pequlatory Guide
1.44, " Control of the Use of Sensitized Stainless Steel. Fabrication and heat
treatrent practices that will be perforred in accordance with these requirements
provide added assurance that stress-corrosion cracking will not occur during the
postulated accident tir e interval . The control of the hydrogen ion concentration of
the sprays and cooling water in conjunction with controls on selection of containrent

r aterials, in accordance with the recorrendations of Regulatory Guide 1.7, " Control of
Combustible Gas Concentrations in Containrent following a loss of Coolant Accident,
provide asstrance that the sprays and cooling water will not cause serious deterioration

of the containment. The controls placed on concentrations of leachable impurities in

ntnmatallic thermal insulation used on austenitic stainless steel corponents of the
engineered safety feature systen will be in accordance with the recorrendations of

Regulatory Guide 1.36, Nonmetallic Therr.al Insulation for Austenitic Stainless
Steel . '

Conformance with (1) the Codes and Regulatory Guide reco"rendations mention"d above,

and (2) the staf f position; regarding the allowable naxirum yield strength of cold-
worked austenitic stainle;s steel, and the minimum level of hydrogen ion concentration
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of the containment sprays and erergency core cooling water constitutes an acceptable
basis for reeting the requirements of Criteria 35, 38 and 41 of the General Design

Criteria.

In Aaer.drent 28, the applic nt identified some suceptions to Pegulatory Guide 1.31
and 1.44 that he proposes to adopt. We will report d'e resu ts of cur review of this

matter in a supplerent to this rernrt, and if significant exceptions rerain, we will

require that the applicant either ccnform with the recomrendations of the guide or

provide alternat0 acceptable bases for reetirg the objectives of these guides prior

to a decision on issuance of construction permits.

6.5 Control Room Habitability

The erergency protective provisions of the control roon related to the accidontal
release of radioactivity or toxic gases are evaluated in this sectian. Relevant
portions of the control roon air conditioning systen are discussed. Our evaluation of
tre control room air conditioning systen is contained in Section 9.4.1 of this report.

6.5.1 Radiation Protection Provision;

The applicant prcposed to reet Criterion 19, " Control Foom, of the General Desicn

Criteria by use af ccntrete shielding and by installing two separated fresh air
inlets that will pravide a sour:e of fresh air fcr pressurization. In addition, the

design will include redundant charcoal filter trains with each train designed to

process 1000 cubic feet per mirate of rake-up air and 2000 cubic feet per minute of

recirculated control reon air. These trains will te automatically started upon

detection of iadiation.

Our review of the design of the systen initially proposed by the applicant irdicated
a possibility of excessive operator doses folicwing a postulated loss-of-coolant

accident. The applicaat reevaluated the design and submitted a rodified systen

design in Arendnent 20 of the PSAR. In the modified design cutdoor air will be taken

from two intake structures at widely separated locations. A radiation ronitor will

close intake dangers in one structure upon a high radiatica signal. In the event of

a high radiation signal in the air fron both structures the control roon will auto-

ratically be placed in a 100 percent recirculation rede. On the basis of our review
we conclude that the rodified systen can be designed to perform in accordance with

the requirerents of Criterion 19 of the General Design Criteria, and therefore, is

acceptable.

C.5.2 Toxic Gas Protective Provisions

We reviewed the design require-ents for control roon habitability following a postu-
lated toxic gas release to ensure that operators can continue to carry out their
monitoring and control functions. Our review was conducted according to the guide-
lines in Regulatory Guide 1.78, "Assu ptions for Evaluating the Habitability of a
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'4uclear Power Plant Control Room During a Postulated Hazardous Chemical Release,' and

1,95, " Protection of Nuclear Power Plan * Control Room Operators Against ar fctidental
Chlcrine Release.'

The applicant stated that na toxic gas will te stored on or in the vicinity of the

site in saf ficient quantity to pose a potential threat to the centrol room operators.

Ar renia in 3 30 t ercent aqueous solution will be stored in 13 galli n drums in the
base'ent of the service building. HydraZ1ne will be stored in 55 gallon drums at the

same location. These chemicals were determined to pose no threat to the control room

operators in view of their low volatility and limited co''ainer size. The other

hazardous chemicals discussed in Section 6.4 of the PSAR were also , terr:ined to be

of na concern r egarding control room habitability.

Wo have cor.pleted our review of the prelininary design and design criteria and conclude
that acceptable provisions to protect against toxic O >es can be provided. However,
in k"endi ent 28, the applicar.t identified propused exceptions to Regalatory Guides 1.78'

ar,d 1.95. We have reviewed the nature of the proposed exceptions and conclude that

for the proposed fccility the e=ceptions are not applicable. Hence, we did not

rev!ew the acceptability of the exceptions uhich could be applicable to other licensed

and proposeg facilities of the applicant.
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7.0 !NSTRU''ENTATION AND CONTROLS

7.1 General

7.1.1 criteria

The Commission's General Cesign Criteria, the Institute of Electrical and Electronics
Engineers Standards, including IEEE Std c79-1971 " Criteria for Protecticn Systems for
Nuclear Pcwer Stations,' and applic^ble Regulatory Cuides for Power Reactors have
been utilized as tne bases for evaluating the adequacy of the instrumentation and
control systens.

7.1.2 Use of CESSAR in the Pevinw

Ue concentrated our review of the instru entation and cor,trols systems on those
aspects of the design that are not included in thc CESSAR. Additionally, as renorted
in Appendix A to this report, during our review of the CESSAR, we identified several
issues that were to be resolved by applicants referencing the CESSAR. During this
present review, the applicant provided additional information to der onstrate that the
proposed design will be in accord 3rce with our additional require-ents stated in
Appendix A. These items are sum'arized be'ow and are discussed further in the
indicated sections of Appendix A.

(1) Interface Pegjirerents

The staf f's Safety Evalu3 tion Peport for CESSAR ( Arpendix A to this report)
contains sore interface requirements which are in addition to those contained in
the CESSAR. We requested that the a;plicant comnit to design the bilance of
plant to satisfy the CESSAR interface requirerents and to satisfy tre additional
interface requirer.ents identified by '< < staff in Appendix A (Sections 7.1,
7.2.3, 7.1.4, 7.4.2, and 8.1). In Artnd ent 2f,. the applicant stated, "It is

the applicant's objective to meet these additional interfaces and, at this time,
no major proble s are foreseen in doing so. However, ur., exceptions to these

additional interfaces will be addressed in the Project 31 FSAR." Because this
connitrent is in accordance with the Connission's policy on standardization,
we find the connitrent to be acceptable.

(2) Steam Line Break Isolation

In the CESSAR analysis of the steam line braak accident inside the con-
tainrent, credit is taken for the ternination of rain feedwater flow to the

a f f ected steari generator and the ti ely isolation of the intact < team generatcr.
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These actions will be accomplished by tFe nain ste3m isolation system which will

ef fect the closure of the r3in steam and feedwater isolation valves.

With relard to the isolation of the intrKt ste3n generator at the steam side, o;r
review as stated in Section 7.3.1 of Appendix A to th:s report, revealed two areas

of concern in the event of a steam line break inside the contairm ent- Resolution

of these concerns reqaires that the applicant satisfy the additional interf ace
reqJire-ents stated by the staf f in Secticn 7.3.1 of Appendix A. The first of

these two interface requirements is that the applicant comit to providing tre
necessary analysis with his 0;erating license application if the analysis has not
teen completed by Combustien Engineering for the CESSAR and revie ed and approved

by the staf f, or to provide a design which reets the single failure critericn. In
Anendment 26, the aLplicant nade this comitnent for all valves downstream of the
main stean isol stico valves tJt did not irclude any ccmitnrnt for a design to
preclude sinqle f ailures of the electro-hydraalically-actuateJ atmospheric dep
salves In Anendment 28, the applicant changc] the valve upstreun of each of the
drp valves f rom a riomally open tc a nomally closed design. With this ch3nte, we
conclude that the PSAR is 3 ended tPro;gh Am ndment 2R provides an accept 3ble
resolutien of oar concerns expressed in Section 7.3.1 of Appendix A to this report.

Appendix A to this report also inclJded a requirement for a comitnent to prOside
Class lE signals to "itiate the control systen s for closing all of he va'.ves
h < *. re a m of the main steam line isolation valves if the analysis i.emonstrated

that the bic dsn of toth steam generators is uracceptable. The applicant has
stated that the tJrbine typass systems will cptn at 11E0 pounds per sq;are inch
g3ule pressure. With reg 3rd to the turbine typass systen, we have noted that,
given a sirJ e failure of a nain st m lire isolation valve, this system willi

close after the steam line header depressurizes to 1100 pounds per equare inch

gau p and is, therefore, acceptable. With rejard to other valves, tr e ap-
plicant his comitted to provide suitable design nodifications if the analysis
demonstrates thit the blo down of an ajditional stem generator through ae

par ticular val ve is unaccept3ble. This comitnent ty the applicant is acceptable
to us. Fo!lcwing d3cu entation of this ccmitment in Amendrent 29 to the p;AR,
ne will confir- in a supplerent to this report th3t this matter is resolved.

(3) Safet d njection Tank pressure Restoraticn

The design described in Section 7.6.5 of the CESSAR crovides for the manual
depressuritaticn nf tM s a f( t y injection t3nks to 403 pounds per square inch
gau ;e daring plant cooldan ar d for nanual repressurization of the tank to 600
po;nds per square inch gauge Wn the reactor coolant systen pressure is teir/;
increased. The CESSAR also states that the administrative controls for the
safety injection tank pressure change will be supplemented with an audible alarn
to alert the operator of lcw tank pressure when the reactor coolant system
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pressure reaches 700 pounds per square inch gauge. The interiace requirement
includes a requirerent that the applicant provide an alarn desiqned to meet the
single failure criterion and be designed in accordance with the applicable Class
IE requirements set forth in IEEE Std 279-1971 and IEE Std 308-1971.

An added interface requirement in Appendix A to this report is that instrumen-
tation, which forms the basis for operator action, reet the requirements of
IEEE Std 279-1971. Becau;e the applicant has connitted to the CESSAR interface
criteria cited in Section 7.6.5 of Appendix A, we conclude that IEEE Std 279-1971
will be applied to all instrunentation which is required for safety, and that
the applicant's connitrent is acceptable for the construction permit stage of
the review.

7.2 _ Reactor Trip System

Our review of the reactor trip systen is presented in Section 7.2 of Appendix A to
this report.

In Arendnent 23, the applicant stated that in the event that the develcorent proqram
for the core protection calculator systen described in the CESSAR proves to be
unacceptable to us, an alternate design sinilar to those previously re.iewm and
approved by as will be ir.plerented in the finai cesign.

Section 7.2.1.1.2.4 of the CESSAR includes a requf erent that the applicant's PSAR
ccntain an evalu3 tion of the CESSAR assunption that the raxinum f requency decay rate

at thG reactor coolant pump buses will be three hertz per second. The analysis has
not been provided in the PSAR but the applicant in the PSAR states that, "For any
electrical syster transients which could af fect the departure fron nucleate boiling
ratio evaluation will be made to verify that these electrical systens transients will
not cause departure fron nucleate boiling ratio excursions below the ninirun value of
1.3. The results of these evaluations will be contained in the Final Safety Analysis
Perort (FSAR). If it is determined by analysis that electrical systen transients
could effect the departure from nucleate boiling ratio, trips will be provided which
are designed in accordance with the requirements of IEEE Std 279-1971, and any
required equiprent will be qualified for the safe shutdown earthquake and located in
a Class I structure.

A: Ns<e concle''d that these connitments by the applicant are acceptable for the
constr uction p it sta, of the review.

7.3 Engineered Safety Features ctuation Systers
7.3.1 Iotroduction

The engineered safety feature actuation systen and sore of the sys: ens actuated ty
that systen are presented in CESSAR Section 7.3. Additional systers that are actuated

by the engineered safety feature actuation systen are discussed is. Section 7.3 of the
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p SA R . f,n erarple of one of these syster s is the contairrent spray hydrazine addition
system described in Section 7.3.6 tnat will be used by the applicant instead of tne
iodine renoval syster s described in tae CESSAR.

Our evaluation of inforr.ation pertaining to the single f ailure criterion is presented
in Subsection 7.3.2 of this report and inforration pertaining to periodic testing is
presente<i in Subser.ticn 7.3.2. The remaining subsections present our evaluatio<,5 of

t hose et.gineered saf ety features actuation sys ters that were not included in the
CESSAR.

7.3.2 Corplianc_e with M E_Stardard_2]9-lj7_1

Early in our construction permit review, we received an acceptable cor;r:ittent to reet
the requirrents of Standard Roview ilan Appendix 7- A Fosi tion 18. "Applica tion o f
the Single Fa' - ~riteria to Manually-Controlled Electrically-Operated Valves
However, in Arendment 20, the applicant presented additional interfaca cri teria which
indicate that he differentiates betwoen active and passive failures. Since this

action appeared to contradict the earlier corritrent, we requested clarificatiDn and
in Arendrent 23, the applicant stated, " Failures of electrical corponents such as
rotor-operated valves will t,e classified as single active corponent failures.' Ea d

on this clarification, r find that the applican:. Will provide systers designs whic h

satisfy the 'equirevnts of Posi tion IR and, therefore, we conclude that the a;Tli-
c ant has prov.ded an acceptable corritrent f or assuring tMt the single f ailure
cri terion is r e+

During our review, we requested that the applicant describe the design features and
test prograns that will be u3ed to periodically test reactor protection and engineered
safety features systems response tir es from sensor input to final actuater. The
applicant has provided the following corr 'tment in the PSAR:

" Provisions f or reactor protection systen and engineered safety features systems
response tire testing will t,e incorporated in the station design as ref erenced in
CESSAR l.2.l.l 9.c anj 7.2.l.1.9.7. These tests will include reasurement of sensor
response tire to the extent practicable. Duke Fower Company will follow the ongoing
EPRI program involving systen response tire characteristics and response time reasure-
rrnts. Further description of the design provisions and identification and > ,is for

any sensars which cannot be practically tested will be submitted in the FSAR.

Ws find this comitrent to tse acceptable for the construction permit stage of the

review,

7.3.1 A gil_iary_Feedwater Systc3

Our evaluation of the instrurents and controls for the auxiliary feedwater systen

is included in Section 10.5.2 of this report.
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7.3.4 Annulus Ventilation System

The annulus ventilation system will be designed to circulate the atmosphere from the
annulus surrounding the upper portion of the containment through filters for fission
product removcl. A negative pressure will be maintained in the annulus by exhaustinj
flow to the environment at a rate equal to the sum of the containment leakage flow
and the inward leaka3e flow inward through the surrounding shield building and
upward through the containrent support structure.

We (c.,1d that the design criteria for the instrumentation and controls for this
system satisfy our requirements ideatified in Section 7.1.1 of this report and are
act?ptable. However, the criteria presented in PSAR Section 7.3.2 were in
contradiction with information provided in Table 6.2.3-2 and Figure 6.2.3-1 of the
PSAR. This latter information indicated triat the failure of a single sensor or
single damper position control system for four dampers could result in an unacceptable
annulus pressure and a loss of filtration by uncontrolled discharge to the unit vent.
We also noted that failure of the hydrogen purge system valves located in a cross
connection between the recirculation discharge dJCts of the two annulus ventilation
system trains could negste the independence of the trains.

In Amer # ent 26, the applicant provided a revised design in which eight dampers were
arranged as two redundant pairs of control dampers each of the two trains with
separate control systems for each train. In Arendment 28, the applicant deleted
the cross connection between de annulus ventilation and hydrogen purge systems.

On the basis of our review of the modified design we conclude that the design will
satisfy the single failure criterion for instrumentation and controls and is
acceptable.

7.3.5 Control Ecgipgnt and Cable Roons Heatird, Ventilation and Air Coniitioning Syvstem

The control, equipr.ent and cable rooms heating, ventilation and air conditioning
systems will consist of two redundant 100-percent capacity systems. Each system
will be designed to maintain the environment in each area they serve within accep-
table linits for operation of plant controls. One train will always be in operation.
The valves and depers associated with both trains will automatically align for
e ergency operation and the train in operation will receive a start signal from the
engineered safety features actuation logic described in the CESSAR so that the

o;erating equipment will restart ef ter a Inss of of fsite pcrer. However, the applicant
stated * hat the redundant systen fans and chillers would not need to be automatically
started. The applicant further stated that the failure of the operating far
and chiller to aJtomatically restart constitutes an acceptable design because
the operator has sufficient tire and indication of failure to manually start the
redundant train. The applicant had not provided the prelim: nary description of the

instrumentatien and the basis for the 160 minutes in which he claims the operator can

; 1 /-4
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take action to prevent violation of the environmental limits for the safety equipment
which is cooled by these systems.

Because it has been a staff position to require that redundant safety systems be
actuated simultaneously, and because the applicant had not demonstrated that his
design satisfies the single failure criterion, we concluded that the proposed design
was not acceptable. In Amendment 23 the applicant committed to provide redundant
and diverse Class IE sensors, indicators and alarms powered by separate Class IE

power sources, to detect the failure of a Feating ventilation and air conditioning
system The parameters to be detected are: (1) low chiller water flow in each
train, (2) low air flow in ducting, (3) high fan discharge air temperature in each
train, and (4) high temperature in the control room, equipment roon and cable room.

We conclude for the heat loadings in the spaces to be monitored that the
proposed sensors, indicators and alarms will assure sufficient time for the operator
to take corrective action should the operating train fail to restart and that, there-
fore, an acceptable basis has been provided for reliance on operator action.

7.3.6 Con _tainment Spray _ System

The containment spray hydrazine addition systen proposed by the applicant will be
activated upon receipt of a containment spray acutation signal. Our review of the
proposed logic systems for the generation of the containment spray actuation signal
shows that it is the same as the one described in the CESSAR which we have already
reviewed and found acceptable as reported in Section 7.3 of Appendix A to this

report.

7.3.7 Recirculation to the Refueling Water Tank

Section 7.3.4(2) of Appendix A to this report includes a requirement that the power
connections to the isolation valves in the safety injection and spray pump recircula-
tion lines to the refueling water tank satisfy the single failure criterion.

The applicant has proposed providing each of the two series valves with power from
separate motor control centers in the same division. With maintenance of separate
control and power wiring for each valve, the only single failure which could disable
both valves would be a bus failure which would also disable the pumps.

Because these valves will be needed only when the associated pumps are operating, the
failure of both valves to close will not present a safety hazard. The failure of a
single valve to open will not constitute a hazard because redundant equipnent is
provided in a duplicate, electrically-independent and physically separated train.

We find that this design satisfies the single failure criterion and is, therefore,
acceptable.
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7.4 Systems Required for Safe Shutdown

In Section 1.9.3.3 of the PSAR, " Exceptions to CESSAR," the applicant does not state
any exceptions to CESSAR Section 7.4, " Systems Required for Safe Shutdown." There-
fore, in our review we have assumed that the results of our review reported in
Section 7.4 of Appendix A to this report are applicable including the staff positions
stated in Subsections 7.1.2.2 (Interfaces) and 7.1.2.3 (Steam Line Break). In
addition, we infonned the applicant that we require that the instrumentation which is
used to monitor the cooling of the reactor coolant pumps meet the requirements for
reactor protection systems (see Section 9.2.2 of this safety evaluation report) and
that the description presented in FSAR Section 7.5 did not satisfy this requirement.
In Amendment 28, the applicant modified PSAR Section 7.5 to read as follows, " Safety-
related instrumentation will be incorporated to monitor component cooling service to
the reactor coolant pumps. This instrumentation will be designed to assure that
control room alanns are available upon loss of componert cooling service. This
design will be in accordance with applicable Section of IEEE 279-1971. However, it
is noted that this design is more appropriately within the scope of IEEE F-466,
" Criteria for the design of Safety Related Surveillance Instrumentation in Nuclear
Power Generating Stations" p'esently under develepnent. In regard to this standard,
justification will be provided in the FSAR if IEEE P-466 is to be used in lieu of
IEEE 279-1971. " We find this ctamitment to be an acceptable basis for concluding
that the plants will b? adequate.y protected against the f ailure of the reactor
coolant pumps f rom loss of cooli sg service.

7.5 Safety-Related Display Instrumention

In Section 7.5 of the PSAR, the applicant references CESSAR Section 7.E and includes
a discussian of design criteria for safety-related instrunentation not described in

the CESSAR. On the basis of nur review of this latter information we conclude that
the safety-related display instrumentation will be designed to satis *y the criteria
cited in Section 7.1.1 of this report and is acceptable.

7.6 Other Systems Required for Safety
7.6.1 References to the CESSAR

The applicant has referenced the CESSAR fur the descriptions of the shutdown cooling
interlocks, safety injection tank isolation valve interlocks, and refueling inter-
locks. Dur position on the use of CESSAR is presented in Subsection 7.1.2 of
this report (Subsection 7.l.2.2 " Interfaces", 7.1.2.3 " Steam Line Break" and 7.1.2.4
' Sa fety Injection Tank Pressure Restoration").

7 . fs . 2 Eq;ipment Provided by_the Applicant

Our review shows that the systems and equipment which are not within the CESSAR scope

but which are required for safety will satisfy all of the requirements of IEEE 279-
1971. We conclude that the criteria for applicant's designs are acceptable. This

; '
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conclusion is applicable to equipment described in Section 7.6 of the PSAP. During
our review the applicant connitted that equipront described in Section 7.6 would be
subject to the sane criteria as equipment described in Section 7-4 as equipment
required for safe shutdown.

7.6.3 Class IE Diesel Lubrication _Sys_ tem Ir.strumentation

The applicant proposed to use two oil pressure switches, in a two-out-of-two logic,
which would meet all of the requirements of IEEE 5td 279-1971 for protection of the
diesels against a loss of lubrication. We find this concept acceptable. However,
the applicant also proposed to check these sensors by cross checking between re-
dundant counterparts. We did not find this acceptable because, IEEE 279-1971 requires
that instrurents used in cross checking bear a known relationship to each other and
have read-outs available. Neither condition can be satisfied bj a blina, go no-go,
sensor such as a pressure switch.

The applicant was informed that diesel generator protective trips, with the exception
of overspeed and high differential current, must be bypassed by an engineered safety
feature actuation signal or meet all of the requirements of IEEE Std 279-1971. In
teendment 23, the applicant connitted to test those sensors and to calibrate them in
confonnance with the calibration requirements of the technical specifications. We
find this connitrent acceptable for the construction permit stage of review.

7.7 Control Systems Not Required for Safety.

In Arendment 23 to the PSAR, the applicant stated that in the event the developrent
program for the core protection calculator system describcd in Sections 7.2.1 and 7.7 o'
the CESSAR proves to be unacceptable to the Connission, an alternate design similar to
those previously reviewed and approved by the Cnamission will be implerented in the
final design. This connitrent, with regard to the reactor protection system, is
acceptable for t'1 construction permit stage of the review.

During our review, we did not find the applicant's statement in Section 7.7.2.s of the
PSAR that the instru'entation and controls of the instrument air system have no pro-
tection function to be acceptable. As discussed in Section 9.3.1 of this report, the
applicant by letter dated February 8,1977, provided clarification of the safety
significance of this systen.

e
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7.8 Operating Control Systems _

The applicant has comitted tc provide a bypasstd status indicator in response to a
CESSAR interface requirener*. ard a conmitment to satisfy the positions of Regulatory
Guide 1.47, " Bypassed and Inoperable Status Indication for Nuclear Power Plant Safety
Systems." We conclude that these commitments and the preliminary dascription of the
prcpored bypassed status indicatcr provided in Section 7.8 of the PSAR are acceptable at
th( cor.struction permit stage of the review to assure that a acceptable system will be
provided.

7.9 Technical Specifications

Appendix A to this repcrt requires that the applicant address Branch Technical Pesitiont
5, "Scran Ercaker Test Requirements" and 9 " Definition and Use of Channel Calibration"

which are fcund in Appendix 7A of the standard review plan. The applicant has stated
that it is his intent to incorporate these requirements in the technical specifications.
We conclude that this commitment is acceptable for the construction permit stage of the
review.

I
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8.0 ELECTRIC POWER

8.1 Introduction

Criteria 17 and 18 of the General Design Cr' Leria, Regulatory Guides 1.6, "Indepen-
dence Between Redundant Standby (Onsite) Power Sources and Setween Their Distribution

Systems"; 1.9, " Selection of Diesel Generator Set Capacity for Standby Power Sup-
plies",1.75, " Physical Independence of Electric Systems," and IEEE Std 308-1971,
" Criteria for Class IE-Electric Systems for Nuclear Power Generating Stations," were
utilized as the primary bases for evaluating the adequacy of the proposed electric
power systems. In Secticn 1.9.3.3 of the PSAR, the applicant has conmitted to meeting
all of the interface requirements of CESSAR Section 8.0, and in Section 8.0 of its
PSAR has provided information in response to CESSAR interface requirements. This
information reflects the need of an electric power systen that will have two redun-
dant and independent division arrangements for alternatirg current power and four
redundant and independent division arrangements for direct current power. This is
consistent with the required redundancy of safety-related components and systems
included in the CESSAR.

We have identified in Table 8-1 cf Appendix A to this report the interface acceptance
criteria for the offsite and cnsite power systems that we used as the bases for our
review of the applicant's pecposed design. These criteria include criteria in
addition to the interface criteria in the CESSAR that we found were necessary for an

assessment of the overall adequacy of the applicant's FSAR in combination with the
CESSAR

8.2 Offsite [ower System

8.2.1 Offsite Routing

The offsite alternating current power sources for the proposed f acility will be
provided by six double circuit 230 kilovolt lines, two of whirn will be located en
etch of three separate rights-of-way. All six circuits will be tenninated in a 230
kilr. ult breaker and a half switchyard.

8.2., Onsite Routing

The transmission iines will approach the switchyard on converging paths that will be
located to maintain physical separation Letween the rights-of-way. Transmissicn
lines will not cross each other and the horizontal distances between the rights-of-
way will be greater than the tower heights. The interconnections between the switch-
yard and the unit generators 6nd between the transformers and switchgear are described

in the following secticns.
> ,

,
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In Acendrent 28, the applicant provided the following criteria for the routing of
power to remote structures, e.g., the nuclear service water pump structures:

(1) Class IE power and control cables routed outside the plant structure will be run
underground.

(2) The undergrcund Class IE cable system will consist of two concrete trenches
containing cable trays. Redundant Class IE cables will be routed in separate

trenches. The trenches will be equipped with drains and a concrete cover.

(3) The design will be such that any single design basis event applicable to the
location of the cable trench will not result in the failure of redundant Class IE
cables

The proposed routing of the underground Class IE cable system in shown on Figure 3.2-1
of the PSAR.

As a result of these connittents ar.d the criteria presented in the PSAR for the
selection of cables, we conclude that rerote structures will be served with adequate
electrical power under all normal and abncrral events and, therefore, we find the

design acceptable.

8.2.3 Swi tc hi ngga ti on

The electrical output from each unit will feed the two three-phase 230 kilovolt
switching sta tion mair ,Jses through two half size feeders that will enter the

switchyard at two separate bay locations. The two half sized step-up transformers,
feeders and switchyard breakers bay will protect the integrity of each unit and the
systen against a single breaker, feeder or transforner failure.

The switchyard power circuit breakers will be operated by stored energy devices which
will be charged from the switchyard 480 volt alternating current power system while
the redundant protective relays and tripping circuits will be pcwered from redundant

125 volt direct current switchyard batteries The two separate 480 and 277 volt

alternating current pcwer systems for the switchyard will rormally be fed from the
E.9 kilovolt nonnal auxiliary power systen will be supplied by the 6.9 kilovolt normal
au<iliary power system of arother unit. The switchyard auxiliary power systems will
have redundant feeders to Lne switchyard load centers which will contain a step-down
transformer and autur;atic transfer devices. The transmission network and the switch-

yards will be designed to maintain stable operation of the plant generators for
single faults in the switctjard or transmission ' s, ar.d upon a sudden increase in

systen load or generation.

- 4 p
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8.2.4 Unit feeders

Each nuclear unit will generate power at 24 kilovolts and feed power through an
isolated phase bus and two generator powar circuit breakers to two independert b31f-
size unit step-up transformers. One set of two unit aJAiliary transformers, capable
of supplying full capacity unit auxiliary power, will be connected to the isolated

phase bus betweer. each unit step-up transformer and its generator power circuit

breakers. Each of the two independent step-up transformers aill connect to the

transmission system through its respective, indep?ndent cirCJit and switching
station power circuit brealers

Frior to and during start up of the nuclear units, the auxiliary power system will

receive pcwer from the of f site power systen through the two independent circuits, tFe
two independent step-up transforners, and the two independent sets of unit auxili3ry

transforcers. During this perind, the generator power circuit breakers will be open.

The nuclear unit generator can te ranually connected to the system by synchronizing
across and then closing tne generator power circuit breakers. The nuclear unit

generator norr: ally will be connected to the transmission systeri through two indcpen-
dent power transport circuits.

a.2.5 gys Transfers

The 6900 volt norral auxiliary power systen foi each nuclear unit will consist of

four switchgear qroups Each switchgear group will be connected through sepurate
rain breakers and buses to the two auxiliary transforrers discussed in Section 3.2.4

abase. The two auxiliary transtormers will be energized by separate innediate access
circuits. Norrally, all four auxiliary transforrers wiil be available, and each

switchgear group aill be energized by a single separate auxillary transferr er. In

the event that one of the auxiliary transf orrers is lost, the switchgear breaker that

is fed from the affected auxiliary transforrer trips an1, with breaker interlock

devices, will initiate the closing of the alternate source breaker.

In the event that loss of one irrediate access circuit de-energizes two auxiliary

transforcers in the san e train, the two switchgear breakers that are fed from the

affected independent circuit trip and, with breaker interlock devices, will initiate

the closing of the respective alternate scurce breakers. The transfer of sources

will occur within a r;aximum of eight cycles dead tir e and the two 'f fected switchgear
groups will then be energized from the two auxiliary transformers of the second

irrediate access circuit.

terr al bus transfers between the sources will be able to be initiated at the dis-
cretion of the operator from the control roon. These transfers eill be " liv 3 bus"
transfers, i.e., the inconing source feeder circuit breaker will be c osed onto thel

enerqized bus secticn and its interlutLs wil' trip the outq]ing source feeder

breaker, which will result in transfers without pcwer interruaticn.

E-3
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Each unit will have two redundant and independent 4160 vol+ Class IE auxiliary power
systems, identified as trains A and B, which normally will receive power from the
6900 volt nornal auxiliary power system via the auxiliary transforrers in the turbine
building. The incoming source breakers will trip upon loss of nornal power, and
energency power will be provided to each of the redundant 4160 volt Class IE auxi-
liary power systens trains by separate and completely independent diesel electric
generating units.

8.2.6 Generator Power Circuit Breakers

The applicant has conducted load flow and transient stability analyses for the
existino and prcposed plants on his transmission system which indicat th tne

systen remains stacle over a wide variety of severe contingencies. The applicant has
also made a connitrent to provide a detailed study of load flow and transient sta-
bility in the FSAR which will demonstrate corpliance of the preferred power system
with Criterion 17 of the General Design Criteria. The applicant has also connitted
to provide generator circuit bre?kers which are identical in design to thase to be
used at Duke Power Company's McGuire and Catawba plants. The applicant also main-
tains that because the McGuire and Catawba generator power circuit breakers are being
tested to 24 kilovolts no extrapolation of results is necessary. In the event that

the McCuire and Catcwba power circuit breaker qualification teste are not successful,
the applicant has stated the systen will be modified to satisfy Criterion 17 of the

General Design Criteria. With regard to the conritrents which the applicant has nade
for the qualification of the power circuit breaker, we note that these breakers are

bcing tested and qualified for use at the Catawba and Mchuire Stations. Because the
rodel of the electrical grid whicn was used to determine the naximum fault current in
this qualification program did not include the proposed Ferkins and Cherokee Sta-
.tions, it was not clear to us that the power circuit br aaker ' vill clear generator

f aults at Ferkins, Cherokee, McGuire, or Catawba when the present distribution system

is expanded to include all four stations. The applicant was inforred of this and

responded with the following commitment:

"The generator power circuit breakers are identical to the power circuit breakers

used at both McGuire and Catawba Nuclear Stations for tFe same application. The

generator pcwer circuit breaker can receive fault turrent contributions f rcr both the

generator and the sisten during the worst case fault condition, hence the generater
pcwer circuit breaker ratings are selected to be compatible with the sum of tho fault

current contributions from both sources. The contribution f ron the system is subject

to chango in the event of future systen changes; therefore, the power circuit Lreaker

is rated to be corpatible with the fault contribution calculated to be available from

the syster when all of the Ferkins and Cherokee units are in operaticn plus a design
nargin to allow for future systen changes. When system changes are conterplated,
generator power circuit breakers and other equipment are aralyzed for cor patibility
with the system re pirements and dJties. Equip ~ent determined to be CoFpatible is

uprated or replaced as appropriate.' This corritront is an acceptable basis to us

f or the construction permit stage of review.

, .
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8.2.7 Conclusions

Our review of the design of the power systems for the switchyards indicates that, if
properly implemented, the offsite power system will satisfy the requirements of
Criterion 17 of the General Design Criteria. However, the applicant's criterion, as
presented, requires redundant alternating cui rent and direct current sources for the
proper operation of the offsite power supply and the implementation of these sources
must be carefully reviewed as part of our operating license drawing review.

As a result of our review and in consideration of the applicant's conmitments, we find
that the 230 kilovolt sources on three rights-of-way will comply with the requirement
of Criterion 17 for two physically-independent offeite power sources and that each
unit feeder will be an inrediate access line. We conclude, therefore, that an
dCCeptable design will be provided.

8.3 Onsite Power Systems

The onsite alternating current power sistem for each unit will consist of two diesel
generator sets, each exclusively feeding one of the engineered sa#ety feature load
g ro u p s . The two load groups are identified by the applicent as train A and B. Each

diesel generator unit is operated independently of the other unit and, except during
tests, will be disconnected from the utility power system. Ore of tne two divisions
in each unit will be able to supply sufficient power to pr9 vide for coeraticn of
suf ficient safety features to cope witn an accident or providt for a safe shutdown cf
the unit.

8.3.1 Al ternating Curren t Pcwer Sy_stg3

The diesel generator sets of each unit will have a continuous rating cf approximately
6250 kilovolts each. The applicant has stated th.st the diesel generatcr sets will be
tested to deronstrate compliance with Regulatory Guide 1.9 and to demonstrate a

reliability of 0.99 at the 50 percent confidence level.

The applicant has stated that protective devices will be provided to protect the
diesel generator against:

(1) low lobe oil pressure

(2) engine overspeed

(3) high lube oil temperature

(4) high jacket water temperature

(5) low jacket water level

. .a
'
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(6) low crankcase vacuum

(7) low jacket water pressure

(8) generator diffe;ential

As noted in Section 7.6.3 of this report, the low lube oil pressure, engine overspeed
and generator differential protection permissive interlocks will be the only protective
devices listed above that are not bypassed during starting of the diesel generators by
an engineered safeguard signal. The applicent has stated that the low oil pressure
switches used on the diesels as permissive interlocks will be periodically tested and
caliuratea in conformance with station technical test specifications, thereby ensuring
their continuing reliable performance. In addition to periodically testing the low oil
pressure switches, the applicant mainta ns that their reliability along with that ofi

other components of the diesel generator unit will be established in the starting and
reliability tests performed on the units. The diesel generators for each unit are
housed in individual seismic Category I structures ethose outer walls will be designed to
withstand tornado wind loads and tornado missiles. The separation walls within the
structures will be capable of withstanding internally-developed nissiles.

The air starting system for each diesel gererator will have two receivers, each having a
five start capacity. Because the perforrance of a diesel engine is very dependent upon
its ability to obtain sufficient oxygen, the applicant will take all practical steps to
include design features that will assure that the oxygen content of the encine's intake
air will not become diluted by engine exhaust.

We conclude that an acceptable onsite alternating current power supply system can be
provided that will satisfy the requirements of the General Design Criteria, IEEE Std
3G8-1971, IEEE Std 336-1974 IEEE Std 338-1971 and the recorrendations o. ' t gulatory
Guides 1.6 and 1. 3.

8.3.2 Vital Power J stens

Each nuclear unit will have four physically isolated 125 volt direct current vital power
systems to supply 125 volt direct current and 120 volt alternating current to the instru-
nentation and control of the two independent engineered safety features load divisions.
Each system will consist of a battery charge. , pcwered by one of the two engineered
safety features onsite power trains, a battery, a distribution center, a direct current
power panel, a static inverter, an alternating current transfer switch and an alter-
nating current power panel. The system will be designed with sufficient interlocks and
ranual disconnects so as to provide a high degree of electrical isola tion between
engineered safety features trains. However, for the croposed design, improper operation
of maintenance breakers could, under certain fault conditions, compromise the independence
of redundant engineered safety engineered safety features trains. The applicant
initially proposed the use of administrative controls to prevent such compronises, but
because of the CESSAR inte face criteria in kneninent 11 agreed to provide interlocks in

,
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accordance with the reconmendations of Regulatory Guide 1.5, " Independence Between

Redundant Standoy (Onsite) Power Sources and Between Their Distribution Systems."

The batteries will be sized to start and carry all direct current laads that are
required to safely shut down and limit the consequences of a design basis accident and
the loads of an adjacent board for a period of one hour. The batteries will be housed
in separate battery rooms and each room will have separate ventilation to keep off gas
below combustible concentrations. The applicant has proposed to perform a discharge
capacity test in accordance with Section 5 of IEEE Std 450-1972 at intervals not to
exceed 18 months.

The four bat: aries feed four static inverters which supply vital 120 volt alternating
currer.t loads. The alternating current distribution panels will be fed by these
inv?rters through manual transfer switches which provide alternate power from two
vol ta se regulators which will be fed from non-Class IE sources. We require inter-
locks that meet the requirement of Regulatory Guide 1.6 to preclude connection of
redundant Class IE sources. In Amendment 23, the applicant presented revised direct
current load distribution and interlocking schemes which satisfy the CESSAR interface
criteria. Therefore, we conclude that the modified design is acceptable.

8.4 P_hjsical Independence of Electrical Equipment and Circuits

The physical separation of electric circuits and equiprent has been given early
attention by the applicant. Redundant equipment has been assigned to diffarent
divisions with acceptable separation and/or barriers between these divisions.

The applicant states that the design for the facilities will confcrm to the recon-

rendations of Regulatory Guide 1.75. This comnitment satisfies the CESSAR inter-
face requirenents and, therefore, is acceptable.

4
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9.0 AUXILLARY SYSTEMS

The auxiliary systers for the prcpesed facility are described in Section 9.0 of the

PSAR. The auxiliary systems recessary for safe reactor operation or shutdown includa
the nuclear service water system, the component cooling water systen fer reactor
cusiliaries, the ulti~ ate heat sick, portions of the chen: cal and volure control

systen, the ventilation and Sir conditio:.ing systens for the control building arJ

engineered safety rooms, diesel y nerator ruel oil storage and transfer syster?, and the
diesel generator auxiliary systems.

The systers necessary to assere scfc handling of fuel and adeccate cooling of the spent
tuel include new and s;ent fuel storage facilities, the spent fuel pool cooling and

cleanup syste", the fuel handling facilities and a portion of the fuel handling system

bailding ventilation syc.tr

he hn e revie'..ed ot he r Nxiliary syste~s or por' ions of systers what- failure would not

prevent safe snu+d- . N t could, either airectly or indirectly, be a potential source

of a radiolo jical release to the environwnt. These other systens include the conden-
s3te storage facility, the de-ine mlized watcr systen, potable and sanitary water
systen, the lcw pressure service water systen, recirculated cooling and sentilation
cooling water syster, tN refueling anc filterei water systen, the compressed air

syst< the equiprent ar.d floci crainage ;yster, the boren recovery systen, and the,

ecJip"ont vent system IN se syster s will not te desigred to seis"ic Category I

rco;irv ents and have bryn reviewr1 and found acceptable. The acceptability of these

syst w was Lase 1 an cur rev iew tha t deterrinea that (i) at systen interfaces cr con-
nections to seisnic Lategory i ;ystens or componoots, seismic Category isolation

salses will bs provided to physically stgarate the noa-essentiti portions fran the

escential syste~ cr corenntnt. ar1 (2) tre failure of rnn-seismic Cateoory I syster s or
pnrt of the systres will nct igair the f,nction of safety-related systoms or

cn pcr.erts locatef in : lose nroxhity.

The vplicant has referenced the _ESSAP for deccriptions of th:' pressurizer relief

ta n' , the fuel h3ndling systei', the chemical and volu~e control syster, and the. kron

r+ tyr l e s y s t er1 Our 'valuatic4 of theso is reported in * m rfix a to this report.

' Pero syster s Or ;orticrs o' syster > arn to l'e shared by tho units of each facility,

tns at plicant has stated tN+ .t n sharirl will rot impair their ability to perform2

treir safety functic have review d thosa systems ard co;Tonents to to shared,, ,

wi fi 1 that they will te desiqctd to eet tho r e<Nirer 9nts of Coneral resign Cri-

tericn ard that, thernf ere, t5 apolicant' > cemitr ent is acceptable for the,

c e' s t ruc ti on permi t sta ge o f t ne rev 'r
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9.1 Fuel Storage and Handling
9.1.1 New Fi 31 Storage

A nf fuel :torage pit will provide dry storage for approximatelj one-third of a core.
The storage pit and racks will be designed to seismic Category I requirerents. The
r dCks will have a spacing that will be designed to maintain a maximum ef fective multi-
plication factor of 0.95 even in the event thi. the storage area is flooded with

unborated water.

Based on our review, we have concluded that the design criteria and design bases for
the new fuel storage f acilities meet the requirements of General Criterion 62 of the
General Design Criteria and the recommendations of Regulatory Guide 1.13, " Spent Fuel
Storage Design Basis," including the recommendations on seisnic design and nissile
protection, and are, therefore, acceptable.

9.l.2 Eoent Fuel Stcrace

Spent fuel will be stored under water in the spent fuel storage pool. The seismic

Category I spent fuel stcrage racks will be designed to prevrnt fuel assemblies from
being placed in other than their prescribed locaticns. In Arendmcat If, the applicant

prcposed a design change that would allow storage or two different spent fuel pool
storage rack configurations. Onc ur tr.e proposed designs consists of an "open" spent
fuel storage rack configuration that would accomnodate an underwater storage of one and
cne-third cores of spent fuel (338 fuel assemblies). The second, a " canned" spent fuel

storage rack configuration will be designed to acconnodate the underwater storage of
two and two-thirds cores of spent f uel (684 fuel asserblies). The cpen spent fuel
racks will not have side enclosures and will allow the fuel pool cooling water to flow

freely through the sides of th; fuei iacks. The design of the canned spert fuel racks
will consist of stainless ste 1 boxes of length equal to the length of a tuel assembly

and are open at both the tor and bott 3m ends. This will allow pool water to cool the

srent fuel assemblie3 by na~ ural cor<ecticn. The open and canned fuel racks will have
> nominal center-to-center 'uel a' >e-bly spacing of 19 in 5es and 12.75 inches, respec-
tively. We have determined that this spacing is sufficient to assure adequate cooling
of tFe fuel (see Section 9.1.3). Analyses perforced by the applicant and independently
verified by us irdicate that both types of storage racks will have a center-to-center

spacing which is suf ficient to maintain a maximum effective rnultiplication factor of

0.95 with a fuel assembly laying hcrizontally across the top of the storage racks and
with thc fuel pool flocded with unborated water.

The spent fuel pool will be designed to seismic Categcry I requirerents and will be
constructed of reinfcrced ccrarete with a stainless steel lirer. Both the open and

canned spent fuel storage racks will be designed to withstand the impact of a opped

spent fuel assen bly from the raxirum lif t height of the spent fuel pool bridge heist.
The facility will be designed to prevent the task handling crane from traveling over,
cr in the vic inity of the pool, thereby precluding dar. age to the stored spent fuel in
the event of a dropped cask (See Section 9.l.4).

'
. ,

9-2 v, .



Based on our review, we have concluded that the design criteria and bases for the spent
fuel storage facilities are in conformance with the requirements of Criterion 62 of the
General Design Criteria and the reconnendations of Regulatory Guide 1.13, including the
recommendations regarding seismic design, miesile protectinn and design compatibi'ity
with the handling of the fuel cask in the fuel pool areas, and are, therefore,

acceptable.

9.1.3 [ pent Fuel pool Cnoling and Cleanup Systems

The spent fuel cooling and cleanup systems will be designed to maintain the water
quality and clarity of the pool water and to remove the decay heat generated by the
stored spent fuel assemblies. The couling system will be designed to seismic Cate-
gory I requirements and will consist of redundant 100 percent capacity spent fuel pool
cooling pumps, heat exchangers, and associated piping, valves and instrumentation. The
capability to supply nakup to the pool will be provided by permanently-installed seis-
mic Category I connections from the service water system and the refueling water
storage tank. Both of these sources will be designed to seismic Category I require-
ments. In addition, the spent fuel pool piping will be arranged so that the pool
cannot be inadvertently drained to uncover the fuel. All lines that penetrate the pool
will be equipped with siphon breakers.

The applicant has calculated the heat loads and fuel pool temperature resulting from
(1) one- third and one and one-third cores of spent fuel storea in the pool using the
open typa fuel racks, and (2) two and two-thirds cores of spent fuel stored in the pool
using the canned type fuel racks. We have independently calculated the heat loads for
these storage ccnditicns using Auxiliary and Power Conversion System Branch Technical
Position APCSS 9-2, "Pesidual Decay Energy for Light Water Reactors for Long Term
Cooling." Our analysis results agree with the applicant's calculated heat loads for
the one-third and two and two-thirds cores. The applicant's one and one-third core

design heat load is based on the LESSAR decay heat values, which are acceptable.

The shutdown cooling system pumps will be able to be cross connected to the fuel pool
tcoling systen. This cross connection will be made only when there is no fuel in the
reactor vessel. For all nornal storage conditions, the spent fuel pool cooling system
will maintain the pool temperature at or below the design terperature of 130 degrees
Fahrenbeit. Far the raximum storage conditions, the spent fuel pool cooling system,
in cor5inaticn with cne train of the shutdown cooling system purps and its associated
s h a td ow heat exchanger systen, or the shutdown cooling system itself will have
suf ficient heat renoval capabilities to naintain the pool torperature at cr telow the
desu.n temperature of 130 degrees Fahrenheit. On the basis of our review which
included an independent failure node and effects analysis that indicated that the
cooling systen is designed to withstand the effects of a sirqle active failure, we
have concluded that the spent fuel cooling and clearup systen is acceptable.

1
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The fuel pool cleanup systen is a non-safety-related system and will be designed to
non-seismic Ca tegory I requirements. The system pueps, piping and valves will be
physically independent from the essential seismic Category I spent fuel pool cooling
system and cross connections will not be provided. In addition, the failure of this

syste, will not adversely af f ect any safety-related equipr:ent.

Based on our review, we conclude that criteria and bases for the design of the spent
fuel pooi cooling and cleanup system are in conforrance .vith Oranch Techn;ca l Position
APCSB 9-2 with respect to decay heat loads and the positions in Regulatory Guide 1.13,
including the positions on availability of assured rakeup sources and the requirements
in Criterion 62 of the General Design Criteria and also r:eet the interface requirerents
of the CESSAR, and are, therefore, acceptable.

9.1.4 Fuel Handlino ysten

The najor portion nf the fuel handling system, including the corponents rec ired ar,d
the procedures for transferring fuel fror the reactor to the spent fuel pool, is

described in Section 9.1 of the CESSAR. Our evaluation of this portion of the f uel

handiing system is presented in Section 9.1.4 of Appendix A to this report. The equip-
cent within the scope of the standard reference systen design includes a refueling
rachine, fuel trans fer sys ten, control elerent assembly change platform, fuel handling
tools, reactor vessel head lif ting regulators, reactor internals handling equiprent,
spent fuel handling machines, new fuel elevator, underwa ter televisinn sys tem, dry
sipping equip"ent, refueling pool seal, in-core instru entation and control eierent

asserbly cutting tool, and a rechanism uncompling tool. The new fuel handling area
bridge crane, the new fuel area qantry crare and the spent fuel cask handling crane
are within the scope of the balance of plant. Although the spent fuel handling nachine
is within the scope of the CESSAR, the applicant has taken an exception to the CE5SAR

by providing an alternate spent fuel handling r.achine which is identical to the refueling
eachine Appendix A to this report, we have found the design bases, system operation,
safety evaluation and interface require ents for the refueling r;achine to be acceptable,
and therefore conclude that the use of that design for the spent fuel handling
application is acceptable.

The spent fuel cask loading pool area will be located adjacent to the spent fuel pool.
The cask loading aroa will be separated from the fuel pool by reinforced concrete
walls. Unacceptable da-age to stored fuel due to a spent f uel cask drop will be pre-
vented by limiting the travel of the spent fuel cask to an area nhich contains ro

sa fety-rela ted equipment or stored f uel . The travel of the cask bridge crane is
lir.ited by mechanical s tops and I tnit switches. Also, in Arendment 20, the applicant

~

relocated the cask loading pool 50 that if the spent fuel cask were dropped, it would
Le prevented from rolling or toppling into the spent fuel pool by a physical barrier
between the spent fuel pool and cask loading pool.

9-4
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Based on our review of its design, including our previous review of the refueling
r.achine we concluda that the fuel handling systen design criterit and bases are in con-
formance with the reconrendations of Regulatory Guide 1.13, including the reconmenda-O

t1cn regarding protection of the spent fuel storage facility from the impact of
unacceptabie hedvy 1rais carried by overhead cranes and also will be in conformance
with the interface requirements, and are, therefore, acceptable.

9.2 Water Systems

9.2.1 Nuclear Service Water Svstem

The nucinar service water system will provide cooling water to the safety-related plant
systens for normal opc ration, for safe cold shutdown, and for the preventien and miti-
gation of postulated accidents. The portions of the nuclear service water systen thct
will be contained within ti e auxiliary building will be identical for all three units.

The nuclear service water syste, for each unit will include a separate channel to
supply cooling water to each of two redundant trains of essential equipment. For
flexibility and diversity the channels will be cross connected at the supply and return
headers to enable either channel to supply either of the essential equipment trains.
Each cross connection will contain two ncrmally-closed valves in series. Each essential
equipment traia will contain two component ccoling heat exchangers, two component
cooling purp r:otor coolers, cne high pressure safety injection pump ron- 'ir handling
unit cooler, one Icw pressure safety injection pump roon air handling unit air cooler,
cne containment spray pump room air hardling unit cooler, cne Control, Cable and equip-
rent econ air conditioning condenser, one diesel generator cooling water heat exchanger

d one rotor-driven auxiliary feedwater panp motor cooler. In addition, each supply
header also will provide "akeup water to the spent fuel pool and provide an amergency
supply to the auxiliary 'eedaater pumps.

Tha nuclear service water systen will include irtake str uc tures, punp structures,
~ooling towers, cooling tower rakeup purps, system purps, piping, valves, instrumenta-
tien and controls.

Two separate and redundant nuclear service water system chanrels will supply cooling
water to the respective nuclear service water trains of essential equiprent for each
u n i t a s de sc r i bed a bo'. e .

Each nuclear service water chcnnel outside of the auxiliary building will incluie a
separate and redundant intake structure, a purp structure, a cooling tower, a discharge
structure, and supply and return piping.

The pu rp structure for one chai nel for each of the three units will include three

st parate pump compartr ents. The dincharge f ron each pur . will feed a corresponding
charrel in its respective unit. The tooling toter basin for each channel will be

connected with the nuclear service water purp structure to permit bypassing the
nuclear ser / ice water pend. This arrangment will allow two r: odes of operation for

4
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the nuclear service water systen: (1) cooling water supplied fron and returned to
the nuclear service water pond, and (2) cooling water supplied from the nuclear
service water cooling tower basin and returned to the cooling tower. During the
latter rode, normal makeup to the cooling towers will be provided by the cooling
tower nakeup system, which will be a shared system. An alternate source of makeup to
all three units will be provided by two 100 percent capacity vertical pumps that take
suction from the separate alternate nuclear service water pond.

Each essential equipment train will be designed to be capable of safely shutting down
The nuclear service water system will be designed to seismic Category Ithe unit.

requirements and to meet the single failure criterion. The system will be designed so
that the eavironmental conditions resulting from postulated accidents will not inpair

the systen's functional capability.

The prinary mode of operation of the nuc ear service water system will involve the usel

of nuclear service water cooling towers. Automatic transfer from a cooling tcwer to
the nuclear service water pond will occur on low nuclear service water purp surp level,
high nuclear service water supply temperature, low nuclear service water flow, or a
loss of normal alternating current power. All the site-related structures and con-
ponents of the nuclear service water will be designed to withstand a safe shutdown
earthquake and to prevent any single failure from limitina the ability of the system to
perform its intendea safety function in the event of a postulated accident. The system
will be protected against darage f om postulated tornadoes and tornado missiles.

Based on our rcview, we conclude that the design criteria and bases for the nuclear
service water systers meet the requirerents of Criterion 44 of the General Design
Criteria regarding their ability to transfer heat from safety-related components to the
ultimate heat sink, and Criteria 45 and 46 regarding tests and inspections. We, there-

f ore, conclude that the nuclear service water systers fcr the proposed facility will be
acceptable.

9.2.2 Component Cooling System

The corponent cooling system will circulate cooling water in a closed loop to selected
i i fluids. TFe corponentouxiliary components that will process potentially rad oact ve

cooling system will be designed to function during normal, abnornal and accident

conditions.

The component coolirg system will consist of two redundant essential loops and two non-
risential luops. Normal naveup to the system will be from the demineralized water

Two identical component cccling pumps and two heat exchangers will bestorage system.
providcd for cach essential loop. Each pump and heat exchanger will be sized to pro-
vide the capability for transferring accident heat loads to the nuclear service water

syster.

.
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During normal plant operation, one essential loop and both non-essential loops will be
in operation. Upon a safety injection actuation signal the non-essential portion of
the system will be automatically isolated and cooling water supplied only to the
operating essential headers. In this node, the component cooling system will provide
the cooling water required under accident conditions for heat removal from the shutdown
cooling heat exchanger, low pressure safety injection pump r,echanical seal heat
exchanger, high pressure safety injection pump mechanical seal heat exchanger, low
pressure safety injection pump motor cooler, high pressure safety injection pump motor
cooler, containment spray pump mechanical seal heat exchanger, containment spray pump
motor ;ooler, fuel pool heat exchanger, and charging pump motor cooler. Flow to the
letdewn heat exchanger will be provided during normal Operation by one of the essential
loops but will be teminated during accident conditions.

The essential loops of the component cooling systea, including the provisions for
isolating the non-essential loops, will be designed to seismic Category I requirer'ents.
During an emergency condition each train of the component cooling system will be
powered by an engineered safety features bus.

In the the proposed design the four reactor coolant pumps would be cooled by one of
the non-essential loops of the component cooling water system. The seals and bearings
of the reactor coolant pumps require contin;ous cooling for operation during normal
plant operating conditions, anticipated transients, and following postulated accidents.
As noted in Section 3.2.1 of this report and in Section 3.2.1 of Appendix A to this
report, acceptance of these component cooling water lines to the reactor coolant pumps
as Quality Group D designed to non-seismic Category I requirements is contingent upon
favorable results of pump tests without component cooling water. Also, inadvertent
f ailure or closure of any one containment isolation notor-operated valve in this
portion of the non-essential loop would terminate the coolant flow to all of the pumps,
an event that had not been analyzed by the applicant. We, therefore, recuested the

applicant to design this portion of the co ponent cooling water system so that the
following criteria are ret:

(1) A single failure in the component conling water system shall not result in fuel
damage or damage to the reactor coolant system pressure boundary caused by an
extended loss of cooling to the reactor coolant pumps S;ngle failure includes

operator error, spurious actuation of rutor-operated valves, and loss of component
cooling water pros

(2) A moderate energy leakage crack or an accident that is initiated from a failure in
the component cooling water system piping shall not result in excessive fuel
d! mace or a breech of the reactor coolant system pressure boundary when an extended
loss of cooling to the reactor coolant camps occurs. A single active failure
shall be considered when evaluating the consequences of this accident. Moderate
leakage cracks should te deternined in accordance with the guidelines of Branch

Technical Position APCSB 3-1, " Protection Against Postulated Failures in a fluid
Systen Outside Containnent.
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To reet the two c riteria above, the applicant, in Arendment 25, referenced Combustion

Enqireering's Topical Report CENPD-201, " System 80 Peactor Coolant Purp Ferforrance. '

This report included results of an analysis that indicated reactor coolant pumps
described in the CESSAR could potentially operate with loss of cooling for loncer than
30 mirutes without loss of function or the need for operator corrective action. As a
result of our review of CENPD-201, we concluded as rrported in Appendix A to this

report that Cortustion Engineering will need to perform a reactor coolant pump test to
verify the results of the analysis presented in Appendix A of CEhPD-201. We also
concluded that safety grade instrurentation would be required in order to assure a

d of 20 minutes within which the operator would hwe suf ficient time to initiatept

manual protection of the plant. As stated in Section 7.4 of this report, t.he applicant
in Arendnent 211 modified the PSAR to satisfy this recairerent.

Alternatisely, if it cannot be demonstrated by the necessary pump testing that the
reactor coolant pumps will operate for rore thin 30 minutes without loss of function er
operator corrective a ction, the applicant for the proptsed facility shall in the FSAR:

(1) Provide safety grade instrur:entation consistent with the criteria for the protec-
tion systen to initiate automatic protection of the plant. or this case, ther

component cooling w3ter supply to the secl and bearing of the pung nay be designed
to non-seismic Catejary I requirements and Ouality Group D, or

(2) besign the concnent cooling water supply to the pumps to be capablo cf wit 'tand-
ing a single active failure or a noderate energy line crack as defin"J in Eranch
Technical Positicn APCSB 3-1 and to seismic Category I, Quality Group C ard AW
Secton III, Class 3 reauirements.

Based on our review, and subject to successful testing of reactor coolant pumps for 39
nirutes without comonent coolina, we conclude that the comronent cooling system design
criteria and bases are in conformance with the requirements of Criterion 44 of the
General Design Criteria regarding the ability to transfer neat f rom safety-related
co pon"nts to the ultimate heat sink under normal and accident conditions and to reet
tFe single failure critericn. We further conclude that the systen design criteria
and bases meet the requirements of Criteria 45 and 46 regarding systen design that
allows perfarmance of periodic inspections and tests, including functional testing and
confirnation of heat transfer capabilities. The component cool ~ rg, systen design
criteria and bases also meet the CESSAR system interf ace requirenents.

9.2.5 Ultimate Heat Sink

The ul timate heat sink will be designed to provide a reliable af coolinq wa ter

for safe shutdown of the reactors followin>J a postulated acc 1 iditional i n f orna -

tion on the ultimate heat sink 's provided in Sections 2.4 and 9. '.1 of this report.

The ultimate heat sink for tre three units will consist of a nuclear service water pond
and two separate and redundant rechanical draf t cooling towers and a se;rce of makeup
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water for these towers. Each cooling tower and each cond will be capable of dissipat-

ing the heat load generated as a result of the postulated accident condition. The

nuclear service water pond and associated intake and punp structures will be dosigned

(1) to withstand the safe shutdawn earthquake, and (2) to the single f ailure criterion
such that a single f ailure will not impair their functional capability. In Anendrent

20, the applicant states that the cooling towers will not be required following a

postulated accident condition, and therefore, they will not be designed to seismic

Category I requirenents.

The applicant's analysis for the ul t;nate heat sirk capability is based on the asturrp-

tion that one unit experiences a loss-of-coolant accident and the other two units are

capable of normal shutdown. For this condition, the nuclear service water would be

recirculated to the pond for a period of 30 days. The pond will be sited for this

condition assuming that no nakeup water is available. Thc applicant has submitted
values for the heat rate and total integrated heat rejected due to decay heat, rejected
heat f ren station auxiliary systers ar1 containment sensible heat. We have reviewed
these values and find tren acceptable.

Eased on these heat inputs and conservative reteorology, the applicant has calculated
that the nuclear service w3ter pond will contain enough water and heat dissipation

capability to maintain both units in safe shutdown tor a teriod of 30 days Assuning

the rost conservative recorded 3C-day period, the maximum intake terperature was calcu-
lated by the applicant to be less than 100 degrees Fahrenheit for the saf e shutdoon of
two units, and a loss-of-coolant accident in the cther unit. Assuring seepage losses,

evaporation, and drandown, the applicant calculated the total water los; for the 30-day

periad to be within acceptable limits. We have performed independent analyses, and

concur wi th the applicant's resul ts. We Conclude that the nuclear service w3ter pond

volune and heat dissipation capabilities are in accordance with Positico 1 of Pegulatory

Guide 1.27, "Ul tr ate He at Sink , and are, therefore, acceptable.

The aoplicant has further de enstrated to cur satisf action that the ultirate heat sink

will be dosigned in accordance with Position 2 of Regulatory Guide 1.27, namely with
the cap 3bility to althstand each of the rost seve'e natural pheno-ona expected or a
single failure of ran-rade structural features.

Eased on our review, we conclude that the ultinate Feat sink design criteria and bases
are ccrpe tible wi th t P pJsitiens of Pegulatory Guide 1.27, and are, treref ore,
acceptable.

9.3 Frntess Auxiliaries

9. 3.1 Ccgress_ed Ai r Sylteps

"e noted in Section 7.7 of this repcrt, the applicant stated in Section 7.7.2.3 of

the PSAR that the instru=entation and controls of the instrument air syster have ro

p ro tec t .ve f unct ion. By let+er dated February 8,1977, the aiplicant has doscribed
the safety f unctions of tr e instr ~ent air systen and cornitted to precperaticnal

, -
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testing of the instrument air system in accordance with Regulatory Guide 1.80, " Pre-
operational Testing of Instrument Air Systems" except for two tests not applicable to
the proposed design. We conclude that this commitment which will also be documented in
Amendment 29 is acceptable at the construction permit stage of review.

9.4 Air Conditioning, Heating, Cooling and_ Ventilat_ ion Systems

The safety-related ventilation systems that are required for equipment cooling include
the control, equipment, and cable room ventilation system, the fuel handling ventila-
tion portion of the auxiliary building ventilation system and the diesel building
ventilating system. The function of these ventilation systems will oe to maintain
these areas within the thermal and air quality limits required for operation of plant
controls and uninterrupted safe occupancy of required manned areas during normal opera-
tion, shutdown and post-accident conditions. The applicant initially stated that the

reactor building auxiliary equipment ventilation system would not be required to miti-
gate the consequences of an accident within the reactor building. We did not agree
with this statement, and as reported in Section 9.4.7 the applicant provided changes in

his design criteria to make them acceptable.

The applicant maintains that ventilation systems to be provided for areas that contain

sa fety-related equipment, including the energency core cooling system pump rooms, con-
tainment heat removal system pump rooms and the nuclear service water system pump
house, will maintain acceptable environmental conditions. Howeve , at our request the

applicant, in Anendment 11, agreed to provide supplemental seismic Category I coolers
unless results of analyses at the operating license stage of review demonstrate that
supplemental cooling is not reqJired.

9.4.1 Control, Equip m y nd Cab _le_Ranms_ Ventilation _S p e_m
__

The control, equipment and cable room heating, ventilation and air conditioning system
will ce designed to maintain the temperature of the control, equipment and cable room
areas within the limits required for operation of plant controls and uninterrupted safe

occupancy during post-accident conditions.

Two 100 percent capacity seismic Category I chilled water systems will be provided to
remove heat from the control, equipment and cable rooms air conditioning system. These
systems will be designed to mai' tain the environnent at a tenperature of 75 degrees
Fahrenheit during nomai operation and a maximum of 90 degrees Fahrenheit dJring aCCi-
dent conditions. The nuclear service water system will remove the heat from this

chilled water system.

Based on our evaluation and failure analyses, we have determined that the design of the
air conditioning and ventilation system for the control equipment and cable rooms
contains sufficient component redundancy and physical separation and meets the single

failure criterion so that air conditioning and ventilation will be assured when required
for anticipated operating conditions.

"
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Based on our review, we conclude that the system design criteria and bases are in con-
forr.ance with the requirements of Criterion 19 of the General Design Criteria with
regard to the capability to operate the plant from the control room during normal and
dcCioent conditions, and the applicable positions set forth in Regulatorf Guide 1.52,
" Design, Testing and Maintenance Criteria for Atmospheric Cleanup System Air Filtration
and Adsorption Units of Light-Water-Cooled Nuclear Power Plants," and, therefore, are
acceptable.

9.4.2 Fuel Handling Area Ventilation System

The fuel handling area ventilation system will be designed to provide ventilation,
heating and cooling for the fuel handling area and to naintain a suitable environment
for personnel and vital equipment during a postulated accident. The systen will consist
of a fuel handling ventilation supply system and fuel handling ventilation exhaust
system.

The supply system will inc'.ude one 100 percent capacity supply fan, heating and cooling
coils. The exhaust system will consist of two separate 100 percent capacity exhaust
trains, each with its cwn intake f rom the fuel handling area, filter train, exhaust
fan, and ductwork. The filter train for each exhaust train will include prefilters,
absolute filters and charcoal filters. The system will be capable of providing ten air
changes per hour over the fuel pool to continuously purge the area. The exhaust systen
which will be operating whenever fuel handling operations are in progress will be
designed to maintain a negative pressure to prevent outleakage from the fuel handling
area in the event of a fuel handling accident.

In Antndnent 20, the applicant stated that the entire fuel handling area exhaust
system, which includes ductwork, dampers, filters and exhaust fans, will be designed as
an engineered safety feature system and, therefore, will reet seismic Category I
requirenents.

Based on our review, we conclude that the design criteria and bases for the fuel
building ventilation system meet the position set forth in Regulatory Guides 1.13 and
1.52 and, therefore, are acceptable.

9.4.6 Diesel Building Ventilation Syttem

The diesel building ventilation systen will be designed to provide a suitable environ-
rent for the operation of equipment and access of personnel for inspocticn, testing,
and maintenance. Heating will be pro /ided by electric coils and cooling will be pro-
vided by outside air. The diesel building inside temperature will be auta atically
raintained between a temperature of 55 and of 95 degrees Fahrenheit when the engine is
shut down and less than 125 degrees Fahrenheit when the engine is in operation.

The system for each diesel generator will consist of one 100 percent capacity ,entila-
tico fan, two 50 percent capacity ventilation fans, ductwork, dampers, heaters and an
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air filter. The 100 percent ventilation fans will be designed to maintain the building
temperature within acceptable envircnnental limits when the diesel engine is shutdcwn.
The diesel cor bustion air will be supplied fra, the sanc intakes that supply the 100
percent capacity fan. When the diesel engine starts the fan inlet damper will auto-
matically close to preclude the pcssibility of roon air circulation tc the conbustien
air intake in the event of a fan f ailure.

The two 50 percent capacity ventilaticn f ans will be designed to maintain the ninimum
ventilation requirerent of the diesel building during diesel ergine operation. A
separate ventilation system will te provided for each diesel ger.erator; therefore, a
single failure in one system would not prevent the redundant diesel from performing its
safety function.

The diesel building ventilation system will te designed to the requirements of seismic
Categcry I. The air intake and discharge will be protected against tornadoes and
torrajo missiles.

We have reviewed the diesel building ventilaticn system design criteria and ban , and
have found the, to be acceptable.

9.4.7 Reactor Building hxiliary_Eg ipront kentilation Systeni

lhe reactor buildirg a;<iliary equipment ventilation systen will be designed to provide
a therral envircnrent within acceptable design linits with respect to persennel and
operating equipment, to r,intain the building under regativa pressure, and to control
releases during plant operatirn and follcwing a postulated loss-of-coolant accident.

The systen will censis t of two redundant, physically separated, independent supply and
exhaust ventilation system trains. Each syster train will contain a 100 porcent
capacity supply fan, two 100 percent capacity exhaust f ans, cooling coils, prefilters,
preheaters, absolute filters and carbon filters. Follcwirg a postulated loss-of-coolant
accident, each of the exhaust system trains will provide ventilation to those areas in
tFe reactor building that ccntain redandant corponents of safety-relate 1 syster:s This

portion of the ventilation systen is safety related and is designed (1) to seismic
Category I requirer:ents, and (2) to rieet the single f ailure cra terion.

The exhaust system i.,ill have a greater capacity than the supply systen in order to
raintain the vrqtilated spaces at a slight regative pressure during norral operations
and shutdcwn. Following a postulated loss-of-coolant accident, the exhaust System
will operate and the supply systen will be shut off to assure that a large negative
pressure will be maintained so that any radioactive leakage will be processed through
the carbon filters enroute to its release to the atrosphere. Additional information
pertaining to the effect of contairment bypass leakage on the system is presented in
Section 6.2.3 of this report

,
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In Anendment 25 in response to our request, the applicant h;s agreed to provide safe:y
grade isolation dampers at the reactor building auxiliary equipment ventilation systens
boundary 50 that the negative pressure and leakage control can be maintained in the
event of a failure in one train of the ventilation systen.

Based on our review, we conclude that the design criteria and bases for the reactor
building auxiliary equiptent ventilation system meet the recorrendations set forth in
Regulatory Guide 1.52, and therefere, are acceptable.

9.5 Other Auxiliary Systems
9.5.1 Fire Protection Systen

During our review of the fire protection system, w" requested that the applicant con-
duct a reevaluation of the proposed fire prottstion provisions and that he compare
those provisions, in detail with the guidelines in Appendix A to Branch Technical
Position APC50 9.5-1, " Guidelines for Fire Protection for Nuclear Plants Cocketed Prior
to July 1, 19'6."

By letter of Septarber 30, 1976, we requested additional information from the applicant
on the implenentation of these guidelines. By letter dated October 29, 1976, the
applicant stated that the information requested would be provided by Septenber 1,1977.

On the basis of the ?pplicant's corrlitments to reet the requirements of the Corrlis-
sion's General Design Criteria and to provide the additional information in accordance
with cur new guidelines, we conclude that the 2pplication is acceptable with respect to
fire protection for the construction perrit stage of review. It is our intent to

provide the apolicant with the results nf our review of the information he plans to
subnit by September 1,1977 cn a tirely basis such that he can ef fectively implerent
the guidelines during the evolution of the final dosion. We conclude that these
measures provide suf ficient assurance for the construction perrit stage of our review
that the applicant can provide a fire protection systen that meets our requirements.

9.5.4 Diesel Cencrator fuel Oil Storane and Transfer Systen

The diesel generator tuel oil storage and transfer systen will be designed to provide
fuel oil storage and transfer capability to allcw operatico of each energency diesel
generator for seven days

This systen will consist of two separate and independent trains, cne for each diesel
generator in each unit at e3ch site. A cross connectien with two norr ally-ciosed
volves on the suction side of the f uel oil transfer pumps will permit transf er of oil
to either diesel engine fron either diesel fuel oil storage tank. Each systen also
will include a day tank which will hold a one hour supply of fuel oil. The diesel
generatcr fuel oil storage and transfer systen will te designed to seismic Category I
requirements. Each diesel generator ani the f uel nil storage and transfer systen for
that diesel will be housed in a separate diesel generator tailding. This building also
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will be designed to seismic Category I reqairements and will be tornado missile and
flood protected.

The fuel oil transfer pumps will be powered f rom separate emergency buses. Based on

our independent evalu3 tion, we have determined that the integrated design of the diesel
generator fuel oil storage and transfer system satisfactorily will neet our single
failure criterion.

Based on our review, we conclude that the diesel generator fuel oil storage and trans-
fer system design criteria and bases meet the CESSAR interface requirements, and that
the system has adequate capacity and can perform its designated safety functions and
is, therefore, acceptable.

9.5.5 Diesel Generatnr Auxiliary Systems

The diesel generator auxiliary systems will consist of the diesel generator cooling
water system, diesel generator starting systen and the diesel generator lubrication
systen. The diesel generator clcsec ccoling water systen will be designcd to maintain
the temperature of the diesel engine within a safe operating range and to reject heat
to the nuclear service water systen. The system will be designed to seisnic Category I

requirements.

Each diesel generator will be provided with two separate and independent compressed air
starting trains. Jy letter dated February 3,1977, the applicant corritted that each
train will be designed to be capable of providing five starts including air compres-
sor and starting air tanks. The starting air systen will be designed to seismic
Category I requirements.

Each diesel generator will be provided with a lubrication system designed to supply
iubricating oil to the diasel generator system. The systen will be designed to seismic
Category I requirements.

We conclude that the diesel generator auxiliary systens design criteria and bases meet
their designated safety functions, have the needed capacity and will, therefore, be
acceptable.

9.5.6 Storace of Compressed Gases

The storage of containers of gases under pressure such as nitrogen, hydrogen, oxygen,
compressed air, and carbon dioxide tanks, was reviewed, since these gases will be u,ed
in the operation of the power plants.

The applicant has considered these potential missile sources since a failure could
affect safety-related systems or components. Measures within the facility to provide
protection against potential missiles include: (1) provision of relief valves on tank
with set points below the design pressures of the tank",, (2) location of tanks in
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limited access areas that are physically separated from safety-related components; (3)
anchorage of tanks and cylinders so that they will not become missiles themselves
following the failure of attached piping; (4) design of supply lines located in seismic
Category I structures or near safety-related components to prevent damage by dynamic
pipe movement and/or rupture; and (5) the location of gas storage facilities in rela-
tion to equipment essential for initiating and naintaining a safe reactor shutdown to
preclude the possibility of interaction in the event of an incident.

Based on our review, we conclude that the design criteria and bases for the storage
of compressed gases will preclude adverse ef fects on safety-related components and
are, therefore, acceptable.

9.5.8 Perrianent Dewatering Systen

The pennanent dewatering system is a safety-related systen that will consist of an
underdrain system, an exterior wall drain systen, a dewatering sump in the auxiliary
building, and a two-train dewatering sur.p pump system with associated valves, instru-
mentation, and piping. All structureu and components of the dewatering system will
be designed to seismic Category I requirements and the system will be designed to
pump normal groundwater flows f rom the sunp while maintainirg the groundwater level
below the foundation elevation of the shield building and the auxiliary building. A
separate dewatering systen will be provided for each unit. Additional information on
the permanent dewaterino subsystems design can be found in Section 2.4.5 of this
report.

Permanent dewattring system redundancy, from the sump purps to the point where each

discharge line discharges to the yard storm drain system, will be provided to meet
the single failure criterion. In response to our request, the applicant in Amendment
27 agreed to provide one spare sump purp for the three units on the site. Power for
the pennanent dewatering systen will be provided from the Class IE auxiliary power
system. Emergency power will be provided from an associated emergency diesel generator.
The two 120 gallon per minute seismic Ca jory I pumps will be automatically started
to maintain normal water level in the sump. Based on an estimated maximum groundwater
inflow rate and with one pump running and a 15x15-foot surp cross section, a 1.25
foot per hour rate of water rise could occur in the groundwater drainage surp. A
five-foot nornal water level operating range will be used. In the event a purp fails

to start, an alann would be annunciated in the control roon and whto the water rises
above the normal operating level, the second pump would be automatically started. A
high level alarm will also be provided to alert the reactor operator. If both pumps
should fail to start and the water rises in the sump, there is an additional 6.7 feet
above the alarmed nigh water level for water rise within the surn tnat would allow
5.4 hours for corrective action before overtopping of the sump begins We hase

concluded that the 5.4 hours is adequate to restore pumping capability. On this
basis, we Conclude tnat the perranent dcwatering sump size and the surp purp capacity
are 3cceptable for the estimated groundwater flow rates.
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The capacity of the pernar.ent dewatering system f or each unit was i ased on the largest
calculated norrai groundwater irflow conditien of 35 gallons per r inute. A postulated
rtNrate energy leakage crack in a piping system where it penetr .tes the exterior w311
drain systen could pr oduce an additicnal flow into the system Therefore, tre ap;)licar t

at our request analyzed the conse wences of scre of the e.ents which would cause the

flocjing of the pemanent dewatering syste:" In k erd'ent 27, the applicant reported

on the result of his analysis of two assured pipe breaks, the failure of the condenser
circulating water system pipe in the tJrbine building or in thP poWerhoJse ydrd dnj
the failure of a nuclear service water systen pipe in the wall drain system- The
analyses of flanding of the perrurent dewaterin, system due to failure of the coc-
denser circulating water "ystcr pipe is given in Secticn 2.4.5 of this report.

The rostulated failure of the nuclear service water pipe would result in toe hignest
flooding rate calculated by tho applicant, In he analysis a le'Lage crack in the
pipe was postulated to occur within the wall dra.n syster. This assumption is ccn-
servative Lecause the lealage crack rust occur in i specific section that is small
compared to the total length of approximately 1250 feet of the nuclear service water
systen piping, however, in the event that a leakage crack would occur at tiis
location, approximately 90,000 gallcos of witer could be added to the p( rrane nt

dewatering system This total includes the water purped fcr a period of 30 r-inutes
before the isolation valve is closed and also the trapped water the pip" between

the isolation valve and the leak age crack. The analysis shows that for this co mition,
overtopping of the su p would occur. The overficw will t:e dispersed cn the auxiliary
building flocr to a depth of 2.- inches. An IC-inch high curb will separate the
flooded portion of the auxiliary building f rom the shield bJilding where syst ?rs anj
components rewired f or sa fe shutdown are located. The applicant is comitted to
design this curb to contain 2.5 inches cf water and thus prevent its release to areas
in which safety-related systems and corporents are ICcated. Based cn systen flow
rates and piping size and cneparable isolation capability, we agree with the applicant
that leakage cracts in other piping that penetrate the wall drain system should be
less severe than for the nucleir scrvice water pipe break analysis assuming comparable

1 solation tires,

f* G a result Of rJr review, we conclude that the design criteria and b?ses for the
permar,ent dewaterirl sjste meet the single failure criterion for safety-related
syste s On the tases of the applicant's conritrent to limit flocding to a 2.5 inch
reight within a limited area of the auxiliary building, anc that the design will
include a barrier to isclate this a-cunt of w3ter fron safety-related systers and

rces of floodinqcor penents, we find the system acceptable. Ceasideration of cther ''

is discussed in Section 2.4.5 of this report.
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:0.0 STEAM AND PC'.dR C0 QERSION SYSTEM 5

10.1 _Sunnary Descrigtion

The scope of the standard reference nuclear steam supply systen design described in
the CESSAR includes the steaa generator. The remainder of the steam and power con-
version systen design is within the balance of plant scope. The interface areas
between the steam generator and the balance Cf plant design are at the stean generator
feedw3ter and stean no ules.

The steam and power conversion systen will be of conventional design similar to those
of previously approved plants. The systen will be designed to renove ther al energy
from the reactor coolant by two stean generators and convert it to electrical energy by
the turbine-driven generator. The condenser will transfer unusable heat in the cycle

to the circulating water. The entire systen will be designed for the maxirrum expected
thernel output from the nuclear stean supply systen.

In the event of a turbine trip or a large load reduction, the heat to the stean genera-

tors will be dissipated via the turbine bypass systen to the condenser or through
relief valves to the atrosphere if the condenser is not available.

10.2 i rbine G<nerator

As discussed in Secticn 3.5.3 of this report, the three turbine generators will te

arranged in a peninsular orientatinn relative to their respective reactor huilriinqs,

to protect safety-related systers against da; age from turbine rissiles.

The turbine electro-hydraulic centrol systen will control the speed of the turbine

(1R00 revolutions ner ninute, rated) by nodulatinq the turbine inlet stean control
valses to regalate the stean flow of the turbine.

The tarbine e]ntrol system will be desioned to trip the turbine under the following

c o n d i t 10.is : Lurbine overs eed, loss of condenser vacuum, excessive ttrust tearino

wear, reactor tria, generator electrical trip, high exhaust hood trrrerature, low

Learim oil prcssure, and manual trip from the control roor, or at the turbirA

Tu turbine ge erator will te provided with two independent overspeed protection

systers. These devices will trip the turbine at 110 and 111.5 p2rcent of turbine rated

speed, respectively, by closing the turbine stop, control, reheat stop and interceptor

valves. Because of the redundancy in the turbine oversnee<1 nrotoction system, the

turbine is, therefore, protected from excessive overspeed.
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We nave reviewed the adecuacy of the applicant's proposed design criteria and design
bases for operation of the turbine generator under rorral, abnormal and accident con-
ditions. B$ sed cn our review, we have concluded thet the design criteria and design

bases are acceptable.

10.3 rain Stoan Sqply_Systr

The steam generated in each steam generator will be rauted through two sti lines to

the turbine. Each of these four nair, stean lines w'll contain four AS"E Codo, spring-

loaded saf ety valves, one air-operated relief valve, and one rain stean isolaticn

valve. The main feed pur p turbine steam supply will te located on the downstream side
of the rain steam isolation valves Steam for each of the two turbinc-driven auxiliary

f eedwater prps will be taken from the steam generator via cne of the two rair; stea'

lines upstream of the isolation valves. The stear oiping and associated suoports from

the stean generators to and including the isolatior valves will t,e seismic Category 1.
The renaining steam piping will ce in accordance with r351 B31.1. The valves and

piping withi.s the structure will be restrained to frevent pipe whip damage if a pipe

t reak occurs. A f ailure of any nain stean line or r.alfunction of a valve in the system

will not prcvent any of the engineered safety featore equiprent from performing its
function.

Th: nain stear ' solation salves will be Incated ou; side containrent in a r:issile

protected enclosure and will have an operator stro re tire of five seccnds or less af tc r

receiving a min sttam line actuation signal. The valve will be designed to close for

the condition of the naximw mass flow rate in eitner direction in the event of a
double-ended steam line break. Failure of one nain stean isolation valve coincident
with a stean line break will not result in uncontralled steam blowdown from r. ore than
ore steam generator, based on proposed design nair steam isolation valves leakage
rates.

The plant capability to achiese safe cold shutdowr in the event of a rain stean line

treek with simultaneous loss of offsite power will to protected since each red nfant

set of rain stea- isolation valves, s5fety valses, atnospheric darp valves, and the
supply pipino up to and including the turbine-dri/ea auxiliary feed pu p will be housed
in a separate auxiliary building enclosure design 2d to withstand the failure of high
energy lines. The rolief valves ccnnected to the unaffected stean lines will be

ranually operated to decrease primary and secondary plart pressure at a rate that is
corpatible with initiation of the residual heat removal systen which is then utilize 1
to renove the decay heat

As a result of our review. we conclude that the rain steam suprly system design cri-
teria and bases are in conforrance with the sing'e failure criterion, the seisnic
design position of Regulatory G;ide 1.29, "Seismc Design Classification, and valve
closure tire requirements, and ave, therefore, acceptable.
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10.4 Circulating Water System

The circulating water system will be designed to use water from the cooling towers to
renove heat rejected from the main condensers and feeddater pump turbine condensers.

A failure in the circulating water system or the condensate system large enough to
cause flooding will be detected by high level alarms in the turbine room sumps and
condensar pits. The alarm will alert the operator to take action in isolating the
equipne'.t or shut down the system completely. There will be no safety-related equipment
in the turbine building that can be af fected by flooding. Measures to protect other
portions of the plant against the effects of flooding in the turbine building are
discussed in Section 2.4.5 of this report.

Based on our review of the design criteria and design bases for the circulating water
system, we conclude th3t this systen will perform its intended function and therefore

is acceptable.

13.5 feedwater Systems

10.5.2 Auxiliary Feedwater System

The auxiliary feedwater system will be designed to independently supply water to the
steam generators.to rerove sensible and decay heat when the main condensate and feed-

water system is not available. The auxiliary feedwater system will be dcsigned to
function automatically during certain periods of normal startup and shutdown, in the
event of nalfunctions such as loss of onsite and of f site power, loss of nonral feed-
water and in the event of accidents such as a steam line rupture. The system will be
designed to seismic Category I requi*enents and will be protected from tornado missiles.

The auxiliary feedsater system will consist of two independent trains. Each train will

include one 100 percent capacity (875 gallons per minute) rotor-driven purp, one 100
percent capacity steam-driven pump, one feedwater supply tank, associated valves,
piping and instrumentation.

The notor-driven pumps will be powered fron the emergency diesel generator buses.
Those valves, equipped with electric operators, that are required to f unction during
energency operation will also be powered from these buses. Steam to each drive turbine

will be supplied f rom a nain steam line upstrean of the nain st"" i solation valve.
The flow control valves in these lines and the valves on the discf arge side of the pump-

will be pneunatically operated and actuated by direct current ;mwer. Both valves will

f unction automatically upon receipt of an auxiliary feedwatec actuation signal . Valves
equipped with pneumatic operators will be provided with accurulators to assure 30

minutes of operational time. Handaheels will be provided for backup.

The auxiliary feedwatE r systen as described will be designed in aCCordance witn the

poner diversity provisions of Auxiliary and Power Conversion Systems Branch Technical

10-3
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Position APCSB 10-1, " Design Guidelines for Auxiliary F^edwater Systen Pump Drive and

Power Supply Diversity for Pressurized Wati- Reactor Plants."

The auxiliary feedwater system will be designed to accomplish its safety function in
the event of a high energy line failure toincident with a single active 'ailure.
Croisover lines with two valves that f ail closed will be provided between trains to
assure isolation of the af fected steam generator in the event of a steam line rupture
inside containment. Within each train, the notor-driven and steam-driven purp will be

physically separated.

The applicant perforr:ed an analysis that denonstrates that adequate dec3y heat renoval
will be obtained with a minimum of ore purp and one stean generator. We agree with the

The design of the system assures that at least one pumpconclusions of that ev31uati 1.

and one steam generator will be available assuming the combination of a single active
and a high energy line f ailure dJring all operating CCnditions.

The auxiliary feedwater system will be supplied fru two auxiliary feed ater stora';e
tanks located in the auxiliary building if water is not available from the non-seismic
Category I condensate storage tank. Each auxiliary feedwater purep will be supplied

through 6n individual supply line f rom its storage tank. Each auxiliary feedwater tank
will contain a ninimum of 40,000 gallons of condensate for a total of 80,000 callons
This total volu"e can satisfy the steam generator feedwater requirement for approxi-
wately one hour with both auxiliary feedwater system trains in operation or for

'

approxim.ately 30 minutes with one train's tank out of service in the event of a single
failure. However, prior to depleting the condensate supply in the auxiliary feedwater
tanks, operator action can be used to actuate two notor-operated valves and admit water
to the auxiliary feedwater pumps from the nuclear service water system. This water is
available in sufficient quantity to raintain the plant at hot shutdown for two hours,
followed by cooldown to a condition at which the residual heat renoval system can be

initiated.

The Class IE alternating current and direct current power provided for one train will
be separate and independent of the Class IE supply for the redundant train. All
breaker control power will be direct current.

As a esult of our review of the proposed design, we conc'ude that these design cri-
teria will satisfy our requiremcnts for the design of auxiliary feedwater systens and
the critcria discussed in Section 8.1 of this report, and are, therefore, acceptable.

The applicant has modified his original design to provide two supply valves in parallel
f rom each auxiliary feednater tank. We have concluded that the design now satisfies
the criteria for instrumentation and control c itlined in Section 7.1.1 of tnis report
and is, therefore, acceptable.
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Damage to the auxiliary feet ater systen piping such as occurred at Indian Point 2 on
No v erte r 13, 1973, could originate as a consequence of uncovering of the feedWater
sparger in the steam generator or uncovering the stein cenerator feedwater inlet
rozzles. Uncovering the stean generator feedwater nozzles coJld cause a pressure w3ve
that is propagated through the piping. We are conducting a generic review of this
problen. We will consider the results of our generic review of feedwater flow insta-
bility in de~ er"ining a final position on the ratter f or the proposed f acility during
the operatinq license stage of our review.

We revie red the adequacy of the applicant's proposed criteria and design bases for the
auxiliary f eedwiter system to assure saf e operation of the plant during r.orral,
abnorral, and accident conditions. Cased on our review, we have concluded that the

design criteria ano design bases for this system confom to our technical positions
regardinq diversity of poaer sources, system flexibility and redundancy including the
cor.btnation of single active and hir;5 energy line f ailures and are, therefore,
acceptable.

10 . f> Steam and Feedu ter System Materials

The r,echanical properties of mterials selected for the Class 2 and 3 cc:rponents of the

ste m and feedwater systens will satisfy f pendix I of Section III of the Arerican4

Sciety of "ecanical Enpneers ( ASME) Coiler and Pressure vessel rode and Parts A, B
and C of bection II of the ASME Foiler and Pressure Vessel Code.

The controls ircosed upon the austenitic r tainless steel generally satisfy the
recorrendations of Regulatory riuide 1.31, " Control of Stainless Steel Nelding, and
Peg 21atory Guide 1.44, " Control of the Use of Sensitized Stainless Steel.' Fatrication

and heat treitrent practices that will be perfor m 1 in accordance with these rccorren-

dations provide a11ed assurance thit stress-corrosian cracking will not cccur during
the design life of the plant. The controls thit will be placed upon corcentrations of

leachable irpuritier in nora tallic thera l insJlation used on austenitir stainless

steel corwnents of the steam and feedater systems are in accordance with the recorr:en-
Stions of Pequlatcry GJide l .36, "UnnetelalliC I ne rra l Insulation for fast 0nitic Stain-

less Steel.

Im weldin ; procedures thit will be used in lir:ited access areas senerally satisfy the
intont of the reco~ enditions of Pequlatory riuido 1. 71, ' Wel de r Pual i f ic a tion for "reas

of Linited Accessibility." The onsite cleaning and cleanliness controls durinc

fabrication satisfy tro reco' s idations of Pe;ulatory Gaide 1. 37, "')uali ty Assurance
neaaire ents for Cleaning of fluid Syster 3 and "ssociated Crrponents of N3 tar-Cooled

incl ea r Foor Pl ants The precaations taken in controlling and monitorina tha pre Vit

and interpass ter peratures during welding of carbon and low ailoy steal cor ponents

conf orm to the reco end3 tions given in Pequla tory Guide 1.53, " Control of Prehelt

Terperaturos f or Welding of Low-Alloy Steel . '

. r,
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In trendn.ent 28, the applicant identified sor;e e<ceptions to the recorrendations of
Pegulatory Guides 1. 31,1,44 and 1. 71 tha t he proposes to adopt. We will report the
results of our review of this matter in a supplement to this report, and if significant
exceptions remain, we will require that the applicant either conform with the recon-
mendations of the guides or provide alternate acceptable bases for reeting our
licens'- requirer'ent prior to a decision on issuance of construc tion permits.

Conf orr anc e wi th ti.. standards, and applicable Regulatory Guides cited above,
if provided by the applicai , constitutes an acceptable basis for assuring th( integrity*

of steam and feedaater systems, and for reeting the requirer.ents of Criterion 1 of the
General Design Criteria,

10-6
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11.0 PADI0 ACTIVE WASTE MANAGEMENT

11.1 Summary DescriAtAn_

Each unit will have its own, completely independent, radioactive waste management
system designed to provide for controlled handling and treatment of liquid, gaseous
and solid wastes. Each liquid waste system will process w3stes f rom equipment and
floor drains , decontamination and laboratory wastes and laundry and shower wastes.
Each gaseous waste system will provide holdup capacity to decay short-lived noble
gases stripped from the primary coolant and treatment of ventilation exhausts through
high ef ficiency particulate air filters and charcoal adsorbers. The systems will be
designed to reduce releaser of radioactive materials in effluents to "as low as is
reasonably achievable" levels in accordance with Section 50.34 of 10 CFR Part 50.

Each solid waste systen will provide for the solidification, packaging and storage
of radioactive wastes generated during facility operation prior to shipment offsite
for burial. Solid rackaged wastes will be shipped to a licensed facility for burial.

In our evaluation of the liquid and gaseous radwaste systems, we have considered:
(1) the capability of the systens for keeping the levels of radioactivity in effluents
"as low as is reasonably achievable," based on expected radwaste inputs over the
life of the plant, (2) the capability of the systems to maintain releases below the
limits in 10 CFR Part 20 during periods of fission product leakage at design levels
from the fuel, (3) the capability of the systems to meet the processing demands of
the station during anticipated operational occurrences, (4) the quality group and
seismic design classification applied to the system design, (5) the design features
that will be incorporated to control the releases of radioactive materials |n
accordance with Criterion 60 of the General Design Criteria, and (6) the potential
for gaseous release due to hydrogen explosions in the gaseous radwaste systen.

In eur evaluation of the solid radw3ste treatment systems we have considered: (1)
system design objectives in terms of expected types, volumes and activities of
waste processed for offsite shipment, (2) waste packaging and conformance to
applicable federal packaging requlations, and provisions for controllinq potentially
radioactive airborne dasts during baling operations, and (3) provisions for onsite
stcrage prior to shipping.

In car evaluation of the process and ef fluent radiological monitoring and sampling
systems, we have considered the system's capability: (1) to monitor all normal nd
potential pathways for release ef radioactive materials to the environment, (2) to
controi the release of radioactive materials to the environment, and (3) to monitor
the perforrance of process ecuipment and detect radioactive leakage between systems.

"i e ,
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Since the Final Environmental Staterent for the facility was issued in October 1975,
the applicant has rodified the liquid, gaseous and solid radioactive waste ran3qer ent
systers by amentrents to the PSAR. A surriary of these modifications is shoe in Table
11.1 of this report. In addition, we stated in the final Environr. ental State:ent that
to effectively implement the requirenents of Appendix I to 10 CFR Part 50, we would
reassess the para eters and rathenatical nodels used in calculating releases of radio-
active raterials in liquid and gaseous ef fluents considering current operating data in
the assessment of the inpJt para ~eters The Atonic Safety and Licensing Board issued

its Order on January 13, 1977, nodifying its partial Initial Decision as to environ-
nental and site suitability issues by deleting paragraoh 115 (IV) (NRC-76/5 page 651)
and substituting the following in lieu thereof: " Duke Power Company shall not re"ove
any ra jor corponents of the radwaste treatrent system without replacing then with
conponents to maintain equivalent overall systen perfomance capability.' We have
completed our review of changes in the waste nanagenent systens proposed by the appli-
cant in Amendrents 22 and 2 3 to the PSAR and conclude that with these changes the

overall systen perforrance capability will be equivalant to the capability of the
systen as proposed in the FSAR as amended to August 8,1975 (tte date af ter which the
Board's Order of January 13, 1977 a ppl ie s ) .

Tho para-eters, nodels and their bases that resulted fro 9 our reassecsment are pro-
vided in NUPEG-0017, " Calculation of Releases of Radioactive Materials in Ga seous
and Liquid Ef fluents from Pressurized Water Peactors" (P1R-GALE Code), April 1976.
Casei on information provided by the applicant in Arendnent 23 to the PSAR, and
considering tho rodifications in Table 11.1, we have recalculated the quantities of
radioactive naterials that will be releas?d in liquid and gaseous ef fluents and

tFe cuantity of naterial that will be shipped as solid radwaste for burial dJring
norral operation of the f acility. In na k ing t hese determina tions, we Conside' ed
wiste flows, activities and equipment performance consistent with normal plant
o pera t ion , including anticipated operational occ'2rrences, over the life of the plant.
Liquid and q3seous source terrs were recalculated using the PWR-GALE Code. These m

source terns and Irput para-'eters used for the fac ility were incorporated in testi-

rony presented at the environmental hearings Thi s testinony, entitled "NRC Sta f f

Evaluatico of Liquid and G1/ous Ef fluents with Respect to Appendix I of 10 CFR Part
EO~ for the facility is provided in Appendix E ta this $afety [ valuation Report.
hsed on our evalu3tions, the proposed liquid and qaseous radwaste treatment syster >,

eich are the sane as those evaluated in tFe testinony for the facility, ncet the

criteria given in Appondix I to 10 CFR Part 50 and are, therefore, acceptable.

Li uid Ra_dwa_ste ireat-erg qsst_"n11.2 J

Eath liquid radioattive waste treatment system will consist of process equip ~ent and
instrumentation necessary to collect, process, monitor and recycle or dispose of
liquid radioactive wastes. The liquid radioactive wiste will be processed on a
batch basis to permit optinua control of releases. Prior to being released, samples

,
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TABLE 11.1

MODIFICATIONS TO THE WASTE fMNAGEMENT SYFTEMS~~
AS PROPOSED IN lHE P57TOMEMKEliTS~

~-~

SINEE Uii ElNAI.]Ef?[lROMTAL STXTEhDiT (FESJ
-- -

Description Modification PSAR
in the FES Des c rip t i on Artendment No.

1. Two Laundry and Hot Shower Two Laundry Tanks, 11 and 13
Tanks, 4000 gallons per tank 8000 gallcns per tank

2. Two Waste Monitor Tanks, Four Uaste Condensate 13
15,010 gallons per tank Tanks, 27,700 gallons per tank

3. Two Waste Holdup Tanks, Four Waste Tanks, 13 and 14
15,000 gallons per tank 27,700 gallons per tank

4. One Waste Evaporator Package, Two Waste Concentrators 13

20 gallons per minute operating in parallel,
25 gallens per concentrator

5. One Volatile Chemistry Control Five cendensate polishing 11 and 14
(VCC) Systen on the secondary filter /demineralizers for
coolant loops (Figure 3.7 volatile chenistry control,

in FES) approximately 4450 gallons
per rinate for each filter /
denineralizer (four normally
in operation with one in

backwash). Backwash
separator tank with provisions
for samuling, ronitoring and
control of potentially
radioactive wac.tes

6. One Concentrate Hold Tank, Two Waste Concentrate Tanks, 11 and 13
1000 gallons 5000 gallons per tank

7. One Spent Resin Storage Two Spent Resin Storage 11

Tank, 5000 gallons Tanks, 5000 gallons per tank

Gas Collection Header Provisions for treating the 22;

(Figure 3.8 in TES) vent wastes fron the Holdup
Tank, Waste Tanks Equipment
Drain Tank, Refueling Water
Tank and the Concentrate
Tanks by the Auxiliary
Euilding filter / charcoal
train prior to release.

9. Release Points Additional information in 3.14 and 23
accordance with the option

1975 Arendment to Section
II.D of Appendix I

l
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will be analyzed to de*. ermine the types and amounts of radioactivity present. Based
on the results of the analysis, the waste will be retained for further processing,
recycled for eventual use in the plant, or released under controlled conditions.
Aerated radioactive wastes will be segregated, based on their origin, and processed
through the liquid waste processing system. Turbine building floor drain wastes
will be discharged without treatment unless sampling indicates processing through
the liquid waste processing systen is necessary. Detergent (laundry and decon-
temination) wastes will be sampled, filtered and discharged or processed by the
liquid waste nanagement system when sampling indicates processing is necessary. The
principei canpor,ents raking up each of these systems, along with their principal
design parameters, ire listed in Table 11.2.

The design capacity of each of the two liquid waste processing systen evaporators
will be 36,000 gallons per day. We calculated that the average expected waste flow
to the liquid waste processing systen will be 2i00 gallons per day. The difference
between the expected flow and design capacity will provide adequate reserve for
nrocessing surge flows. We consider the system capacity and system design to be
adequate for meeting the demands of tre statien during anticipated operational
occurrences.

Blowdown fra, the steam generators will be recycled to the main condfrJer throt hy
condensate polishing filter /demineralizers in the secondary system. Normally, the
filter /denineralizers will be backwashed once every two to five days to a polishing
demineralizer backwash holding tank. Backwash waste will be continuously
ronitored for radioactivity, liquids will be transferred to the liquid waste treat-
rent system and backwash sludge will be transferred to the solids treatment system
if the activity exceeds a predeternined value. The applicant will be required by
technical specifications to take batch samples and analyze the solid and liquid
wastes for potential activity prior to controlled release to the waste water holdup
basin or transfer to the radwaste treatment systems. There will be no steam
generator blowdown waste release.

The liquid radwaste systems will be located in a seismic Category I structure. The
liauid radwaste system corponents, capacities and seisnic snd quality group
classifications proposed by the applicant are listed in T ,bl.e 11.2. The system will
also be designed to control the release of radioactive raterials due to overflows

fra, indoor and outdoor tanks by providinq level instrumentation which will alarm

in the control roon, and by means of curbs and retention walls to collect liquid

spillage and retain it for processing. he consider these provisions to be capable

of preventing the uncontrolled release of radioactive materials to the environment.

We find the applicant's proposed system design to be in a cordance with the staff's
technical position as shown in Branch Technical Position ETSB 11-1, " Design Guidance
for Radioactive Uaste Management Systems Installed in Light-Water-Cooled Nuclear
Reactor Plants." Therefore, we conclude that the propcsed 'esign is acceptable.

4 p
Jd'

jp4



TABLE 11.2

DESIGN PARAPETERS OF PRINCIPAL COMPONENTS
CCNSIDERED IN ThE RADWASTE EVALUATION

Components Number Capacity Each_

Lpluid Waste Management System

Waste Concentratcrs 2 25 gallons per minute

Containment Cooler Condensate Tanks 2 4,000 gallons

Laundry Tanks 2 8,000 gallons

Waste Tanks 4 27,700 gallons

Waste Condensate Ion Exchange 2 20 gallons per minute

Waste Condensate Tanks 4 30 cubic feet

Gaseous Waste Manap pent Systen

Ccepressors 2 2 standard cubic feet per minute

Surge Tank 1 20 cubic feet

Decay Tanks 3 VCD cuoic feet

Recorbiner 1 2 standard cubic feet per ainute

Solid Waste Mai.:Jement M te-

Spent Pesin Tanks 2 5,000 gallons

Waste Concentrate Tanks 2 5,000 gallons

3IDesign code and seisnic desic;n criteria in accord 3r.ce with staff position in
Branch Technical Position ETSB 11-1.

1 4 i +
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We have Jeterriined that, daring rorral operation, the prcposed licoid radeste treat-

ment systems will te capable of redscing the release ct radioact;/e raterialt in
liquid ef fluents to apnroximately 0.19 curies per year per reactor, excluding
tritium and dissalved gases, and 750 curies per year per reactor for tritium.

Based on our evalsation we fir,d the prorssed liquid radwaste syster to be

dCCeptable.

11.3 Caseous Reaste T eament Syste,

Fa-h yaseous radwasta treatrient systen will be designed to process gaseous plant
wastes based en the origin of the wastes in the plant and the expected activity
level s . Jhe gaseous waste treatrent systen will consist of a gaseous waste nanage-
nant systen, a r'ain ccnJenser ef fluer,t processing systen, and ventilation systems
that ccntrol the release of radioactive ef fluents to the environrent. The principal

cog onents of the system, along with their principal design parameters, are listed
in Tatle 11.2

The qaseous waste manager ent systen will collect and process gases stripped f rom the
pricary coolant alon j with niscellaneous tank cover gases contained with nitrogcn
in a loop provided for centinucas recirculation. Operatirg with one of the two,

two standard cubic feet per n1 rate corpressors and three 700-cubic foot gas decay

tanks (eacn or which is capable of t'eing isclated from all others), the gaseous
vaste ranigerent system will have adequate capacity to allow cperation dJring [er jo js
of evit ent d mntime. We consider the syster capacity and the systen design to te

ad m ate for r eeting the demt .us of the station a; ring noral operations and

anticicated operational cccu rocces. The systeT design criteria and loca*-ing the

c a s.'na s ,as te t reatm nt sjs t r, in a seisnic Categ ry I stracture are in accordance

to the staff positien, shchn in Branch Technical Fositicn ETSB 11-1. We find the

syste quality group and .oi.'.ic design classification to be acceptable.

The system will te designed to operate at positive prera;re and will be purged with

nitrogen gas to prevent air (osygen) buildJP as a result of infiltration. Hydrogen
ard 0.rygen concentrations in gases entering the gaseous vaste Tanagerent systen
and stored in the decay tarks will be nonitored by an astonatically sequenced gas
analyzer. The quantity of hydecgen or oxygen present will be redaced by passing the
stored gas thro;3h a catalytic recorbirer to form water. The gas ralyzer will

indicate concentrations of hydrogen and oxygen in sufficient tir. to allow purging
tu system with nitrogen gas before potentiallj explosive mixtures could occur. We
f c;nd that the use of a single 3;as analyze' is not ucceptable. The appl 1 tant by a
letter dated february 3,1977, has cornitted to provide dval gas analyzers with

aato m tic control functions to mcnitor the fo ration or buildup of potentially

e< plosive mixtures of hyJrugen and oxygen. The two analyzers will cperate con-
tinuously to provide two independent reasurer ents and will alarn both locally arJ

in the control reo- On the basis that we find this infor ation acceptable and

- 'n
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that the applicant has connitted to include the sare information in Amendment

29 to the PSAR, we conclude that an accep'edble local gas analyzer system will be
provided in the facility design.

Gasecus wastes f ro.n the rain condenser will be processed tt rough filters and
charcoal adsorbers for particul3te and icaine renoval, respectively. Noble gases

will not be affected b/ the treatneat ptJvided.

Ventilation exhausts from the cantainment building and the au>iliary building,
including the radaaste and fuel handling areas, will be processed through high
et 'iciency particulate air filters and charcoal adsorbers prior to release. In

addit:on, the containrant building atmosphere will be re:ircul :+ed through filters

and charcoal adsorbers prior to purging to the ventilation exhaust systen. The

turbine building ventilation exhausts will be released to the environment without

treatment. The plant ventilation systens will be designed to induce air flows fron

potentially less radioactive contaminated areas to areas h3ving a greater potential
for radioactive contan nation.

We have determined that the p.opo ed gaseous radwaste treatment systems and plant
ventilation systens will be capable of reducing the release of radioactive materials

in gaseous effluents to approximately 6700 curies per year per reactor for noble
gases, 0.008 curies per ycar per reactor for iodine-131, 760 curies per year per
reactor of tritium, eight curies per year per reactor for carbon-14 and 0.043 cur'es

per year aer reactor for particulates.

Based on our evaluation, we find the proposed caseous radwaste systen to be accept-
able,

11.4 Solid Radwaste Treatrent_Systen

Each solid radwaste treatment systen will be designed to collect and process wastes
based un their physical form and need for solidification prior to p laging. " Wet"
solid wastes, consisting of sper.c demineralizer resins, evaporator bottons, filter

sludges, and chemical drain tank effluents, will be combined with a solidification

agent and catalyst to form a solid rnatrix and sealed in the shipping containers.
Dry solid wastes, consisting of ventilation air filters, contaminated clothing and
paper, and miscellaneous itens s 'ch as tools and glassware, will be compacted into

55-gallon steel drums. Miscellaneous solid wastes, such as irradiated primary systen
comoonents, will be handled on a case-by-case basis based on their size and activity.
Expected solid waste volures and activities shipped offsite for each reactor will

be 3200 drurs per year of " wet" solid waste containing an average of 0.6 cu*ies
per drum and 600 drums per year of " dry" solid waste containing less than five curies

total.

* * ~
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Drum filling operations will be controlled remotely from consoles located outside
the drum fill area. Droming operations will have interlock features to prevent

opening of filling valves when a crum is not properly positioned in the filling
station. Baling of dry wastes will be carried out inside a closed and vented dust
shroud. Tne shroud will be vented through high efficiency particulate air filters
to the unit vant.

The solid radwasta systems will be located in a seismic Category I structure. The

seismic and quality group designations of the equiprent are consistent with our
guidelines. The design parar"eters for the solid waste system corponent are listed
in Table 11.2.

Storage facilities for up to 800 drums of solid radioactive wastes will be provided
at plant grade in the radwaste building. Based en our estimate of 3800 drums rer
year per reactor, we find !he storage capacity adequate for reeting the da rands of
the station. Wastes will be packaged in 53-gallon steel drums in accnrdance with
the requiretrents of 10 CFR Part 20 and 10 CFR Part 71, and shipped to a licensed
burial site in accordance with Ccmission and Departrent of Transportation

regulations.

Based on our evaluation, we find the proposed solid radwaste treatrent systen to te

acceptable.

11.5 Prccess and Effluont Radiological Monitoring Sy"+ srs

The process and effluent radiological ronitoring and sampling systems will be designed
to provica infomation concerning radioactivity levels in systems throughout the

plant, indicate radioactive leakage between systems, monitcr equipment perforrance,

and tronitor and control radioactivity levels in plant discharges to the environs.

Liquid and qaseous streams will be nonitored. Table 11.3 indicates the proposed
locations and types of continuous monitors. Monitors on certain effluent release

lines will au w atically terminate discharges should radiation levels exceed a

predeternined value. Systers, which are not amenable to continuous monitoring or

for which detailed isotopic analyses are required, will be sampled and analyzed in

the plant laboratory. We have reviewed the lo:ations and types of effluent and
process ronitoring provided.

Based on the plant design and on the continuous conitoring locaticns and continuous
and intermi''.ent sa"'pling locations, we have concluded that all romal and potential
release pathways will be nonitored. We have also determined that the sarrpling and
nonitoring provisions will be adequate for detecting radioactive raterial leakage to
nnmally uncontaminated systems and for monitoring plant processes which affect
radioactivity releases. On this basis, we consider that the monitoring and sampling
provisions meet the requirements of Criteria 13, 60 and 64 of the General Design
Criteria and the guidelines of Regulatory Guide 1.21, " Measuring, Evaluating, and
Reporting Radioactivity in Solid Wastes and Releases of Radioactive Materials in

11-8
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TABLE 11.3

PROCESS AND EFFLUENT MONITORING

St_ ream Moaitoredr

LiquidY

Component Coolina Water

Reactor Ccolant

Liquid Waste Releases (Plant Effluents)-

1Gas /

Containment Purge and Vent-

Unit Vent

Condenser Air Ejector Exhaust

Radwaste Area Exhaust

Waste Gas Discharge 2/

Auxiliary EJilding

Spent Fuel Building

bliliquidandgasstreamswilltemonitoredinaccordancewiththe
guidelines of Regulatory Guide 1.21.

2/ These monitors provide annunciation and automatic closure of isolation valves
terminating releases when the radiation level exceeds a predetemined value.

" .,;-
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' ir Jid and Gaseous Ef fluents f ron Light-U3ter-Cooled Nuclear Power Plants," and are,

therefore, acceptable.

11.6 w i ntion Findir p

Our review of the radwaste systers included a review of systen capabilities to process
the types and volures of wastes expected during norr.al operations and anticipated
operational occurrences in accordance with Criterion 60 of the General Design Criteria,
the design provisicas inccrporated in accordance with Criterion 60 to control releases
of radioactive material due to leakage overflows, the quality group and seismic design
classification in conformance with the guidelines of Branch Technical Position ETSB
11-1, " Design Guidance for Radioactive Waste fbnagement Systems Installed in Light-
Water-Cooled Nuclear Power Reactor Plants,' and the design provisions incorporated in

conformance with the guidelines of Regulatory Guide 8.8, "Information Relevant to
F'aintaining Occupational Radiation Exposures as low as is Reasonably Achievable
(Nuclear Power Reactors)," paragraph C.3. We have reviewed the applicant's systen

descriptions, process flow diagrams, piping and instrumentation diagrams, and design
criteria for the components of the radwaste treatment systems and for those auxiliary
supporting systers that are essential to the operation of the radwaste treatment
systems. We have perforned an independent calculation of the releases of radioactive
raterials in liquid and gaseous ef fluents based on calculational nethods contained in
NUREG-0017, " Calculation of Peleases of Radioactive Materials in Gaseous and Liquid
Ef fluents from Pressurized Water Reactors (PWR-GALE Code),' April 1976.

Our review of the process and ef'luent radiological ronitoring and sampling systems
included the provisions proposed for sampling and monitoring all station effluents in
accordance with Criterion 64 of the General Design Criteria for providing automatic
termination of effluent releases and assuring control over discharges in accordance
with Criterion 60 and Regulatory Guide 1.21 for sanpling and monitoring plant waste
process streams for process control in accordance with Criterion 63 of the General
Design Criteria, for conducting sampling and analytical programs in accordance with
the guidelines in Regulatory Guide 1.21, and for monitoring process and effluent
streams during postulated accidents. The review included piping and instrument
diagrams and process flow diagrams for the liquid, gaseous, and solid radwaste systers
and ventilation systens, and the location of nonitoring points relative to ef fluent
release points on the site plot diagram.

Cased on the foregoing evaluation, we conclude that the above aspects of the proposed
radwaste treatment and nonitoring systems are acceptable. The basis for acceptance
has been confornance of the applicant's designs, design criteria, and design bases for
the radioactive waste treatrrent and nonitoring system to the applicable regulations
and guides referenced above, as well as to staff technical positions and industry
standards.

'e i .
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The capability of the liquid and gareous radioactive waste treatment systems to meet
the dose design objectives of Appendix I to 10 CFR Part 50 and the required cos -
benefit analysis were evaluated for testimony in the hearing using the same terms,
input parameters, and models that we have reviewed and found acceptable as described
above. That tes:Imony is reproduced as Appendix E to this report.

. 1 F. 7
| J/'

11 11



12.0 RADIATION PROTECTION

The applica.it has provided descriptions of rethods for radiation protection and has
included an estimate of occupational radiation doses to plant personnel. The PSAR

presents information en tacility layout, ec.uipnent design, operating procedures,
techniques, and r'3ctices prcposed for the protection of personnel against radia-
tion. Shielding will be prov;1ed to reduce levels of radiation. Ventilation will
be arranged to control th* flow of potentially contaminated air. Radiation
monitoring systers will be employed to reasure levels of radiation in potentially
occupied areas and to reasure airborne radioactivity throughout the plant. A health
physics program will be provided for plant personnel and visitors during reactor
operation, maintenance, refueling, rauwaste handling and inservice inspection.

We reviewed and evaluated the applicant's description ard analysis of the radiation
protection program, contained in Section 12.0 of the PSAR. The criteria used to
determine acceptobility of the applicant's program are that doses to personnel will
be maintained less than those limits established in 10 CFR Part 20, and that design
and program features are consistent with the guidelines of Regulatory Guide 8.8,
"Information Relevant to Naintaining Occupational Radiation Exposures As Low As
is Reasonably Achievable "

On the basis of our review, we have concluded that the radiation protection progran
will provide assurance that doses to personnel will be less than those limits
established by 10 CFR Part 20 and that design features and program features are
consistent with the guidelines of Regulatory Guide 8.8. The applicant's overall
preliminary radiaticn protection program is acceptable. The details of our review
are discussed in the following sections.

12.1 Shielding

The design objectives for the facility shielding are to ensure that radiation exposure
to cierating personnel will be within the required limits of 10 CFR Part 20 and
that the:e exposures will also be maintained as low as reascrably achievable during
reacter crerations and surveillance, naintenance, inservice inspections, refuelings
and radwaste handling.

Plant areas have been classified into radiation zones based on expected frequency
and d; ration of occupancy. The design of the radiation shielding will consider the

dose rate criterion for each zone based on maximum short-term radiation sources in
each torpartment within the zone. All radioactive sources that form the bases for
the shield desigr. have been considered. Shielding analysis will be made using
accepted codes, models and assurptions. A check-off list which contains design

> e,
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gu: deli 1es, as given in Regulatory Guide 8.8, and relevant facility and equipment
deficiencies fron other reactors, will be used in making de;ign reviews to assure
that the shielding will be designed to permit limiting radiation exposures t9 levels
that are as lcw as reasonably achievable.

Consistent with the design, tha applicant has addressed the steps that will be taken
to assure that low dose rate zones will not be corpromised by inadvertent increases
in radiation levels. Consequently, pipes carrying radioactive liquids including
field run piping, filters, denineralizers, tanks, evaporators, pumps and sampling
points will be designed to be located in shielded compartments. Tanks within con-
partments that can contain significant quantities of radioactivity will be shielded
from each other. Therefore, each component or tank within a compartment will be
isolated to allcw maintenance, inspection, and some non-routine operations with
radiation interference fron other corpcnents or tanks that is as low as reasonably
achievable. Labyrinths will be used for entranceways to cubicles to retain shielding
integrity. In addition, shielded valve galleries, shielded penetrations, reach
ro 's, remote switching anu nortable shielding among other devices, will be used to
maincain exfasures to levels that are as low as reasonably achievable.

On the basis of the applicant's design criteria, shield nodels and operating
philosophy, we conclude that adequate consideration has been given in the PSAR to
the shielding and layout cf facilities and components to keep exposures to cperating
personnel within the applicable limits of 10 CFR Part 20 and to redJce unnecessary
exposure daring normal operation of the facility, including the consideratioas
stated in Regulatory Guide 8.8, "Infornation Relevant to Maintaining Occupatienal
Radiation Exposure as Low as is Peasonably Achievable.

12.1.1 Area Manitoring

The radiological monitoring system will be desigaed to continuously reasure the
radiation levels at 14 selected locations within the plant. Each will be a location
having a potential for both significant radiation levels and occupancy. Each instru-
ment of the systen will have a sensor and ar audible alarm at the fixed location
where personnel perforn work on a regular sis, and asdible and visual annuciation

in the control room. Radiation levels will be recorded on a multi-point recorder in
the control roon. Each detector will be equipped with a check-point source and
centrols necessary to operate it from the control roon to verify the response of
detector read-out and alarm channels.

12.2 Ventilation

The ventilation systems will be designed to provide a suitable radiulogical environ-
ment for personnel and equipment, and to assure compliance with the limits for
restricted areas set forth in 10 CFR Part 20. Air flow will be from areas of low
radioactivity tcward areas of higher activity to prevent the spread of airborne

.
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radioactive material and thereby ensure contamination control. Ventilation design
considerations for atros;.here clean up systems are described in Section 9.4 of this
report.

Various compartments throughout the plant will be provided with roughing and high
ef ficency particulate air filter banks, with charcoal filters added at selected

locations, to preclude a buildup of airLorne contamination. provisicn will Le made
for special temporary local exhaust ventilation as required.

We conclude that the ventilation systen will be based on design criteria that provide
reasonable assurance that the system will be designed with the capaDility to maintain
cencentrations of airborne activity in areas nornally occupied in accordance with
10 CFR Part 20.

12.2.1 Airborne Radioactivity Monitoring

Equiprent 'or monitoring inplant airborne radioactivity will include: (1) fixed
gas and particulate monitors located in the containment, the auxiliary building, the
spent fuel building and radwaste area; (2) fixed iodine monitors located in areas
where there is a potential for iodine-131 airborne activity; and (3) noble gas
ronitors located in the condensor air ejector and in the equipment and cable roon
ventilation syster. Each of these morntors will include a pumping systen for
collecting samples. Particulates will be collected on a noving filter tape and
counted with a plastic heta scintillator. Noble gases and iodiret will te

monitoced with sodium iodide detectors. These detectors will be capable of detett-

ing fractions of rav.inum permissible concentrations. Output information is displayed
and recorded in the control room and if the output exceeds a selected level an alarm
is initiated. Alanns will also be initiated by loss of air flow to the monitors.

The containment airborne monitor will draw samples through a manifold from various
locations in containren+, including upper and lcwer ccntainment regions, incora
instrument room and containrent purge. The source will be controlled fron the control

roon by solenoid-cperated sample valves. The auxiliary building nonitoring systen
also will sample f ron 12 individual locations within the building through the use
of sequential solenoid valves. This scanning systen thus provides coverage in rany
areas with a small number of pumping systems and detectors. Location of the sa ple
points will be described in the FSAR.

We conclude that the scope of the area monitoring program will provide satisfactory
infonnation for use in providing radiological protection to in-plant personnel. Area

radiation detectors are to be located in areas that have a potential for radiation

fields in excess of radiation zone designations. Airborne radioactivity monitors

will be located in ventilaticn ducts and compartments where there is a likelihood

for inadvertent release of airborne radioactivity. State-of-the-art sensitivity

and alarm annuciaticn techniques will be used in the des;gn of the monitoring
systems.
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The applicant's proposed use cf a multi-point sampling system for the auxiliary build-
ing is acceptable and should provide a satisfactory airborne radioactivity system
for that building. At the operating license stage of our review, we will review the

sample location points and sampling design to ascertain that airborne concentration
measurement errors, associated with excessivt and non-uniform particulate deposition

in the sample lines, are not being made.

12.3 Health Physics

Our review of the applicant's health physics program covered ranagement policies,
organizational structure and program for naintainir,g occupational exposures as low
as reasonably achievable. We reviewed the health physics program, facilities an1
mcnitoring equipnent, and procedures related to contamination control and occupa-
tional radiation exposures. The applicant's stated polic/ for radiation protection

is based on compliance with appropriatc regulations, use of applicable PegJlatory
Guides and development of appropriate technical specifications. The radiation

protection equipcent will incluJe personnel thernoluninescent dosimeters and/or film
cadges protective clothing and respiratory equipment. Radiation exposure control
measures will include barriers, locked doors, signs, audible and visible indicators

and alams, and other access control measures to preclude unauthorized entry into
radiation ccntrol areas, use of special work pemits and procedures, testing and
calibration of nonitoring instrumentation, and maintenance of radiological reports
and records.

The radiation protection facilities will include a shielded counting room for count-
ing air and swipe samples, an instrumentation calibration room for checking health
I nysics survey instruments, a change room for clean protective clothing and respira-
tors, and a personnel and equiprent decontamination room. Tne counting room will
contain a multi-channel pulse height analyzer with associated sodiua' iodide and
germanium lithium detectors, beta-gaarla counter-scalers, scintillation systems for
counting alpha and tritiun, and a shielded body-Lurden thyroid-burden analyzer used
for bioassay purposes. A thermoluminescent reader and associated equincent will be

provided in the counting room for use in radiation surveys and personnel dosimetry.

Health physics personnel will review and raintain a continuing evaluation of radia-
tion levels in all areas where personnel will Le working. Instruments to be used
for radiation surveys consist of alpha, beta, garra and reutron survey c:eters.
Samplers for airborne gases, particulates and iodines, continuous air monitors,
bubblers for tritium, gas-sample containers and low and high volume air samplers
will be available. For contamination control, fixed and portable radiation instru-

ments will be used as portal r:onitors at exits from radiation control areas and to

ronitor personnel leaving the station.

All personnel whose job involves radiation exposure as defined in 10 CFR Part 20,

Section 20.202, will te provided with personnel monitoring equipment. Neutron
sensitive film will be worn as required by plant conditions. Pocket chambers and

) ihD ',
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dosimeters, poc6et high-radiation alams, wrist badges and finger tabs, will be
available and will be used under specified radiation work permit conditions.

Pocket charbers and dcsimeters will be naintained by the health physics staff for
recording daily exposures. Dosimeter records will be used ds a SoJrCO of cxposure
data for use in administrative control of radiaticn exposure. Routine body-burden
analysis will be perfomed on a por tion of personnel who work in radiatien areas
and who have the highest exposure potential. The applicant estimates that inhala-
tion doses will result in-plant personnel exposures of 0.8 r:an-rem per year to the
whole body and 0.4 ran-ren per year to the thyroid. Body burden scans will be given
to anyone involved in a radiological accident.

On the basis of the plant design criteria, health physics related equipmer.t and
procedares, and the applicant's consideration of the recorrendations of Pegulatory
Guide 8.8, we conclude that the applicant's health physics program will pro.ide plant
persornel with adequate protection against the radiatico hazards associated with
the normal eperation of the plant and will limit occupational exposures to as Icw
as reascnably achievable as required by 10 CFR Part 20.

12-5
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13.0 CONDUCT OF OPERATIONS

13.1 Organization and Qualifications

The Duke Power Company is responsible for the design, construction and cperation of
the Cherokee NJclear Staticn. Duke Power Company will act as its own architect
engineer and be respcnsible for all site construction activities. Combustion

Engineering, Incorporated, will design and manufacture the nuclear steam supply
systems.

The Dube Power Comoany's Design Engineering Department will perforn the architect
engineering work and the Corstruction Department will direct the construction of the

power generating facilitics The Vice President of each of these departrents repo-ts

to the Senior Vice President, Engineering and Construction. The Steam Production
Depart: rent will be respcnsible for the operaticn and maintenance of the

Cherokee Nuclear Station. Quality assurance aspects of the project are discussed
in Secticn 17.0 of this repcrt.

The station 'rganization for the operation of each of these facilities will consist

of a technical staf f of approx t: ately 65 persons for one-unit operation,107 persons

for two-unit operation and 149 persons for three-unit operation under the direction

of the Plant Manager. Reporting to the Plant Manager will be an Operating Super-
intendent who is respcnsible for directing the actual day-to-day operation of the
station with a staff of up to 81 persons, a Technical Services Superintendent with a

staf f of up to 24 persons, and a Maintenance Superintendent who is responsible for

directing plant raintenance activities with a staff of up to 41 persons. This is a

conventional type of plant organization for providing cnsite operating and technical
support staff for plant operations. The shif t crew for each unit of each staticn

will consist of five persons, one of whom will hold a senior operator's license and

two of when will each hold an operator's license.

During cost of our review, the applicant has indicated that the qualificaticn require-

rents for the operating staff will be in accordance with Arerican N3tional Standards

Institute N18.1 1971, Selection and Training of Nuclear Power Plant Personnel ."
This would meet the staf f's position stated in Regulatory Guide 1.8, 'Fersonnel

Selection and Training." In Amendrent 25 the applicant revised his position to
reduce the experience requirement for the Radiation Protection Manager fron nine to
seven years. We have concluded that the applicant's prcposed dependence on support
of the corporate health physicist and his staff dces not provide a suf ficient basis
for the proposed reduction in experience requirement. Unless the applicant agrees
to our position prior to the hearing, we will reco ,nend to the Atomic Safety and
Licensing Bodrd that if construction pernits are issued they be conditioned to

/
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Technical support for the plant staff dJring plant operation will be provided by

the Steam Production Department General Office staf f. Other departrents of the

Cor.pany will be available for assistance as necessary.

E> cept f or the applicant's non-ccnformity with our position to require that
nine years experience be a requirement for the Radiation Protection Manager, we
conclude that the applicant has established an acceptable organization to design and
construct the propnsed facility and that his proposed plant organization, their

proposed qualifications, and the plans for of fsite technical support of plant opera-

tions are acceptable.

13.2 Trainig Pro ram

The Vice President, Steam Production, has overall responsibility for the ad,inistra-
tion and conduct of the initial training program. At the station icvel the station
r:anager is responsible for the training progran and a station training coordinator
directs the day-to-day administration and conduct of the progran.

The applicant has stated that a corprehensive program will be conducted for the
initial training of the station staf f, with the objective of providing station

personnel with tne necessary skills and experience to startup, operate and maintain
the station in a safe and efficient manner. The progran to be used is siinilar to

programs utilized at the applicant's Oconee and McGuire '.uclear Stations. Duke Power

Company will conduct or contract for the teaching of each segment of the training pro-
gram Certain seg ents ray be prcvided by fiorth Carolina State University and/or
Corbustion Engineering Corpany.

The training provided for personnel to be licensed will include: selection exanina-

tion, basic mdthematics, nuclear preparatory, nuclear fundanentals, research reactor
training, systems and procedures, observation training at an operating pressurized
water reactor, reactor simulator training, and onsite training.

Maintenance and tecnnical staff personnel will receise on-the-job training in
specific skills. All station personnel receive general erployee training consisting
of trair,ing in station plans and procedures, radiological health and safety, indus-
trial safety, controlled access areas and security procedJres, and use of protective
clothing and equierent.

Complete records of all training administered will be raintained.

On the basis of our review, we have concluded that the training progran proposed for
the facility will provide an acceptable nurter of trained personnel for oceration of

the facilities and is acctatable at the construction permit stace of review.
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13.3 Emergency Planning

The applicant has described the preliminary plans for coping with emergencies. A
more detailed energency plan will be prepared and presented in the application for
an operating license, The Shif t Supervisor on dJty Will direct the irplementation

of the Emergency Plan in accordance with written emergency procedures.

For the Cherokee Nuclear $ tat'on, initial contacts and arrangerents have been rade
with the South Carolina State Lepartment of Health and Environcental Control .
Division of Radiological Health; the Cherokea County Civil Preparedness Agency;
the Sherif f's Departrent for Cherokee County, the Cherokee County Police; the South

Carolina Highway Patrol; the Energy Research and Development Administration's
Emergency Radiological Monitoring Team; the Nuclcar Regulatory Commission's Region II
Of fice of Inspection and Enforcement; and the Cherokee County Health Department. The
South Carolina State Department of Health and Environmental Control will have primary

respons!bility for radiological energoncy planning in the environs of the Cherokee
site.

Communications equipr:ent, instruments and controls for station operation wi'.1 be
provided in tne control rooms. To aid in evaluation of any possible hazards offsite,

the Shif t Supervisor will utilize meteorological data available to the control rrams

and information available from the station radiation ronitoring system. He will

also utilize reteorological overlays, nonographs or other calculational aids, local

area naps and population data for this purpose. An energency vehicle will be
available for offsite nonitoring. The control room in each unit will be designed

for continuous occupancy. The control room in the affected unit will be the principal

emergency control center. The Duke Power Company has designattd its facility in
Charlotte, North Carolinia, as an alternate erergency control center.

Decontamination facilities anj a first aid room will be provided onsite. Preliminary

contacts have been nade with Gaston Menorial Hospital, Gastonia, North Carolina, and

Memorial Hospital, Charlotte, North Carolina, to establish that agreements can be

made and that potential capability exists for receivirq and treating individuals that

ray be affected by radiological emergercies. Energency transportation of individuals
to the offsite treatment facilities will be provided by an emergency vehicle and
outside ambulance ar.d rescue services. All plant personnel will receive training in

erergency procedures and periodic drills will be conducted. Offsite organizations
will participate in the training programs.

The energency and accident situations covered in each Erergency Plan include fires,
vehicular accidents, natural disasters, medical injuries and illnesses, radiation

and radioactive contamination incidents, and civil disturbances.

We have reviewed the applicant's preliminary plans for coping with emergencies ana

conclude that they n'eet the requirements of 10 CFR Part 50, Appendix E, and are
acmeptable for the construction permit stage of our review.

1 L'
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13.4 Feview and Audit

The applicant has described his plans for the review and audit of the proposed plant
07erations. We have reviewed these plans and ccnclude that tr.ey generally r eet those
provisions described in Arerican National Standards Institute N18.7-1972 A hinis-
tre tis e Controls for % clear Power Plants,' and are acceptable for the construction

permt stage of review.

13.5 Plant Proced;res

All saf ety-related operating n'aintenance and testing activities will be perforred
in accordance with anproved written procedures. American National Standards
Institute N18.7-1972, " Administrative Controls for Nuclear Power Plants, and

Peg;1atory Guide 1.33, " Quality Assurince Program Requirements (Oper ation),' will
be used as guidelires in the developrer,t of applicable station procedures. Final
a') proval of a procedure Fust Core f rori tee station Superintendent.

All procedures excert raint nance and periodic test procedur(; will be completed at
least six ionths crior to fuel loading. "aintenance and periodic test procedures

will be completed at a later date, but prior to fuel loading.

[ated on our review, vc conclude that the applicant's proposed pregram for preparation,

review, approval and iN of written procedures, and the corrlitrent to docur ent

crerating and raintenance activities are acceptable at the construction permit stage
of resitw.

13.6 Plant Pecords

The applicant has described his plans for keeping plant records. Ue have reviewed
these plans anj conclude that they are gererally in accord with those provisions
described in Arerican National Stan6 .s Institute N16.7-1972, A tinistrative

Centrols for Nuclear Power Plants" and are acces table for the construction permit

stage of review.

l '. 7 Industrial Security

Tr.e applicant has provided a general description of plans for protecting the plant
ag3 inst potential acts of indsstrial sabotage. Provisions for the screening of

employees at the plant, and for design phase review of plant layout and protection
of vital equipment have been described. We find that these provisions conform to

Pegalatory Guide 1.17 " Protection of Nuclear Plants Against Industrial
Sabotage.' Eased on our review, we conclude that the applicant's arrangenents for
protection of the plant against acts of industrial sabotage are satisf actory for the
construction pen:it stage of review.
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14.0 INITIAL TESTS AND OPERATION

The initial test program for the applicant's Cherokee Nuclear St$ tion
will be conducted by the applicant with technical direction and support from the
nuclear steam supply system vendor (Combustion Engineering) and other vendors, as

required. The applicant has cosunitted to develop and execute the test program in
accordance with Regulatory Guide 1.68, "Preoperational and Initial Startup rest
Prograns for Water-Cooled Power Reactors" and Regulatory Guide 1.79 "Preoperational

Testing of Emergency Core Cooling Systems for Pressurized Water Peactors" (Section
6.3.4).

On the basis of our review, we conclude that a, acceptable test und startup program
can and will be implemented by the applicant. The applicant will provide additional
details of this progran for our review at th' operating license stage of review.

We conclude that tha a, glicant has made acceptable plans for the staf fing, developrent,
and tonduct of the initial test programs.

'.
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15.0 ACCIDENT MALYSES

Car evaluation of the capability of the CESSAR standard reference syste"1 to withstand
abnonral operational transients and pustulated accidents is presented in Section 13.0
of Appendix A to this report. The discussion belcw utilizes the infomation frori

Section 15.0 of Appendix A to this repcrt in asassing the radiological consequences
of accidents postulated as design basis accidents for the proposed f acility.

15.4 (nticipatr+1 Transients.

0;r evaluaticn of anticipated transients applicable to the proposed facility is pre-
sented in Sectie t5.4 of Appendix A to this report. Hcwever, on August 19, 1976,
Corbustion Engineering presented some enerirental res;lts on fuel rod t,cwing which
shewed that the plant therral margins might be less than those intended. Facters th)t
are t;eing corsidered generically are (1) the gap closure rate for prototypical andles.
(2) the ef fect on departure f ro, nucleate boiling that bo.nds the gap closure f rom
part (1), aj (3) calculated Icss of therra! r:argin f ron steps (1) and (2) to reactor
transient analyses. An assessrent of possible penalties on the prcposed facility will
be perforr.e1 durino the cperating license stage of review.

15.5 Postulated Accidents
15.5.4 ;pectrum of Steam Pi jn d reLs Inside and Outside of Cnntainmentf

Our evaluat ic ef the steam piping breaks inside and outside of the ccntainment is
presented in Sect 1cn 15.5.4 of 4pendix A to this report. % i.iterface requirecent

tut the baiance of plant design r:ust satisfy is that the stean lire flew restrictors

be provided in each lir.e as close as practic3ble to the stea 1 generator nozzles.

The applicant has ccmitted to incortorate these ficw restrictors into the design.
This corrlitment is acceptable f or the ccnstruction permit sta';e of review.

15.5.6 Padiololical Consequenc r s o f Ac cidents

Tre postulated design basis accidents analyzed by the applicant to determine the off-
site radiological conse pences are the sacre as those analyzed 'or previously licensed
pressur 2ed water reactor plants. These inclu e a design basis loss-of-coolant acci-d

dent, a stean line break accident, a steam generator tube rupture, a fuel handling
accident, a rupture of a radioactive gas storage tant, and a control rod ejection

accident. We nave reviewed these accidents and have further evaluated the loss-of-
coolant accident, and the fuel handling accident.
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On the basis of our experience with the evaluation of the steam line break and the
steam 9enerator tube rupture accidents for pressurized water reactor plants of similar
design, we have concluded that the consequences of these accidents can be controlled
by limiting the permissible reactor coolant system and secondary coolant system
radioactivity concentrations. At the operating license stage of review, we will
include the limits in the technical specifications on the reactor coolant system and
secondary coolant system activity concentrations such that the potential two-hour
doses at the exclusion radius, as calculated by the staf f for these accidents, will be
small fractions of the guideline doses of 10 CFR Part 100. Similarly, we will include
limits in the technical specifications on gas decay tank activity so that any single
failure, such as the lif ting and subsequent failure of a relief valve to close, will
not result in doses that are more than a small fraction of the 10 CFR Part 100 quide-
line values,

ach of the pressurized water reactors for the proposed facility will be surrounded byr

i double containment structure consisting of a low leakage steel containment vessel
and an outer reinforced concrete shield building to minimize the offsite radiological
consequences of the design basis loss-of-coolant accident. The applicant has specified
a design leak rate for the primary containment of 0.2 percent of containment volume
per day for the first 24 hours following the loss-of-coolant accident and 0.1 percent
per day for the duration of the accident. For dose valuation purposes, radioactive
materials that leak from the primary containment following a postulated loss-of-
cooiant accident can take any of the following pathways to the environment:

(1) Leakage to the annulus between the primary and secondary containment structures
(the shield building annulus), which wi ! be treated by the annulus ventilation
system-

(2) Direct bypass leakage, which will not be treated.

The annulus ventilation systen is an engineered safety feature.

The applicant has determined the bypass leakage pathway percentage to be one percent of
the total primary containment leakage. We have used this bypass leakage pathway
percentage in our calculations of the loss-of-coolant accident doses. The results of
our calculations are shown in Table 15.1, and the assumptions used in the analysis are

listed in Table 15.2. The doses we A e for the loss-of-coolant accident are
llatr 7 Guide 1.4, " Assumptions Used for Evaluatingwithin the guideline dose values r

the Potential Radiological f s . of a Loss of Coolant Accident for Pressurized
trJction permit stage of review (these limitsWater Peactors," for a pla t u

are 150 rem for the thyroia d t e ty ? for the whole body) .

In nodeling the reluases through the shield be, unulus cathway, we assumed that

the annulus ventilation system operates at ra- . _ recirculation through-

out the course of the accident 'ollowing an initial ! J- pressure transient in

the annulus.
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TABLE 15.1

RADIOLOGICAL CONSEQUEtLCES OF DESIGN BASIS ACC_ID QT5

Exclusion Area * Low Population Zone **
2-Hour Dose, 30 Day Dose,

Accident ren rem

Thyroid Whole Body Thyroid Whole Body ***

L o s s -o f-Coo l a n t 132 10 4 1

Hydrogen Furge --- -- ' i l

Fuel Handling 8 3 1 <1

Gas Decay Tank Failure --- 8 -- 1

Control Rod Ejection 150 4 -- --

Accident

,

*Exclusico area boundary distance = 594 reters
** Low populaticn zone distance = 8000 neters

*" Doses f rom low penetrating teta radiation is considered a skin dose
and is not included in the whole body dose

7 3e <-p
i . ' _ !/d
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TABLE 15.2

ASSUMPTIONS USED IN THE CALCULATION OF

LOSS-OF-COOLANT ACCIDENT DOSES

Power Level 4100 thermal negawatts

Operating Time 3 years

fraction of Core Inventory Available for Leakage
lodines 25 nercent
Ncble Gases 100 percent

Initial Iodine Composition in Containment
El erren tal 91 percent
Organic 4 percent

Particulate 5 percert

Shield Building Annulus Volume Between Upper
and Lower Elevation of Shield Building

5Ventilation System Heacers 5.3 x 10 cubic feet

Mixing fraction in Annulus 50 parcent

Primary Containment Leak Rate

0-24 hours 0.2 percent per day
, 24 hours 0.1 percent per day

Direct Outleakage (No Filtration) 80 seconds

Direct to Atrosphere (Bypass) 0.002 percent per day

Annulus Ventilation System Iodine Filter Efficiencies

Elemental Iodine 99 percent
Organic Iodine 99 percent

Particulate Iodine 99 percent

Primary Containment Volumes

Sprayed Volume 2.6 x 10f cubic feetUnsprayed Volume 6.9 x 10 cubic feet

Containment Spray System Removal Coef ficients

Elemental Iodine 10 per hour
Organic Iodine O

Particulate Iodine 0.6 per hour

Mixing Pate Between Sprayed and Unspcayed Volures 2.31 x 10 cubic feet per minute

(two turnovers / hour)

Elemental Iodine Decontamination Factor 100

Minimun Exclusicn Area Boundary Distance 594 reters

low Population Zone Distance 9,000 neters

15-4 -, )
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TABLE _15.2 (continued)

ASSUMPTIONS USED IN THE CALCULATION OF

LOSS-OF-COOLANT ACCIDENT DOSES

Annulus Ventilation Flow Distribution

Pecirculation Flow Exhaust flow
Time Step (cubic feet per minute) (cubic feet per rtinute)i

0-1 minute 0 0

1-3.5 minutes 4,000 12,000

3.5-4.5 H nutes 5,000 11,000

4.5-6 ninutes 7,000 9,000

6-8.1 minutes 8,500 7,500

8.1-10 minutes 11,500 4,500

10-16.6 nirutes 13,500 2,500

16.6-26.6 minutes 14,800 1,200

26.6 n inutes - 1.1 hours 15,200 800

1.1-1.25 hours 15,200 800

1.25-2 hours 15,000 400

2-2.5 hours 15,600 400

Relative Concentration Values (seconds per rubic reter)

0-2 h^urs O exclusion area boundary distance 2.5 x 10-
(594 reters)

-5
0-8 nours a low population zcre distance 5.9 x 10

(8,000 meters)

-5H-?4 hours 9 low population zone distance 3.8 x 10
(6,0C0 reters)

-51-4 day 3 f:' low population zore distance 1.5 x 10
(8,000 meters)

-64-30 days U low population zone distance 4.0 x 10
(8,000 reters)

?15-5 ~' 1 7 1 7' L.I ,



As part of our evaluation of the loss-of-coolant accident, we have considered the

consequences of leakage of containment sump water which is circulated by the emergency
core cooling system outside the containment af ter the postulated accident. We have
assumed that the sump water contained a mixture of iodine fission products consistent
with the recommendations of Regulatory Guide 1.7 " Control of Combustible Gas Con-
centrations in Containment following a Loss of Coolant Accident." During the retir-
culation mode of operation, starting about 2200 seconds af ter the accident, the sump
water is circulated outside of the containment to the reactor building to be cooled.
If a source of leakage should develop, such as from a pump seal, a portion of the
iodine would become gaseous and would exit to the atmosphere. Since the emergency
cere cooling system area is served by an engineered safety feature air exhaust
filtration system, we conclude that to:al offsite doses including doses from possible
equipment leakage would be within the guidelines of 10 CFR Part 100, even for sub-
stantial anounts of equipment leakage.

The applicant will provide redundant hydrogen recombiners for the purpose of controlling
any accumulation of hydrogen within the primary containment after a design basis
loss-of-coolant accident. In the event both recombiners fail, the applicant has

provided a backup purge system which discharges to the shield building annulus and
subsequently to the atmosphere through the annulus ventilation system filters.
Assuming o eration of the annulus ventilation system at full exhaust and with nor

credit for mixing or holdJp in the annulus, we have computed the additional dose an
individual might receive due to purging of the containment after the accident. The
calculated doses are shown in Table 15.1. The assumptions used in the analysis are

listed in Table 15.3. The results of Table 15.1 show that calculated doses at the
low population zone resulting from purging, when added to the loss-of-coolant accident
doses, are well within the guidelines of 10 CFR Part 100.

A fuel handling accident can occur within containment or within the spent fuel pool
area of the auxiliary buiiding. We have not complated our analysis of the accident

within containment (Sections 1.9 and 6.2.4). For the spent fuel pool area, we have

assumed that a fuel assembly was dropped in the spent fuel pool during refueling
operations and that all of the fuel rods in the assembly were damaged, thereby releasing
the volatile fission gases from the fuel rod gaps into the pocl. The radioactive

material that escaped from the fuel pool was assuned to be released to the environment

over a two-hour time period with the iodine activity reduced by filtration through

the fuel building exhaust syster The dose results are shown in Table 15.1 and the
assumptions and parameters used in the analysis are shown in Table 15.4. The dose

model and dose conversion factors esployed in the analysis were in agreement with
those given in Regulatory Guide 1.25, " Assumptions used for Evaluating the Potential
Radiological Consequences of a Fuel H3ndling Accident in the Fuel Handling and Storage
facility for Soiling and Pressurized Water Reactors." Calculated doses for the fuel

handling accident in the spent fuel pool are well within the guidelines of 10 CFR

Part 100. We will report on our evaluation of the radiological consequences for the

fuel handling accident within containment in a supplement to this report.
A d
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TABLE 15.3

HYDROGEN PL'RGE DOSE INPUT FARAMETERS

Power Level 4100 therral regawatts
6Containment Volume 3.3 x 10 cubic feet

Holdup Time in Containment Prior to Purge Initiation 16 days

Furge Duration 30 days

Purge Rate 80 standard cubic feet
per minute

Annulus Ventilation System Filter Efficiency
for Iodines 99 percent

4-30 days Relative Concentration Value
-6at 8,000 reters 4.0 x 10 seconds

per cubic meter

15-7
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TAELE 15.4
. ^

ASStmPTIONS USED IN THE FUEL HANDLING

ACCIDENT ANALYSIS
.

-

_'
- 5

Power level 4100 thermal riegawatts -

Number of fuel Rods Damaged 236

' ' , Total Number of Fuel Rods in Core 56,876
'

. ,j Radial Peaking Factor of Damaged Rods 1.65

Shutdown Tine 72 hours
. -

Inventory Released from Damaged Rods
'

.. . (Iodines and hoble Ga:es) 10 percent
,

Pool Decontamination Factors
lodines 100

p Noble Gases 1

Iodine Fractions Released fron Pool-

_

Elemental 75 percent
Organic 25 percent

Filter Efficiency for Iodine Removal 99 percent . .

~
0-2 Hours Relative Concentration ''

-3Value 0 594 meters 2.5 x 10 seconds
per cubic mcter

. .
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Our evaluation of t..e radioicgical consequences of a postulated control rod ejection
accident is presented in Section 15.5.6 of Appendix A to this report. There we sta'e
that, based on the information supplied in the CESSAR for the control rod ejection
accident, we calculated that for a 30-meter elevated release a site with a two-hour
relative concentration of 1 x 10 seconds per cubic meter or less at the exclusion

area boundary is required to meet the 150 rem thyroid dose guideline value. By following
the guidance of Standard Review Plan 15.4.8, the two-hour relative concentration value

-4
of 5.4 x 10 cubic meters per second given by Regulatory Guide 1.5 for a wind speed
of one meter per second becomes 1.8 x 10- cubic meters per second for the five per-
centile wind speed of 0.3 meter per second at the site. This relative concentration

-3value of 1.8 x 10 seconds per cubic meter could result in a need as stated in

Section 15.5.6 of Appendix A to this report to requira a reduction in the primary to
secondary steam generator tube leak rate from one to 0.55 gallon per minute at the
operating license stage of our review N order to meet the 150 rem thyroid dose gJide-
line stated in Appendix A. During our operating license review we wii ' use any
additional meteorological data available and will equire t'chnical specifications to
limit the primary to secondary system steam generator tube leak rate to a value less
than the value of one gallon per minute assumed in Section 15.5.6 of Appendix A if
necessary to maintain calculated doses below the guideline values of 10 CFR Part 100.

Assumptions ured in the calculation of the control element assembly ejection accident
doses are tabulated in Table 15.4 in Appendix A of this report. Additional assumptions
used but inadvertently not tabulated in that table are:

(9) 1.2 peaking factor

(10) 0.45 percent of the fuel reaches at least incipient centerline melting af ter the
rod ejection accident

(11) 100 percent of noble gases and 50 percent of iocine in fuel reaching incipient
centerline melting temperature are released to the primary coolant

15.6 Anticipated Transients Without Scran

As stated in Section 1.10, anticipated transients without scram is an issue that is

generic in nature which is being pur>ued primarily wi'th the vendor in question. Sr
evaluation of anticipated transients without scram is presented in Section 15.6 of

Appendix A to this report. However, subsequent to that review, additional information

has been received and is discussed herein.

Concerning the resolution of anticipated transients without scram for the vESSAR design,
we requested Combustion Engineering, Inc. to provide the following by June 30, 1976:

(a) The results of additional analysis and further justification of the Combustion

Engineering analysis model identified in the staff's Status Report and its
-- ; ~ 7i

supplement. | O-
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(b) Based on these analyses, identification of the design changes needed to assure that
the limits specified in WASH-1270 will not be violated following an anticipated
transient without scram.

With regard to item (a), Combustion Engineering submitted additional information with
supplements to documents CENPD-107, "ATWS Modifications to CESEC," CENPD-135,

"STRIKIN-II-a Cylindrical Geometry Fuel Rod Heat Transfer Progran," and CENPD-158,
" Anticipated Transicnts Without Reactor Trip." We are now reviewing this infon a-
tion. With regard tt item (b), Combustion Engineering proposed to improve the
reliability of the CESSAR design shutdown system by modifying the design to include
a diver se trip system including the necessary diverse sensor channels, instrument
channels, trip logic, and trip actuators. We are now reviewing this proposal. Based
on our review, any chances indicated to be needed will be required to be incorporated
in the CESSAR System 80 design which is applicable to the proposed facility.

15-10
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16.0 TJCHNICAL SPECIFICATIONS

The technical specifications in an operating license define certain teatures, charac-

teristics, and conditions governing operation of a facility that cannot be changed

without prior approval of the Nuclear Regulatory Comission. Final technical specifi-

cations will be developed and evaluated at the operating license stage. However, in
accordance with Section 50.34 of 10 CFR Part 50, an application for a construction

pernit is required to include preliminary technical specifications. The regulations
require an identification and justification for the selection of those v;riables, con-

ditions or other items which are determined as a result of the preliminary safety

analysis and evaluation to be probable subjects of technical specifications for the
facility, with special attention given for those items which may significantly
influence the design.

We have reviewed the proposed technical specifications presented in Section 16.0 of
the PSAR with the objective of identifying those items that would require special
attention at the construction permit stage, to preclude the necessity for any
significant change in design to support the final technical specifications. The

proposed technical specifications are similar to those being developed or in use for

plants of similac design to the proposed tacility. We have not identified any itens

wh'ch require special attention at this stage of our review.

On this basis, we have concluded that the pecposed technical specifications are

accertable.

/ j ^' $mp'
l ! | ()

16-1



17.0 QUALITY A,SSURANCE

17.1 Ceneral

Section 17.0 of the PSAR, which is applicable to the proposed facility references
the quality assurance (QA) program description given in the Duke Power Company Topical
Report, " Quality Assurance Program - DUKE 1," and Section 17.0 of the CESSAR
submitted by Combustion Engineering, Incorporated.

The Duke Power Company is the applicant 3nd engineer-constructor. Combustion
Engineering is the supplier of the nuclear steam supply systems.

Our evaluation of the description of the CA program for the proposed facility is
baseo on our review of this information and detailed discussions with the applicant

to determine the quaiifications and car _ bility of the applicant and the principal

contractor (Combustion Engineering) to corp.y with the requirenents of Appendix B to
10 CFR Part 50, applicable Regulatory Guides, and industry standards.

Duke Power Corpany is responsible for the total Duke Power Company QA prngran, and
is organized to control and verify the QA effor' of Corbustion Engineering.

17.2 Duke Power Company

The Duke Power Company includes three major organizational elements reporting to an
Executive Vice President and General Manager. One organization is responsible for
engineering and con tructicn; one for power generation; and one for purchasing.s

The Senior Vice Fresident, Engineering and Construction, is responsible f ar establish-
ing Duke Power Company's QA policies, goals, and cbjecti.es. He has delegated to
the Corporate QA Manager. "+o reports directly to him, the responsibility tcr ranagirg

yA program. Duke Power Corpany's QA Departrent, under theand implemer+' .,

direct- of the Corporate QA Manager, is shown in Figure 17.1. Reporting tc the

Corpc ate QA Manager are QA Managers responsible for (1) audits and triining, (2)
construction. (3) engineering and services, (4) operations, ar.d (5) vendors. The
Corporate QA Manager has established procedures, ranuals, and instructiors for
implerenting the QA progcan. The Corpor ate QA "anager is on the same organizational
level as those whose work he verifies. QA Depsrtrent personnel are organizationally
Separate and independent from those persons responsible for perforning engineering,
construction, operational and procurerent activities. The CA Departrent is responsi-

ble for design anu procurement QA, shop inspe-tic.s, and witnessing tests.

I ,

e
' /
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The Construction Department has the responsibility for all site construction activi-
ties including field construction testing. A Project Manager, who reports direct'y to
the Vice President, Construction, is assigned to each Duke Power Company project. He
is responsible for all site construction activities and onsite quality control (QC)
activities. Reporting to the Project Manager are the General Superintendent, who is
responsible for all craf t activities, including meeting cost and schedule objectives,
and the Project Engineer. Reporting to the Project Engineer are the Senior QC Engi-
neer, the Senior Ccnstruction Engineer, and the Senior Planning and Facilities Engi-
neer. The Senior QC Engineer, who reports administratively to the Project Engineer
and functionally to the Senior QA Engineer, is responsible for inspection on the
project.

Our evaluation of Duke Power Company's organizational arrangements for QA and CC is
that these are sufficiently independent of the organizations whose activities they
verify; they have clearly defined authorities and responsibilities, and are organized
such that they can identify quality problems in other organizations performina quality
related work; can initiate, reconnend, or provide solutions; and can verify imple-
mentation of solutions. We therefore conclude that this organizational arrangerent
complies with Appendix B to 10 CFR Part 50 and is acceptable.

Duke Power Company's original QA progran description in the topiccl report did not
provide enough detail to adequately describe the QA program for design, procurer ent,
and construction of its nuclear power plants. In response to our request for a more

detailed comprehensive description of the QA progran, the Duke Power Company amended

its topical report by Arendrent Nos.1, 2 and 3.

The topical report as amended provides a natrix of typical procedures used to admin-
ister the QA progran along with a brief abstract of the purpose of these and their
relationship to the applicable QA requirerents of Appendix B to 10 CFR Part 50. Based

on our review of this inforriation and other connitrents in the topical report, we

conclude that each criterico of Appendix B to 10 CFR Part 50 has been acceptably
addressed. Further, the structures, systers, and components comprising the safety
iters which are subject to this program have been identified in the Prelimirary

Safety Analysis Report.

Duke Power Company's QA program has been developed to conforn to the provisions of the
Regulatory Guides ord industrial standards that are contained in the Connission's
doc rtnts entitled, " Guidance on CA Requirements During Design and Procurement Phase

_

1" Administrative" reans that the Project Engineer has hire / fire, salary review, and
work scheduling direction of QA personnei.

" Functional" r eans that QA has fical review and aporoval of inspection procedures

and reports and certification of inspectors.

i n
i
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of Nuclear Power Plants" (Revision 1), May 24,1974 (WASH-l?83, Revision 1);
" Guidance on Quality Assurance Requirements During the Construction Phase of Nuclear

Power Plants " Ma/ 10,1974 (WASH-1309); and " Guidance on Quality Assurance Require-

ments During the Operations Phase of Nuclear Power Plants," October 26, 1973
(WASH-1284 ) . Based on this and CJke Power Company's definition of their policies and
procedures, we find they have made a satisfactory comnitment to an acceptable QA

program.

Duke Power Company, by surveillance, will assure that its Engineering and Construction
Departnents, Combustion Engineering, and key vendors and subcontractors will have
adequate (A programs, that inspections will be perforced to documented inspection
instructions by qualified personnel, and the results will be recorded. Duke Power
Company will assure by surveillance and audits that personnel performing inspections
are free from undue cost and schedule pressures of the project.

Duke Power Company has developed a forral indoctrination and training program applic-
able to its personnel, including those in its Design Engineering, Construction, and
QA/QC organizations. Quality Control inspectors are, for example, trained and quali-

fied in the specific area in which they will be inspecting. The QA program requires

fornal training, on-the-job training, examination, and certification of these inspec-

tion personnel.

Duke Power Company has established program requirements on itself and on Combustion

Engineering and irportant vendors and subcontractors which assure that there will be

a documented systen of records attesting to quality.

A systen t f planned and documented audits, described in the topical report, will be

used by Duke Power Company to verify compliance with all aspects of the GA program
and to assess its ef fectiveness. Duke Power Company's audit resul ts will be reviewed

and corrective action taken by responsible management. Followup action is taken to
assure corrective action. We find that Duke Power Company's audit commitments are
strong and well defintd.

Duke Power Company's executive level management regularly assesses the scope, imple-
mentation, and effectiveness of the QA program by neans of project and staff review
meetings, by ranagenent audits, and by review of trend analyses provided directly to
the Senior Vice President, Engineering and Construction.

Based on our review of the description of the QA program contained in Duke Power
Company's topical report, we find that there are adequate and well defined procedJres,
a commitment *o the Comnission's QA guidance, assurance e ' an independent inspection

program, a documented system of recards attesting tc quality, an audit system to
inform management of the effectiveness of the QA program, and a satisfactory manage-
ment assessment of the status and adequacy of the QA program.

17-4
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We conclude that Duke Power Company's QA progran described in their topical rcport en
quality assurance, " Quality Assurance Program - DUKE 1," as modified by Amendments
1, 2 and 3 and as referenced in Section 17.0 of the PSAR, includes an acceptable
organizational arrangement for QA/QC with adequate ?olicies, procedures, and instruc-
tions to in plement a program that will satisfy the requirements of Appendix B i.
10 CFR Part 50.

17.3 Combustion Engineering, Incorporated

The Combustion Engineering QA progran has be<n evaluated as discussed in Section 17.0

of Appendix A of this report. As noted ther ein, the QA progran for Combustion Engi-
neering does not cover the Combustion Engineering manufacturing work. However, the
applicant, in Amendment 23, changed Section 17.1 of the PSAR to state that the OA pro-
gram described in Section 17.1 of the CESSAR will be followed by the Ccebustion Engi-
neering manufacturing facilities. The amendment also states that these facilities
will meet the applicable portions of WASH-1309. In addition, an organization chart
for these manufacturing activities was provided in Section 17.1 of the PSAR.

d oa our review and evaluation of the CA program for Conbustion Engineering manu-
facturing activities as described in Section 17.1 of the PSAR, we have concluded that
this QA program demonstrates an acceptable QA organization with adequate policies,
procedures, and instructions to implement a progran that will satisfy the requirements
of Appendix B to 10 CFR Part 50.

17.4 Implementation of the Quality Assurance Progran

The Office of Inspection and Enforcement has conducted inspections to e n mine the
implementation of the QA progran for the proposed facility. Based on their
inspections and assessment, the Office of Inspection and Enforcenent concludes that
the implementaticn of FSAR connitments for the proposed facility is consistent with
the status of the project.

17.5 Conclusion

In cur review, we have evaluated the QA program descriptions of Duke Power Corpany and
Corbustion Engineering for comoliance with the Comission's regulat ons and applicable
Reg;1atory Guidcs and indJstry standards Based on this review we conclude that the
QA program (1) complies with Appendix B to 10 CFR Part 50 a 'd applicable quides and
standards, and (2) is acceptable for the design, procurerent, and construction of
the proposed facility. The Of fice of Inspection and Enforcement has concluded that

the QA program in plementation is consistent with the status of the project and is,

therefore, acceptable.

73e *07
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18.0 REVIEW BY THE ADVISORY C0f?11TTEE 01 REACTOR SAFEG!JAPDS

The application for the proposed f acility is being reviewed by the Advisory Comittee
On Reactor safeguards. We intend to issue a supplerent to this Safety Evaluation
Report af ter the Comittee's report to the Connission relative to its review is
available. The supplement will append a copy of the Cornittee's report and will
dddress the significant currents rade by the Cornittee, and will also describe steps
taken by the staf f to resolve any issues raised as a result of the Comittee's review.

7 1^
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19 0 COMMON DEFENSE AND SECURITY

The applicant states that the activities to be conducted will be within the juris-

diction of the United States and that all the directors and principal of ficers of the

dppliCant are Cit 1Zens Of the United States.

The applicant is not owned, dominated or controlled by an alien, a foreign corporation
or a f oreign governr:ent. The activities to be conducted do not involve any restricted
data, but the applicant has agreed te safeguard any such data that might become
involved in accordance with the requirements of 10 CFR Part 50. The applicant will

rely upon obtaining fuel as it is needed from sources of supply available for civilian
purposes, so that no diversion of special nuclear raterial from military purposes is

involved. For these reasons, and in the absence of any information tu the contrary,

we have found that the activities to be performed will not be inimical to the corrion

defense and seturity.

GC*
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20.0 FINANCIAL QUALIFICATIONS

The Cormission's regulations which relate to financial data and information required
to establish financial qualifications for an applicant for a facility construction

permit are Paragraph 50.33(f) of 10 CFR Part 50 and Appendix C to 10 CFR Part 50. To

assure that we have the latest inforcation to make a determination of the finanacial
qualifications of an applicant, it is our current practice to review this information

during the later stages of our review of an application. We are continuing our
review of the financial qualifications of the applicant and will report the results

of our evaluations in a supplement to this report.
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21.0 CONCLUSIONS

Based on our analysis of the proposed design of the Cherokee Nuclear Station, Units 1,
2 and 3, and upon favorable resolution of the outstanding matters set forth in
Section 1.9 and discussed in appropriate sections of this report, we will be able to
conclude that in accordance with the provisions of paragraph 50.35(a) of 10 CFR
Part 50:

(1) The applicant has described the propo;ed design of the facility, including but
not limited to the principal architectural and engineering criteria for the
design, and has identified the major features or components incorporated therein
for the protection of the health and safety of the public;

(2) Such further technical or design infomation as may be required to complete the
safety analysis and which can be reasonably left for later consideration will be
supplied in the Final Safety Analysis Report;

(3) Safety features or components which require research and development have been
described and identified by the applicant, and there will be conducted research
and developrent programs reasonably designed to resolve safety questions associ-
ated with such features or components;

(4) On the basis of the foregoing, there is reasonable assurance that (a) such
safety questions will be satisfactorily resolved at or before the latest date
stated in the application for completion of constructicn of the proposed facility,
and (b) taking into consideration the site criteria contained in 10 CFR Part 100,
the proposed facilities can be constructed and operated at the proposed location
without undue risk to the health and safety of the public;

(5) The applicant is technically qualified to design and ccnstruct the proposed
facilities;

(6) The applicant has reasonably estimated the costs and is financially qualified to
design and construct the proposed facility; and

(7) The issuance of pernits for construction of the facilities will not be inimical
to the comnon defense and security or to the health and safety of the public.
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1.0 INTRODUCTION AND GENERAL DISCUSSICN

1.1 Introduction

On September 17, 1973, Conbustion Engineering, Incorporated (hereinafter refetred to
as Combustion Engineering) filed with the United States Nuclear Regulatory Cc @ ssion
(the Comission), then known as the United States Atomic Energy Comission, a proposed
preliminary reference system design designated as the System 80 design for a nuclear
steu supply system. This subnittal was in the form of an application for a Pre-
liminary Design Approval by the Commission staff in respense to Option 1 of the
Comission's standardization policy, WASH-1341, "Progranmatic In#?rmation for the
Licensing of Standardized Nuclear Plants." Option 1 allows for t e review of a
" reference systen' that involves an entire facility design or majoc froction of a
facilitv design outside the centext of a literse application. The application was
docketed on December 19, 1973.

Our review of the CESSAR was similar to our review of a construction permit application,
except that it was limited to only those features within the CESSAR scope, plus
safety related interfaces between the CESSAR and the balance of plant. Upon con-
pleting the review and concluding by the staff and the Advisory Comittec on Reactor
Safeguards that the design can be implemented without undue risk to the health and
safety of the public, a Prelimirary Design Approval w:ll be issued rather than a
Construction Pernit.

The initial Comission policy statement on standardization of nuclear power plants was
issued on April 28, 1972. This policy statement provided the impetus to indJstry and
the Comission to initiate active planning in their respective areas. That is, it
provided a nethod whereby the benefits of standardization could be realized while
raintaining the Commission's standards for protecting the health and safety of the
public and fcr protecting the environment. On March 5,1973, the Comission announced
its intent to implerent a stdndardizatior policy for nuclear power plants. In Aunust
1974, the Connis ion issued its standardization program pian, WMH-1341. Anendment 1
to WASH-1341, dealing with " options" and " overlaps, was issued January 16, 1975. The
replations governing tha submittal and review of standard designs under the " reference
syste< optinn are found in Appendix 0 to 10 CFR Part 50 and paragraph 2.110 of 10 CFR
Part 2.

A standard safety analysis report entitled "Corbustion Er]ineering Standard Safety
Analysis Re,nort* (CESSAR) was submitted with the application. The information in the
CESSAR has been supplerented by Amendments I through 44. We have conpleted our
review of the CESSAR through Arendment 44. Copies of the CL'"AR including these
anend ents are: available for public inspection at the Mclear Regulatory Camission,
Public Docu e it Room,1717 H Street, N.W. , Washington, D.C. 20SS5.

,
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On July 3,1975, we issued a Report To The Advisory Comittee On Reactor Safeguards
(the Comittce) of our evaluation of the CESSAR. This report presented our evaluation
of the CESSAR through Amendment 28 for Sections 7 and B, and through Amendeent 29 for
all other sections of the CESSAR. On August 8,1975, we issued Supplement Nunber 1 to

our report to the Comittee which presented our evaluation of the CESSAR throuqh
fcendment 29 for Sections 7 and 8, and through Arendment 34 for all other sections of
the CESSAR. On August 14, 1975, the Comittee considered the application, and on
Septecter 17, 1975 issued its report to the Comission. A copy of the (cmittee's
report is attached as Appendix C, and tne results of the Cocnittee's review are
discussed in Section 18 of this report.

This Safety Evaluation Report sumarizes th results of the technical evaluation of
the proposed System 80 design perfarned by the Comission staff, and delineates the
scope of the technical matters considered in evaluating the radiological safety aspects
of the System 80 design. This report also addresses the coments by the Comittee in
its report of September 17, 1975 and the resolution of outstanding issues prcviously
identified in our report to the Comittee. The environmental aspects of the CESSAR
were not considered in the review; however, they will be addressed for each site-
related application which references the CESSAR.

Based on our evaluation of the CESSAR, we conclude that the proposed preliminary

design of the nuclear steam supply system can be incorporated by reference In construc-
tion permit and standard b3 lance of plant design applications and can be constructed
without endangering the health and safety of the public. We conclude that a Preliminary
Design Approval for the proposed design can be granted. Our detailed cuclusions are
presented in Section 19 of this report.

As stated previously, Corbustion Engineering is responsible for the design of those
systems within the CESSAR System 80 design scope. Applicants for construction permits
for plants incorporating the Systen 80 design will retain contractors such as architect-
engineers, constructors, turbine-generator vendors, and consultants as needed. We will
need to conclude for each such applicatior that the selected site is acceptable and
that the applicart ar.d relevant contractors are technically corpetent to manage, design,
construct and operate a specific reactor plant incorporating the System 80 design prior
to issuing a Construction Permit.

The review and evaluation presented in this report is the first stage of a continuing
review by the Comission staff of the design, construction, and operating features of
the System 80 design. Prior to the issuance of an operating license for any application
incorporating or referencing the CESSAR we will review the final design of the CESSAR
System 80 reference systcm to detemine that all of the comission's safety require-
ments have been met in accordance with our regulations. The expected end product of
our review of the final design of the CESSAR reference system would be a Final Design
Approval, rather than an Operating License.

CESSAR



In the course of cor safety review of the material submitted, we held nunerous meet-

ings with Combustion Engineering representatives to discuss the designs of the systems
proposed in the CESSAR, and their perfomance under normal, transient and postulated
accider.t conditions. During the course of our review, we have requested Combustion
Engineering to provide additional information for our evaluation. This additional
information was provided in amendments to the CESSAR.

As a result of our review, numerous changes were made in the nuclear steam supply
system design. These changes are described in the amendments, and discussed in

appropriate sections of this report. A chronology of the principal actions relating
to the processing of the application is attached as Appendix A to this report. Our
bibliography for this report is attached as Appendix B.

1.2 General Description

The proposed System 80 eeference system will consist of a pressurized water reactor
with a two loop reactor coolant system and the auxiliary systers dire-tly related with
the nuclear steam supply systen as illustrated in Figure 1.1. In keeping with the
guidelines of Pegulatory Guide 1.49 (Revision 1), " Power levels of Nuclear Power Plants,'
the CESSAR is an tpplication for a Preliminary Design Approval for a core thernal
power of 3300 negaatts. The proposed System 80 will be housed in a containment
building cot within the sccpe of the CESSAR. which will be designed by the balance of
plant architect engineer or by the utility-user that incorporates the System CO design.
The scope of the proposed reference System 80 design will include only those systems
and components which are directly related with the normal operation and energency
shutdown of the reactor.

The System 80 nuclear steam sucply system is a design for a single unit. Systems and
corponents witilin the nuclear steam supply system that .re important to safety will
not be shared.

In addition, although the CESSAR scope does not include conventional balance of plant
features such as auxiliary service facilities and general service facilities (e.g. ,
the site, plant buildings and structures, the ultimate heat sink, onsite and of f site
electrit al systems, the rain steam system excluding the steam generators, and the
turbine- enerator and its auxiliaries), the CESSAR scope does include the delineation
of interface requirerents pertaining to those balance of plant features that have a
direct bearing on the integrity or on the fu1ctional capability of the safety related
systems within the CESSAR scope.

The proposed reference System 60 initially contained certain optional features that
could be elected, at the option of the balance of plant designer or utility user that
utilizes the design. These options were subsequently deleted. The reference System
80 in the CESSAR will consist of the following systems:

(1) Reactor system '}

l-3
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(2) Reactor coolant system

(3) Reactor control system

(4) Reactor protective system

(5) Engineered safety features actuation system

(6) Chemical and volume control system

(7) Shutdown cooling system

(8) Safety injeclaon system

(9) Fuel handling system

Reactor _ System _1.2.1 t

The proposed pressurized water reactor system will include the reactor vessel, a
standard design of integral supports, reactor vessel head cover, the reactor core and
all internal appurtenances required to support the reactor core. The reactor core
will be composed of uranium u1 oxide pellets enclosed in Zircaloy-4 tubes with welde;
end plugs. The fuel tubes will be grouped and supported in assemblies. The reactor
core will initially be loaded in three regions. All fuel in each region will have the
same enrichment of uranium-235, which will differ from the enrichrtent used in the

other regions,

1. L 2 Reacta_r Coolant Syst_e2

The reactor coolant system will consist of two closed reactor coolant locps. Each
loop will include a steam generator and two reactor coolant purps. Water will both
moderate and cool the core. The water will be circulated through the reactor vessel
and core and two reactor coolant loops by four reactor coolant pumps The water

heated by the reactor will flow through the two steam generat^rs where heat will be
transferred to the secondary (steam) system, and then back the reactor through thes

purps to complete the cycle. An electrically heated pressurizer with a safety valve
system will be ccnnected to cre of the reactor coolant loops to establish and raintain
reactor coolant pressure. The rajor components of the reacter coolant system will
incorporate stand?rd designs of integral supports and srubbers. These supports will
be provided for the steam generators, the reactor coolant pumps, and the pressurizer.

I23 .Reac_tcr Cont _rol_Sj_sier

The reactor will be controlled by two re3ctivity control systers (1) control eierent
asse-olies, the vertical rovement of which will cocpensate for or initiate rapid
changes in reactivity; and (2) dissolved borcn, tre adjustrert of concentration of

71 q n ,n ,#
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which will cocpensate for long term variations in reactivity due to fuel burnu- and
fission product cun;entration changes, and to ensure ample shutdown margin during
refueling.

The vertical movement of the control element assenblies will be accomplished by nagnetic
jack type drives (c?ntrol element drive mechanisms). The concentration of boron will
be adjusted by the chemical and volume control system.

1.2.4 Reactor Protective System

The reactor protective system will consist of sensors, calculators, logic circuits,
and related supporting equipment to monitor selected nuclear steam supply system
conditions. Redundancy, diversity, independence and separation of reactor protective
circuits will be provided in accordance with the Commission's criteria. Four measure-

ment channels will be provided for each monitored parameter connected in a two-out-of-
four logic matrix for a reactor trip signal. The reactor trip signal will, in turn,
cause the coils of the control element drive mechanisms to be deenergized, thereby
releasing the control element assenblies so that they r.ay drop into the core.

1.2.5 _En2 neered Safety features Actuation Systemi

The engineered safety features actuation system within the CESSAR System 80 reference
scope will consist of the electrical and mechanical devices and circuitry, from the
sensors to the actuation device input terminal.

1.2.6 Chemical and Volume Control System

The puritj, volume and boric acid content of the reactor coolant will be controlled by
the thenical and volume control system. The purity will be controlled by continuous
purification of a bypass stream of reactor coolant in the chemical and volume control

system. The level in the reactor coolant system pressurizer will be automatically
controlled by varying the amount of coolant discharged (letdown) and the amount
pumped back into the system by the charging purps. Boron concentration will be con-
trolled by a feed and bleed method whereby the purified letdown stream will be
diverted to a boron recovery section of the c' nical and volume control system, from
where either concentrated boric acid or demineralized water will be 3dded to the
reactor coolant via the charging pumps.

1.2.7 Shutdown Cooling Syst_e_m

During plant shutdown operations, the reactor coolant system temperature will be
reduced from the nomal operating temperature to about 350 degrees Fahrenheit by
venting the steam generator to the turbine condenser or to the atmosphere if the
turbine condenser is not available. The shutdown cooling system will be provided to
cool the reactor coolant system from 350 degrees Fahrenheit down to a cold shutdown or
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refueling temperature. The shutdown cooling system will cool the reactor coolant by
utilizing the low pressure safety injection pumps to circulate the reactor coolant
through the shutdown cooling heat exchangeru.

1.2.8 Safety Injection Syste_m

A safety injection system (emergency core cooling system) will be provided as part of
the engirieered safety features system to localize, control, mitigate and terminate
postulated accidents, including a loss-of-coolant accident. The safety injection
system will include four safety injection tanks, and independent and redundant low
pressure and high pressure safety injection trains designed to automatically inject
highly borated water into each of the four reactor coolant system cold legs. This
system will assure core coolirg and protection for the corplete range of postulated
primary and secondary coolant pipe break sizes.

1.2.9 Fuel HandlinL ystemS

A fuel handling system will be provided for the safe handling of fuel assemblies and
control eierent assemblies for refueling or maintenance purposes. This system will
provide for the asserbly, disassembly and storage of the reactor vessel head and
internals, and will include: (1) a refueling machine, (2) a fecl transfer carriage.
(3) tilting machines, (4) a fuel transfer tube, (5) a spent fuel hanjiing nachine in
the fuel handling building, and (6) varicus devices used for handling the reactor
vessel head and internals.

l.3 Corp 1r_ison with Similar Designs

Many features of the CESSAR Systen 80 design are new Combustion Engineering desicns,
and some aspects of the plant are similar to those that we have previously evaluated
and approved for other nuclear power plants. Our review of the CESSAR has, there-
fore, to the extent feasible and appropriate, made use of our previous evaluations of
features that are similar to those in the CESSAR.

To assist in understar. ding the relationship of the System 80 design to other Corbus-
tion Engineering designs, a comparison of the principal design features of San Onofre
Units 2 and 3 (Docket Nos. 50-361 and 50-362) and those of the CESSAR System 80 design

is presented in Table 4.1. Our Safety Evaluation Reports for San Onofre Units 2 and
3 and other applications using Corbustion Engineering nuclear steam supply system
designs are available for public inspection in the Nuclear Pegulatory Comission
Public Document Room, 1717 H Street, N.W., Wa ngtcr, D.C. 20555.

1.4 Peq;irements for Future Techn g Inf_ortation

Section 1.5 of the CESSAR describes test programs that Corbustion Engineering will

conduct to demonstrate the safety of the CESSAR System 80 design. These programs and

their objectives are listed in Table 1.1 of this report.
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TABLE 1.1

CCMBUSTION ENGINEERING TEST PROGRAMS

T E_S T, PURPOSE OF TEST

1. 16 x 16 Fuel Asse3 y Design Testsbl

Upper Guide Structure and Control Verify structural and functional adequacy
Element Assenbly Buffer Test of the control element assembly guide tube

structure buffer design.

Components Proof Test Verify scram characteristics, scram time
and fuel uplift forces, and proof test the
control element assembly, control element
drive mechanism, guide structure and fuel
assembly.

Spacer Gri/ Test Verify structural characteristics.

Fuel Assembly Static Test Verify lateral load deflection.

Fuel Assembly Dynamic Test Verify pluck, pluck impact, vibratory and
axial impact effects.

Reactor Flow Model Test Verify design hydraulic parameters.

Departure from Nucleate Soiling Verify thermal performance capability.
Improvement Test

Ircore Flow Mixing Test Verify rate of intersubchannel energy
transfer due to turbulent interchange and
flow scattering of coolant.

2. Fuel Development Progra_q

Densification Progran Verify effects of fuel processing methods
and parameters on in-reactor densification
at high linear power and burnup.

3. Loss-of-Coolant Accident Refill and
Blowdown He it Transfer Tests

Loss-of-Coolant Accident Refill Tests Verify the capability of the emergency
core cooling systen to recover the core
after a less-of-coolant accident.

Blowdown Heat Transfer Test Verify Dcugall Rosenow correlation, and
the transient critical heat flux and the
post-critical heat flux heat transf er

coef ficients.

4. Reflood Test Verify the reflood heat transfer
coefficients.

5. Iodine Decontamination Test Verify Combustion Engineering's
assumed iodine cartition factors as
described in CENPD-C~

_Io3_ine Spiking Test Develop a realistic and conservative model6. 1

for the iodine spiking phenomenon.

7. Steam Generator Program Verify the analytical models used to pre-
dict transient and accident loads on the
steam generator.

8. Core Protection Calculator Program Demonstrate the performance of the pro-
posed core protection calculator system
software and hardware.
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Combustion Engineering did not initially propose ieflood heat transfer tests as part
of the 16 x 16 fuel design verification program. The reflood heat transfer character-
istics of the 16 x 16 fuel are expected to differ from those of the 14 x 14 design,
and reflood heat transfer data for the pecified Combustion Engineering 16 x 16
design are not available; therefore, we requested that Combustion Engineering provide
confimatory reflood heat transfer test results for a similar design. In response to
our request, Combustion Engineering has comitted in the CESSAR to: (1) pursue a
combined analytical and experimental program directed at establishing and verifyina
appropriate reflood heat transfer coefficient data for the 16 x 16 fuel assembly
design, and (2) submit confirmatory data from this program in the System 80 Final
Safety Analysis Rennr+ 2e find these comitments acceptable for the Preliminary

Design App % val stage of our review.

All test programs listed in Section 1.5.2 of the CESSAR that are related to develop-
ment of the System 80 fuel assembly are scheduled to be completed by the end of 1976;
however, fuel fabrication for CESSAR System 80 reactors is not scheduled to start
until 1979. Thus, the results of the test programs should be available prior to
completion of the 16 x 16 core design, thereby allowing ample tiue for core design
changes if any of the test programs produce unexpected results. Irrespective of the
time available for any required modification, we conclude that the comitment and
requirement to provide results of analyses, tests, and surveillance of the System 80
fuel assembly design prior to Final Design Approval are accep+able for the Preliminary
Design Approval stage of our review.

CESSAR Section 1.5.3 outlines the iodine decontamination factor test program that

Combustion Engineering has undertaken to substantiate its position on radiciodine
partitioning in the steam generator. This test program is described in Combustion
Engineering Topical Report CENPD-67, " Iodine Decontamination Factors During PWR Steam
Generation and Steam Venting," dated September 1973. Combustion Engineering has

supplemented CENPD-67 with Revision 1. dated November 1974, to incorporate additional
data obtained from the test program. We have reviewed the Combustion Engineering

information and conclude that the decontamination factor should be divided into two
parts, and that separate factors should be used for inorganic and organic iodine.
Additionally, Combustion Engineering has comitted (Section 1.S.3.3. of the CESSAR)
to supplement CENPD-67 with operating plant data, test apparatus development verifi-
cation data obtained, and any conclusions. We conc'. 2 that this comitment is
acceptable for the Preliminary Design Approval stage of our review.

CESSAR Section 1.5.4 describes an iodine spiking test program that Combustion Engineer-

ing has proposed. This test program is in response to our requirement that iodine
spiking be considered in determining the source terms that are u*ed in svaluating
steam line and steam generator tube rupture accidents. The test program will consist
of high sampling rate of primary coolant at an operating nuclear power plant during
shutdown operations to determine iodine isotope concentrations as a function of time.

Combustion Engineering will use this data to derive an iodine spiking model. Until
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such time as an acceptable model is developed, we require that the currently available
data be applied to provide a conservative estimate of f odine spiking in ev31uatinq the
balance of plant design and in assessing site characteristics.

CESSAR Section 1.5.5 describes a steam generator development program that Combustion

Engineering has prcposed to confirm its evaluation of the structural integrity of the
proposed System 80 stean generator design. The develcpment program will address, in
particular, the effect of the integral economizer design during thermal transients
and during main steam line or feedwater line break accidents. On the basis of our

review of the infornation provided in the CESSAR atd discussions with Corbustion

Engineering concerning this program and our review of the steam generator design and
opcration as described in CESSAR Section 5.5.2, we conclude that the proposed steam
generator develcpnent program can reasonably be expected to provide a basis for
substar.tiating the modeis used to evaluate the dynamic loads on the stea"1 generator.
Combustion Engineering will report on the results of this program in a topical report.
We will require that Combustion Engineering adequately (emonstrate, in this topical
report, that the models being used to evaluate dynamic loads are adequately conserva-
tive. Combustion Engireering has comitted (CESSAR Section 1.5.5.4) to submitting
the topical reports by December 1976 which will include all experimental data and
substantiate structural integrity of the steam generator under operational and
accident transients.

CESSAR Section 1.5.6 describes Combustion Cngineering's proposed development program
for the core procertion calculator system. We have concluded that the proposed
program can reasonably be expected to determine the adequacy of the proposed core
protection calculator system design aescribed in CESSAR Appendix 7A. The design and
test program for this system is being evaluated under a generic review (see Section
7.2), the results of which will be required to be availMe in time te permit an
alternate design to be implemented, if necessary. In the highly mnlikely event that
the development program results show the proposed core protection calculator system
design to be unacceptable, the alternate design will be implemented. CESSAR Section
1.5.6 identifies an alternate design for implementing the departure from nucleate
boiling ratio and local power density protection functions that are expected to be
provided by the core protect 10n calculator system. The alternate design is that
provided for the Florida Pcwcr and Light St. Lucie Unit No. 1 (Docket No. 50-335),
which has been reviewed and found to be acceptable.

1.5 Summary of Prir.cinal Review Matters

Our evaluation of the systems designs proposed in the CESSAR included a technical

revi2w of the information submitted by Combustion Engineering, particularly with
regard to the following principal matters:

(1) We evaluated the design and expected performance characteristics of the proposed
nuclear steam supply system described in the CESSAR to determine whether the

safety related systems conform with the Comission's General Design and Quality
Assurance Criteria, and applicable guides, codes and standards. We also evaluated

,
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the design to determine whether all departures from criteria, codes and standards

have been identified and justified.

(2) We evaluated the expected response of the proposed System 80 reference system
design to various anticipated operating transients, and to a broad spectrum of
postulated accidents, and detemined that the potential consequences of a few
postulated, bat highly unlikely, accidents (design basis accidents) would exceed
those of all other accidents considered. We performed conservative analyses 0f
these design basis accidents to determine if the potential offsite doses that

might result from these accidents would be well within the Commission's guide-
lines for site acceptability, as given in 10 CFR Part 100, for typical sites
when the CESSAR System 80 design is mated with an acceptable balance of plant
design.

1.6 Resolution of Outstanding Issues

In our report to the Advisory Committee on Reactor Safeguards dated July 3, 1975, we
identified certain outstanding issues which required that Corrbustion Fngineering
provide additional information to confirm that the proposed design would meet our

requirements, or where our review was not yet complete. We have resolved all these
issues in a manner acceptable for issuance of a Preliminary Design Approval. These
items are discussed further in applicable sections of this report.

1.7 Interf ace Information

Although the CESSAR does not cover the entire facility, it does specifically describe

or delineate the safety-related interface requirements imposed on the balance of
plant design by the CESSAR System 80 design. These interfaces include seismic design
response spectra, dinensional and structural requirements, operating environment
input to transient and accident analysis, and the performance requirements necessary

to assure compatibility of the CESSAR System 80 with the mating portions of the plant
and site. Although the CESSAR is not associated with any particular site, representa-

'ive site paramet?rs have been assumed and used in sample dose calculations by Combus-
tion Engineering cnd the Comission staff.

In an effort to develop a consi :ent and reasonable policy for handling interfaces,

we have held numerous staff reetings, and have met on numerous occasions with standard
plant applicants.

At the time of issuance of our Report to the Advisory Connittee on Reactor Safeguards

on the CESSAR Systen 80 design, we had deterrined that the interface information
provided by Combustion Eng:neering through Anerdrrent 28 was inadequate. Accordingly,
we embarked upon a joint p ogram with Combustion Engineering in order to establish
acccptable interfaces for the CESSAR System 80 design. The program included an

update of the interf ace information provided in the CESSAR to Amendment 26, and an

audit by the staff of the engineering information normally transdtted by Combustion
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Engineering to its utility customers and their architect-engiuers. The results of
our audit and review of the updated interface information were used to identify
additional interface information that we required. Corbustion Engineering has pro-

vided this information in subsequent amendments to the CESSAR, up through Amendment 44

We have completed our review of the interface information provided by Combustion
Engineering through Amendment 44 and have determined that this infomation is suffi-
cient to determine the compatibility of the safety-related systems and components
within the scope of the CESSAR System 80 design with the balance of plant design to
be submitt.ad in applications referencing the CESSAR. The interface information
provided in the CESSAR is also adequate to determine the validity of the CESSAR
System 80 accident analyses when the CESSAR System 80 is referenced by a balance of
plant design application. We therefore conclude that the CESSAR System 80 interface
inf ormation is acceptable for Preliminary Design Approval purposes.

9jp'
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2.0 SITE CHARACTERISTICS

Apperdix 0 to 10 CFR Part 50 requires that standard design applications shall include
tre site para ~eters postulated for the design, and a;. analysis and evaluation of the
design in terns of such postulated site parameters. Although the CESSAR does not
address specific site locations nor specific site parameters, it does contain inter-
face inforration for certain site related design bascs. Specifically, these inter-
faces are:

(1) Seismic Considerations -- The seismic design response spectra curves given in

Section 3.7.1 of the CESSAR define the seismic limitations for reactor coolant
system major corponent supports, nozzles, and piping, and represent the envelope
of actual design requirements for current plants. These limiting design response
spectra form an envelope which will exceed the seismic severity for nost sites
in the Continental United States.

(2) Other Natural Phenomena Considerations -- The interface requirerents for the
protection of safety related equipment from site related hazards such as winds
and tornadoes, floods, and missiles are discussed in Sections 3.3.3, 3.4.5, and
3.5.4, respectively, of the CESSAR.

We find the site related interface inforration provided in the CESSAR acceptable, and
the assumptions used in the CESSAR sufficiently conservative nr representative of
sites for Preliminary Design Approval purposes. However, each utility-user refer-
encing the CESSAR must show that the site related safety parameters for each specific
site are within the design envelope of the CESSAR.

.
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3.0 CESIGN CRITERIA FOR SYSTEMS AND COMPONENTS

3.1 Conformance with the General Design Criteria

Corbustion Enc,ineering has presented its evaluation of the design bases for the
System 80 reference systen, with respect to the Comission's General Design Criteria
as contained in A;pendix A of Part 50 to Title 10 of the Code of Federal Pegulations
(10 CFR Part 50), in CESSAR Section 3.1. Based on our evaluaticn of the oreliminary
design and of the proposed design criteria, we conclude that the desien of the nuclear
steam supply system set forth in the CESSAR is in conformance with the Connission's
General Design Criteria.

3.2 Classification of Syste s and Comp _onents
3.2.1 Seismic Classification

Criterion 2 of the General Design Criteria requires that nuclear power plant struc-
tures, systems, and components important to safety be designed to withstand the
ef fects of earthquakes without loss of capability to perform their safety functions.
These plant features are those necessary to assurd (l) the integrity of the reactor
coolant pressure boundary, (2) the capability to shut down tne reactor and maintain it
in a safe shutdcwn condition, or (3) the capability to prevent or mitigate the con-
sequences of accidents which could result in potential offsite exposures compcrable to
the guideline exposures of 10 CFR Part 100.

We have reviewed the seismic classification of System 80 fluid systems and components
important to safety that are within the scope defined in the CESSAR and will be designed
to withstand, without loss of function, the effects of a safe shutdown earthquake.
These fluid systems and components are: (1) reactor coolant system. (2) safety
injection system, and (3) the safety-related portions of the chemical and volume
centrol system. Excluded from this review are structures and balance of plant fluid
systems that interface with System 80 fluid systems. The safety class and seismic
classification of the balance of plant structures, systems and components will be
reviewed for each user's application.

We have reviewed the auxiliary systems for the reactor coolant pumps, including their
lubricating oil system and cooling water system. The lubricating oil system for the
reactor coolant pumps will be designed to seismic Category I requirements in acccrdance
with our reconrendations. We, therefore, conclude that the design of the lubricating
oil systen for the reactor coolant pumps is acceptable.

Combustion Engineering has submitted a topical report on the loss of component cooling
water to the System 80 reactor coolant pumps, CENPD-201, " Performance of C-E System 80
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Peactor Coolant Pump with Loss of Component Cooling Water." In this report Combustion

Engineering has identified the pump pivoted pad thrust bearing as the most heavily
loaded of any of the bearings in the pump-motor assembly. This bearing also presents
the most metal to metal surface area which if allowed to come in contact could produce
the most friction and thus must effect pump coastdown capabilities. In Appendix A of
CENPD-201, a calculation demonstrates that the bearing assembly can function without
component cooling water for a period of time in excess of 30 minutes. Within this
time period, the calculated increase in the sump oil temperature is acceptable and
provides assurance that the lubrication oil will maintain a film clearance between the
metal surfaces of the bearing. No seizure of the pump shaft is predicted to occur and
the pump coastdown rate would be unaffected by the increase in sump oil temperature.
We find that Combustion Engineering has demonstrated that there is sufficient time
available within which an operator can trip the reactor coolant pumps and initiate a
safe plant shutdown. Loss of component cooling water to the pump seal assembly would
have little effect on the seals since primary cooling of the seals is provided by the
precooled seal injection flow from the chemical and volume control system. These seal
injection lines are classified seismic Category 1 and Qu211ty Group B.

In the event Combustion Engineering should utilize the reactor coolant pu ps to mixm

borate solution required to bring the reactor to a cold shutdown condition or to
residual heat removal system operating conditions in accordance with the ' plant technical
specifications, this should be accomplished prior to pump shutdown. The technical
specit:tations for a plant incorporating the System 80 design will require that: (1)
the rea-tor coolant pumps be shut dow1 30 minutes after loss of component cooling
water, '2) the reactor coolant pumps will not be restarted until component cooling
water is restored and pump thermal conditions are normal, and (3) prior to reactor
coolant pump shutdown a sufficient amount of boron will be introduced into the reactor
coolant system to facilitate cooldown to residual heat removal system oparating condi-
tions. Since there is no available operating experience with System 80 reactor coolant
pumps, Combustion Engineering will need to perform a reactor coolant pu'y test to
verify the analysis in Appendix A of CENPD-201 with regard to the performance of the
pump-motor thrust bearings during a loss of component coo;ing water to the cooling coils
in the sump oil reservoir. This test will be perform'd on a prototype pump from a
nominal initial emperature until the temperature of the lubricating oil reches a
value which permits the conservatism in the analysis to be assessed. For , purpose,

sump temperatures in the range of 200 degrees Fahrenheit would be tested. During this
period, component cooling water to the pump shaft seal assembly will also be terminated.

Our acceptance of the proposed classification of the component cooling water lines to
the pump seal assembly, and the pump-motor thrust bearings and motor exit air coolers
as Quality Group D and designed to non-seismic Category I requirements is based on the
corrnitment by Combustion Engineering to demonstrate by test the capability of the
System 80 reactor coolant pump to perfonn during the required pump test without compo-
nent cooling water as defined above. We will evaluate the results of the test durir.g

our review of the application for Final Design Approval. If the results of the test

are not acceptable, we will require that the cooling water system for the pump seals
and pump-motor thrust bearings be designed to seismic Category I requirements.
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Systems, and components important to safety that will be designed to withstand the
effects of a safe shutdown earthquake and remain functional, have been identified in an
acceptable manner and classified as seismic Category I items in confomance with
Regulatory Guide 1.29, " Seismic Design Qualification," in Table 3.2-1 of the CESSAR.
All other systems, and components that may be required for operation of the nuclear
steam sucply system, are designed to other than' seismic Category I requirements.
Included in this classification are those portions of Category I systems which will
not be required to perfom a safety function.

The basis for acceptance in our review has been conformance of Combustion Engineering's
design, design criteria and design bases for systems and com,,onents important to
safety 'vith the Commission's regulations as set forth in Criterion 2 of the General
Design Criteria, and to Regulatory Guide 1.29, and industry codes and standards.

We conclude that Systen 80 systems and components important to safety will be designed
in accordance with seismic Category I requirements which provide reasonable assurance
that in the event of a safe shutdown earthquake, the plant will perfom in a manner
providing adequate safeguards to the health and safety of the public.

3.2.2 System Quality Group Classification

Criterion 1 of the General Design Criteria requires that nuclear power plant systems
and coiconents important to safety shall be designed, fabricated, erected, and tested
to quality standards comensurate with the importance of the safety function to be
perfomed.

We have reviewed Combustion Engineering's classification system for pressure-retaining
components such as pressure vessels, heat exchangers, storage tanks, purnps, piping,
and valves in fluid systems important to safety, and the assignment by Combustion
Engineering of safety classes to those fluid systems required to perfom a safety
function.

Combustion Engineering has applied the classification sys'.em of the American Nuclear

Society (Safety Classes 1, 2, 3 and 4), which corresponds to the Comission's Quality
Groups A, B, C and D in Regulatory Guide 1.26, " Quality Group Classification and
Standards," to those fluid containing components which are part of the reactor coolant
pressure boundary and other fluid systems important to safety. Reliance is placed on
these systems to (1,) prevent or mitigate the consequences of accidents and malfunctions
originating within the reactor coolant presore boundary, (2) pemit shutdown of the
reactor and maintenance in the safe shutdown condition, and (3) contain radioactive
material. Fluid system pressure-retaining components important to safety that are
classified Quality Groups A, B or C will be constructed to the ASME Boiler and Pressure
Vessel Code as follows:

]' \ |.3 *

I, '"'
3-3

CESSAR



Component Code
Quality Group Section III, Division 1, 1974 Edition

A Class 1

B Class 2

C Class 3

Quality Group A components will comply with Section 50.55a of 10 CFR Part 50. Quality
Grcups B and C components will comply with Subsection hA-ll40 of the code.

anents that are classified Quality Group D will be constructed to the followingCor v
codes as appropriate: ASME Boiler and Pressure Vessel Code, Section VIII, Divisions 1
or 2, and ANSI B31-1-1973. Quality Group D components such as orifices, boren reters;
strainers and gas traps will be constructed to no code.

The System 80 fluid systems identified in Section 3.2.1 have been classified in an
acceptable manner in CESSAR Table 3.2-1 and on system piping and instrumentation

diagrams, in conforinance with Regulatory Guide 1.26. As noted in Section 3.2.1,

excluded frcm this review are those structures and balance of plant fluid systems that
interface with System 80 fluid systems.

The basis for our accept .1ce has beca confcmance of Combustien Engineering's designs,

design criteria, and design bases for pressure-retaining components such as pressure
vessels, heat exchan;2rs, storage tanks, pumps, piping and valves in f'uid systems
important to safety, with the regulations as set forth in Criterion 1 of the General
Design Criteria, the requirements of the Codes specified in Section 50.5',o of 10 CFR
" art 50, Regalatory Guide 1.26, and industry codes and standards.

We conclude that System 80 fluid system pressure-retaining components inportant to
safety that are designed, fabricated, erected and tested to quality standards in
conformance with these requirements provide reasonable assurance that the plant will

perform in a manner providing adequate safeguards to the health and safety of the
public.

3.3 Wind and Tornado Loadings

Design provisions for protection of the Systen 80 reference system against the effects
of winds and tornadoes will be discussed in each user's application. CESSAR (Amend-
ment 39) includes an interface requirenent that the locaticn, arrangement, and installa-
tion of systems and components required for safe plant shutdown shall be such that the
effects of winds and tornadoes will not prevent these systems and components from

performing their shutdown functions. We conclude that the CESSAR, as anended, provides
the necessary information for Preliminary Design Approval purposes with respect to
wind and tornado loadings of the systems described in the CESSAR, and therefore is

acceptable. A detailed evaluation of each user's application will be performed to
ascertain that wind and tornado loadings have been appropriately considered.

,.r
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3.4 Water levelf ood) Design

Design provisions for protection of the System 80 reference system against the effects
of floods will be discussed in each user's application. CESSAR (Anendment 36) includes
an interface requirement that the location, arrangement, and installation of systems
and components required for safe plant shutdown sha:1 be such that the effects of
floods (including tsunami and sciches for applicable sites) will not prevent these
systems and components f rom performing their shutdown functions. We conclude that the
CESSAR, as amended, provides the necessary information for Preliminary Design Approval
purposes with respect to flood design of the systems described in the CESSAR, and
therefore is acceptable. A detailed evaluation of each user's application will be
perforned to ascertain that the ef fects of floods have been appropriately considered.

3.5 Missile Protection Criteria

Criterion 4 of the General Design Criteria requires that systems and components
important to safety be protected against the effects of missiles generated both from
within the reactor building (internally g?nerated missiles) and extern 31 to the reactor
building. The responsibility for protection of safety-related systems and components
is not within the scope of the CESSAR. Our review, therefore, was limited to identi-
fying the sources of internally generated missiles, and verifying that appropriate
interface requirer _nts are included to protect the safety-related systems in the
CESSAR System SJ design from missiles.

We have reviewed the systems and components to be protected from missiles, potential
missile sources associated with component overspeed feilures of equipment within the
System 80 scope, and missiles that could originate from high pressure system ruptures
of equipment and systems within the scope of the CESSAR System 80 design.

Design prcvisions fcr protection cf the System 80 reference system against the effects
of missiles will be discussed in the balance of plant designer's or utility-user's
arplication. CESSAR Section 3.5.4.1 provides design criteria and interface requirements
for systems and components inside and outside containment which require that appropriate
design features such as missile barriers, natural separation, and orientation be
provided to insure that the impact of any potential missile will not lead to a loss of
coolant accident, or preclude ;ystems from carrying out their specified safety functions,
or prevent the plant from remaining in a safe shutdown condition. We have reviewed
the interface requirements in the CESSAR and conclude that they are acceptable with
respect to missile protection. The protection afforded against internally generated
missiles outside containment will be evaluated fu all applications referencing the
CES';AR System 80 design.

3.6 Protection Against Dynamic Ef fects Associated with the Postulated Pupture of Piping

Criterion 4 of the General Design Criteria requires that structures, systems and

components important to safety shall be appropriately protected against the dynamic
effects from the postulated rupture of piping.
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We reviewed the propused System 60 design to determine that the design will accomodate
the effects of postulated pipe breaks and jet impingement from piping systems. For
systems located inside ccatainment, the CESSAR is consistent with Regulatory Guide 1.46,
" Protection Against Pipe Whip Inside Containment," with re>pect to criteria that will
be employed for determination of (1) the systens which will be c sluated, (2) the
locations and types of piping breaks which will be postulated, and (3) the protective
measures against pipe-whip that will be provided.

The analytical rethods and procedures that will be used to determine the most probable
type of pipe break at a particular location, the pipe motion subsequent to ruptu.s,
and the pipe-whip rastraint dynamic interaction appropriately consider the structural
characteristics of the system.

The provisions for protection against the dynanic effects associated with pipe ruptures
and the resulting discharging coolant provide acceptable assurance that, in the event
of the occurrence of the combined loadings imposed by an earthquake of the magnitude

specified for the safe shutdown earthquake and a concurrent single pipe break of the
largest pipe at any one of the design basis break locations, the following conditions
and safety functions will be accomodated and assured:

(1) lhe magnitude of the design basis loss-of-coolant accident cannot be aggravated
by potential multiple failures of piping.

(2) The reactor energency core cooling systems can be expected to perforT: their
intended function.

(3) Systems and components important to safety will be appropriately protected.

On the basis of the above findings, we conclude that the c .teria that will te used
for the identification, design, and analysis of piping systems where postulated breaks
may occur inside containment constitute an acceptable design basis in meeting the
applicable require ents of the Comission's General Desir;n Criteria 1, 2, 4,14 and 15.

Combustion Engineering has comitted that the design of high and noderate energy
systems which are part of the basic nuclear steam supply system located cutside con-
tainment will be in accordance with the guidance set forth in Mr. J. O' Leary's letter
dated July 12, 1973. Design basis piping breaks for high and moderate energy are
postulated to occur in any branch or run of piping larger than 1 inch noninal diameter.
Combustion Engineering has provided, as interface information, the temperature and
pressures for high and noderate energy fluid systems outside containment within the
scope of the CESSAR Systen 80 design. The CL5SAR identifies essential system and
curponents to be protected fron piping failures outside containment.

Based on the infernation and connitrents in the CESSAR, we conclude that the design

criteria for high and naderate energy systems outside containment are in accordance

with our guidelines, and that applicants referencing the CES$AR System 80 design can
o3j

-

)[ |;'''

3-6

CESSAR



develop an acceptable design so that postulated pipe breaks in System 80 systems
installed outside containment will not prevent the safe shutdown of the reac*.or. We

will evaluate each user's application as to the detailed implen?ntation of these
criteria.

3.7 Seismic Design

3.7.1 Seismic Input

Criterion 2 of the General Design Criteria requires that nuclear power plant structures,
systems and components important to safety be designed to withstand the effects of
earthquakes without loss of capability to perform their safety functions.

Seismic response.5pectra have been provided for the reactor coolant systen major
component supports, nozzles and piping, and for auxiliary and fuel handling equipment.
In any application where the CESSAR is incorporated or referenced, it is required that
the response spectra for the actual site conditions and structures fcr the plant be
within the envelope of the response spectra in the CESSAR.

Corbustion Engineering will provide the following interface information to assist the
balance of plant designer in the design of supports and related structures.

(1) A description of the seismic response spectra envelopes at all support points and
the maximum relative displacement between support points for which System 80

coriponents are designed.

(2) Envelopes of the seismic loads transmitted from Category I or non-Category I
systems connecting to CESSAR System 80 system components.

(3) A simplified mathematical model which accounts for the mass and stiffness prop-
erties of systems within Systen 80 wnich can be coupled with the mathematical
model of the seismic system including structures and supports.

The 'pecific percentages of critical damping values proposed to be used in the analysis
of se'smic Category I equipment and components are in conformance.with Regulatory
Guide 1.61, " Damping Values for Seismic Design of Nuclear Power Plants,' and are con-
sidered conservative for use in the seismic analysis, and therefore acceptable. We
will evaluate each user's application to ensure that the response spectra in the
CESSAR envelop the response spectra for the actual site and plant structures.

3.7.2 Seismic System Subsystem Analysis

Our review of the seismic system and subsystem analysis for CESSAR System 80 included

the analysis methods for ceismic Category I systems and components, including the
review of procedures for modeling, methods of analysis and criteria for incorporating
the three directional seismic motion.
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Th? system and subsystem analyses will be perforved on an elastic basis. Modal response
spectrum multi-degree-of-freedom and time history methc,cs will fonn the bases for the
analysis of all major seismic Category I systems and components. When the modal

response spectrum method is used, governing response parameters will be combined by
the scuare root of the sum of the square rule. However, the absolute sum of the modat
response! will be used for modes with closely spe:ed frequencies. The square root of
the sum of the squares of the maximum codf rectional responses will he used in accounting
for three coraponents of the earthquake motion for both the time history and response
spectrum methods. A vertical seismic system cynamic analysis will be employd for all
seismic Category I components and equipment where enaiyses show significant structurai
amplification in the vertical direction. Torsional effects will also be considered.

We deterr het that the proposed seismic system and subsystem analysis procedures and
criter ia will assure conservative predictions for seismic loads, and, therefore,
conclude that the p?^oosed procedures and criteria provide an acceptable basis for the
seismic design.

3.8 Design of Seismic Category I Structures

Plant structures are not within the scope of CESSAR System 80. However, the System 80
design interfaces with the balance of plant seismic Category I structures are discussed
in the CESSAR. Combustion Engineering will provide the utility-users of the CESSAR
the following interface information:

(1) The maximum allowable differential displacements due to all loads (normal, thermal,
seismic, .) at points of the nuclear steam supply system that will interface
with balance of plant structures.

(2) The structural properties (e.g., support stiffnesscs) of the supporting balance
of plant structures that were used in the analysis of the nuclear steam supply
system and which must be satisfied.

(3) All the loads that have to be transmitted from the nuclear steam supply system
components to the supporting balance of plant structures.

(4) The limitations on deflections of the balance of plant structures supporting the
nuclear steam supply system components under all loading conditions.

We conclude that these interface requirements are adequate to provide acceptable
protection for t.ia nuclear steam supply system.

3.9 Mechanical Systems and Comportents_
3.9.1 pynamic Analysis and Testing
3.9.1.1 Piping Vibration Operatfonal Test Program

In accordance with the American Society of Mechanical Engineers (ASME) Code, Section

!!I, paragraphs NS-3622.3 and NC-3622, which require that the designer be responsible

3-3
q\n,

/~ L )'

CESSAR



by observation under startup cr initial operating conditions for ensuring that the
vibration of piping systems is within acceptable levels, utility-users for nuclear
power plants incorporating or referencing the CESSAR will be required to conduct a
piping vibration operational test program, for such plant applications we will review
the preoperational dynamic effects program that will be conducted on all ASME Code
Class 1 and Class 2 piping systems and related restraints, corponents, and sa; ports
during startup and during the '91tial operating conditions testing to verify that the
programs are acceptable.

The CESSAR prcaldes a preoperational piping test program that covers the reactar
coolant loop and surge line p; ping only; therefore, the testing program appro;riate to
all other piping will be provided in each application referencing the CESSAR. Specifi-
cally, the guidelines to determine where and how the visual observations will take
place, including the methods and procedures to determine whether the observed vibration
intensity is excessive, will be provided in each Preliminary Safety Analysis Report
referencing the CESSAR.

The testing programs will develep loads similar to those experienced during reactor
operation and will be consistent with the Comission's Standard Review Plan, Sec-
tion 3.9.2, " Dynamic Testing and Analysis of Systems, Components, and Equipment"

We conclude that the test programs will provide adequate assurance that the piping and
piping restraints of the systems are designed to withstand vibrational dynamic effects
due to valve closures, pump trips, and other operating modes associated with the
design operational transients and will constitute an acceptable basis for partial
fulfillment of the requirerent established by the Comission's General Design
Criterion 15.

3.9.l.2 Analysis and Testing of Mechanical Equipment

The dynamic testing ano analysis procedures which will be implewnted to confim (1)
that all seismic Category I mechanical equipment within the CESSAR System 23 scope of
design will function during and af ter an earthquake of m.agnitude up to and including
the safe shutdown earthquake, and (2) that all equipner t support structures are
adequately designed to withstand seismic disturbances, are acceptable.

Subjecting the equipment and its supports to dynamic testing and ar,alysis procedures
provides reasonable assurance that, in the event of an earthquake at the site, the
seismic Category I mech 3nical equipment, as identified in the CESSAR, wn1 continue to
function during and after a seismic event, and the combined loading imposed on the
equipment and its supports will not exceed applicable code allowable design stress and
strain limits. Limiting the stresses of the suppet ts under such loading combinations
provides an acceptable basis for the design of the equipment supports to withstand the
dynamic loads associated with seismic events . well as operational vibratory loading
conditions, without loss of structural integrity.

7j^ 720
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Implerentation of these dynamic testing and analysis procedures constitutes an accep*3ble
basis for satisfying the applicable requirements of the Corrissinn's General Design
Criteria 2 and 14,

3.9.1.3 Practor Internals Flow-ledqced Vibration Testir.3

With ceg3rd to flow-indJted vibration testing of reactor internals for the Systen 80
units, the first System E0 plant to te ready for hot functional tests will be the

prototype plant and will be tested in accordance with Regulatory Guide 1.20, "Vitration
Measurements en Peactor Internals. For subsequent System 80 plants, additional
confirratory vibration testing and monitoring programs with subsequent visual inspec-
tion will be conducted to provide added confirnation of the capability of the structural
elerents of the reactor internals to sustain flow-induced vibrations. The progra s
will be consistent with Gegulatory Guide i .20.

We bave reviewed the preeperational vibration test programs proposed by Conbustion
Engineering for verifyir; the design ade; acy of the reactor internals for both the
prototype and non-pretotype Systen 80 plants, under loading conditions that will be
corTarable to those experienced during operation. We conclude that the corbination of
tests, predictive analysis, and Dest-test inspection will provide adequate assurance
that the reactor internals can te expected to wit * stand flow-induced vibrations without
loss cf structural integrity during their service lifetire. Prior to issuing an
operatirg license, we will review the preoperational vibration test .ogram that will
be perfarned in accordance with Pegulatory Guide 1.22, for each utility-user applica-
tion, fer assurance that it constitutes an acceptable basis for demonstrating the
desige adequacy of the reactor internals and 53tisfying the applicable require ents of
the Cerrission's General Design Criteria 2 and 14

3.9.1.4 Ccrrelation of Test and Analytical Results

The ccrrelation of tests and analytical results will be discussed in each user's
application.

3.1.1.5 Analy 51s Methods for loss-of-Coolant Accident Loadings

Each user referencing the CESSAR will perforr a dynamic system analysis of the reactor
internals and of the treken and ur. broken piping loops. The purpose of this analysis
will be to provide acceptable bases for confirring: (1) the structural design adequacy
of the reactor internals, and (2) that the unbroken piping loops can withstand the
combined dynamic ef fects of the postulated occurrence of a loss-of-coolant accident
and a safe shutdown earthquake.

We have reviewed the analytical methods proposed in the CESSAR for performing the
dynanic system analysis and find that use of those rethods will assure that the

combired 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
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the materials of construction as specified in Appendix F to the ASMC Boiler and Prtssure
vessel Code, Section !!!, and that the resulting deflections or displacements of any
structural elements of the reactor internals will not distort the geometry of the
reactor internals to the extent that core cooling can be impaired.

The assurarce of stru;tural integrity of the reactor internals under the postulated
safe shutdown earthquake and the most severe loss-of-coolant accident conditions
provides added confidence that the design can be expected to withstand a spectrun of
lesser pipe breaks and seismic loading coctinations.

We con.lude that the use of the proposed analytical techniques will assure an acceptably
conservative structural design for the System 80 reactor internals, ar.d co.nstitutes an
acceptable basis for satisfying the requirements of the Corr)1ssion's General Design
Criteria 2 and 4.

On May 7,1975, we were infarmed by a licenue of a pressurized water reactor, Virginia
Electric and Power Co@any, that an asymetric loading resulting fr:rn a postulated
pipe rupture at a particular location in the reactor coolant system had not been taken
into account in the triginal design of the reactor p.Tssure vessel support system for
the North Anna Units 1 and 2 (Docket hos. 50-338 and 339). This loading results from
the forces induced on the internals within the reactor vessel caup different1LI
pressure conditions within the vessel imediately following a post : ,ted loss-of-
coolant accident. In addition, the asymetric loading from transient differential
pressures that would exist arour:1 the exterior of the reactor vessel from the same
postulated pipe rupture was not included in the original design analysis. However,
the symetric loadings from such a postulated pipe rupture were included in the original
analysis of the reactor pressure vessel supports.

It is our opinion that these fact]rs related to the design of the reactor pressure
vessel supoorts are generic in nature and may apply to the CESSAR System 80 design.
Acccrdingly, we are taking steps to review this problem on a generic basis to determine
the extent of thy problem.

We have informed Coabustion Engineering of the nature of this problem and requested
verification that the design procedures for the reactor pressure vessel support system
will properly include the asymmetric forces described above in the final design of the
supports. In a letter dated December 2,1975. Combustion Engineering provided verifi-
cation that the final design will include the asyrrnetric forces. Combustion Engineering
stated that a dynamic analysis will be perfonned using a 'unped parameter model
including details of the reactor vessel and supports, major connected piping and
canponents, and the reactor internals. The pipe break thrust force, asyrnetric sub-
compartment pressurization forces and asymetric reactor internals hydraulic forces
will be applied as simultaneous tirie history forcing function. We conclude that the
use of the proposed techniques will assure a conservative design for the reactor
vessel supports and constitutes an acceptable design basis for the Preliminary Design
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Approval. Wi require that the details of this analysis be sutrnitted for our review
prior to the Final Design Approval.

3.9.2 ASNE Code Class 2 and 3 Cornponents

All safety-related ASME Code Class 2 and 3 systems, components, and equipment will be
designed to sustain nonnal loads, anticipated transients, the operating basis earth-
quake ano the safe shutdown earthquake within design limits which are consistent with
those outlined in Regulatory Guide 1.48, " Design Limits and Loading Combinations for
Seismic Category I Fluid System Components." The specif teJ design basis cortinations
of loadings as applied to the design of the safety-related ASME Code Class 2 and 3
pressure-retaining components in systems classified as seismic Category I provide
reasonable assurance, that in the event an % rthquake should occur at the site, or
other upset, erergency or faulted plant transients should occur during normal plant
operation, the resulting cortined stresses inposed on the system components may be
expected not to exceed the allowable design str ess and strain limits for the materials
of construction. Limiting the stresses under such loading combinations provides a
conservative basis for the design of the synem components to withstand the most
a fverse combinations of loading events without loss of structural integrity. The
design load combinations and associated stress and defomation limits proposed for all
ASME Code Class 2 and 3 components constitute an acceptable basis for design in
satisfying the Comission's General Design Criteria 1, 2, and 4.

The criteria that are proposed for use in developing the design and mounting of ASME
Class 2 .and 3 safety and relief valves provide adequate assurance that, under dis-
charging conditions, the resulting stresses will not exceed the allowable design
stress and strain limits for the materials of co1struction. Limiting the stresses
under the loading combinations associated with the actuation of these pressure relief
devices will provide a conservative basis far the design of the system corponents to
withstand these loads without loss of structural integrity and impairment of the
overpressure protection function.

The criteria prcposed for the design and installation of ASME Class 2 and 3 over-
pressure relief devices constitute an acceptable design basis in meeting the applicable
requirements of the Comission's General Design Criteria 1, 2, f,14 ar.d 15 and are

consistent with those specified in Regulatory Guide 1.67, " Installation of Overpressure
Protection Devices."

In connection with analytical and e g irical methods for the design o' punps and
valves, Combustion Engineering has described an operability qualification program for
active safety-related Class 2 and 3 pumps and valves. This program is in agreement
with the Comission's Standard Review plan, Section 3.9.3, "ASME Code Class 1, 2, and
3 Components, Component Supports . and Core Support Structures."
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Implementation of the proposed operability assurance program will provide adequate
assurance of the capability of active pumps and valves in seismic Category I systems
including those which may be classified as ASME Code Class 1, 2 and 3 to withstand
postulated seismic loads in combination with other significant loads without loss of
structural integrity, and to perfom the " active" function (i.e. , pump operation,
valve closure or opening) when a safe plant shutdown is to be effected, or the con-
sequences of an accident are to be mitigated. The proposed component operability
assurance procedures cunstitute an acceptable basis for reeting the requirenents of
General Design Criteria 1, 2 and 4 as related to operability of ASME Code Class 1, 2
and 3 active pumps and valves.

We have reviewed the requirencnts for fracture toughness testing and properties
proposed by the applicant to provide assurance that the pressure-retaining ferritic
materials of all Class 2 and Class 3 components (outside as well as within the reactor
coolant system) will have adequate toughness under test, normal operation, and t ran-
sient conditions. The pressur.-retaining ferritic materials of all Class 2 and 3
components, including vessels will satisfy the requirements of paragraphs NB-2332 and
NB-2311 :f the Sumer 1972 Addtnda to Section III of the ASME Code.

The fricture toughness tests and properties required by the Sunner 1972 Addenda to
Section a:, of the ASME Code provide reasonable assurance that safety margins against
the possibility of nonductile behavior or rapidly propagating fracture can be established
for the pressure-retaining ferritic materials of all Class 2 and 3 components, both

within and outside the reactor coolant system.

3.9.3 Standardized Plant Design Interface for Mechanical Components, Systems and Testing

Procedures

Combustion Engineering's and the balance of plant Jesigner's responsibilities for
mechanical components, systems and testing procedures have been appropriately identified.
Co tustion Engineering has provided comitments to furnish necessary interface infoma-
tion to the balance of plant designer in accordance with our interface requirements.

We find these comitnents acceptable.

3.10 Seismic Qualification of Catogory I Instrumentation and Electrical Equipneri

Instrumentation and electrical components required to perfom a safety function ,all
be designed to meet seismic Category I design criteria. Seismic requirements
established by the seismic system analysis will be incorporated into equipment specifi-
cations to assure that the equipment purchased or designed will meet seismic require-
ments equal to or in eAcess of the requirenents for seismic Category I components,
either by appropriate analysis or by qualification testing.

Implementation of the proposed seismic qualification program for seismic Category I
instrumentation and electrical equipment and +he associated support; for tais equipment

will provide assurance that such equipn expected to function properly and
that the structural integrity of the suppoi .11 not be impaired during the excitation

, . - .,, 3
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and vibratory forces imposed by the safe shutdown earthquake and the conditions of
p(sst-accidert operation. The proposed program will constitute an acceptable basis for
satisfyirg the applicaule requirements of the Commissian's General Design Criterion 2.

Seismic Category I instrumentation and electrical equipment will be qualified in
accordance with requirements and equipment specifications that are consistent with
Institute of Electrical and Electronic Engineers (IEEE) Standard 344-1971, "IEEE Guide
for Seismic Qualification of Class 1 Electric Equipment for Nuclear Power Generating
Stations," and the guidance of Enclosure 2 to our Request for Additional Information,
dated March 29, 1974, entitled "Electrica' and Mechanical Eouipment Seismic Qualifica-
tion Program." Confomance with these documents will provide acceptable methods for
seismic qualificaticn of instrumertation and electrical equipment.

3.11 Environner tal Design of Mechanical and El-ctrical Equip. ent

Our evaluation of the environrental design of mechanical and electrical equipmert is
discussed in Section 7.6.1 of this report.
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4.0 REACTOR

4.1 Suma ry

The System 80 reactor design presr-ted in the CESSAR is similar to that r view:d and
aporoved for San Onohe Units 2 and 3 (Docket Nos. 50-361 and 362); however, it
inc?udes nur.erous chang- from pr7vious Combustion Engineering designs including San
Onofre Units 2 and 3 ine significant changes are:

(1) Use or fuel assemblies with a 16 x 16 fuel rod array rather trian 14 x 14 fuel rod
erray.

(2) A thertal power level of 3800 megawatts compared to 3390 megawatts for San
Onofre Units 2 and 3.

(3) More fuel assemblies and a larger vessel diameter.

(4) The control element assembly design provides for attaching 4, 8 or 12 control
rods to each control element assembly. The rods from a single control element
assembly may be inserted into several different fuel assemblies, rather than
having caly 4 rods per control element assembly that can be inserted into only
one fuel assembly. The control rods for the 16 x 16 fuel rod array are slightly
smaller in diameter than those in the 14 x 14 array, and the poison used is boron
carbide rather than boron carbide-indium-cadmium.

(5) A calandria structure has been added between the fuel alignment plate and the
lower base plate of the upper guide structure. The calandria provides individual
shroud tubes for each of the control ro o that provide lateral support and guidance
for the control rods. The calandria design necessitates the removal of all of
the control rods when the calandria is removed to gain access to the fuel assemblies.
This rtsults in reactor refueling operations being perfomed withou; any control
element assemblies in the core.

(6) Battom-entry, fixed and movable in-core neutron flux detectors have replaced the
usual top entry fixed position detectors. This modification required the addi-
tien of instrument nozzles to the bottom head and guide tubes inside the lower
plenum of the reactor vessel.

A comparison of the System 80 and San Onofre Units 2 and 3 core mechanical, nuclear,
and thermal hydraulic design parameters is given in Table 4.1.
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TABLE 4.i

REACTOR DESIGN COMPARISON

SM ONOFREU) UNITS 2 & 3MECHANICAL DESIGN PARAMETERS SYSTEM 80

Number of Fuel Assemblies in Core 241 217

Number of Control Element Assemblies (full 81/8 61/8
length /part length)

Number of Fuel Rod Locations in Core (2) 56,876 38,192

Fuel Pellet Diameter, inches 0.325 0.3795

Cladding Inner Diameter, inches 0.332 0.388

Cladding Outer Diameter, inches 0.332 0.44

Cold Diametral Gap, inches 0.007 0.0085

Fuel Pellet Density, percent theoretical value 95 93

Fuel Pellet Enrichment, percent uranium-235
Region A 1.9 1.9

Region B 2.4 2.3

Regio:, C 2.9 2.9

Fuel Rod Pitch, inches 0.5063 0.58

Active Fuel Length, inches 150 150

Number of Spacer Grids 12 9

THEMAL AND HYDRAULIC PARAMETERS

General Characteristics

Total Core Heat Output

thermal megawatts 3,800 3,390

million British thermal units per hour 13,000 11,600

Heat Generated in Fuel Rod, Core Fraction

Core Average 0.965 0.975

Hot Rod 0.96 0.975

Pressure, pounds per square inch, absolute 2,250 2,250

Coolant Inlet Temperature, degmes Fahrenheit 565 553

Vessel Outlet Temperature, degrees Fahrenheit 621 611

Core Bulk Outlet Temperature, degrees Fahrenheit 623 613

Total Primary Coolant Flow, million pounds per hour 164 147.8

External Leakage, percent 4.0 3.7

Coolant Flow through Core, million pounds per hour 157.4 142.6

Hydraulic Diameter Nominal Channel, feet 0.0394 0.04445

Core Flow Area, square feet 60.8 53.2

Core Average Mass Velocity, million pounds per hour
per square foot 2.59 2.68

Average Coolant Velocity In-Core, feet per second 16.6 16.8

Core Average Heat Flux, British thermal units per hour
per square foot 182,200 2C5,100

Total Heat Transfer Area, square feet 69,000 55,000
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TABLE 4.1 (Cont'd)

SAN CNOFPE
THERMAL AND HYDRAULIC PM% METERS SYSTEM 80(I) UNITS 2 & 3

Film Coefficient at Average Conditions,
British thermal units per hour, per square foot,

per degree Fahrenheit 6,300 6.160

Average Film Temperature Difference, degrees Fahrenheit 30 34

Average Linear Heat Rate of Rod, kilowatts per foot
(for fraction generated in average rod) 5.53 6.92

Specific Power, kilowatts per kilogram of uralium 38.3 35.7

Power Density, kilowatts per liter 95.6 94.7

Average Core Enthalpy Rise, British thermal units per pound 82.4 81.1

Heat Flux Factors
NTotal Nuclear Feaking Factor, (F ) 2.28 (2.09)* 2.52

Engineering Heat Flux Factor 1.03 1 03

Total Heat Flux Factor, (F ) 2.35 (2.15)* 2.60

Rod Radial Nuclear Factor 1.55 1.55

Engineering Factor on Linear Heat Rate 1.03 1.03

Eythalpy Rise Factors

Heat Input Factors
Design Nuclear Enthalpy Rise Factor 1.51 1.5

Engineering Factor on Hot Channel Hen Input 1.03 1.03

Total Heat Input factor 1.55 1.55

Rod Pitch, Bowing and Clad Diameter 1.05 1.05

Total Enthalpy Rise Factor (ratio of hot channel enthalpy
change to core enthalpy change) 1.67 1,68

Hot Channel and Hot Spot Parameters

Maximum Heat Flux, British thermal units per hour,

per square foot 425.700 553,000(3)

Maximum Linear Heat Rate of Rod, kilowatts per foot
(for fraction generated in hot rod at 102 percent rated

power) 13.3 (12.1)* 18(3)

Uraniun Dioxide Temperature, Steady State, Ma-imum

During fuel Life, degrees Fahrenheit 3,420 4,010(3)

Maximum Clad Surf ace Temperature, degrees Fahrenheit 656 657(3)

Hot Channel Outlet Temperature, degrees Fahrenheit 653 646(3)
Hot Channel Outlet Enthalpy, British thermal units per pound 704 687(3)
Departure from Nucleate Boiling Ratio (Modified W-3

Correlation), Steady State 2.22 2.11

* Values resulting from revised loss-of-coolant accident analyses (see Section 6.3).
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TABLE 4.1 (Cont'd)

Table Notations

(1) Parameters based on eight burnable poison rods per fuel assembly.

(2) In the first core, some uranium dioxide rods will be replaced by burnable poison rods.

(3) These parameters are revisec as indicated in Supplement 1 to CENPD-46, " Analyses on
Combustion Engineering 3410 MWt Plant Emergency Core Cooling System Performance in

Accordance with AEC Interim Acceptance Criteria," July 7,1972.
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4.2 Mechanical Design

4.2.1 Fuel

The Systum 80 fuel assembly design includes 236 fuel rod positions arranged in a 16 x
16 array. Each assembly has five guide tubes, four are for the con!rol rods of the
control elerent assembly which will be located symmetrically, and the other guide is
for in-core instrumentation which will be located in the center of each fuel bundle.
Each guide tube will occupy the space of four fuel rods. Fuel pellets of 95 percent
dense uranium di tide will be sealed in Zircaloy-4 tubing and pressurized with helium
to form the fuel rods. These rods will be positioned with Zircaloy-4 spacer grids of
the leaf-spring type. Neutron absorber (poison) rods will be provided in place of
fuel rods at selected locations in the fuel assemblies of the first core. The neutron
absorber material will be boron carbide dispersed in alumina pellets that are clad in
Zircaloy to form rods similar to the fuel rods.

The System 80 fuel assembly design (16 x 16) will bd mechanically similar to pre-
viously reviewed Combustion Engineering fuel assemblies (14 x 14), such as for San
Onofre Units 2 and 3 except that the fuel assembly will be provided with a threaded
joint. The threaded joint will alkw for attaching the upper and la.sar end fittings
t. the guide tubes 50 they may be removed co allow replacement of individual fuel
rods. Other major differences between the 16 x 16 and 14 x 14 designs are summarized
in Table 4.1. These differences are essentially geonctric and result in a lower
linear power density of the fuel rods which increases the thermal perfomance safety
margins.

Evaluation of the Combustion Engineering System 80 fuel design is based upon engi-
neering analyses, mechanical tests, and in-reactor ooerating experience. Addition-
ally, the performance of the design will be subject to continuing surveillance of
operating reactors by Combustion Engineering and individual utilities. These programs
continually provide confirmatory and current design performance information.

One of the major ther-al analysis considerations reviewed by the staff is related to
fuel densification. The initial density of the fuel pellets and the size, shape end
distribution of pores within the fuel pellet influence the densification phenownon.
The effects of densification on the fuel rod will increase centerline temperature and
the stored energy, increase the linear thermal output, increase the probability for
local power spikes (augmentation), and the potential for cladding collapse.

Combustion Engineering has conducted an extensive study of fuel densification and has
developed a conservative time-dependent description of the densification process which
is described in Combustion Engineering Topical Report CENPD-llS, "Densification of

Combustion Engineering Fuel," dated June 1974. These densification kinetics along with
data on fuel swelling, thermal expansion, fission gas release, fuel relocation,
thermal conductivities, cladding creep, and other properties, have been combined in
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a detailed fuel performance evaluation model which is presented in Combustion Engi-
neering Topical Report CENPD-139 " Combustion Engineering Fuel Evaluation Model,"
dated July 1,1974. This model is used to calculate fuel temperature and stored
energy, changes in linear themal output and augmentation (power spike) factors. We
have reviewed CENPD-139 and concluded that the fuel performance evaluation model is a

generically acceptable method of describing fuel behavior, as discussed in our accept-
ance letter to Combustion Engineering, dated December 4, 1974, and is applicable to
the System 80 fuel. There are several reasons for applicability of the generic model:
(1) The specific fuel fabrication process is tied to tM densification model through
resintering tests which are used to detemine the amount of incore fuel densification,
and (2) the thermal performance computer code is compared with a body of experimental
data whose design parameters include those of the Combustion Engineering fuel.

Although the System 80 fuel has been demonstrated to densify very little and, therefore,
should not be prone to form axial gaps between the fuel pellets during densification,
it has not been conclusively shown that axial gaps will not appear. We will, therefore,
require that an analysis of the clad collapse with a postulated axial gap in the fuel
column be performed. Combustion Engineering has submitted to the staff a comput?r
code which will calculate time-to-collapse of Zircaloy cladding in a pressurized water
reactor environment, CENPD-187, "CEPAN Method of Analyzing Creep Collapse of Oval

Cladding." Tre staff is in tM process of reviewing this computer program. Meaning-
ful calculations of time-to-collapse require actual fabrication data. These calcula-
tions, therefore, are not warranted at this tine, and the inforraation reviewed is
acceptable for Preliminary Design Approval. The time-to-collapse calculations will be
reviewed for the Final Dasign /pproval.

We have reviewed the information provided in the CESSAR concerning Combustion Engineer-

ing's experience with burnable poison rods similar to those proposed for System 80 and
have conclude <1 that the proposed design of the burnable poison rods is acceptabl_ for

Preliminary Design Approval purposes. Several Combustion Engineering plants have
operated for one cycle with burnable poison rods. In some cases burnable poison rod
length increased more than fuel rod length. This will be corrected for System 30 fuel
by geonetric changes of the pellets. This new design is undergoing irradiation proof
testing in core two of Maine Yankee (Docket No. 50-309). The data will be available
in early 1977, well before System 80 fuel fabrication.

Combustion Engineering will perform a complete and detailed mechanical design ana!ysis
of the System 80 fuel rod and fuel assembly that will specify the materials properties,
design loads, limits and associated margins over the whole range of temperatures and
burnups expected during the life of the fuel. The analysis will include the effect of
shipping, handling, normal operation and postulated accidents on the rcds and fuel
assenbly. The results of Combustion Engineering's analysis are to be submitted in the
application for a Final Design Approval; at that time we will verify that the design
will provide acceptable safety nargins and acceptable mechanical performance of the
fuel rods and fuel assembly in shipping, handling, normal aperation, and in postulated

accidents.
j ') K
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Combustion Engineering will provide a topical report in early 1976 that will describe
the methodology to be used in analyzing the combined ef fect of a loss-of-coolant acci-
dent and a seismic event on the fuel assembly. The analytical methods to be used by
Combustion Engineering to assess the combined effects of the loss-of-coolant accident

and seismic event on the System 80 fuel assembly, and the results of analyses that
demonstrate the adequacy of the fuel assembly design are to be submitted in the appli-
cation for a Final Design Approval.

Mechanical tests to demonstrate the effects of flow-induced vibration and consequent
fretting corrosion have been performed on test assemblies and on full size (14 x 14)
fuel assemblies to demonstrate that flow vibration induced fretting or wear is accept-
ably low. Similar full scale hot flow testing of 16 x 16 assemblies will be performed
to substantiate these results for the new 16 x 16 design. Combustion Engineering has
stated (Section 4.3.1.3.5) that component flow testing will be completed in early
1976, well before the fuel fabrication date for System 80 fuel. The results of these
tests are to be submitted in the application for a Final Design Approval.

Testing is currently in progress to provide verification of the structural integrity of
the new removable end fitting to guide tube joint design. This testing is described
in Section 4.2.1.3 of CESSAR. We will require that the adequacy of this design be
demonstrated by the'e or other acceptable tests prior to our final approval of the
proposed System 80 fuel assembly design. The evaluation of this design, supported by
the test data, is to be submitted in the application for a Final Design Approval.

Combustion Engineering has described its proposed program of in-reactor and out-of-

reactor experiments to demonstrate acceptable performarce of the System 80 fuel design
in Section 1.5.2 of the CESSAR. In addition, Combustion Engineering has comitted
to place some fuel assemb|ies in the Arkansas Nuclear One, Unit 2 reactor (Docket
No. 50-368), which will be precharacterized to establish baseline data which can be
used to analyze dimens %nal changes in the fuel assemblies during irradiation. These
data will be necessary to quantify my dimensional changes which might occur in the
fuel assembly during irradiation such as might occur due to fuel rod bowing. The
staff will monitor these inspections to assure that the fuel is nerforming as expected.

The programs proposed by Combustion Engineering in Section 1.5.2 of the CESSAR, and the

characterization and analysis of some of the fuel assemblies following use in a reactor
such as the Arkansas Nuclear One Unit 2, together with the other tests discussed
above are necessary and will adequately demonstrate the perforinance of the System 80
fuel design, if they are supplemented by a fuel surveillance program in at least two
plants using Combustion Engineering reactors with the 16 x 16 fuel assembly core. The
surveillance progra,1 should provide visual inspection of all the peripheral rods in
one hundred percent of the initial fuel assemblies, once they are moved from the core
to the fuel pool. We will require that such a program be performed in two of the
first plants to use a core load of Combustion Erigineering 16 x 16 fuel assemblies, and

*^ 777!< r j r_
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that an evaluation of the results of this program to demonstrate the adequacy of the
System 80 fuel design be provided for our review. At the present t;me it is expected
that the two plants will be the Arkansas Nuclear One, Unit 2 plant and the St. Lucie,
Unit 2 plant. This supplerental surveillance program will be a proof test to give
final reassurance that no long term detrimental behavior has occurred. While it will
not have the advantage of being capable of quantifying effects, it will be a thorough
survey of the entire core.

During our review, we requested that Combustion Engineering provide certain inforna-
tion that it is unable to provide at the present tire, but has committed to provide as
discussed above. We will require that this information be submitted for our review,
prior to our final approval of the use of the proposed System 80 fuel design in an
operating plant. The information presented in the CESSAR, as augrented by the addi-
tional analyses, tests and surveillance discussed above, will demonstrate the accept-
ability of the proposed fuel design. We therefore conclude that, augmented by the
additional connitment and requirement to provide analyses, tests and surveillance, the
proposed System 80 fuel design is acceptable for the Preliminary Design Approval stage

of our review.

4.2.2 Reactor Pressure Vessel Internals

The materials for construction of components of the reactor vessel internals have been
identified in Table 4.2-5 of the CESSAR and found to be in conformance with the require-

mer.ts of Sections II and III of the ASME Boiler and Pressure Vessel Code. All the
materials that will be used in the reactor vessel internals conform to the require-

ments of Appendix I of Section III. The materials selected have been used extensively
in industrial applications under similar and more severe conditions with satisfactory
res ul ts . Past performance of those materials in nuclear power plant applications also
has been satisfactory. The proposed controls on the reactor coolant chemistry further
ensure that these materials will be adequately protected during reactor operation
from an environrent which could lead to stress corrosion cracking of the materials and
loss of component structural integrity.

Addition of hydrazine and arronia to the demir.eralized reactor coolant water in order
to scavenge oxygen and increase the alkalinity is a rectrrended procedure. This
recomrcndation minimizes the potential of halide-induced corrosion of the materials
:omprising the reactor vessel internals, which could occur if significant quantities
of either chlorides or fluorides were present in combination with dissolved oxygen in
the reactor coolant. Tne hydrazine decomposes to form annonia at higher temperatures.
The resultant increase in alkalinity aids in the developnent of passive oxide films on
the surfatas of the reactor coo? nt pressure boundary, it has been established that
the corrosioc rates of nickel-chromium-iron Alloy-600 and 300 series stainless steel
decrease with t:me when exposed to the reactor coolant treated in this canner, approach-

ing low steady state values within 200 days. The high alkalinity produced by arronia
addition minimizes corrosion product release and assists in the rapid development of

passive films.
9 y,
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The proposed controls on the fabrication of austenitic stainless steel components to
be used in the reactor coolant pressure boundary satisfy the recors,endations of
Regulatory Guides 1.31, " Control of Stainless Steel Welding," and 1.44, "Ccntrol of
the Use of Sensitized Stainless Steei." Materials selection, fabrication practices,

examination procedures, and protection prccedures that will be performed in accordance
with these reco'Tnendations provide reasonable assurance that the austenitic stainless

steel used for reactor internals will be in a metallurgical condition which precludes
susceptibility to stress corrosion cracking during service.

Use of materials proven to be sa. isfactory by actual service experience and confom-
ance with the recorrendations of Regulatory Guides 1.31, and 1.44, constitutes en
acceptable basis for meeting the requirecents of General Design Criteria 1 and 14.

Martensitic stainless steel is specified in the CFSSAR for some reactor internals.

The staff requires a special heat treatment for these materials as follows. After

quenching or normalizing fror '.775-1825 degrees Fah N nheit, a minimum tempering
temperature of 1125 degrees Fahrenheit for 4 hours should be used in order to minimize
susceptibility to stress corrosion cracking of the material. Heat treatrent of

rartensitic stainless steel, as specified in the CESSAR, will comply with the staff's

position, and is acceptable.

4.2.3 Reactivity Control System

Peactor power will be controlled by r:ovenent of control rods and by varying the

concentration of a soluble chemical neutron absorber (boric acid).

The proposed rod control system consists of 81 clusters of full-length rods and 8
clusters of part length rods. The full-length rods will be automatically positior,ed
by the reactor control system to shape the reactor power distribution, and to corpensate
for changes in reactivity resulting from fuel burnup; however, the part-length rods
will move only in response to operator action to ccntrol axial neutron flux shape and
axial xenon oscillations should they occur.

Each cluster will ';ve either 4, 8 or 12 absorber rods. A rod cluster control assembly

will comprise a group of individual neutron absorber rods fastened at the top end to a
connon spider asser:bly. The absorber material used in the control rods will be boron
carbide which is black to themal neutrons and has additional absorption capability

for epithermal neutrons.

The full length rod cluster control assemblies will be divided into two groups,
control and shutdown. The control group will compensate for reactivity changes dae to
variations in operating conditions of the reactor, i.e., power and temperature variations.

The insertion of both control and shutdown control element assemblies is required to

maintain shutdown margin.

, . 3 p
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The concentration of the soluble chemical neutron absorber (boric acid) will be
varied through use of the chemical and volume control system to control the slow
reactivity changes that result from (1) fuel depletion and fission product buildup.
(2) the cold to hot, zero power reactivity change, (3) intermediate term fission
product buildup such as xenon and samarium, and (4) burnable poison depletion. Our
evaluation of the chemical and volume control system is discussed in Section 9 of this
report.

Combustion Engineering used a rod drop time of 3.3 seconds for 90 percent reactivity
insertion in the safety analyses. This drop time is based on previous measurements in
a 14 x la fuel rod bundle using five finger control element assemblies. Similar rod
drop tests for the System 80 design will be perfomed as part of the verification test
program. Should these tests warrant a change in the rod drop time, the revised drop
time will be used to assess the adequacy of the design at the Final Design Approval
stage of review.

Scram tests will be performed utilizing the twelve fingered cont ~ i element assembly,
control element drive mechanism and buffer for various aligned nd misaligned conci-
tions for the reactor internals. Scram characteristics ano essure buildup in the

buffer region will be measured using the reference design ..f fe r . If necessary,

buffer development tests using variations in clearanco o d lengths will be perforned
until the desired design characteristics are obtained.

In addition to the above, Combustion Engineering has committed to seismic qualifica-
tion of all seismic Categcry I mechanical equipment within the scope of the CESSAR
System 80 design to confim that such equipment will function during and af ter an
earthquake of magnitude up to and including the safe shutdown earthquake. The control
element assembly and buffer pin are seismic Category I equipment and will be qualified
in accordance with the procedures outlined in CESSAR Section 3.9.1.2.

The rechanical properties of structural materials telected for the control rod system
satisfy Appendix I of Section III of the ASME Code, or Part A of Section II of the

Code, and also the staff position that the yield strength of cold worked austenitic
stainless should not exceed 90,000 pounds per square inch.

Residual cold work in austenitic stainlese ateel is known to accelerate water corrosion.
Expressing cold work in terms of increased yield strength, a yield strength of 90,000
pounds per square inch for Types 304 and 316 stainless steel corresponds to residual
cold work greater than ten percent ar.d less than twenty percent. The staf f has selected
a yield strength of 90,000 pounds per square inch as a conservative criterion for the

use of cold worked austenitic stainless steel in light water reactor internals. This

control imposed on the use of cold worked stainless steel will provide adequate protec-
tion during reactor operation from conditions which could lead to stress corrosion of

the materials and loss of reactor internal structural integrity.
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De proposed controls on the austenitic stainless steel in the system conform to the

recomendations of Regulatory Guide 1.31 and Regulatory Guide 1.44. Fabrication and
heat treatment practices that will be performed in accordance with these recommenda-
tions provide added assurance that stress corrosion cracking will not occur during the

design life of the components. The compatibility of all materials to be used in the

control rod system in contact with the reactor coolant satisfies the criteria foi

paragraphs NE-2160 and NB-3120 of Section III of the ASME Code. Both martensitic and
precipitation-hardened stainless steels will be given tempering or aging treatments in
accordance with staf f positions. Confomance with the codes and Regulatory Guide
recommendations mentioned above, and with the staff positions on allowable maximum

yield strength of cold worked austenitic stainless steel and minimum tempering or

aging temperature; of martensitic and precipitation-hardened stainless steels, con-

stitutes an acceptable basis for meeting the requirements of the Comission's General
Design Criterion 26.

We have concluded that the proposed nochanical design of the control rod system is
acceptable.

4.2.4 Refueling Operations

The ifueling procedures to be used at System 80 plants have been modified relative to
those in use or to be used at pre"iously licensed Corbustion Engineering plants. The
principal difference is that refueling is to be carried out with all control eierent

assemblies removed. This change expedites the refueling process.

Following shutdown of the reactor, the primary system coolant temperatura will be
reduced to refueling values (<l35 degrees Fahrenheit) and the refueling boron concentra-
tion will be established. Subsequent to removal of the head, an upper guide structure
lif ting rig will be locked to the upper guide structure. The control element assemblies
will b+ "dividually withdrawn into the lif t.ng rig and then this rig, the upper guide
structure and the control element assemblies will be renoved as a unit from the reactor
vessel. The control elenent assemblies will not be inserted until refueling has been
c omple ted .

Prior to and during the refueling process, continuous flow of coolant through the core
will be maintained, using the shutdown cooling systen. This, together with frequent
baron concentration reasurements as required by the technical specifications, will
ensure that the desired boron concentration will be maintained during the refueling
process.

The safety of he refueling operations is not dependent on having the control element
assemblies inserted in the core. With or without control elenent assemblies, the

subcriticality of the system must be maintained using soluble boron. We require that
the baron concentration be suf ficient to maintain the core at least 5 percent subcritical,

including uncertainties. As discussed in Section 15.4 of this report, we have evaluated
the potential for baron dilution during refueling witho, * control elenent assemblies
and conclude that this method of refueling is acceptable.

4-11
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4.3 Nuclear Design

The nuclear design of the System 80 reastor is in many respects similar to that of the
Combustion Engineering 3390 thermal regawatt reactor design. The principal difference,
a lower average linear heat generation rate (5.53 versus 6.9 kilowatts per foot),
artses from the use of a 16 x 16 fuel rod array as op,'> sed to the 14 x 14 design
approved for use in earlier plants. Also, an increas' in the number of fuel assemblies

(217 to 241) results in a higher total reactor power with essentially no change in the
power output per assembly.

The reactor will be operated at steady-state full power with the full-length control
elerent assemblies virtually withdrawn. Limited insertion of full-length control
element assemblies will be permitted to conpensate for the ef fects of ninor variations
in moderator temperature and boron concentration. Part-length control elemer.t assemblies
will t,e used to assist in the control of power distributiens.

Soluble boron will be used to compensate for slow reactivity changes including those
dJe to burnup and to changes in xenon concentration. The soluble boren control

system (chemical and volure control system) will also provide the capability of
bringing the reactor to a*. least 10 percent subcritical in the cold shutavan condition

regardless of the positions of the control elenent assemblies.

Load changes will be accomplished using both the control element assemblies anj the
bcron control system. Full-length untrol element assembly insertion at all powers
will be controlled by the power-dependent insertion linits given in the technical
speci fica ti ons These limits will ensure that (l) there is sufficient reactivit,
worth in the withdrawn control eierent assemblies to permit the rapid shutdown of the
reactor with ample shutdown nargin, and (2) that the worths of control element assemblies
that might be ejected in the unlikely event of an ejected rod accident will be no
worse than that assumed in the safety analysis. Alar-s will be provided to ensure
that these limits are not exceeded.

We have reviewod the calculated control element assembly worths and the uncertainties

in these worths, ano conclude that rapid shutdown capability exists assJning the most
reactive control element assenbly is stuck in the fully withdrawn prosition. In makiag
this detemination, we have considered the experimental information provided in the
CESSAR to support the validity of the calculated control element asser+bly worths. We

also conclude that sufficient allowance has been rade in the calculated worths to
account for calculational uncertainties.

Ccr.bustion Engineering specified a value of 2.28 as the design limit for the three-
diwnsional nuclear heat flux peaking factor (F ) including calculational uncertain-
ties ind the ef fects of densification. Corbustion Engineering has calculated the
power distributions expected during both steady-state and typical load-follow operations
to sh)w that the actual peaking factors can be raintained telcw the desicq values. An

5 , 7
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allowance Le calculational uncertainty of 10 percent was assumed by Combustion
Engineering in determining the expected peaking factors. We have reviewed comparisons
between measured and calculated power distributions and found this uncertainty ailowance
acceptably conservative. Further, we concluded that the comparison between expected
and design peaking factors demonstrated that the plant could be operated below the
design value. Thus, a peak linear heat generation rate (PLHGR) of 13.3 kilowatts per
foot was found to be acceptable for use in the accident analysis.

During our review, we required that changes be made to the loss-of-coolant accident
analysis (see Section 6.3). The effect of these changes was, in part, a reduction in
the allowable peak linear heat generation rate to a value of 12.1 k ilowatts per foot.
To comply with this limit, the total peaking factor, (F ), must be maintained at or
below 2.15. The power distribution calculations performed by Combustion Engineering
indicate that total peaking factor will not exueed 2.05 under steady-state, unrodded
operating condition. This value is based on a product of the axial and radial peaking
factors of 1.77, an engineering factor of 1.03, a nuclear uncertainty factor of 1.10
and an assumed densification penalty factor of 1.02. Thus we have concluded that the
plant can be operated at steady-state, full power without exceeding the peaking factor
limit. The margin between 2.05 and 7.15 is available to accomodate load following
operations.

A reacter monitoring system, designated the core operating limit supervisory system ,
will be provided to monitor power distributions. This system will utilize the outputs
of the incore detector system and the control element assembly posicion indicating
system to continously monitor the power distributions to ensure that the operating
limit on peak linear heat rate and margin ty departure from nucleate boiling ratio are
maintained. The system will also monitor azimu.hal flux tilts and total power level
and will generate alams if any of these limits are exceeded. The core operating
limit supervisory system functions will te executed in the core monitoring computer; a
second plant computer is available to perfom these ' unctions if the core monitoring
computer is unavailable. The use of incore detectors to monitor power distributions
in System 80 plants is similar in concept to that whicn the staff has approved for use
in previous Combustion Engineering plants. We have reviewed the design information
submitted in CESSAR and are reviewing Topical Report CENPD-169-P " Assessment of the

Accuracy of PWR Operation Limits as Determined by Core Operating Limit Supervisory
System." This report prJvides a system description and the analysis of the errors

associated with the core operating limit supervisory system processing. With the
exception of the generic review matter discussed in Section 7.7, we find the core

xFh=2.28x1.03=2.35F =F

where F is the engineering factor

PLHGR = F x 1.02 x 5.53 = 13.3 kilowatts per foot

Where 1.02 is the power measurenent uncertainty factor and 5.53 kilowatts per foot
is the average linear heat generation rate.

'j gin
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operating limit supervisory rystem acceptable for power distribution monitoring. We
shall conduct a more detailed review of the core operating limit supervisory system
functions during our review for a Final Design Approval with the intent of quantifying
more precisely the accuracy of the processing methods used to produce a measured power
distribution. Until that final review can be completed, we have accepted 10 percent

as a conservative estimate of the error associated within the core operating limit
supervisory system power distribution measurement.

Because of the increased effective diameter of the System 80 tore (143 versus 136
inches for the 3390 themal megawatt plant), the core will be more susceptible to
radial and azimuthal oscillations, t* 4o design objective that the core be stable
to both types of oscillations. Stability calculations based on the oreliminary first
cycle design show that this objective will be met. Combustion Engineer ng will providei

results of final analyses of the first cycle at the Final Design Approval stage of our
review, at which ti:ne the staff will make a final determination of the acceptability
of these analyses.

4.4 Thermal and Hydraulic Cesign

The principal criterion for the thermal-hydraulic design of a reactor is avoidance
of thermally induced fuel damage during normal steady-state operation and during
anticipated operational occurrences. ~he CESSAR uses the following design limits to

satisfy this criterion:

(1) The margin to departure from nucleate boiling will be chosen to provide a 95
percent probability with 95 percent confidence that departure from nucleate
boiling will not occur on a fuel rod having the minimum departure from nucleate
boiling ratio during nomal operation and any anticipated operational occurrence.
The preliminary design used a minimum allowable limit of 1.30 for the departure
from nucleate boiling ratio.

(2) Operating conditions are selected to ensure hydraulic stability within the core,
thereby preventing premature departure from nucleate boiling.

(3) The peak temperature of the fuel wil'. be less than the nelting point (205
degrees centigrade unirradiated and reduced by 32 degrees centigrade per 10,000
megawatt days per metric ton of uranium during normal operation and anticipated
operational occurrences).

The thermal and hydraulic design parameters for the reactor are listed and compared

with those of San Onofre Units 2 and 3 in Table 4.1. The principal differences

include increases in the allowable power, flow rate, inlet temperature, and the
number of fuel asstmblies. Present predictions of the hydraulic characteristics are
based on model tests for other designs. Results of confirmatory flow m'Jel tests for
the System 80 configuration will be submitted in the application for a Finoi Design
Approval.
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Within the core, the fuel assembly array will be changed from 14 x 14 to 16 x 16 fuel
rods of reduced diameter and rod pitch, while the fuel assembly pitch will remain
constant. This change together with the increase i.1 the number of fuel assemblies,
will increase the heat transfer surface area and reduce the peak heat flux and linear
heat rate, thereby increasing the thermal margin for a given core power density.
Further benefits in thermal margin will be obtained by utilizing V-tab mixing grids in
the fuel bundles.

The margin to departure from nucleate boiling at any point in the core is expressed in
terms of the departure from nucleate boiling ratio. The departure from nucleate
boiling ratio is defined as the ratio of the heat flux required to produce departure
from nucleate boiling at the calculated socal coolant conditions to the actual local
heat flux. The departure from nucleate boiling correlation used for the design of
this core is the Westinghouse Electric Corporation W-3 correlation rodified by a
constant multiplier of 1.03. Data in the open literature indicate that 1.03 is a

conservative multiplier for use with tab type grids. Combustion Engineering has
committed to provide a topical report describing the ongoing departure from nucleate
boiling tests. The report is scheduled for issuance by June 1976. Results for full

length uniform and non-uniform axial heat flux departure from nucleate boiling tests
and the statistical data analysis for 16 x 16 fuel geometry and V-tab spacer grids
that acceptably demonstrates compliance with design limit (1), above, will be submitted
in the application for a Final Design Approsal.

The reactor core will be designed using +.hr TORC code, an open core analytical method
based on the COBRA-III-C model. The TORC code solves the conservation equations for
mass, axial and lateral momentum, and energy for a collection of parallel flow channels
that are hydraulically open to each other. The principal revisions to COBRA-III-C

which transpose COBRA-III-C to TORC are sumarized in the CESSAR.

Combustion Engineering has submitted a topical report describing TORC for our review.
This report includes a description of data used to verify the TORC code on a subchannel
basis. Combustion Engineering has also connitted to provid? an additional top * al
report that will use existing or soon-to-be obtained reactor data to verify the TORC

code or, a core-wide basis. This report is scheduled for issuance by June 1976. We

plan to review the topical reports describing the TORC code for adequacy, prior to the
submittal of the CESSAR Final Safety Analysis Report.

Another parameter that influences the themal-hydraulic design of the core is rod-to-
rod bowing within fuel assemblies. The bowing effect is being reviewed generically,
and if rod-to-rod bowing proves to be a significant problem for the 16 x 16 fuel
design, penalties may be imoosed at the operating license stage or our review.

On the basis of our review of the design parameters and limits, the predicted hydraulic
characteristics and Combustion Engineering comitrients to (1) perfom confimatory

-1/ E. R. Rosal, et al . , "High Pressure Rod Bundle DNB Data with Axially Non-
Un' form Heat Flux," Nuclear Engineering and Design, 31, 1974, pp 1-20.
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flow tests. (2) verify the departure from nucleate boiling correlation, (3) demonstrate
corrpliance with the 95/95 departure from nucleate boiling criterion, and (4) verify
the TORC code as discussed above, we conclude that the proposed thennal-bydrau'ic

design, including the design dif ferences between the System 80 design and previous
Combustion Engineering designs, is acceptable.

We will review the Coctustion Engineering topical reports concerning departure from
nucleate boiling and the TORC code and the results of the flow tests when they are
submitted and we will require the thermal-hydraulic analysis to be substantiated by
this additional infomation in the application for Final Design Approval.

), k
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5.0 REACTOR COOLANT SYSTEM

S.1 S un_na ry_

The proposed reactor coolant system will circulate water in a closed cycle, renoving
heat f rom the reactor core and internals and trar.sferring it to the steam generators.

It will include a reactor sessel and two coolant loops, each loop having a steam

generator. Each coolant loop will consist of a hot leg between the reactor vessel
outlet and the steam generator inlet and two cold legs from the steam generator
outlets to the reactor vessel inlet. Each cold leg will contain ' reactor coolant

pump. Coolant systen pressure will be maintained by a pressurizer t . will be

connected to one of the two hot legs. All system components will be located in the
containment building.

The System 80 reactor coolant system design presented in the CESSAR is sim?' c to
that reviewed and approved for San Onofre Units ? and 3; however, it in:1udes the
following significant differences:

(1) Steam generators that incorporate internal economizers and operate
at higher steam terperatures.

(2) A reactor drain tank to receive and condense the pressurizer relie" distharge

ar.d elimination of a separate pressurizer relief tank provided for previvas

plants.

(3) The addition of instrument nozzles to the bottom head of the reactor vessel and
the provisions of guide tubes inside the lower plenum of the reactor vessel to
accomodate bottom entry, moveable in-core neutron flux detectors.

(4) A larger reactcr vessel and higher coolant flow rate required by the increased
nunber of fuel elements and higher power level.

5.2 Integrity of the Reactor Coolant Pressure Coundary
5.2.1 Desiqn of Reactor Coolont Pressure Boundary Components

The design loading combinations specified for American Society of Mechanical Engineers
(ASME) Code Class 1 reactor coolant pressure boundary corponents have been appropriately
a tegorized with respect to the plant conditions identified as normal, upset, emergency
or f aulted. The design limits proposed by Combustion Engineering for these plant
conditions are consistent with the recommendations of Regulatory Guide 1.48. Use

of these recorrendations for the desigr, of reactor coolant pressure boundary components

1 q, no
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will provide reasonable assurance that if an earthquake should occur at the site or

if upset, emergency or faulted conditions should develop, the resulting combined
stresses imposed on the system components will not exceed the allowable design stresses
and strain limits for the materials of construction. Limiting the stresses and

strains under such loading combinations provides a basis for the design of the system
components for the most adverse loadings postulated to occur during the service
lifetime without loss of the system's vructural integrity. The design load combina-
tions and associated stress and defonnatien limits specified for ASME Code Class 1
components constitute an acceptable basis for design in satisfying the related require-

ments of the CorTr.ission's General Design Criteria 1, 2 and 4.

5.2.1.1 Compliance With 10 CFR Part 50, Section 50.55a

We have reviewed the information provided in the CESSAR and conclude that pressure-
retaining components of the reactor coolant pressure boundary as defined by the rules
of 10 CFR Part 50, Section 50.55a. have been properly identified in CESSAR Table 5.2-1
and classified as ASME Section III, Code Class 1 components. Combustion Engineering
s ta tc 3 that reactor coolant pressure boundary components will be constructed in
accordr:ce with the requirements of the applicable codes and addenda as specified by
the rules of 10 CFR Part 50, Section 50.55a. In conformance with these requirements,
tha code edition and the applicable addenda for each ASME Section III, Code : lass 1
component will be specified in applications referencing or incorporating the CESSAR
System 80 design.

We conclude that construction of the components of the reactor coolant pressure
boundary in conformance with the ASME code and the Comission's regulations prnvides
adequate assurance that co'rponent quality will be comensurate with the importance of
the safety function of the reactor coolant pressure boundary and is acceptable.

5.2.1.2 Applicable Code Cases

We have reviewed the ASME code cases identified in Table 5.2-6 of the LESSAR. These
requirements will be applied in the construction nt pressure-retaining ASME Section
III, Code Class I compcnents of the reactor coolant pressure. boundary (Quality Group
Classification A). The code caset specified in Table 5.2-6 are in accordance with

tho'e code cases in Reculatory Guides 1.84, " Code Case Acceptability ASME Section III
Design and Fabrication ," and 1.85, " Code Case Acceptability ASME Section III Materials."

We conclude that corrpliance with the requirements of these code cases, in conformance
with the Commission's regulations, will result in a component quality level that is
commensurate with the importance of the safety function of the reactor coolant pressure
boundary and is 6cceptable.

5.2.2 Ogrpressuriz_ation Pro _te_ct ioni

The reactor coolant system design relies upon the combined action of the pressurizer
safety valves, the stea") system safety valves and the reactor protection system for

5-2
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overpressurization p-otection. The System 80 design scope includes the pressurizer
safety valves and the reactor protection system. The design of the steam and
feedwater system piping and valves, including the relief and safety valves to protect
the steam generator shell side against overpressurization, will be provided by users
referencing the CESSAR. The relief requirements for the shell side of th steam

generator that are necessary to protect both the reactor coolant system and the shell
side of the steam generator are soecified in the CESSAR as design interface require-
ments that must be met by the user. This design interface requires a total shell

6side relief flow rate of 19 x 10 pounds per hour, minimum, at valve set pressure.

The overpressurization protection will be designed to limit the reactor coolant sychm
primary and secondary side pressure to less than 110 percent of their respective
design pressures of 2500 and 1512 pounos per square inch, absolute, following a one
hundred percent loss of turbine generator load without a simultaneous reactor trip,
i.e. the reactor is assumed not to trip until it receives a high reactor coolant

system pressure signal. Combustion Engineering has calculated that the maximum
primary side pressure will be approximately 104 percent of the design pressure during
this transient.

The criteria used in developing the design and mounting of ASME Class 1 safety and
relief valves for the System 80 design provides adequate assurance that, under
discharging conditions, the resulting stresses will not exceed the allowable design
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 design of the system components
to withstand these loads without loss of structural integrity and impairment of the
overpressure protection function.

We conclude that the criteria used for the design and installation cf ASME Class 1
overpressure relief devices are con.1 stent with Regulatory Guide 1.67, and constitute
an acceptable design basis in meeting the applicable requirements of the Comission's
General Design Criteria 1, 2, 4, 14 and 15.

5.2.3 Reactor Coolant Pressure Boundary Materials

The construction materials for components of the reactor coolant pressure boundary
will be in conformance with the requirements of Section III of the ASME Boiler and
fressure Vessel Code, including addenda and code cases appropriate to comply with
Appendix A of 10 CFR Part 50. The residual elements (copper, phosphorous, sulfur and
vanadium) in the ferritic material specified for the reactor vessel will be limited
by Cybustion Engineering in order to reduce the effect of irradiation on the
fracture toughness of the materials in the reactor vessel beltline. The predicted
shif t in the referenced nil-ductility temperature is in agreement with the recom-
mendations of Regulatory Guide 1.99, " Effects of Residual Elements on Predicted
Radiation Damage to Reactor Vessel Materials."

. , , , q , f,
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Austenitic stainless steels will be used for construction of pressure-retaining
components in the reactor coolant pressure boundary. Unstabilized auster.itic Types
304 and 316 stainless steel will normally be used. Because these compositions are
susceptible to stress corrosion cracking when exposed to certain environmental
conditions, process controls will be exercised during all stages of component manu-
facturing ar.d reactor construction to avoid sensitization of the materials that could
lead to stress corrosion cracking.

The controls imposed upon components constructed of austenitic stainless steel used
in the reactor coolant pressure boundary conform with the reconmendations of Regula-
tory Guides 1.31, " Control of Stainless Steel Welding,' and 1.44, " Control of the Use
of Sensitized Stainless Steel." Material selection, fabrication practices, and

examination and protection procedures performed in accordance t.ith these reconnerda-
tions provide reasonable assurance that the austenitic stainless steel in the reactor
coolant pressure boundary will be free from hot cracking (microfissures) and in a
metallurgical condition which precludes susceptibility to stress corrosion cracking
during service. Conformance with Regulatory Guides 1.31 and 1.44 constitutes an
acceptable basis for meeting the requirements of General Design Criteria 1 and 14.

The materials of construction of the reactor coolant pressure boundary that will be
exposed to the reactor coolant have been reviewed and all of the materials are
compatible with the expected environment. General corrosion of all materials, except
unc'id carbon and low alloy steel, will be negligible. Conservative cerrosion allow-
ances have been provided for these materials in accordance with the requirements of

Section III of the ASME Code.

The reactor coolant system water chemistry is selected to minimize corrosion. Periodic
analysis of the chemical composition will be performed to verify tnat the coolant
wato quality conforms to the specification. The chemical and volune control system
will provide means for adding chemicals to the coolant to scavenge oxygen and to
control the pH. Hydrazine and hydrogen will be used to scavenge oxygen, and lithium
hydroxide will be used to control pH. The controls imposed on reactor conlant and

auxiliary systems fluid chemistry are in conformance with the reconrendations of
Regulatory Guide 1.44. This conformance provides reasonable assurance that the

reactor coolant pressure boundary components will be adequately protected during
operation from conditions that could lead to stress corrosion of the materials and
loss of structural integrity of a component.

The monitoring instrumentation of the reactor coolant water chemistry will provide
acceptable capability to detect changes on a timely basis to effect corrective
actions before stress corrosion attack occurs at an unacceptable level. The use of

materials of proven performance and in conformance with the reconmendations of
Regulatory Guide 1.44 constitutes an acceptable basis for satisfying the requirements
of the Commission's General Design Criteria 14 and 31.

t n r
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The controls to be imposed on welding preheat temperatures will be in conformance
witn the recocinendations of Regulatory Guide 1.50, " Control or Preheat Ten.perature
for Welding of Low-Alloy Steel." These controls provide reasonable assurance that
cracking of components mode from low alloy steels will not occur during fabrication,
and will minimRe the possibility of subsequent cracking due to residual stresses
being retained in the weldment.

The codes, standards and specifications proposed in CESSAR Section 5.5.2 as the basis

for selecting and fabricating the materials to be used in the Class I components of
the steam generators are acceptable to the staf f. Conformance with the e prcposed

codes constitutes an acceptable basis for meeting the requirements of the Commission's
General Design Criteria 14,15, 31 and 32.

5.2.4 .Frfc.t.re To ghne_ss

We have reviewed the materials selection, toughness requirenents, and materials

testing proposed in the CESSAR to provide assurance thct the ferritic materials used
fcr pressure retaining components of the reactor coolant pressure boundary will have
adequate toughness under test, norral operation, and transient conditions. The
ferritic materials are specified to meet the toughness requirements of the AEME Code
Section III, including Sumer 1972 Addenda. In addition, raterials for the reactor
vessel are specified to meet the additional test requirements and acceptance criteria
of Appendix G of 10 CFR Part 50.

The fracture toughness tests and procedures 2quirti by Section III of the ASME Code
as augmented by Appendix G of 10 CFR rac 50, for the reactor vessel and all pressure
retaining corponents of the reactor ccolant pressure boundary, provide reasonable
assurance that adeQJate safety Sargins agcinst the nossibility of non-ductile behavior
or rapidly propagating fracture can be established during cperating, testing, mainten-
ance, and postulated accident conditions. Conferrance with the code provisions and
Commission regulations constitutes an acceptable basis for satisfying the requirements
of the Comission's Ger.eral Design Criterion 31.

The reactor will be operated in acccrdance with the ASME Code, Section III, including
Sumer 1972 Addenda, and Appendix C of 10 CFR Part 50. This will ninimize the possibil-

ity of " 'ure due to a rapidly propagating crack. Additional conservatism in the
pressure-temperature limits used for Featup, cooldown, testing, and core operation
will be provided because the pressure-temperature limits will be determined assumine
that the beltline region of the reactor vessel has already been irruicted.

The use of Appendix G of the code as a ',uide in establishing safe operating limits
using results o. the fracture toughness tests performed in accordance with the c;de
and the Conmission's regulations, will ensure adequate safety margins during cp2 rating,
testing, naintenance, and postulated accident conditions. Ccnforrance with these code
provisions and the Comission's regulations constitutes an acceptable basis far satisfy-
ing the requirements of the Commissicn's General Design Criterion 31.

* ^ 1Rf5-5 ~?
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The toughness properties of the reactor vessel beltline material will be monitored
throughout service life with a material surveillance program that will meet the
requirements of the American Society for Testing Materials Standard E-184-73. This
program also complies with Appendix H of 10 CFR Part 50, except that specimen holders
will be attached to the t essel cladding. Combustion Engineering has subnitted a
Topical Report, CENPD-155P, "CE Procedure for Design, Fabrication, Installation and
Inspec' ion of Surveillance Specimen Holder Asserblies," dated September 1974 We have

evaluated this report and concluded, based on our evaluation at prcsented in our
letter to Combustion Engineering, dated May 15, 1975, that the procedurf:S for desian,
fabrication, installation and inspection of surveillance specimen holder assemblies
described in this report are a ;ceptable On the basis of the informat'on provided in

CENPD-155P, we conclude that t1e retnod of attaching caosule holders to the vessel
clad is acceptable and results in no degradation of the vessel base m3terial. Recuests
for exenptions from this requirenent of Appendix H of 10 CFR Part 50 will '; considered

on individual plant applicat ons referencing CESSAR.

Changes in the fracture tovahress of raterial in the reactor vessal b,eltline caused by
exposure to neutron radiaticn will be assessed properlv, and adeauate safety marains
against the possibility of vessel failure will be provided if the matarial recuirnmonts
of the above specificatians and regulations are ret. Conformance with these snecifica-
tions and regulations vill ensure that the surveillance program corstitutes an accept-
able basis for monitor ing radiation induced channe; in the fracture touahness of top
reactor vessel nater;al, and will satisfy the reoJire ents of the Co,nission's Gorecal

Design Criterion 31.

The use of controlled corposition material f nr the reactor vessel haltline will

minimize the pa2sibility t at radiatior, will cause strinus degradation of the i nuc h r+s s
properties. In addition, Combustion Engineering has stated ;E3t if the results of

tests indicate that the toughness is not adeouate, the re3c;ce vessel can te arnealed

to re" tore the tougnness to acceptable levels. We concur with this statement.

5.2.5 AJstenitis stainless Steel

The controls to be i posed ucen components ccr.structed on austenitic stainless stoel

used ir, the reactor coolant pressure boundar/ conform with the recommendations of
Regul story Guides 1.31, and 1.44 Materials selection, fabrication practices, oxamina-

tion procedures, and protection procedures performed ir accord 3nce with these recom-

perdations provide reasanable assurance that the austenitic stainless steel in tbo

reactor coolant pressure bou1dary will t e free froa hot cracking (microfissures) and
.n a retallurgical conditio1 which precludes susceptitiility to stress corrosinn

cracking during service. Conformance with these Pequlatery Guides constitutes an
acceptable basis for meeting the requirerents cf the Cornission's Gereral nesian
Criteria 1 and 14

5.2.6 Prp Flywheel

The probability of loss of cu o flywheel i1tegrity will be minimi:nd by the use of
suitable material, adequate design, and inservice inspection. Combustion Enqireorirq
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has stated that the reactor coolant pump flywheel will conform with the recomenda-

tions of Regulatory Guide 1.14, " Reactor Coolant Pump Flywheel Integrity." The use of
suitable material, and adequate design and inservice inspection for the flywheels of
reactor coolant pump motors as recomrended in the CESSAR provides reasonable assurance

that (l) the structural integrity of the flywheels will be adequate tc withstand the
forces imposed in the event of a pump design overspeed transient without loss of
function, and (2) the integrity of the flywheels will be verified periodically, in
service, to assure tnat the soundness of the flywheel nate-tel is naintained at a
level adequate to preclude failure. Conformance with the recomr.endations of Regulatory
Guide 1.14 constitutes an acceptable t; asis for satisfying the requirerents of the

Commission's General Design Criterion 4.

S.2.7 Leab ase D_etection Systeq

Coolant leakage within the primary containrent may be an indication of a small through-
wall flaw in the reactor coolant pressure houndary. Although the design of the leak-
age detection system will be provided in the balance of plant design, the CESSAR
specifies interface requirements for such a system. The CESSAR specifies that the
design of the leakage detection system proposed for detection of leakage to the con-
tainment will include diverse leak detection methods, will nave sufficient sensitivity

to measure stall leaks, will identify the leakage source to the extent practical, and

will be provided with suitable control room alar-s and readouts. These interface

requirerents assure that the leakage detection systems will conform to the recomenda-
tions of Pegulatory Guide 1.45, " Reactor Coolant Pressure Boundary Leakage Detection
Systems." Thus, reasonable assurance is provided that any structural degradation
resulting in leakage during service will be detected in tire to permit corrective
actions. Confornance with the recomendations of Regulatory Guide 1.45 constitutes an
acceptable basis for satisfying the requirements of the Comission's General Design
Criterion 30.

5.2.8 Inservice Inspection Program

To ensure that no releterious defects develop during service, selected welds and weld
heat-affected zones will be inspected periodically. Combustion Engineering has
stated that the design of the reactor ccolant system will incorporate provisions for
access for inservice inspections in accordance with Section XI of the ASME Boiler and

Pressure Vessel Code, and that suitable equipment will be developed to facilitate the
remote inspection of those areas of the reactor vessel not readily accessible to
inspection personnel. The conduct of periodic inspections and hydrostatic testing of
pressure retaining conponents in the reactor coolant pressure boundary in accordance
with the requirements of Section XT sf the ASME Code provides reasonable assurance

tnat evidence of structural degradation er loss of leaktight-integrity occurring
during service will be detected in time to permit corrective action before the safety
function of a corponent is compromised. Conformance with the inservice inspections

required by this code constitutes an acceptable basis for satisfying the requirements
of the Comission's General Design Criterion 32.
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To ensure that no deleterious defects develop during service in ASME Code Class 2

system components, selected welds and weld heat-affected zones will be inspected prior
to reactor startup and periodically throughout the life of the plant. Ccde Class 2
systems and Code Class 3 systems will receive visual inspections while the systecs are
pressurized in order to detect leakage, signs of mechanical or structural distress,
and corrosion. Examples of Code Class 2 systems are residual heat removal systems,
portions of chemical and volume control systems, and those engineered safety features
not part of Code Class 1 systems. Examples of Code Class 3 systems are component
cooling water systens, and portions of the radwaste systems. Combustion Engineering
has stated that the Code Class 2 systems will meet the requirerents of the ASME Code,

Section XI. The requirements for Code Class 2 systems and Code Class 3 systems will
te in conformance with the recoo"endations of Pegulatory Guide 1.51, " Inservice Inspec-
tion of ASME Code Class 2 and 3 Nuclear Power Plant Components." Conformance with the

inservice inspections required by this ASME code and Regulatory Guide 1.51 constitutes
an acceptable basis for satisfying the Connission's General Design Criteria 36, 39,
42, and 45.

5.2.9 Loose Parts Monitor

Occasionally, miscellaneous items such as nuts, bolts, and other snall items have
become loose parts within reactor coolant systems In addition to causing operational

inccnvenience, such loose parts can da age other corponents within the system or be an
indication of undue wear cr vibration. For the past few years we have ree red eacht

dppliCant to initiate a program, or to p3rticipate in an ongoing program, the Gbjec-
tive of which was the development of a functional, Icose parts menitoring 'sstem
within a reasonable period of time. Recently, prototype loose parts monitoring systems
have been develcped and are presently in operation or are being installed at several
plants. The CESSAR has imposed an interfa.e requirement (Section 4.2.4.J) stating
that a loose parts nonitoring systen shall be provided by the balance of plant designs
that reference the CESSAR. We have concluded that this is an acceptable basis for

Preliminary Design Approval.

5.3 Thermal Hydraulic System Desi_gn

The thermal ar,d hydraulic design bases for the reactcr coolant system are discussed in
Section 4.4 of this report.

5.4 bactor Vessel and 3 purtenances

We have reviewed all facters contrit_ ting to the structural integrity of the reactor
.essel, and conclude that there are no special considerations that r:ake it necessary
to consider potential vessel failure in evaluating the consequences of design basis
accidents. TFe bases for car conclusion are that the design, material, fabrication,
inspectico, and qu3lity assurance requirements for tne reactor vessel will conform to
the ASME Code, Section III, including the 1972 s crer Addonda. Also, operatingu

limitations en tercerature and pressure will be established for the plant in accordarce
9- O'
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with Appendix G, " Protection Against Nonductile Failure," of the 1972 Surrer Addenda
of the ASME Code, Secticn III, and fppendix G of 10 CFR Part 50.

The integrity of the reactor vessel is assured because the vessel:

(1) Will be designed and fabricated to the high standards of quality reqJired by the
ASME Code, Section III and pertinent code cases.

(2) Will be made from materials of centrolled and demonstrated high quality.

(3) Will be inspected and tested to provide substantial assurance that the vessel
will not fail because of r;aterial or fabrication deficiencies.

(4) Will be operated under conditions and procedures and with protective devices that
provide assurance that the reactor vessel design conditions will not be exceeded
during normal reactor operaticn or during r! cst. upsets in operation, and that the
vessel will not fail under the conditions of any of the postulated accidents.

(5) Will b subjected to renitcring and periodic insoection to denenstrate that the
high initial quality of the reactor vessel has not deter crated significantly
under the service conditions.

(6) May be annealed to restore the material toughness properties if this becomes
necessary.

The reactor vessel closure studs will be designed and initially inspected in con-

formance with the reccerendations of Pegulatory Guide 1.t5, " Materials and Inspection
for Reactor Vessel Closure Studs." We therefore have concluded that the design of

the studs is acceptable. Inservice inspecticn recuirements for reactor vessel studs
are not within the CESSAR scc;e, but will be provided by the utility-user.

5.5 Components and Subsystem Des _ign

5.5.1 ?eactor Coolant Pu ps

The reactor coolant p;mps will be sized to deliver flow at rates which equal or
exceed the required flow rates under normal and transient ocerating core conditions.
A limit on low reactor ccolant pump flow rate (111,400 gallens per minute) has been
established to assure that specified fuel design limits will not be exceeded.

The four reactor coolant pumps will be vertical, single botton suction, horizontal
discharge, motor-driven centrifugal pumps. The perp impeller will be Feyed and
locked to its shaf t. Pump shaf t alignnent will be n'aintained by a water lubricated
bearing within the pump and by radial and thrust bearings. The pump and rotor shafts
vill be connected by a coupling. Each motor will be provided with an antireverse
rotation device.

,$
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Pump rotational kinetic energy (32,000,000 foot pounds) is to be provided by a flywheel,
in conjunction with the impeller and motor assembly, to provide flow during coastdown
in the event of a loss of pump power. Sufficient kinetic energy will be provided by
the flywheel, impeller and motor assembly when operating at nornal speed to provide
adequate flow during a coastdown event following a loss of pump power while operating
at the normal rotational speed associated with 60 Hertz pump power. An interface
requirement in the CESSAR assures that underfrequency decay rate events cannot result
in a more rapid decrease in reactor coolant flow rate than has been assumed in the
CESSAR System 80 accident analysis.

5.5.2 Steam Generator

The proposed steam generators are vertical shell, U-tube evaporators with an integral
economizer and integral roistere separating equipment. Pot reactor coolant will flow
through the U-tubes, heating and evaporating the feedwater on the shell side to pro-
duce steam. The tube and tube sheet boundary will be designed to prev..it the transfer
of Ec:ivity generated within the reactor core to the steam system. Since the steam
generators will provide a heat sink for the reactor coolant systen, they will be at a
higher elevation than the reactor core. The elevation differenc. will create a natural
circulaticn capability sufficient to remove core decay heat following coastdown of all
reactor coolant pumps.

Criteria 14,15 and 31 of the General Design Criteria require that the reactor coolant
oressure boundary have an ext *erely low probability of abnormal leakage and be designed
with sufficient margin to assure that design conditions will not be exceeded during
normal operation and anticipated opurational occurrences, and that the probability of
rapidly propagating failure of the reactor coolant pressure boundary will be minimized.
The steam generator fonns an important part of the boundary.

We have reviewed the selection of steam gene.. tor materials and the controls which
will be exercised during the fabrication of these components. The steam generators
will be fabricated as ASME Boiler and Pressure Vessel Code Class 1 and 2 components.

The rechanical properties for the materials selected for tre steam generators will

reet ASME Code requirements as stated in Appendix I of Section III and Parts A, B and

C of Section II of the Ccde. Welding procedures and fabrication processes will be
qualified in accordc..ce with the requirenents of Sections III and IX of tha 5Cu Code.

The Class I components of the steam generator will meet the 'racture toughness require-
r ents of applicable Code Addenda, including Article NC-2300, Section III, ASME Code,
Sumner 1972 Addenda and Appendiv G, Paragrapn G-2CCO. Class 2 steam generator materials

will reet the fracture toughness requirerents of applicable Code Addenda, including
Paragraphs NC-2310 and NC-2320, Section III, ASPE code, Sumrer 1572 Addenda.

The procedures for weld-depositing corrosien-resistant cladding on the tube sheet will
be qu)lified according to the requirerents of Article Q-12 of Sectic s IX of the ASME
Code. The Incorel 600 tubes will be expanded for the full depth of t e tube sheet to

avoid the presence o, a deep crevice t:etween the tube and tube sheet ps esuant to the
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1500 pounds of steam with this minimum water volu e ar.d at the same tirme p. ovide an
additional space for 1000 gallons of watcr drainage from the reactor coolant system. A
low oressure nitrogen gas blanket will be r.aintained to exclude oxygen.

The condensing capacity cf the drain tank will be more than the combined total stean
discharge dse to control element asse*bly withdrawal and loss of load transients.

We have reviewed Cortastion Engineering's proposed design of the reactor drain tank
and conclude it is sufficiently large to condense the total steam discharge dJe to cny
anticipated operational occurrence without rupturing the tark's rupture disc. We,

therefore, conclude that the drain tank design is acceptable.

5.54 S_afettfalves

The sprin3 loaded primary safety valvas afil be designed to protect the reactor
coolant system as req; ired by Section III of the ASYE Boiler and Pressure Vesse! Code.
Tne design of the safety valves will be based upon a loss-of-load fron maximur. ex;ected
power level .

In sizir.g the safety valves Corbustion Engineering has assumed that a loss-of-load
will not trio the reactor inrediately, but that a dalayed reactor trip will occur due
to a high pressurizer pressure signal. 50 credit has been taken for the action of the
pressarizer spray, the le:down flow, heat transfer to pressurizer walis, or the
turbine bypass system, but credit was taken for action ' the steam systen safety
valves and the reactor trip caused by the high pressuriz- pressure. The calculated
prinary safety valve flow rate is less than the total rateo capacities of the safety
valves (40,E00 versas 1,500,000 posnds per hour). The large difference in the ficw
rate is due to Co-bustien Engineering's sizing procedure which sizes the safety valves
oased on tu-bine trip without reactor trip. We find the resulting 1,540,000 pounds
per hour total relieving capacity of the safet/ valves suf ficiently conservative and
acceptable.

Plants such as Calvert Cliffs Units 1 and 2 (Cocket Nos. 50-317 and 50-318) utili?e
power operated relief valves to avoid opening of the spring loaded safety valves
following reactor trip. The CESSAR design does rot have power operated relief valves.
Consequently, following a reactor trip, primary system pressure in System 80 plants
night reach the pri ary :arety valve set pressure. However, this will not cause any
undae risk to the primary coolant system as long as the total relieving c3pacity for
the safety valves is adequate to handle the overpressure transient.

The steam system safety valves are not in the CESSAR Systen 80 design scope, but will be
designed by the balance of plant designer cr utility-user who will be required to meet
the System 80 design interface requirerents for safety valve relief pressure and flow
rate. We will review this aspect of the safety valves in applications which reftrr nce

or incorporate the CESSAR System 80 design.
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5.5.5 Residual Heat Removal

Residual heat removal will 5e accomplished by use of the shutdown couling system. The
shutdown cooling system will be used in conjunction with the main steam and the main
and auxiliary feedwater systems to reducc the temperature of the reactor coolant
systen, in post-shutdown periods, from normal operating terperature to the refueling
temperature. The initial phase of the cocidown will be accomplished by heat rejection

from the steam generators to the turb|ne condenser or the atrosphere. After the
reactor coolant temperature and pressure have been reduced to approxinately 350
degrees Fahrenheit and 400 pounds per square inch, absolute, the shutdown cooling
system will be put into operation to reduce the reactor coolant temperature to the

refueling temperature and to maintain this temperature durin7 refueling.

The shutdown cooling system will consist of twJ redunda't loops, each containing a
shutdown cooling heat exchanger, and a ICw-pressure safety injection pump. Three

n o r' 11 1/ closed rotor operated valves in each shutdown cooling suction lire, in
addition to the manual valves, will provide for isolation of the shutdown cooling
system from the reactor coolant system.

During shutdown cooling, a portion of the reactcr coolant will ficw through the
shutdown cooling nozzles located on the hot leg pipes, and will be circulated through
the shutdein cooling beat exchangers by the low-pressure safety injection pumps and
returned to the reactor coolant system thrcugh the four lcw-pressure safety injection
lines. To increase the rate of cocidown daring the latter stages, the containment
spray pumps may te used to assist the low-pressure safety injection pumps in circJlatinQ
the reactor coolant through the shutdown cooling system, provided the reactor coolant
torterature is less than 200 degrees Fahrenheit.

The cooldown rate will norrally be controlled by adjusting flow through the heat
exchangers with throttle valves on the distnarge of each heat exchanger. The flow
controller will maintain a constant totai shutdown cooling flow to the cere by adjusting
the heat exchanger bypass flow to compensate for charges through the heat exchanqers.

We have reviewed the preoosed System 80 shutdown cooling system design find that it
meets the following reauirements: (1) a single rechanical failure will not incapaci-
tate the system; (2) an a;propriate number and arrangement of isolation valves are
provided to prevent overpressurization of the system; and (3) interf ace requirem<
are provided in the CESSAR to ensure that normal plant cooldown operation can be
accomplished from tne ccntrol room ahile experiercing the most limiting single failurm.
We will require the balance of plant designer to supplement the interface requirements
specified in Section 5.1.4.I. Item 7, in /cendment 41 of tne CESFAR as follows: The

atmospheric dump valves associated with a steam generator shall be capable of holding
the plant at hot standby dissipating core decay and reactor coolant pump heat, and
allowing controlled cooldown from hot standby to shutdown cooling system initiation
conditions. This will allow a controlled plant cooldown in the event of a steam line

*> } "?i
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break (which empties one steam generator) concurrent with the single active failure in
the remaining two atmospheric durrp valves. To accomplish the above, each atmospheric
dump valve associated with a single steam generator shall have a saturated steam
capacity of not less than 950,000 pounds per hour at 1000 pounds per square inch,
absolute, assuming a single failure. This interface was contained in Amendment 36 to
the CESSAR, and was found acceptable by the Comission staf f, but was subsequently
modified in the CESSAR. Based on the above, we conclude that the residual heat removal

system described in the CESSAR is acceptable.

5.6 Design Interface Pequirements

The CESSAR specifies design interface requirements that must be ' net by the balance of
plant designer or utility-user in order to assure that the assumptions concerning the
balance of plant, that were made by Comtustion Engineering in its design and evalua-
tion of the CESSAR reac. tor coolant and shutdown cooling systems, are valid and that
the systems will meet their specified functional design requirements.

We have reviewed these interface requirements and conclude that they adequately
specify balance of plant design requirements related to the reactor coolant a .d
shutdown cooling system; therefore, subject to the modification of the atmospheric
steam dump interface, we conclude that they are acceptable.

., ' y t , f. _
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6.0 ENGINEERED SAFETY FEATURES

6.1 General

Engineered safety features is the designation given to those systems which are provided
for the protection of the public and station personnel against the postulated release
to the environment of radicactive products from the nuclear plant, particularly as the
result of a loss-of-coolant accident. This section discusses the energency core
cooling system, the containment isolation system, and the mass and energy releases due
to loss-of-coolint and steam line break accidents that must be used by the balance of
plant designer in establishing the design criteria for the containment structure.

Certain of these systems will have functions for normal plant operation as well as
serving as engineered safety features. Systems and components designated as engincered
safety features will be designed to be capable of assuring safe shut ( ,wn of the reactor
under tne adverse conditions of the various postulated design basis accidents described
in Section 15 of this report. They will be designed, therefore, to seismic Category I
standards and must function even wi*h complete loss of offsite power. Components and
systems will be provided in sufficient redundancy so that a single failure of any
component or system will not result in the loss of the capability to achieve safe
shutdown of the reactor. The instrurentation systems and energency power systems will
be designed to the same seismic and redundancy requirenents as the systems they serve.
These systems are deicribed in SectiCns 7 and 8 of this report.

6.2 Containment 5ystems

The containment systers for a nuclear generating station utilizing the CESSAR System 80
design will include a reactor containment structure, containrent heat renoval system,
containment isolation systen, containment combustible gas control system and con-
tainment leakage testing provisions. Except for a portion of the containment isolation
system, these systems are not within the scope of the CESSAR S)3 tem 80 design; however,
Combustion Engineering nas provided design interfaces required for proper mating of the
CESSAR systems and those provided with the balance of plant design. We reviewed the
interface information contained in the CESSAR and concluded that it provides an
acceptable basis with respect to design requirements imposed on the balance of plant
for the containment systen.

6.2.1 Containment Functional Cesign

The containment building design will be provided by the utility-user in its construc-
tion permit application which incorporates or references the CESSAR. The containment
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structure will provide a inw leakage barrier anJ will enclose the nuclear steam si pply
systen, which includes the reactcr, stear generators, reactcr ccolant pr ps and pr es-
surizer ard certain cor ponents of the plc9t's engineered safety feature and auxiliary

systecs

The CESS AR provides tne r ass anm energy releases that would result frc a spectrun of
less-of-coolant accident treak sizes in the reactor ccolant syster, as well as various
ruptures in the steam system piping. These data raximize thc energy release to the
containn ent as discussed below, and establish tre design requirer.ents (pressure and

temperature) for the containment build;ng for use by the balance of plant designer.
These assurptions are, therefore, different from tn se uscd in the containrent pressure
calculations f or cr ergency ccre cooling syste- evaluations. That is, the energency
core cooling systec calculaticrs are r.a fe conservative bj minimizing ccntair. rent
pressure as discussed in Section 6.2.3 of this report, whereas the analysis of contai -
r ent f unctional design is ra # conservative by :aximizing pressurt. Pass and energy
releases are provided for a spectruo cf prir'ary system break sizes in the cold leg
piping at th- suction ar' discharge sides of the primary (colant pucp, as well as a
spectrun of hot leg toe.k sizes (Tables 6.2.1-7 to 6.2.1-21 inclusive in the CESSAR).
A spectrum of seccod3ry syster ruptures, as a function of power level, are also
prcvided (Tables 6.2.1-22 to 6.2.1-30 inclusive in tne CESSAP). Cased on our evalua-
tien of ccntainment respcnse for reactor plants sir.ilar to the CESSAP Systen E0 design,
we Lelieve that the treak sizes provided will be <ufficient to establish the desijn
basis accident for the containrent. However, if the centainrent pressure analysis
perf orwJ by the balarce of plant cesigner indicates that the r!ost severe break size is
outside the spectrun for which erergy releases base been provided within the CESSAP, we
will require that additional treak sizes te analyzed on an individual plant basis.

Tre cass and er.ergy released to the LCntairrent from a loss-of-coolant accident is
considered in terns of blowdown, refill, reflood, and post-reflood phases The blcw-

down phase of the accident is the tire irr.edidtely following the occurrence Of the
postulated break during which t ^st of the energy contained in the reactor systen,
including the primary coolant, retal and ccre stored erergy is released to the ccn-
tainment. The refill phase is that tire during which the lower reactor vessel plenun
is refilled to the botton ct the core by the ereijency core cooling syster. The
reflood phase is that tir.e Jaring which the core is reflooded to a 10-f oot elevation
and, for cold leg bre:ks, the tirte period during which cost of the secondary energy is
rer oved from the steam generators. The remaininj energy in the secondary systen, along
with decay heat fr0m the reactor core, is released to the containtent during the post-
reflood period. For hot leg breaks the broken piping provides a direct path for fluid
fron the core to travel directly into the containment without passing through the stean
eenerators. Therefore the secondary energy will be removed at a much slower rate.
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The CEFLASH-4 computer code was used by Cortustion Engineering to detemine the mass

and energy addition rates to Qe containrent during the blowdcwn phase of the accident;
this code was found to be acceptable to the staff as indicated in our letter to
Combustion Engineering dated June 13, 1975. To cbtain a ccnservatively high energy
release to the containment during the blowdown phase, Corbustion Engineering has
assumed that the core would remain in nucleate boiling for an extended period of time,
so that the energy release rate from the core wculd be maximized. Uner this assurp-

tion, the core transfers more heat to the containment tnan would be predteted by a
calculation suitable for core heatup and energency core cooling perforrance evaluation.
This additional energy release from the core will increase the calculated centainment
pressure and therefore assures a margin of conservatism in the analysis.

The time delay for the lower pierum to be refilled to the core botton has not been
considered by Combustion Engineering for containrent analysis. Corbustien Engineering
has conservatively assur:ed that the bottom of the core is recovered irrediately af ter
the end of blewdown. Thus the reflocd period begins irrediately af ter the end of
blowdown.

The analysis of the reflood phase of the accident is important with regard to pipe
ruptures of the reactor coolant system cold legs since the steam and entraired liquid
carried out of the core for these break locaticns pass through the steam gererators
ahich constitute an additional energy source. The steam and entraired water leavirg
the core and passing through the steam gererators will be evaporated and/or scerheated

to the terperature of the steam generator seccndary fluid. Tne rate of energy release
to the containment during the reflood phase is proportional to the core flecding rate.
The rupture of the cold leg at the pu p suction results in tre highest na>s flow
through the core, and thus through the stea 3enerators.

Mass and energy release rates during the core reflood phase of the accident, een the
core is re-filling with water, were calculated by Corbustion Engineering using a
hydraulic resistance rodel and an energy balance model. The hydraulic model deter-ines
the core flooding rate. The energy balance rodel calculates the core exit ccnditions

and the energy addition from the steam gereratcr. Tre entrainment fraction is based cn
tre results of the FLECHI (full le", h emergency core he3t transfer) e g erirents whicn
tridicate that the f raction of fl c.i leaving the core during reficod is about 50 percent

of the incoming ficw to the cc v. Liquid entrainment continues until the fuel is

reccsered with water to about the 8-foot elevation, at which tire the fuel clad terpera-

tore t ansient ceases (i .e. , quenching occurs). Cor.bustion Engineering has conserv-
atively assu 3d quenching of the core at the 10-fcot elevaticn for the containment
fs cticnal design calculations.

Cata f rom steam-water mixing tests conducted under joint sponsorsnip of the Corris-
sien and Combustien Engineering are described in Topical Repcrts CENPD-63, "l/5 Scale
Intict Loop Post-LOCA Steam Relief Tests," dated March 1973, and CESPD-101, " Steam-

Water Mixing Test Program Task D, Fomal Report for Task B ard Final Report for tne

i ') i G
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Steam Relief Phases of the T a c Program," dated October 1973. These reports indicate

that mixing will occur in the intact reactor loop between steam and the emergency
core cooling system water. This mixing will act to condense some or all of the steam
flowing to the containnent and result in a lower containment pressure. Combustion
Engireering has conservatively accounted for steam-water mixing only during the early
portion of the reflooding period when the safety injection tarks are in operation.
Subsequent quenching of steam by emergency core cooling system water is not assumed.

The rate of steam flow from the reactor to the containment during the reflooding

period is dependant on the containment pressure. This is because the hydraulic
resistance to steam flow in the reactor loops decreases with containment pressure.

Combustion Engineering has selected a high containment pressure (55 pounds per square
inch, gauge) for analysis of the reflood transient to maximize steam flow to the
containnent. The value of 55 pounds per square inch, gauge was selected to exceed
the maximum containment pressure of any current plant using a reactor system designed
by Combustion Engineering. The mass and energy calculations will, therefore, be
conservative for plants with a calculated containment pressure less than 55 pounds
per square inch, gauge. For any future plants, using the System 80 design, with a
higher calculated pressure than 55 pounds per square inch, gauge, we may require
additicnal analyses.

Combustion Engineering has calculated mass and energy release to the containment
during the reflood phase of the accident using the FLOOD computer code, the same code
as used by th, staff. We have made comparative analyses which indicate equivalent
predictions of energy release. Therefore, we have acceptec' Combustion Engineering's
computer model as a conservative method of analysis for this pla7t.

Conbustion Engineering has included consideration of a possible additional energy
release to the containment during the post-reflood phase of the large break accident.
The post-reflood phase begins af ter the core has been recovered with water. During
this phase, decay heat generation will produce boiling in the core, and a two-phase
mixture of steam and water will exist in the core. The calculations perforred by

Combustion Engineerir.g assumed that this two-phase mixture rises above the core and
enters the steam generatcr. By this process, the rerrainder of the available steam
generator energy is removed by boiling of the water entrained in the two-phase mix-
ture and carried into the containment as steam. In calculating the rate of energy
removed from the steam generatcrs Combustion Engineering has used the maximum steam

flow based on the hydraulic resistance of the system and steam generator heat transfer,
he have reviewed Combustion Engineering's calculational method and conclude that the
energy release to the containment resulting from loss-of-coolant accidents has been
calculated in a conservative nanner.

Combustion Engineering has calculated mass and energy release to the containment that
would result from the postulated failure of a main steam line. Following rupture,

steam will flow into the containment from both steam generators. Flow from the steam
generator in the unbroken loop will be teminated fo' lowing a main steam isolation
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signal and closure of the nain steam isolation valve in each loop. This valve was
assumed to close in 5 seconds, t'A the f!edwater systta was assumed to isolate in
20 seconds follcwing an actuation signa? These assumptions are based on typical
isolation times for pressurized water reactors.

Flashing liquid as well a* heat flow f rom the primary system will cause the steam
generator fluid level to rise iollowing rupture. If steam is forced within the
secondary fluid faster than the steam removal rai., the two-phase level will rise
within the steam generators and flow through the broken steam pipe into the contain-
ment. The maximum energy release to the containment will occur if the two-phase
level remains below the exit pipe so that only steam flows into the containment. For
this condition the r;aximum amount of primary system energy will be utilized in pro-
ducing steam.

Combustion Engineering has calculated the mass and energy release to the containment
using the SGN-III computer code described in Appendix 6B to the CESSAR. This code cal-

culates heat flow from the primary system into the steam generators as well as steam-
water separation within each gener6 tor and entrained liquid carryover out the break.
Corbustion Engineering has corpared the results of the SGN-III code with experimental
test data. These data include blowdown of a simulated steam generator utilizing a
steam separator similar to those to be used in the CESSAR System 80 design. The steam-
water separation model in the SGN-III code was adjusted to yield more conservative
results (higher break quality) than the test data.

Combustion Engineering has also compared the SGN-III code with the test results fror

other experimental facilities, (i.e., the data contained in (1) Battelle Northwest
Laboratory Report BNWL 1463, "Coolint Blowdown Studies of a Reactor Simulator Vessel

Containing a Perforated Sieve Plate Separator,' dated February 1971; (2) General
Electric Topical Rept -t NEDO 10329, " Loss-of-Coolant Accident and Erergency Core
Cooling Models for GE Boiling Water Reactors," dated April 1971; and (3) General
Electric Topical Report APED-4784, " Design and Operating Experience of the ESADA
Vallicitos Experimental Superheat Reactor (EVESR)," dated February 1965). The SGN-
III code in each case predicted conservative results in comparison with the test
data. We therefore conclude that the SGN-III code as used in the CESSAR is a con-
servative method for analysis of secondary system ruptures for the purposes of
containment pressure analysis.

The arount of energy release to the containment from a steam line break varies with
power level and break size. Corbustion Engineering has analyzed spectrums of break
sizes at various power levels. A break area which is 25 percent of the full pipe
cross section at the hot shutdown condition was frund to produce the maximum energy
release the containrent.

Corbustion Engineering's nodel did not include the additional energy release that

would result from feedwater stored in the lines between the isolation valves and the
steam generator inlet nozzles. The design of these lines is provided by the balance
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of plant desi7er and tre length and e r,ergy ccntet ! af vary. Cor t ustion Engineering

has estiuted the rayirun energy release to the containr.ent associ3ted with the fluid

in these lines to te 37 rillion Critish ttcrral units The resulting total encrgy

release of 376.1 millicn Eritish ther':al units fcr the steam line breaL is consider-
ably less than that from the pump suction loss-of-coolant accident which is 495.3
million British thennal units over atout the sre tice period. Certus ticn Engineering
indicates that the rain steam line break will not be the design basis accident f or

the containcent.

For each plant utilizing the CESSAR analysis for nain s tean line breaks, we will
require that suf ficient rargin be dero'strated between the maxirum containrent
pressure and the design pressure to provide for any additicnal energy release from
r ain and auxiliary feedwater cpcration an.' the fluid stored in the feed ater lines,
we will also examine the design of piant dependent components such as isolation
valve closure times and feedwater ein .aipf to determine if they are consistent with
the issumptions of the CESSAR.

Corbustion Ergineering has calculated the rass and energy release to the containrent
for the short tern period following a loss-of-coolant acciJent for use in analysis of
pressure increases in the varicus containrent tuilding cor partments (Tables 6.2.1-31
through 6.2.1-37 in the CESSAR). Typical compartments are the rcactor cavity c 'e'

con partment forced by the steam gererator shield walls. The designs of these compart-
rents will be provided by the user in its application; therefore, the adequacy of these
compartments will te reviewed for each plant utilizing the CESSAR System 80 design.

The CEFLASH-4A code, which we have accepted for e ergency core cooling systen analysis

purposes is used to calculate these mass and energy release rates. Combustion
Enginecring has made further conservatiwe assu ptions which act to maximize the mass
and energy release rates to 'e containment. We conciude that the method described by

Conbustion Engireering will produce conservative m. ass and energy release rates for
subcompartrent analysis. Fr- a particular subcorpartment design, the use of the mass
and energy data prescnted in the CESSAR ray not be apprcpriate. For example, the
subcorpartment design and piping restraints may preclude occurrence of the full size
piping breaks analyzed in the CESSAR. In the event that pipe restraints utilized for
other design features of the balance of plant invalidate the break Eizes and locations
analyzed in the CESSAR, we will require appropriate justification as well as the
associated rass and energy release to be presented in the user's application.

We will require that the methodology for c31culating subcompartment mass and energy
release tre n secondary system ruptures be presented for our review in each user's
application.

6.2.2 .Ccotainment Isolation System

The containment isolation system is designed to isolcte the containnent atmosphere
f rom the outside envirencent under accident conditions. Only those containment
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isolation provisions pertaining to the System 60 systems were evaluated. The detailed
description of isolation provisions for the balance of plant will be supplied in each
user's application. Reactor building penetraticn piping in the Sy; tem 80 systems, up
to and including the external isolation valve, will be designed as seismic Category I
equipment, and will be protected against missiles that could be generated under
acc! dent conditions. Double barrier protection, in the form of closed syster s and
isolation valves, will be provided so that no single f ailure results in loss of
ccntainnent integrity.

Corbustien Engineering initially prnposed that contain ent isolation be actuated on

high containcient pressure only. This containr-ent isolation provision was not accept-

able to us as it did not provide for contair. ment isolatico under all circumstances,

(e.g., snali piping break accidents). We therefore reques ed Corbustion En3;ireering
to justify this design and to present additional in f onration on this subject. Ar e n d-

cent 40 to tt:e CESSAR states that either low pressurizer pressure or high contairrcrt
pressure will initilte centaina nt isolation. This approach provides the required

recundancy and diversity to ensure contairrent iso!ation for the postulatet conditicns.

We therefere conclude that the contain:,ent isclaticn syster design is acceptable.

A ain steam isolaticn sicnal will occur on ccntairrent high pressure or icw stea'

pressure. Follewirg receipt of a containrent isolation sigral, all fluid penetrations

nc required for operation of the engineered safety features equipcert will be iso-

lated. Renotely operated isolation valves will nave position indication in the

tcntrol rcon

he have reviewed that ; ortion of the pec[osed containn r * isolation systom design

within the $ccp cf thc Syster -0 design f or ccr forrance to the Comission's Gener al

Design Criteria 55, 56, and 57 and for the gro<ision for testirs in accordance with

Appendix J of 10 CFR Part 50. We h3ve concluded that the procased Jesign, wnen rated
with a b11ance of plant design that incorporates the design interf ace req;irements

provided in the CESSAR, reets the intent of the Comissicn', General Cesign Criteria
and that tre design will be capable nf being tested in accordance with Appendix J of
10 CFR Part 50. Cr the basis of the review discussed abose, we have concluded th it

th System 80 porticn of the containment isolation syster; design is acceptable.

It e f uel transfer tube closure surrounding t' e transf er tube utilizes bl~nd flange>

fittej with a double 0-ring se.- The trarsfer tute closure is designed to withstand

the forces resulting frcr a safe shutd an earthq;ake. Pricr to returning to rperaticn

after each refueling, the leak tightness of the closure will be tested by pressurization

between the two 0-rings. Durirg our review cf this closure, Cccbustico Ergineering

to^k the Eosition that t9is t ansfer tube is not a piping system penetraticn but is

instead a containcent access port. We agree with Cortasticn Engireering and censider
the fuel trarsftr tube to be a ccntainrent access port and a part of the centainment

in the sare sense tnat the equiprent hatch and perst nnel access parts are part of the

ccntainment. We nave concluded that the desi n reets the intcnt of the CLrrissicn's3

Cencral Design 'ri terion 53 and is acceptable.
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6.2.3 Containment Pressure Response for Energency Core Coolino Evaluation

Appendix K to 10 CFR Part 50 requires that the ef fect of operation of all the contain-

ment installed pressure reducing systems and processes be included in the emergency
core cooling system evaluation. For the purpose of emergency core cooling system
evaluation it is conservative to minimize the . containment pre! are which increases

the resistance to steam flow in the reactor coolant loops and duces the reflood
rate in the core.

Following a loss-of-cou' int accident, the pressure in the containment building will
be increased by the addition of steam and water from the primary reactor system to

the containnent atrcsphere. Subsequently, following the initial blowdown, heat flow

f rom the core, prinary metal structures, and steam generators to the Emergency core
cooling system water, will produce additional steam. This steam together with any
emergency core cooling system water spilled f rom the primary system will flow through

the postulated break and into the containment. This energy will be released to +he

contai, ment during both the blowdown and later emergency core cooling system c;:,o
tional phases; i.e., reflood and post-reflood.

Energy removal occu-s within the containment by several means. Ccndensation on both
the containment walls and internal structures surves as a passive energy heat sink
that becoces effective early in the blowdown transient. Subsequently, the operation
of the containment heat removal systems such as containment sprays and fan coolers
will remove steam from the containment atmosphere. When the steam removal rate

exceeds the rate of steam addition from the primary system, the containcert pressure
will decrease from its r.aximum value.

The emergency core cooling system containment pressure calculations for the CESS AR

5ystei 50 were done using the Coctustion Engineering erergency core cooling system
evaltation model. The Commission staf f reviewed the Corbustion Engineering model and
published a Status Report on October 15, 1974, and amended the Status Report on
November 13, 1974. We concluded that the Corbustion Engineering containment pressure
model was acceptable fcr emergency core cooling system evaluation. We required,
however, that justification of the plant-dependent input parameters used in the analysis
be subnitted for our review of each plant. Therefore, cur conclusion that the

Combustion Engineering containment pressure rodel is acceptable for emergency core
cooling system evaluation is limited to the Preliminary Cesign Approval stage of our
review.

Containment input data were submitted in Amendnent 31 to the CESSAR. Combustion

Engineering included assumpticas for the containment net free volume, passive heat
sinks, and operation of the containment heat renoval systems with regard to the
conservatism for energency core cooling system analysis. Cata for the passive heat
sinks were selected fram a prescription which we reccnrended for construction permit

applications. This prescription has been compiled from measurerents within the

containments of similar nuclear plants, as contained in Branch Technical Position

CSB b-1, " Minimum Containment Pressure Model for FWR ECCS Ferformance Evaluation."
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For each plant referencing the CESSAR emergency core cooling system evaluation, we
will require a comparison of the significant containment parameters with those used
in CESSAR. At the operating licensing stage we will require a comparison of the
containnent passive heat sink assur-ptions used in this analys ,5 to those that exist
in the plant.

We have concluded that the plant-dependent information used for the emergency core
cooling system containment pressure analysis in the CESSAR is reasonably conservative
and, therefore, the calculated containment pressures are in accordance with Appendix K
to 10 CFR Part 50 of the Connission's regulations.

6.3 Emergency Core Cooling System

6.3.1 Design Basis

The basic design and layout of the emergency core cooling system for CESSAR System 80
plants will be functionally similar to that developed for other Combustion Engineering
plants, such as Calvert Cliffs Units 1 and 2 (Docket Nos. 50-317 and 318) and San
Onofre Units 2 and 3 (Docket Nos. 50-361 and 362). The only difference is that Calvert
Cliffs Units 1 and 2 and San Onofre Units 2 and 3 have three high pressure safety
injection pumps (one spare) whereas CESSAR System 80 plants will have two, All three
plants will have two low pressure headers. In CESSAR Systen 80 plants each low pres-
sure safety injection header will feed two cold legs, whereas in Calvert Cliffs Units 1
and 2 and San Onofre Units 2 and 3, each low pressure header feeds all four cold legs.

The emergency core cooling systen will be designed to provide emergency core cooling
for postulated accidents where it is assured that a failure in the reactor coolart

system pipiry results in loss-of-coolant from the system greater than the makeup
capacity of the charging purps. The emergency core cooiing system subsysters to be
provided are of such number, diversity, reliability, and redundancy that no single
f ailure of energency core cooling system equipment occurring during a loss-of-coolant
accident will result in inadeq; ate cooling of the reactor core. Each of the emer-

gency core cooling systen subsysters will be designed to function over a range of
reactor coolant system pipe break sizes, up to and including the flow area associated

with a postulated double-ended break in the largest reactor coolant pipe. The emer-

gtncy core cooling systen will also be designed to protect against stean line break
consequences.

Arendments 31, and 39-42 to the CESSAR presented analyses of the emergency core

cooling systen pursuant to the Final Acceptance Criteria set forth in s 50.46
and Appendix K of 10 CFR Part 50. Our review of the emergency core cooling systen
contained in the CESSAR evaluated (1) the loss-of-coolant accident analysis,
(2) sp3cific areas of rinimum containment pressure, (3) the confonnance with the single
failure criterion, (4) the ef fects of boron precipitation on long tern cooling

capability, and (5) submerged valves within containrent.

, , ,,r 3
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6.3.2 Sy_s t em De s i cn

1he CESSAR Syste 80 cergency core cooling syster will consist of saf ety injection
tanks, a high p ass re injection subsystem, a low pressure injection subsyste: , and a
provision for recirculating flow from the containrent sumps. Initially, recirculation

from the ccntainment sumps (up to two hours after the loss-of-coolant accident) will be
carriej out using high pressure safetv injection pumps, then both high pressure ard Icw
pressure ;afety injection purps will be used to meet the long term cooling require-
r ents. Various corbinations of hese subsysters will assure core cooling for the
cc plete range of costclated break sizes.

In the event of a loss-of-coolant accident, the emergency core cooling system will
operate initially in the injecticn and subseqstotly in the recirculation r 0de. In the

injection rode, high pressure safety injection will be provided by two high pressure
safety injection putps. Eath pump will be sized to deliver saturated water at a rate
suf ficiert to raintain level in the reactor vessel, catching boiloff at the tire the

safety injection systen switches into the recirculation ncde (oct less than 70 r:irutes
af ter the loss-of-ccolant accident), assumirq 25 percent spillage The high pressure

p n s will be required (balance of plant desif interface requirerent) to be supplied
wi th energency power, one pu. , from each of two Jiesel generators. Each of the
injection lines will be provided with a check vilve and a rotcr operated stop valve to
isolate this subsystem from the reac tor coolar t sys ten Open1n1 of these stop valves

will be actuated by the safetj injection actuation signal. The pun ps will take their
suction initially fran the borated water ir. Re refueling water tank and borated water
will be recirculated from the containrent sumps A design requirement of the refueling
water tank will be that it has sufficien capacity for at least 20 minutes of delivery
at the full capacity of all safety injection and containr ent spray pur ps af ter an
accident. When a les level is reached in *Fe refueling water tank, a low level signal
will generate a recirculation actuation signal which will a Jtoratically transfer the
La y suction to tnc containment surps Operatcr action will close the valves at the
outlet of the refueling water tank. In the event the operator fails to close the

valves f rom the refueling water tank, check valves will prevent backflow into the
refueling water tank (see also Section 7.3.2). During the recirculation rGde, the

spray water will be cooled by the shutdown coolinj heat exchangers prior to discnarge
into the containcent. We have reviewed the procedcre for transfer from thf refueling
water tank to recirculation from the containrent surps and found it accept < ble.

Four safety injection tanks, each with a total solur|e of 2:30 cubic feet and each
containing a mininum of 1790 ctbic f eet of borated water, are provided to reflood the
core during the initial stages of a loss-of-coulant accident involving large pipe
breaks. Adequate water will be contained in the tanks to accomplish this function
with one tank discharging through the break. Eacn tank will be connected to one of
the cold legs of the reactor coolant system by a line with two check valves and a
nornally open, rerotely operated isolation valve in series. The safety injection tank
will, therefore, inject water 6utcratically when the pressure in the reactor coolant
system falls below the safety injection tank pressure.

6-10
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During normal cperation, the remotely operated valve will be mair.tained in the rt,

position, and the check valves will prevent high pressure reactor coolant from flowing
into the lower pressure safety injection tanks. In response to our cor ern that them

shutdown cooling system night be exposed to safety injection tank pressures in excess
of the shutdown cooling sys*em design capability, as a result of a single failure or
operator error, Combustion EnV neering nodified its proposed operating procedu- and

design of the safety injection tok isolation to (l) redJCe the safet) injection tank
pressure frca 600 to 400 pounds per square inch, gauge by cperator acticn when reactor
coolant systen presture crops to apprt.* irately 600 pourds per square inch, gauge dJring
cooldcwn, and keep the isolation valve tm meen the safety injection tank end reacter
' colant system cien during reactor shutdown operations until the reactor coolant system.

cressure has been reduced t^ approximately 400 pounds per square irch, gauge, (2)
provide interlocks- that utilize outputs from the preasurizer pressure r"easurement

channels to prevent closure of the safetj injecticn tank isolation valves whenever the

reacter coolant system pressure is abcve 415 pounds per square inch, gaugo; and (3)
provide two fail-closed isolation valves in series in the nitrogen pressurization lines
to the safety injections tanks so that a single failure will not result in an accidental

increase in the pressure cf the safety injectie anks (see also Section 7.6.5). When

the reactor coolant system pressure drops to e;proeir:ately 400 pcunds per square inch,
gauge, the safety injection ta% isolaticn valves will be closed; bcwever, a safety

in ection actuation signal will cause the valve to open. These isolation valves wills

also be interlocked with the pressurizer pressure c.easurer:ent channels to cpen these
valves automatically as reactor coolant pre >sure is increased to SCO pounds per square

inch, gauge d; ring startup. After the valves are cpened, the valve switches will be
locked cpen in the control room, and the valve retor circuit breakers will te racked

out

The low pressure injecticn syster will ccnsist of two pu cs, each rated at 4J00

gallons per minute design capacity ari each required (belance of plant design inter-
face requiremert) to be supplidd with eTerg(rcy power fror separate diesel generators

Fcr the injection acje of c;eration, these purps wi'l also supply bcrated water from
tre refueling water stor.ge tark. Sizing of the low 1ressure safety injection purp!

aill be governed by the snJtdchn Coelirg fancticn.

When essentially all of the water in the ref ueling w3ter s crage tank hu been injacted,

suction for the high pressure pur.cs will autcr atically te tr irsf erred to tre cnntain-
rent sumps for the recirculatico rode of creraticn, and tre icw pressure prps will be
autor atically triped. In the recirculaticn rtCde Of cperaticn, the er:ergency core

cool;ng system will provide long-term core cooling by retirculating the spilled reactcr
ccolant, the injec'ed water, and the containrent spray drairage, collected in the

containnent su"ps, back to tre reactcr.

All of the emergary core cooling subsyste"s will be des igned to accerplish their
functions when operating cn either offsite power or emergercy (cnsite) po.ver. In m

tvent of a loss-of-offsite scwer concurrent witn a single failure in the energency

powe r s upply sys ter, , tre s3fety injection tz oks (which re';uire no electrical power),

<3 /
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plus one high head and one low head injection pump would provide the mintmum required

emergency core cooling flow.

We have examined the information presented by Combustion Engineering concerning the

available net positive suction head for the emergency core cooling system pumps.
Combustion Engineering states that the high and low pressure punps will be located
in safeguards rooms in the lowest level of the auxiliary building. This location
will maximize the available net positive suction head for safe y injection pumps.
We will review each user's application which utilizes the CES. AR System 80 design to
ascertain that the speci'ied interface condition on allowable r.maining head losses are
met. We conclude on this basis that the CESSAR System 80 design meets the intent of
Regulatory Guide 1.1, " Net Positive Suction Head for Emergency Core Cooling and Contain-
ment Heat Removal Pur ps" and is therefore acceptable.

6.3.3 Performance Evaluation

On January 4,1974, the Comission published its decision in the rulemaking pro-
ceeding (Docket No. RM-50-1) concerning acceptance criteria for emergency core cooling
systens for light-water-cooled nuclear power reactors. This decision included the
new amendnent to 10 CFR Part 50 which incorporates the ruling. The new ruling speci-
fied that boiling and pressurized light-water nuclear power reactors fueled with
uranium oxide pellets within cylindrical Zircaloy cladding that are 1 censed af ter
Decerber M,1974 shall be provided wita an emergency coro cooling system which shall
be designed s.ich that its calculated cooling performance following a postulated loss-
of-coolant accident conforms to the criteria set forth in s 50.46, " Acceptance Criteria

for Emergency Core Cooling 5ystems for Light Water Cooled Nuclear Power Reactors" of
10 CFR Part 50. The new criteria include the followirg limits:

(1) The calculated maximum fuel element cladding temperature does not exceed 2200
degrees Fahrenheit.

(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 frcn the chemi' cal reaction of
the cladding with water or steam does not exceed 0.01 tines the hypothetical
amount that would be generated if all of the metal in the cladding surrounding
the fuel, excluding the cladding surrounding the plei an volume, were to react.

(4) Calculated changes in core geccetry are such that the core remains amenable
to cooling.

(5) Af ter any calculated successful initial operation of the emergency core
cooling systen, 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.
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In addition, 5 50.46 states that energancy core cooling system rooling performance
shall be calculated in accordance with an acceptable evaluation model, and shall be
calculated f or a nu2er of postulated loss-of-coolant accidents of dif ferent sizes,

locations, and other properties sufficient to provide assurance that the entire spectrun

of postulated loss-of-coolant accidents is covered. Appendix K, "ECCS Evaluation
Models," of 10 CFR Part 50, seta forth certain required and acceptable features of
evo % tion models.

The eaergency core cooling system analysis in the CESSAR was perfor-ed with an evalu-
ation model which conforrs with Appendix N of 10 CFR 50. Our review of this rodel is

docurented in the follcwing reports: (1) Status Report by the Directorate of Licensing
in the Matter of Corbustion Engineering, Inc. , ECCS Evaluation Model Confort:ance to
10 CFR Part 50, Appendix K, Octcber 1974; (2) S ppler>ent to the Status Report by the
Directorate of Licensing in the Matter of Conbustion Engineering, Inc. , ECCS Evalua''
Model C "ornance to 10 CFR Part 50, Appendix K, November 13, 1974; and (3) NRC Staff

Feview t. the Combustion Engineering ECCS Evaluation Model, Letter to Cor:bustion

Engineering dated June 13, 1975.

The emergency core cooling system analysis submitted in A,endrent 31 to the CESSAR
was performed using the approved Combustion Engir.eering emergency core cooling
analysis evaluation model, except for changes in three areas. Corbus tion Engineering
sutcitted Topical Report CENFD-132, Supplenent 2P, " Calculational Methods for the C-E

Large Break LOCA Evaluation Model" dated July 1975, in support of the three prcposed
model changes. Our le tter of Decerber 9,1975 to Corbustion Engineering presented
the results of our review and tenclusions regarding the prcposed changes. The staff

concluded that the proposed changes in the containment wall noding and injection

section pressure drop were acceptable, but that the proposed mcdification to the

reflood heat transfer coef ficient was not sufficiently justified. Therefore, a

revised er.ergency core cooling systen analysis using the approved value for reflood
heat tra sfer was perforned, and the results of this analysis were subnitted in

Arendrx". 41 to the trSSAR.

Acendc.ent 41 to the CES SAR addresses a spectrum of nine breaks for the loss-of-
coolant from maic, reactor coolant systen pipe ruptures. Included were two analyses

for hot leg anc p wp suction leg large breaks confirning that these breaks are not

liniting. In addition, Arendr-ent 31 to the CESSAR included analyses f or a spectrum

of 4 nali breaks confirming that they are not liniting. The s all break analyses

were perforc;ed using the approved Corbustion Engineering energency core cooling
system evaluation model. The worst break was identified as the dcuble ended guillo-
tire break located in the pump discharge and having a discharge coefficient of 1.0

The following table surrarizes the emergency core cooling system calculation results

for the limiting fuel red at a linear heat generaticn rate of 12.1 kilowatts per

foot, and for the liniting break.

3 - 3 r3
'
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Para eter Value Criterion Limit

feak Clad Ter-per ature, Cegrees f arer.heit 2145 2200

Maximum Lccal Clad Oxidation, Fercent 16.05 17.0

Maximun Core-Wide Clad Oxid3 tion, Percent -0.923 1.0

As indicated by the table, the predicted values for peak clad te ;:erature and local
and core-wide oxidation are below the ccrresponding linits of 22C0 dgrees f arenheit,
17 percent and 1.0 percent as specified in s 50.46 of 10 CFR Part S0.

For calculational flexibility, the initial values used for fuel anJ clad teg erature
in the calculaticn cf axioun local and ccre-wide cla'i exidation were Lased en a peak
linear heat generatics rate of 16.0 kilewatts per foot, ratner than the expected
va lue of 12.1 kilcwatts per foot. The resulting values predicted for local and ccre-
wide clad oxidation nere theref crE ccnserva ti vely hir;h.

The e f f u' cf rod t-ow cn fuel rod tehavior ha; rot been included in the e'eigency
cnre cooling systr analysis for tne CESSAR Syster M design in an explicit canner.
Haweser, prior to issuing an Ocerating Licerse to any plant referercing the CESSAP,
infor ation on rod bow for Co"Lustion Engineer ir; 16 x 16 fuel will tm vailable. This

information will te used to assess the effect c' red toa on e"ergency core cooling
perf or' ance. The np rating technical . cificalico limits est3biisred duringsyste r

tN review of the Finai Safety Analysis Report of uch plant, will include a considera-

ticn of rod buw effects.

" Y O cn our revi W , we ccrclude that the e er r ency core ccoling syster' pe r f c tra nce
1xluded in the C:SE/R ccoforns to the peak clad teierature and raximum oxidatico
and hydro;en gereratico cr,teria uf 5 S0.46(o) of 10 CFR Part 50.

t . 3.1.1 Minir m Containr mt Fressure

The plant-dtpendent f rput para' eters used in the contairrent pressve calculaticns

were su bitted in w endrent 31 to the CESSM . Included was a tabulation of ccntain-
nent rass ar.d energy release values. The p3rreters used for the con :airrent pres-
core calculation were conservatively determined in accordar,ce with ou prescripticn
recorrended for construction per~it applicaticns ccntaincd in the Br.rct Technical

Position CSO 6-1. Inis pre ription was cor piled from r ea u,rements within the cco-

tairrents of similar nuclear plants, wncrein the contairant he3t renoval systen
was a s sured to o; era t e a t r.a ximur, capacity and the spray water and service water

te"reratures were assu~ed to be it their rinimu- cperational values (see also

Secticn 6.2.3).

For each balance of ,lant design utilizina the CESSAR, we will require during the
ccnstruction per.,it or talance of plant review, a cor.parisen of the signi . icant
contairment parareters with those used in the CESSAR energency core cooling systen

7 ', '). G
6-14 LU/

CESSAPs



evaluation. At the operating licensing stage we will require a comparison of the
containrent passive heat sink assumptions used in the CESSAR an31ysis to those that
exist in the plant.

We have concluded that the plant-dependent information used for the emergency core
cooling system containrent pressure analysis in the CESSAR is conservative, and that
the calculated containcent pressures are in conforma <ce with * pendix K to 10 CFR
Part _J.

6.3.3.2 Single Failure Criterion

Combustion En .neering's Topical Report CENPD-123P, " Calculational Methods for the
C-E Large Break LOCA Evaluatior Model,' August 1974, describes an analysis af the
possible single failures that can occur within the emergency core cooling systen,
It was cone.luded that the worst single failure fcr the large brc;k in Ccatastion

Engineering plants was the Icss of one of the low pressure pur>ps. This assunption was

used in the emergency core cooling system evaluation in the CESSAR. Our status report
of October 1974 states that we found Coctustion Engineering's generic evaluation of the
single failure criterien acceptable, but that the satisf action of the sing.e failure

criterion specified in Appendix K to 10 CFR Part 50 should be confirned individually

for each plant. The position concerning single failures for the Systen 80 design
describet a the CESSAR, and our review of this subject is summarized below.

[ach notor operated and air operated valve in the emergency core cooling systen has
teen reviewed to detennine if a single calfunction cf the opcrator will have an

adverse effect on the emergency core cacling system. In each case, the valve us

assured to fail or malfunction to the rest adverse position rather than the ncrna,

failed position. We have concluded that redandancy of systens and/or valves provida

for proper f unctionirg of the erergency core cooling systen, with the qualifications

discussed below.

(1) Safety injection T=- Valves.,o..,

To preclude loss of the safety function prcvided by the safety injection

tanks, electric pcwer will be removed f: om the safety injection tank mctor-

operated isolation valves while the vilves are in the open position. After

each valve is opened, it will be lccred open in the control roon, and the

c:otor's circuit breaker will be ra'.ked out.

We will require that each plant referencing the CESSAR Systen 80 design
include a requireme:t to lock out power to each safety injection tank

isolation valve in the technical specifications of the Final Safety

Analysis Report.

') I1 -
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(2) Mini-flo_w Bypass Valves _
_

In the event of a small break loss-of-coolant accident, the reactor coolant
system pressure could remain relatively high thereby preventing flow in the low
pressure safety injection pumps. If this high pressure is sustained for
suf ficient time, it would result in overh' ating ar d damage to the pumps. Toe

prevent overheating and pump damage, orificed mini flow bypass lines have been
provided which allow a small flow of coolant from he discharge of each low
pressure safety injection pump back to the refuelit g water storage tank. These
mini-flow bypass lines r:ust be cren during the inj< ction phase of a loss-of-
ccolant accident until the reactor coolant system pressure falls below the
shutoff head of the low pressure safety injectiol pur ps . However, these lines
nust be closed to allow isolation of the refueling water storage tank and con-
tainr:ent during recirculation. For this purpo;e, motor operated valves have
been provided in each mini-flow uypass line. lhe. CESSAR inclu b interface

^~ requirerents that the cesign of the mini-flow isolation valve system te such
that any single f ailure would not prevent proper isolation of the refueling
water storage tank during the recirculation mode, or result in loss of emergency
core cooling function during the injection node. These interface requirements
will fom the basis for our review of each utility-user's application. We will
require that these design objectives te confirmed by each plant referencing
CESSAR. -

(3) !Eot_LeLnjection Valves

To prevent boron precipitation dJring long tem Cooling following a loss-of-
~

coolant accident, the CESSAR proposes to supply core flushing by injecting part
of the energency core cooling injection water through the shutdown cooling lines
into the hot legs. We will require confirration that each plant referencing the
CESSAR implenents a hot leg injection systen design such that the single failure
criterion is satisfied. The CESSAP presently includes this requirerent as an
interface item in conformance with our requirerents.

Un the basis of our review, we conclude that the System 80 design as described in
CESSAR is in conformance with the single failure criterion of 10 CFR 50.46. We

will require that each plant referencing CESSAR satisfactorily confirr its design
regarding the safety injection tank isolation valves, the mini-flow bypass valves
and the hot leg injection valves.

6.3.3.3 Boric Acid Concentration Effects During Long Term Cooling

The emergency core cooling system is required to provide adequate cooling for the
reactor core following a loss-of-coolant accident. Long tem residual heat removal
is provided by continuous evaporation of core coolant in the reactor vessel which
may result in high concentration of boric acid and other materials in the vessel. If
the solubility limit is eneeded, precipitation of boric acid will occur resulting in
possible blockage of the coolant flow paths and a degradation in cooling capability.
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To prevent boron precipitation following a loss of coolant accident, the CESSAR
System 80 design includes a rethod of core flushing which utilizes simultaneous hot and
cold leg injection from the high pressure safety injection pumps. This is accomplished
by opening the hot leg injection lines from each high pressure safety injection header
to the shutdown cooling suction lines. Flows will be balanced so that 50 percent of
the high pressure purp flow is r'divered to the hot legs and 50 percent to the cold
legs. Assuming a single failure in one of the high pressure pumps, 50 percent of the
finw from the remaining pump would provide about 75 pounds per second of flow to the
hot legs. We have perforced an independent analysis for a time of 3 hours af ter a
loss-of-coolant accident which indicates that a hot leg injection flow of about 46
pounds per second would be required to r.atch boil of f and provide suf ficient flushing
to prevent baron precipitat.on. Our analysis also indicates that boron precipitation

will not occur prior to 4 hours following a loss-of-coolant accident. Corbustion
Engincering has stated that the low pressure safety injection pumps would be available
to provide additional hot leg injection flow, if required.

The relatively high steam velocities in the hot legs could cause entrainment of
er'ergency core cooling water and irrpair hot leg injection if initiated too early.

The CESSAR proposes to initiate hot leg injection within 90 ninutes after a loss-of-

coolant accident. Ccmbustion Engineering has indicated that steam velocities in the

hot legs will not interfere with energency core cooling injection at this tir;e.
based upon our preliminary independent calculations, we concur with Corbustion

Engineering: however, we will require that the emergency procedures specifying the
initiation of hot leg injection be finalized and be submitted with the application for

Final Design Approval.

On the basis of our review, we conclude that the systen design is acceptable for
preventing excessive boric acid buildup in the reactor vessel, and that the long tern
cooling criterion of 10 CFR 50.46(b) will be satisfied.

6.3.3.4 Subrerced Valves

The CESSAR delineates an interface requirement that states that flooding shall not
preclude minimum acceptable recirculation capability. We find this interface require-

cent acceptable for Preliminary Design Approval. We will review each user's applica-

ticn that references or incorporates the CESSAR to ascertain that the above design
objective har been met.

6.3.3.5 Evaluation Conclusions

Based on our review, we conclude that the emergency core cooling system performance
for the System 80 design described in the CESSAR will conforn to the peak clad tempera-
ture and maximum oxidation and hydrogen generation criteria of 5 50.46(b) of 10 CFR

Part 50, provided that the muimum linear heat gene-ation rate does not exceed 12.1

> ,n,
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kilowatts per foot. In addition, each user's application referencing CESSAR riust also
ccnf orm to the two remaining criteria, i.e. , the raintenance of a coolable georetry end

long tern cocling.

We have reviewed the e;nergency core cooling systen containi"ent pressure analysis in the
CiSSAR, and we conclude that it is in conformance with 5 $0.46 of 10 CFR Part 50. As

noted in Section 6.3.3.1 above, we will require that each user's application referencing

the CESSAR confinn its plant dependent parameter assumptions.

Based on our review of the single failure criterion as it applies to the energency core
cooling system of the CESSAR System 80 design, we conclude that the criterion of
Appendix K of 10 CFR Part 50 will be satisfied provided the requirerents noted in
Section 6.3.3.2 above are rnet regarding confirnation of the operating procedures and
systen design for the safety injection tank isolation valves, the mini-flow isolation

valves and the hot leg 1:jection valves.

We have reviewed the results of analyses and the proposed energency core cooling
systen design with respect to long term cooling and the ef fects of boric acid con-
centration. We conclude that the proposed systen design is acceptable and that the
lcng term s coling criterion of 5 50.46(b) of 10 CFR Part 50 will be satisfied. As

noted in Section 6.3.3.3 above, we will require that rore specific information

regarding the operating procedures designed to prevent boron precipitation be subnitted
with the application for Final Design Approval.

We have reviewed the interface requirenent delineated in the CESSAR regarding the
possible submergence of emergency core cooling systen valves within containment, and

conclude that it is acceptable. We will review each user's application utilizing the
CESSAR to ascertain that this interface requirement is ret.

6.3.4 Tests and Inspections

Section 6.3.4 of the CESSAR statcs that operability of the emergency core cooling
system will be demonstrated by preoperational tests of the system and by conponent
tests in conforrance with Regulatory Guide 1.79, "Preoperational Testing of Emergency
Core Cooling Systens for Pressurize' Water Reactors.' Preoperational tests will

consist of:

(i, Erergency core cooling systen pump net positive suction head tests for the
injection mode.

(2) Net positive suction head tests for the recirculation mode in conjunction
with low pressure safety injection ambient condition recirculating tests.

(3) Ambient condition flow tests for the high pressure safety injection and low
pressure safety injection systens for the injection mode,

it b ,7
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(4) 31nwdown tests at reduced pressure to assure that the safety injection tanks
are capable of flooding the core at the required rate.

(5) Low pressure safety injection artient condition recirculation tests to
demonstrate the ability of the low pressure safety injection purps to
cperate taking suction along the recirculating flow path.

(6) Tests to show the ability of the emergency core' cooling system to transfer
from the injection node to the recirculation mode.

(7) Tests to show the operability of the check valves along the safety injection
discharge path at operating temperatures.

Combustion Engineering initially stated that preoperational net pcsitive suction
head tests for the recirculation mode were impractical due to a lack of a source of

water to supply the containnent sumps. Corbustion Engineering has modified the
CESSAR to state that tests would be perforr.ed in confornance with the guidance of
Regulatory Guide 1.79, and that the t.ests would deronstrate the ability cf the
ecergency core cooling systen to transfer f rom the injection node to the recircula-
tion rode.

Corponent tests will be perforced to verify power operation of the safety injection
cor ponen ts . Inservice testing for all Class 2 and 3 purps, and Class 1, 2 and 3
valves will be in accordance with the ASPE Code, Section XI Sumrer 1973 Addenda,
Subsections IWP, and IWV, respectively. The tests include cycling of all check
valves to ensure proper cperation and checking of instrumentation channelt vital to
the emergency core cooling system operation. Conformance with the above code

requirerents constitutes an acceptable basis for sa'.isfying the applicable portions
of the Corunission's General Design Criteria 37, 40, 43 and 46.

We have reviewed the energency core cooling system test program described in the
CESSAR and have concluded that it will adequately denenstrate the operability of the
energency core cooling system and is acceptable. We have also reviewed the proposed
design and have concluded that adequate consideration has been given to design
features that perrit the system and components to be tested.

6.3.5 Design Interface Pequire~ent for the Ealance of Plant

The CESSAR specifies design interf ace requirentnts for the balance of plant design
to assure that the assun.ptions concerning the balance of plant design that were made
by Cor.bustion Engineering in its design and evaluation of the CESSAR energency core
cooling system are valid, and that the energency core cooling system will reet its
functional design requirenents.

l. 9Id
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We have reviewed these interface requirerents and cc.1clude that they adequately

specify the balance of plant design requirements related to the emergency core
cooling system and that they are acceptable.

These inte-face requirements will fonn the basis for our review of each utility-
user's application that utilizes the CESSAR. Users that reference the CESSAR will be
required tc meet all of the ,e specified interfm .e requirerents.

6.4 Engineered Safe,ty Feature Materials

The mechanical properties of materials selected for tee engineered safety features
will satisfy Appendix I of Section III of the ASME Codo, or Parts A, B, and C of
Section II of the code, and the staff position that the yield strength of cold
stainless steels shall be less than 90,000 pounds per square inch. We will require
that interface requirenents be included that assurg that the controls on the hydrogen
ion concentration of the reactor containment sprays following a postulated loss-of-
coolant accident satisfy the staff position that the hydrogen ion concentration
of the spray be adequate to ensure freedom from stress corrosion cracking of the
austenitic stainless steel components and welds of the emergency core cooling systens

throughout the duration of the postulated accident to completion of cleanup. The
controls on the use and fabrication of the austenitic stainless steel in the CESSAR
satisfy the reconnendations of Regulatory Guides 1.31 and 1.44. Fabrication and
heat treatrent practices that will be performed in accordance with these requirerents

provide added assurance that stress corrosion cracking will not occur during the
postulated accident time interval.

Conformance with the above codes, Regulatory Guide recorriendations and staf f posi-
tions on the allowable maximum yield strength of cold worked austenitic stainless
steel, and the allowable range of the hydrogen ion concentration of the containment
sprays constitutes an acceptable bas;s for meeting one requirements of the Comnis-
sion's General Design Criteria 35, 38, and 41.

') iE,
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7.0 INSTRUMENTATION AND CONTROL

7.1 General

The Commission's General Design Criteria, the Institute of Electrical and Electronics
Engineer (IEEE) Standards including IEEE Std 279-1971 " Criteria for orotection Systems
for Nuclear Power Generating Stations" applicable Regulatory Guides for power reactcrs,
and staff technical positions roted in Table 7-1 of the Connission's Standard Review
Plan hava been utilized as the bases for evcluating the adequacy of the protection and
control systems. This safety evaluation report reflects the results of our review of
the CESSAR through Amendnent 44. Specific documents employed in the review are listed
in Appendix B of this report.

We have reviewed the interface information provided in the CESSAR for the instrumenta-
tion and controls associated with the prcposed design. We have found that the inter-
face information and criteria contained in the CESSAR, as eupplemented with interface
requirements included in this report, provide reasonable assurance that the balance
of plant design can be accomplished in a ranner that will validate the assumptions in
Section 15 of the CESSAR. Based on the above, we conclude that the instrumentation
and control systems specified in the CESSAR can be implemented in an acceptable manner.

The sections that follow provide additional interface inforration to that of the CESSAR
thdt we have identified, and the interface acceptance criteria are listed in Table 7-1
of this report for specific CESSAR systems. We will review the implementation of each
interface requirement specified in the CESSAR and in Table 7-1 of this report during
our review of each user's application that references the CESSAR to ascertain that
these requirements are satisfied.

7.2 Reac.or Trip System

The reactor trip system of the CESSAR will consist of four redundant and independent
pro:ection channels for each reactor trip output. Each channel will provide three
inpu s into three of six independent ;ogic matrices representing all possible two-out-
of # cur trip combinations for the four protection channels. The six logic matrices
proside four redundant and independent trip paths, such that each logic matrix can
interrupt each of the four trip paths. Thus, a trip output from any one of the six
logic matrices interrupts power to the control rod power supply breakers causing
insertion of all rods.

The fcllowing trip inputs are part of the reactor trip systen:
- .!

,_
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(1) High linear power level

(2) High lcgarithnic po'.;er level

(3) High Iccal power density

(4) Low departure from nucleate boiling ratio

(5) High pre 3urizer pressure

(6) Low pressurizer pressure

(7) Stean generator 1 water level low

(8) Steam generator 1 pressure low

(9) Steam generator 1 water level high

(10) Steam generator 2 water level low

(11) Steam generator 2 pressure low

(12) Steam generator 2 water level high

(13) High containment pressure

The following sections address the problem areas revealed during our review, and their
resclutions.

7.2.1 Computer Protection System

Combustion Engineering initially proposed the use of computer-based systems for
implementing the high local power density and low departure from nucleate boiling
ratio trip functions. The proposed computer protection system will consist of four
redundant digital corputers, identified as core protection calculators. They will
acquire data from plant process sensors and from two redundant computer-based con-
trol element assembly calculators which will provide each core protection calculator
with control rod position deviation information. Each core protection calculator
will provide trip inputs to one of the four redundant and independent reactor trip
systen channels when the trip setpoints for high local power density and/or low
departure from nucleate boiling ratio are exceeded. The hardware configuration
block diagram in Figure 7-1 of this report depicts functionally the.sccpe of the
core protection calculator including its interactions with the reactor trip system,
the conputer-based core operating limit supervisory system and the plant computer.

'
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The core operating limit supervisory system will be utilized to assure that the
operator maintains the reactor within the conditions assumed in the safety analysis
(also see Sections 4.3, 7.7 and 15.3 for discussion of core operating limit super-
visory system).

Our review of the coc Duter protection system identified many areas both for the hard-
ware and software which recuire in depth review, We al'a noted that the core protec-

tion system presented in the CESSAR is identical to that of the Arkansas Nuclear One,
Unit 2 (Docket No. 50-368) currently undergoing review for an operating license.
Following discussions with the staff, Combustion Engineering documented in the CESSAR
that the computer protection system of System S0 will be considered as an item of
research and development for which the d2 sign will be pursued on the Arkansas Nuclear
Cre, Unit 2 application. Also, Combustion Engineering indicated that in the event the
develerncnt progran results prove to be unacceptable tn the staff, an alternate design
such as that provided for this function en the St. Lucie Unit I facility (Docket No.
50-335) which has been reviewed and approved, will be substituted.

With regard to the St. Lucie Unit 1 backup design, the Conmission staff has reviewed
and found acceptable the rea: tor trip system for this facility. Since the analog
portion of the reactor trip systen proposed in the CESSAR is compatible with that of
St. Lucie Unit 1, it is our judgment that the St. Lucie Unit I reactor tcip systen
design can satisfactorily be implemented as the backup design for CESSAR System 50
Cesign insofar as it relates to the electrical, 'nstrumentation and contral aspects
of the design.

We conclude that the conmitnent to make the ccmputer protection systen an item of
research and development and to prcvide a backup design is acceptable and satisfies
our present evaluation requirements. The review of the compJter protection system is

being accomplished on a generic basis, using the Arkansas E clear One, Unit 2 final
core protection system design as the base. The results of our review of the core

protection system will be reported prior to or in the Safety Evaluation pecor; for

Arkansas Nuclear One, Unit 2 which is scheduled to be issued in mid-1976. Thus, a

re_alution to this issue will be available well before the CESSAR Systen 80 Final
Oesign Approval application is received.

7.2.2 Equipment Protection Trips

Combustion Engineering identified the loss-of-laad trip and its bypass, and high steam
generator water level . reactor trip functions as being required for equipment protec-
tion and not for plant safety. Combustion Engineering indicated that because no

credit is taken for these functions in the safety analysis, these trips do not have to

satisfy IEEE Std 279-1971. We advised Corbustion Engineering that the introduction of
any trip into the reactor trip system should t;e accomplished in a marner that will

not degrade the reactor system, and that we require that the loss-of-load trip and

bypass and the high steam generator water level trip be designed to satisfy IEEE

Std 279-1971. Combustion Engineering has documented in the CESSAR that the high steam
generator level trip will conform with our position and it is, therefore, acceptable.

7-5
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With regard to the loss of load trip and bypass, Combustion Engir.eering had agreed to
desi n the trip to satisfy IEEE Std 279-1971 except for the seismic qualification of3

the channel sensors. The loss of load trip bypass would not meet IEEE Std 279-1971.
As the sensors will be located in the non-seismic Category I turbine area and their
failure could not degrade the reactor trip system, we consider the excertion to
seismically qualifying the lo s-of-load trip ser. sors acceptable. Requests for exemp-
tion from the requirement to conform to IEEE Standard 279 will be considered in appli-
cations referencing the CESSAR. Concerning the loss-of-load trip bypass, we advised
Comoustion Engineering that the proposed single bypass to inhibit the four trip chcnnels
wuuld compromise the independence of the ret. e trip system and that the design was
unacceptable. We informed Combustion Engineering that we would require that either
(1) the loss-of-load trip be deleted, oc (2) the bypass feature be removed, or (3) an
alternate design be subnitted for our review which would maintain the inherent
independence of the reactor trip system channels. Combustion Engineerina has sub-
sequently elected to' delete the loss-of-load trip and bypass. We consider this
accepta bl e.

7.2.3 Interface Requirements

Our review of the reactor-trip systen revealed the following additional interface
requirerrents that will need to te satisfied in the balance of plant design:

(1) Four physically and electrically independent 125 volt direct current sources
shall be supplied for the react R trip breakers.

(2) Each source of auxiliary alternating current pcwer and standby onsite p>er shall
be physically and electrically independent as required by General Desian Cri-
terion 17.

(3) The balance-of-plant design shall satisfy all the interface requirements listed
for the reactor trip system in Table 7-1 of this recort.

7.2.4 Conclusions

We reviewed the reactor trip system description, includina functional logic diagrams,
testing capabilities, control of bypasses, interface requirerents, Cor:bustion Fraineer-

irg's proposed design criteria and design bases, and Combustion Engineering's analysis
of the adequacy of those criteria and bases.

In applications referencing the CESSAR and having a balar.ce of plant design for the
reactor trip system that satisfies the interface recuire ents stated in Section 7.2.3

abOve, there is reasonable assurance that the reactor trip design cronosed in the

CESSAR will satisfy the Connission's requirements stated in Section 7.1 of this report.

On the basis of our review, and the interface requirerents specified in the CESSAR,

dnj 3s supplemented by this report, we have concluded that the reactor trio system can
meet the Comnission's requirements and is acceptable.
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7.3 Engineered Safety Feitures Actuation Systems

The engineered safety feature systems are initiated and controlled by the engineered
safety feature actuation systems. Each actuation system is identical except for the
input parameters and includes four redundant and independent protection channels per
trip input. Each actuation system logic is configured in the same manner as for the
reactor trip system with the four trip path outputs arranged into two independent,
selective, two-out-of-four coincidence logics, each logic serving one redundant group
of engineered safety feature equipment.

Engineered safety feature system actuation signals and associated trip inputs identi-
fied in CESSAR are as follows:

(1) Containcrent isolation actuation signal; high containment piessure, or low pres-
surizer prescure

(2) Safety injection actuation signal; low pressurizer pressure, or high containmnnt
pressure

(3) Containnent spray actuation signal; high-high containment pressure and (a) low
pressurizer pressure, or (b) high containment pressure

(4) Main steam isolation sigr.al; low pressure in either of the tw^ steam generators,
or high contain ent pressure

(5) Recirculation actuation signal; low refueling tank water level

(6) Emergency feedwater actuation signal; the trip inputs associated with this
actuation signal will be supplied in the balance of plant design.

The only engineered safety feature system actuated by the actuation systems within the
System 80 scooe of design is the emergency core cooling system. Thus, design com-
patibility could only be established between the actuated emergency core cooling
system and actuating safety injection actuation signal and recirculation actuation
system. ThE energency feedwater system actuation signal as well as the actuated
systems are outside the System 80 design scope and they will be evaluated during the
review of user's applications referencing System 80. The remaining containment iso-
'ation actuation signal, containment spray actuation signal and main steam isolation
signal have been evaluated on the basis that the actuated engineered safety feature
system is composed of two redundant and independent trains of components and systems
configured as required so the system safety function can be accomplished, assuming a
single failure.

') 11T i n
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The following sections address the problem areas revealed during our re',iew and the
resolutions concerning them.

7.3.1 Steam Line Break Isolation

In the analysis of the steam line break accident inside the Containment, Combustion
Engineering takes credit for the termination of main feedwater flow to the affected

steam generator and the timely isolation of the intact stean generator. Those two

actions are accomplished by the main steam isolation system which effects the closure
of the main steam and feedwater isolation valves.

Our revicw of the typical preliminary design revealed that assumptions rade in this
accident analysis wuuld be invalidated by a single failure in the main fcedwater
isolation valves. Cortustion Engineering subsecuently documented in CESSAR an inter-
f ace requirement that specifies two isolation valves in series in each of the main

feedwater lines to assure the termination of naln feedwater flow when required, assun-

ing a single failure. With this interface and based on oJr review Of the Systen CD
design in this regard, there is reasonable assurance that the instrumentation, control

and electrical e ment associated with the main feedwater line isolation valves cans

be desigred to satisfy the Connission's requirements and, therefore, is acceptable.

With regard to the isolation of the intact steam generator at the stean side, our
review revealed two areas of concern in the event of a steam lire break inside the
containment:

(1) ComDustion Engineering has indicated that credit is taken for the closure of all
steam paths downstream of the rain steam isolation valve wFen a single failure
prevents the closure of the main steam isolation valve or the main cam isola-
tion valve bypass in the intact line fron the steam generator. Since the steam
line break is considered one of the major de ign basis accidents, either the
consequences of this accident must be demonstrated to b; acceptable, or the

structures, systems, and components provided to make the ccnsequences acceptable
sh311 be designed to conforn with the regairements set forth in Appendix A of
10 CF R Part 59 and Appendix A of 10 CFR Part 1C0. The balance of plant design
shall either de onstrate that the consequences of two steam generators blowing
down are acceptable, or provide a design which meets the single failure criterion.
Based on this interface require ent and our review of the CESSAR, there is rea-
sonable assurance that the instrumentation, control and electrical equipnent
associated with the isolation of all steam paths downstream of the main steam
isolation valves can be na1e to satisfy the Conrissicn's requirerents, and
therefore is acceptable.

(2) The System 80 design requires that each steam generator be provided with c.o air-
operated atrcspheric dump valves arranged in parallel and located between the
steam generator and the nain steam isolation valve. It is our concern that in

the event of a stean line break accident inside the containnent, a single fail-
ure causing either of these valvcs to cpen or preventing one of them in the
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line from the intact steam generator from closing ,ould result in the blowing
vown of both steam generators. It is our position that the balance of plant
design shall satisfy the interface requirement to demonstrate that the conse-
quences of a steam line break with a f ailure of either atmospheric dump valve are
acceptable, or provide a design which meets the single failure criterion and
sacisfies the Connission's requirements. In addition, the balance of plant

design shall satisfy all the interface criteria listed for the main steam iso-

lation system in Table 7-1 of this report. With these interface requirements and
based on our review of the System 80 design in this regard, there is reasonable
assurance tha' the instrumentatior., control and electrical equiprent associated

with the atmospheric dump valve can be made to satisfy the Commission's require-
ments and, therefore, it is acceptable.

7.3.2 E_efueling Water Tank Isolation During Recirculation Mode

Changeover fron injection to the recirculation mode .of operation following a loss-of-
coolant accident is accomplished automatically except for operation of the refueling
water tank outlet valves which require cperator action to close. de discussed the

possibility with Corbustion Engineering that adninistrative errors may result 'a
leaving these valves open and lead to possible degradation of enercency core cooling
system pump performance and loss of suction. Conbustion Engineering has specified an
interface requirenent that locates the refueling water tank piping connection tu the
containnent sump piping at an elevation with respect to the sump which would make the
consequences of leaving refueling water tank isolation valves open acceptable.

It is Combustion Enginee'ing's cor.tention that with this interface, there is no need
to close the refueling water tank isolation valves during the recirculation mode of
operation to maintain the performance of the energency core cooling system pumps. We
conclude that this interface requirement provides the isolation needed to protect the

energency core cooling system pumps during the recirculation node of cperation and is
acceptable. (See, also Section 6.3.2)

7.3.3 Actuation System logic Power Supolies

There are two independe6t, selective two-out-of-four coincidence actuation system
logics per engineered safety features system actuated. Each actuation logic serves
are redundant group of engineered safety features equipnent and is powered from four
independent vital power supplies. Our review of the power supplies far the actuation
logics revealed that the power supplies were interconnected in the actuation logic
system, and that the redundant actuation logic systems were both powered from the same
power sources. It was our concern that a single failure could compromise the indepen-
dence of the vital power supplies and could result in loss of all engineered safety
features actuation and protection functions.

>:I
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We, therefore, required Combustion Engineering to modify the design so that the four
independent vital power supplies will be connected in a manner so as not to negate the
it. dependence of the redundant engineered safety features actuation systems and the
vital power supplies. Combustion Engineering modified the design in Amendme 44 to
the CESSAR in a manner which preserves the required independence, and is therefore
acceptable.

7.3.4 Other Interface Requirements

Our review of the engineered safety feature systems revealed the following additional ~
interface requirements that shall be satisfied in the balance of plant design:

(1) The power connections to the motor-operated valves located in the redundant high
pressure hot leg injection lines shall be made to satisfy the single failure

criterion. This requirement shall be satisfied both while providing the cap-

ability of achieving hot leg injection and while preventing the initiation of hot

leg injection flow during the short term cooling period (established in the
accident analysis) immediately following a loss-of-coolant accident.

(2) The power connections to the isolation valves in the safety injection and spray
pump recirculation lines to the refueling water tank shall be made to satisfy the
single failure criterion. This requirement shall be sat:sfied both while pro-

viding for recirculation flow when required and while preventing liquid from the

containment sump to enter the refueling water tank during the recirculation mode
of operation following a loss-of-ccolant accident.

(3) Each source of auxiliary alternating current and standby onsite power shall be
physically and electrically independent as required by General Design Criter hn 17.

(4) The balance of plant design shall satisfy cil the interface acceptance criteria
listed for the engineered safety feature systems in Table 7-1 of this report.

7.3.5 Conclusions

We revieued the engineered safety features actuation system as discussed above. Our
review entailed the descriptive information which included functional logic diagrams,

testing capabilities, control of bypasses, interface requirements, Combusticn Engi-
neering's proposed design criteria and design bases and Combustion Engineering's
analysis of the adequacy of those criteria and bases. In applications referencing the
CESSAR and having a balance of plant design for the engineered safety features actu-
ation systen that satisfy the interface requirements stated in the CESSAR and in
Sections 7.3.1 and 7.3.4 above, there is reasonable assurance that the engineered
safety features actuation systen design proposed in the CESSAR will satisfy the Com-
mission's requirements stated in Section 7.1 of this report.

'i O 7,-
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On the basis of our review and the interface requirements specified in the CESSAR and

in this report, we have concluded that the engineered safety features actuation system
can meet the Commission's requirements and are acceptable.

7.4 Systems Requir ed for Safe Shutdown

Systems identified in the CESSAR as being required for safe shutdown are: emergency
power system, nuclear service water system, component cooling water system, emergency
feedwater sy5 tem, atmospheric dump system. :hutdown cooling system, and chemical and

volune control system (boron addition portion). The last two systems are within the
System 80 design scope. The remaining systems will be evaluated during the review of
user applications referencing System 80. Also, CESSAR identifies the instrumentation
and control from Systen 80 that will be utilized, in conjunction with balance of plant
design provisions (to be described in specific user applications) to place and keep
the plant in a safe shutdown condition in the event that access to the main control

room is restricted or lost.

The following sections address the problen areas revealed during our review and their
resolutions.

7.4.1 Shutdown Coolina System

Two redundant and independent shutdowa cooling system suction lines are utilized to
remove residual heat from the core. Each line has three notor-operated valves arranged
in series with two valves located inside and cne outside the containment. Consistent
with satisfying the requirements of General Design Criterion 34, the design of these
valves must meet the single failure criterion. This requirement n st be satisfied

both while providing the caDability of achieving cold shutdown from he control room
and while preventing overpressurization of the shutdown cooling system. The instru-
mentation, control and electrical equipment pertaining to these valves must be designed
to ccnfom with IEEE Std 279-1971 and IEEE Std 308-1971.

Our review of the design revealed that the shutdown cooling system did not satisfy
General Design Criterion 34, in the event of a single electrical failure in the shut-
down cooling system suction line motor-operated valves. Also, the design did not
satisfy the staff's postion with regard to achieving cold shutdown from the control
roon. Combustion Engineering arrinded the CESSAR with a design that conforms with our
requirements and we conclude that the propoad design is acceptable.

7.4.2 Interface Requirements

Our review of the systems required for safe shutdown reveale. the following additional
interface requirements that shall be satisfied in the bala me of plant design.

(1) The power connections to the shutdown cooling system suction line motor-operated

valves shall be made to satisfy the single failure criterion. This requirement
-'l

' ,ae)

(007-11 '-

CESSAR



shall be satisfied both while providing the capability of achieving cold shutdown
from the control room and while preventing overpressurization of the shutdown
cooling system.

(2) Provisions shall be nade to accomplish residual heat removal through the atmo-
spheric du p valves from the control room.

(3) The balance of plant design shall satisfy all tre interface acceptance criteria
lic ed for the systens required for safe shutdawn in Table 7-1 of this report.

7.4.3 Conclusion

We reviewed the descriptive information pertaining to the systems required for safe
shJtdown including the interface design requirenents for those balance of plant systers
tc Le described in applications referencing CESSAR. Also, e Wiewed the design

features proposed in CESSAR for accorplishing safe sFutdown of the plant from outside
the rain control room. The review included functional logic diar: rams, interface

requirements, Corbustion Engineering's proposed design criteria and design tases, and
Cc"tustion Engineering's analysis of the adequacy of those criteria and bases. In
sDecific applicaticns referencing CESSAR System 80, with the balance of plant design
for the systcrs required for safe shutdcwn satisfying tne interface requirenents
stated in Secticn 7.4.2 aba e, there is reasonable assurance tnat the proposed designs

for systems required for safe shutdown in CESSAR System 80 could te made to satisfy
the Connission's requirements stated in Section 7.1 of this report-

On the basis of our review and the interface requirements specified in the CESSAR and

this report we have Concluded that the instrumentation and controls designs for the
systems required for safe shutdown of the plant neet the Comission's require ents
and are accept 3ble.

7.5 Safet <-Pelated Display Instru entatico

Our review of tre safety-related display instrunentaticn included the nnni toring of
the re3cto- trip system, engineercd safety features and post-accident information.
Our review of the informaticn pertaining to the control element assembly position
indication will be coordinated with review of the corputer protection sys''n (Section

7.2.1). As stated previously in the event that the com uter protection systen is
found to be unacceptable, the St. Lucie Uni + 1 E V:up design will be substituted. The
St. Lucie design provides two indepe.. dent control element assembly position indications
Wa conclude that this will satisfy our requirements and is acceptable. The design of
the autor3 tic bypass indication of a protective action at tFe systen Icuel is outside
the design scope of Systen E3 and will be evaluated durirg the review of each user's
application using the recorrvrdations of Regulatory Guide 1.47, " Bypassed and Inoperable
Status Indication for Nuclear Plant Safety _jstems" as the basis for evaluating tne

adec ry of the indication system.
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We reviewed the design description, Corbustion Enqineering's orocosed desian criteria,
Corbustion Engineering's analysis of tre adequacy of those criteria, and interface
requ i rement s . We further will review each user's apoliCation referencinq CESSAP Svsten
80 to determine that Regulatory Guide 1.47 has been satisfied as an interface require-
cent as well ac the interf ace criteria listed for the post accident monitorira syste1

in Table 7-1 of this report. Meeting these reau.irements provides reascrable assurance
that the proposed safety-related display instrumentation in the CESSAR C,3 ten 80 will

satisfy the Connission's requirements stated in Section 7.1 of this renort.

On the basis of our review and the interface recaire cnts specified in the CER5eR and

this report, we conclude that the safety-related display instru+entation can neet the

Carnission's requirements and is acceptable.

7.6 All Other Instrumentation Systens and Reauirenents for Safety

7.6.1 Environmental Qualificatien

Combustion Engineering has stated that all Class IE equipment in Corbustion Encineering's
scope will be qualified for use Urder specified environrental service conditions in

accordance with IEEE Std 323-1974, without exception. Canbustion Enqineering will

reference IEEE Std 323-1974 in every curchase specification for Class IE electrical

equipment. Combusticn Engineering has connitted to carticipate in tha crderly

development of an injJstry wide qualification progran under the snonsorshin and direction

of a recognized technical society or similar control body. In addition, Combustinn

Engineerirg has also documented that in specific instances where problems emerge wFon
atte pting to implement the agirq requirements of IEEE Std 323-1974, one of the followina
methods, singularly or in combination, will validate the cualification for that ocuipment.

(1) Analyses based upon environnental tests

(2) Operating experience (taking into censideration in-service insnection and
periodic tests, preventive maintenance)

(3) Type tests utilizirig cualitative aging technicues (e.g., envirorrtatal cvclino,
operational cycling, elevated stress techniques, etc.)

Fry, our review of the information documented by Corbustion Enqineering, we have
concluded lat the proposed criteria for the qualification of Class IE eauiprent in the

CESSAR can facilitate develcprent of a qualification proqram consistent with the

objectives established in IEEE Std 323-1974 and that the above connitment provide an
acceptable basis for the Preliminary Design Approval of Class IE equiprent avalification
program.

7.6.2 Separation and Identification of Safety-Related Eauipment

Combustion Engineering has stcted in the CESSAR that the separation and identification
of safety-related components and systems will comply fully with the requirements of
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IEEE Std 384-1974 as augmented by Re9ulatory Guide 1.75 " Physical Independence of
ilectric Systems." We reviewed t'a information presented in the CESSAR in support of
this comitment and concluded that it is acceptable. However, the final acceptability
of the separation for the proposed design would be predicated on the satisfactory
resolution of th? following two items at the final design stage.

(1) Our review of the design arrangements of the plant protection system cabinets
revealed that they were interconnected through internal cable wireways. We dis-
cussed the possibility with Combustinn Engineering that single events such as a
fire in one cabinet could propagate to the other cabinets resulting in the loss
ofunction. Combustion Engineering has agreed and documented in the CESSAR to
either demonstrate the capability of the intercor.nection design between plant
protection system cabinets to withstand all design basis events, or modify tne
design to assure complete independence of these plant protection system cabinets.
The CESSAR states that the analysis and/or test results substantiating the ade-
qu3cy of the interconnection design will be submitted for our review and approval
at least two ranths prior to the fabrication of tne equipment for installation in
any plant that references the System 80 design. We consider this design connit-
ment to be an acceptable resolution of this concern.

(2) The design provides for card mounted fusible links to be used in wiring between
redundant Class IE channels for fault isolation. We discussed the possibility

with Combustion Engineering about a failure of a single link to isolate a fault
in a channel propagating to other channels which could result in the loss of
function. Combustion Engineering has agreed and documented in the CESSAR to
either demonstrate the capability of the fusible link design to isolate a faulted

channel from the others under the worst case conditions, or modify the design to

assure complete independence of Class IE channels. Also, it has been agreed and
stated in the CESSAR that the analysis and/or test r?sults substantiating the
adequacy of the fusible links will be submitted for our review and approval at
least two months prior to the fabrication of the equipment for installatior. in

any plant that refererces System 80 Design. We consider this design comit. Tent
to be an acceptable resolution of this concern.

In applications referencing the CESSAR and having a Lalarce of plant design that satis-
fies IEEE Std 384-1971 as augronted by Regulatory Guide 1.75 as interface design cri-
teria, there is reascrable assurance that the preposed design criteria for the physical

independence and identification of safety-related equipment in CESSAR Systen 80 will
satisfy the Comission's requirements and is therefore acceptable.

7.6.3 Shutdown Cooling Overpre;sure Protection Interlocks

The proposed shutdown cooling system design provides thr2e serially connected motor-
operated valves in each shutdown cooling systei suction line to isolate and protect

the low design pressure shutdown cooling system from the high operating pressure of
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the reactor coolant system. Our review of the shutdown cooling system motor-operated
suction valve interlocks revealed that the design did not satisfy Branch Technical
Position EICSB-3 in Appendix 7A of the Commission's Standard Review Plan, with regard
to providing protective interlocks to automatically close these valves when required.
Combustion Engineering modified the design to provide fo closing these valves auto-
matically. In addition, Combustion Engineering has stated in the CESSAR, at our
request, that on-line testing capabilities of the interlocks to prevent opening and
automatic closing of these valves will be provided. It was also documented in the
CESSAR the testability of the shutdown cooling system overpressure protection circuits
will be the equivalent to that tequired for other engineering safety features circuits.
We reviewed the information presented in the CESSAR in support of the design changes
and Concluded that the proposed design is acceptable.

We found the interlock design initially proposed in the CESSAR for protecting the low
design pressure (400 pounds per square inch, gauge) shutdown cooling system from the
high pressure (600 pounds per square inch, gauge) safety injection tank to be inade-
quate. The design did not meet the single failure criterion in that, f1110 wing iso-
lation of the safety injection tank and af'.er opening the shutdown cooling system
isolation valves to place the shutdown cooling system in operation, the opening of one
of the safety injection tank isolation valves due to sina'; failure in the electrical

connections to the valves or operator error could rupture the puap seals in both cool-
ant loops. To assure that a single failure cannot result in the loss of the shutdown
cooling system, Combustion Engineering has proposed to (1) reduce the safety injection
tank pressure from 600 to 400 pounds per square inch, gauge prior to opening the
isolation valves between the shutdown cooling system and the reactor coolant system,
(2) interlock the shutdown cooling system isolation valves so they canrot be opened
until the reactor coolant system pressure is below the design pressure of the shutdown
cooling system, and (3) provide two shutof f valves, in series, in the nitrogen supply
line to each safety injection tank for the purpose of minimizing the possibility that
valve leakage can repressure the safety injection tank af ter its pressure is reduced.
In addition, Combustion Engineering has agreed and documented in the CESSAR that the

two shutoff valves in the nitrogen supply line to each safety injection tank will be
powered from independent buses and that the proposed design modifications will satisfy
the requirements set forth in IEEE Std 279-1971 and IEEE Std 308-1971. We reviewed
the information presented in the CESSAR in support of these connitments and concluded
that the proposed design nodifications, eccomplished in accordance with the above
mentioned standards, is an acceptable resoluticn of the concern of o:erpressurization
of the shutdown cooling system by the safety injection tanks.

In applications referencing the CESSAR and having a balance of plant design for the
shutdown cooling overpressure protection interlocks that safisfy the interface require-
ments specified in the CESSAR and in Section 7.4.2 and Table 7-1 of this report, there
is reasonable assurance that the proposed interlock design in the CESSAR will 56tisfy
the Conmission's requirements, and is therefore acceptable.
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7.6.4 Safety Injection Tank Isolation Valves

Each of the four safety injection tanks is provided with a motor-operated isolation
valve which is manually closed during normal shutdown cooling operation of the reactor
to prevent the contents rf the safety injection tanks from being automatically dis-
charged into the reactor coolant system. However, it is imperative that the four
safety injection tarks isolation valves be open when the reactor coolant system is at
pressure to afford the protection required in the event of an accidert. We reviewed
the d? sign of the safety injection tanks valve circuits that assure automatic opening
of these valves when required and that maintain +ta valves open when the reactor
coolant system is at pressure. We conclude that the design satisfies Branch Technical
Positions EICSB 4 and 18 in Appendix 7A of the Commission's Standard Review Plan, and

is acceptable.

In applications referencing the CESSAR and having a balance-of-plant design for safety
injection tank isolation valves that safisfy the interface requirements specified in
the CESSAR and in Table 7-1 of this report, there is reasonable assurance that the
proposed design for these valves can be made to satisfy the Commission's requirements,
and is therefore acceptable.

We will review ach balance of plant design to determine that the interface criteria
listed for the safety injection tanks isolation valves in Table 7-1 of this report,
are satisfied. Designs satisfying these requirements will comply with the Cu nission's
requirements.

7.6.5 Safely Injecticn Tank Pressure Restoration

The System 80 design orovides for the nanual depressurization of the safety iniection
tanks to 400 pounds per square inch, gauge during plant cooldown and for manual repres-
surization of the tank to 600 pounds per square inch, gauge when the reactor coolant
system pressure is being increased. We advised Combustion Engineering that the pro-
posed administrative controls do not provide sufficient assurance that the safety
injection tank pressure will be restored to that required by the safety an'ly;is
during the various modes of reactor operation. Combustion Engineetir.g has subsequently
documented in the CESSAR that the administrative controls will be supplemented with an
audible alarm to alert the operator of low safety injection tank pressure when the
reactor coolant system pressure reaches 700 pounds per square inch, gauge. This 31 arm
will meet the single failure criterion snd will be designed in accordance with the
applicable Class IE requirements set forth in IEEE Std 279-1971 and IEEE Std 308-1971.
We conclude that this is acceptable.

In specific applications, with the balance of plant design satisfying the applicable
requirtments of IEEE Std 279-1971 and IEEE Std 308-1971 for the low safety injection
tank alarm, there is reasonable assurance that the repressurization of the safety

injection tanks can be accomplished in an acceptable manner.
- ,e i
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7.6.6 Channel Trip Input Bypass Status to Plant Computer

The design of the plant protection system (i.e., reactor trip system and engineered
safety feature system) provides for an independent bypass for each trip input in each
protective channel. In addition to indicating the bypasses at the plant protection
system cabinets and control room boards, the status of each bypass is provided to the
plant computer. In response to our concern about compromising the independence of the
plant protection system as a result of a failure in the non-class IE plant computer,
Combustion Engineering has agreed and documented in the CESSAR to either demonstrate

the capability of the connection c'esign between the plant computer and the plant protec-
tion system to withstand all design basis events without jeopardizing the independence
of the plant protection system, or modify the design to assure complete independence
of the plant protection system from the plant computer. The CESSAR states that the

analysis and/or test results substantiating the adequacy of the connection design will
be submitted for our review and approval at least two months prior to the fabrication
of the equiptent for installation in any plant that references the System 80 design.
We consider this design corrd 'nt to be an ac eptable resolution of this concern. We

will review the imple'entation of his comitment during our review of the CESSAR
System 80 Final Design Approval appli ' tier,.

7.6.7 Response Time Testinq of the Plant Protec'io_n i stem

CESSAR states that the sensor respcnse time check and the overall integrated response
time test of each protection function from sensor to final actuated equiorent is
voc3 toe the scope of the System 80 design. At our request, however, Combustion Engi-
neering has identified in the CESSAR methods that may be used for measuring the various
safety analysis response times of the plant protection system. The selection of the
methods to verify the response time of specific functions and other design provisions
to facilitate response time tests of the plant protection system will be evaluated
during the review of applications that reference the CESSAR System 80 design. There-
fore, we consider the resolution to evaluate this aspect of the dasign during the
review of the balance of plant in user's applications acceptable.

7.6.8 Containment High Pressure During Leak Test _

Our initial review of the pamissible w as conditions for the ,,ian'. protection

system revealed that the design did not incluo; the capabilit- I'r t passing the/

containment high pressure inputs during leak detec O n test, Co lbt stion Engineering
subsequently modified the CESSAR to indicate that there is no , 'mi!2ible bypass
condition for the containment high pressure trip inputs during h detection tests

and that those components which would be actuated during these tests ill be admini-
stratively removed from service prior to the tests. The administrative procedures
will be supplemented by the inoperable status indication system which will be designed

) Q' |1^ 1
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in accordance with the recommendations of Regulatory Guide 1.47 as augmented by Branch

Technical Position EICSB 21 presented in Appendix 7-A of the Standard Comission's
Review Plan. We consider this commitment acceptable and will verify to implementation
during our review of user's application that reference the CESSAR.

7.6.9 Conclusions

We reviewed the descriptive information pertaining to all other instrumentation systems
and requirements for safety including their design bases and Combustion Engineering's
analysis of the adequacy of those bases. In specific applications referencir.; CESSAR
System 80, with the balance of plant design satisfying the interface requirements
presented in the above subsections of Section 7.6, there is reasonable assurance that
all other instrumentation systems and requirements for safety in CESSAR System 80
could be made to satisfy the Commission's requirements.

On the basis of our review I the interface requirements specified in the CESSAR and
in this report, we conclude t!at all other instrumentation systems and requirements
for safety meet the Commissio'i s requirements and are therefore acceptable. Where'

commitments and interface recairements have been provided, we will review their imple-
mentation during our review af each user's application that references CESSAR.

7.7 Control Systems

The following control systems are identified in CESSAR as not required fo safety:
reactor control, reactor coolant system pressure control, pressurizer leve; vontrol,
feedwater control, steam bypass control, and boron control. The in-core instrumenta-
tion system, which includes both fixed and movable detectors, and the plant computer
participation to sequence the movement of regulating control element assembly groups
are also identified as not being required for safety. As discussed pr eviously, the
CESSAR has introduced a new computer-based core operating limit super isory system
which is utilized to assure that the operator maintains the reactor !/ stem within tie

conditions assumed by the safety analysis. This system was also ider ified by Com-
bustion Engineering as not boing required for safety.

With thc exception of the core operating limit supervisory system and the control
element assembly sequencing by the plant computer as it interacts with the ccre pro-
tection calculators, there were no major dif ferences identified by Combustion Engi-
neering in the instrumentation and controls for the abe mentioned systems and those
provided in previous Combustion Engineering designs.

The interactions between the plant computer, core operating limiting supervisory
system and core protection systems (depicted on the computer prote: tion system hard-
Wre configuration block diagram prosented in Figure 7-1 of this report) will t:e
considered as part of our generic review of the core protection systems (see Sec-
tion 7.2.1). In the event that it is detemined that the role of the plant computer
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and core operating limit supervisary system and interaction with the core protection
calculators degrade the safety of the plant, it has been agreed and documented by
Combustion Engineering that the equivaltnt to the core operating limit supervisory
system and control element assembly sequencine by the plant computer functions as
implemented in the St. Lucie Unit 1 facility will be used as the backup design. The
staf f has reviewed and found acceptable this aspect of the design in the St. Lucie
Unit 1 facility. Since the implementation of the oackup design in CESSAR System 80
insofar as it relates to the electrical, instrumentation and control aspects of the
design can be readily accomplished without degrading the safety of the plant, we on-
clude that the comitment to establish the adequacy of the interconnections between
the core protection calculators and core operating limit supervisory system and plant
computer as part of the research and development program for the computer protection
system, and provide a backup design is acceptable and satisfies our present evaluation
requirements. The results of our generic review of this matter will be reported at
the same time as indicated for the core protection calculators in Section 7.2.1 of
this report.

We reviewed the design description presented in the CESSAR with regards to the afore-
mentioned control systems. In specific applications referencing the CESSAR and having
a balance of plant design that satisfies the interface criteria fcr the control systems
in Table 7-1 of this report,there is reasonable assurance that the proposed design of
the control systems in the CESSAR will satisfy the Comission's requirements stated
in Section '.1 of this report.

On the basis of our review and the interface requirements previously identified, we
have concluded that failures in these control systens would not be expected to degrade
the capability of the plant safety systems in any significant degree or lead to plant
conditions more severe than those for which the safety systems are designed to protect
against and that these control and instrumentation systems can meet the Comission's
requirements, and are acceptable.

7.8 Anticipated Tramients Without Scram

Our review of anticipated transients without scram is contained in Section 15 of
this repert.

1G{
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8.0 ELECfRIC POWER

3.1 reneral

The offsite and onsite electric power systems are entirely outside the design scope of
CESSAR System 80 and they will Le described in each user's applications t:9t reference
r.e CESSAR. While it appears that most of the in.cortant interface information has been

listed, the interface design criteria presented in the CESSAR required for assessing
'ne adequacy of the overall Systen 80 design when it is mated with a balance of plant
design was found to be incomplete. The interface information reflects the need of an
electric oower system that will have two redundant and independent division arrangments
for alternating current powet, and four redundant and independent division arrangements
for direct current power. This is consistent with the requi ed redundancy of safety

related comporents and systens included in the CESSAR.

We have identified in Table 8-1 of this report the interf ace acceptance criteria for the

of fsite and onsite powe. ystems. These criteria will form the basis for our review of

each user's application which incorporates CESSAR rn deternine overall System 80 design
conformance with the Co nission's requirements. The following section supplements the
interface inforration provided in the CESSAR that we have identified. The interface

acceptance Criteria are listed in Iable 8-l of this repGrt for the offsite power system,

onsite alternating current power systen, and onsite direct current power system. It is

our position that these interface reqJirements shall be ful',y satsified in the balance

of plant electric power systen design to validate the assu~ptions made 'n CESSAR System
?O accident analysis and to provide an acceptable basis for the staff's conclusion that

the CESSAR System 80 design will satisfy the Commission's reqairerents.

.c Interface Pequirements

Tre following additioral interface requirements revealed daring our review of the

CESSAR Systen E0 electric power systen design srall form tho tasis for our review of

user's applications which utilize CESSAR:

(1) The current Sjsten 80 design does not provide for the disccnrection of the reactor

coolant pumps fro" the electric system in the event of an underfrequency decay rate
conditicn. It is our ccrcern that in the event of an underfrequency decay rate

event, the motors re aining connected to their buses could slow down the purps

faster th)n was asst-ed in the accident analysis involvinq ficw coastdown as a

result of the purp'> kiretic energ/. In response to our concern, Co:rbus t ion

Engir,eering nas included an interfacc requirement in the CESSAR of three Hertz
cer seccr.J fcr the li-iting underfrequency decay rate. Co- bustion Engirrering has
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been advised that we require that the analysis substantiating the three Hertz per
second under frequency decay rate be submitted for our review in the CESSAR System
80 Final Design Approval application.

For specific applications that reference CESSAR where credit is taken for reactor
coolant pump coastdown, we will require that the applicant either demonstrate that
the effects of electric grid disturbances on its plant are such that the limiting
underfrequency decay rate of three Hertz per second is not exceeded, or provide
reactor coolant pJmp breakers and associated instrurentation and controis tnat are
designed and qualified in accordance with the requirerents of IEEE Std 279-1971 and
IEEE Std 308-1971 including that the reactor coolant pump breakers be located in a
seismic Catuqory I structure. This is consistent with Branch Technical Position
EICSB 15 in Appendix 7-A of the Commission's Standard Review Plan.

(2) The balance of plant electric power system design shall satisfy all the interface
acceptance criteria listed in Table 8-1 of this report for the offsite power sys-
tem, onsite alternating current power system and onsite direct current power
system.

8.3 Conclusions

We reviewed the interface requirements imposed on the electric power system by CESSAR
System 80. In specific applications referencing CESSAR System 80, with the balance of
plant design for the offsite power systen, onsite alternating current power system, and
onsite direct current power system satisfying the interface requirements stated in
Section 8.2 above, there is reasonable assurance that the assumptions made in the CESSAR
Systen 80 accident analysis with regard to safety systen f JnCtions Can be sustained and
the proposed System 80 in totality could be r.ade to satisfy the Commission's requirements.

,,
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9.0 AUXILIARY SYSTEMS

The proposed auxiliary systems designs have been evaluated for their functional
capability to meet the requirements of reactor safety and prevent radiological releases
to the environment. In the course of our review, we have focused our attention on the

design bases of the auxiliary systems including any safety related objectives of the
systems and the manner in which these objectives are achieved. We have also focused
our attention on the design interface requirements that must be met by the balance of
plant designer or utility-user referencing the CESSAR in order to assure that the
assumptions made in the evaluation of these system designs as described in the CESSAR

a re valid.

The proposed designs of the auxiliary systems are generally comparable in design and
function to those reviewed and approved in other recent pressurized water reacter

applications.

9.1 Fuel Storage and Handling

9.1.1 New Fuel Storage

The design of the new fuel storage racks and storage area will be supplied by applicants
referencing the CESSAR in the balance of plant design; however, the CESSAR contains
certain interface requirements for new fuel storage design.

We have, reviewed the interface requirements presented in the CESSAR and conclude that

applicants referencing the CESSAR will have the necessary information to design the new
fuel storagt facility to meet the positions set forth in Regulatory Guide 1.13. " Fuel
Storage Facility Design Basis," and the requircwnts of General Design Criterion 62.
We, therefore, conclude that the interface infomation provided in the CESSAR is accept-
able. We will review the inplementation of these interface requirements for each
application which utilizes the CESSAR.

9.1.2 Spent Fuel Storage

The design of the spent fuel storage racks and the spent fuel storage area will be
supplied by applicants referencing the CESSAR in the balance of plant design; however,
the CESSAR contains certain interface requirements for the spent fuel storage design.

We have, reviewed the interface requirements presented in the CESSAR and conclude that

applicants referencing the CESSAR will have the necessary information to d7 sign the
spent fuel storage facility to neet the positions set forth in Regi.latory Guide 1.13,
and the requirements of General Design Criterion 62. We, theref ore, conclude that the

~
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interface information provided in the CESSAR is acceptable. We will review the

implementation of these interface requirements for each application which utilizes the

CESSAR.

9.1.3 Spent Fuel Pool Cooling and Cleanup System

The design of the spent fuel pool cooling and cleanup system will be supplied by
applicants referencing the CESSAR in the balance of plant design; however, the CESSAR
contains certain interface requirements for the spelt fuel pool cooling and cleanup

system design.

We have reviewed the interface requirements presented in the CESSAR and conclude that
applicants referencing tN CESSAR will have * ec, ssary information to design the
facility to meet the positions set forth in agulatory Guide 1.29, and General Design
Criterion 61. We, therefore, conclude that the interface information provided in the

CESSAR is acceptable. We will review the implementation of these interface res 'irements
for each application which utilizes the CESSAR.

9.1.4 Fugl_p idling System

s he fuel handling system will be an integrated system consisting of e uipment, tools
and procedures for refueling the reacter. The system will provide f e handling and
storage of fuel assemblies from receipt of new fuel to the shipping of spent fuei. The
new fuel handling crane, spent fuel cas?, overhead handling crane and facilities
designs will be provided by the balance ci plant designer; therefore, their acceptability
will be evaluated in applications which reference the CESSAR.

The System 80 fuel handling systen will incitde machinery and tools designed for
underwater handling of spent fuel from the t'me it leaves the reactor until it is

placed in a cask for shipment from the site. The fuel handling system design will
corprise the basic reactor fuel handling maciinery. Special tools for transfer of fuel
f rom the reactor vessel to and through the fuel transfer tube into the spent fuel
storage pit, spent fuel handling rachinery, new fuel handling special tools and
machinery and a dry sipping device for detectirg cladding defects in irradiated fuel
assemblies during refueling operations are part of the design.

In Amendments 40, 41 and 42 to the CESSAR (Secticn 9.1.4), Combustion Engineering has
provided analyses of the comequences of dropping the reactor vessel head assembly onto
the reactor vessel, the reactor vessel nozzles, and upper guide structure during fuel
handling operations. Conbustion Engineering stated that the orientation that resulted
in the highest stresses on the vessel, supports, internals and nozzles is a " straight
drop" where the head assembly comes to rest on the reactor vessel flange. We have
reviewed the analysis and agree with this statement.

We have reviewed the results of their analysis and assumptions used for the analysis
and conclude that the assumptions are conservative. Combustion Engineering stated that
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in the unlikely event of a reactor head assembly drop, the shutdown cooling supply flow
path will remain functional.

We have reviewed the design bases, systems descriptions, systems operation, safety
evaluation and interface requirements for the above items and determined that the
proposed fuel handling system design will enable the balance of plant designer to
p rovid satisfactory facility design to permit safe handling of new and spent fuel.
We, t: a, conclude that the System 80 fuel handling system design is acceptable.
We will t aiew the implementation of the fuel handling system design, criteria and
interfaces for each application which utilizes the CESSAR.

9.2 Water Systems

9.2.1 Station Service Water System

The design of the station service water system will be supplie~ by applicants referencing
the CESSAR in the balance of plant design. However, the CESSAR contains the heat loads,
as design interface requirements, for the systems within the scope of the CESSAR.

We have reviewed the design heat loads presented in the CESSAR as interface requirements
for the basic nuclear steam supply system for maximum conditions of operation (either
normal or accident). Based on our review, we conclude that the infonnation in the
CESSAR will enable applicants referencing the CESSAR to design an acceptable station
service watei system. We, therefore, conclude that the heat load interface informatic

prosided in the CESSAR for the station water system is acceptable. We will review the
station service water system for each application to ascertain that these heat load

interfaces are appropriately considered.

9.2.2 Component Cooling Water System

The design of she component cooling water system will be supplied by applicants
referencing the CESSAR in the balance of plant design; however, the CESSAR contains
certain ? sign interface requirements for the component cooling water system design.

We have reviewed the interface requirements presented in the CESSAR and conclude that
applicants referercing the CESSAR have the necessary information to design the compo-
nent cooling water system with respect to requirements imposed by the nuclear steam
supply system. We, therefore, conclude that the interface information provided in the

CESSAR is acceptable. We will review the implementation of these interface require-

ments for each application which utilizes the CESSAR.

9.2.3 Ultimate Heat Sink

While this syctem will be provided by applicants referencing the CESSAR as part of the
balance of plant design, Combustion Engineering provided, as interface information, the
maxinum heat loads for the basic nuclear steam supply system. This information will

enable applicants referencing the CESSAR to design the ult mate heat sink.i
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We conclude that the interface information provided in the CESSAR is acceptable. We
will review the implementation of this requirement for each application which utilizes

the CESSAR.

9.3 Process Auxiliaries
9.3.1 Chemical and Volume Control System

The proposed chemical and volume control system is designed to control and maintain
reactor coolant inventory and also to control the boron concentration in the reactor
coolant through the process of makeup and letdown, Purification of the letdown coolant
by renoval of corrosion and fission products will also be accomplished by the chemical
and volume control system. Portions of this system will also supply high pressure

injection of borated water into the reactor coolant system for emergency boration.

The system comprises a regenerative heat exchanger, letdown heat exchanger, purification
filters, purification ion exchangers, deboration ion exchanger, volume control tank,
charging pumps, boric acid batching tank, refueling water storage tank, hnldup tank,
reactor makeup water tank, boric acid makeup punps, reactor water makeup pumps, holdup
pumps, chemical addition tank, boric acid filter, reactor makeup filter, reactor drain

pumps, reactor drain filter, reactor drain tank, equipment drain tank, preholdup ion
exchanger, gas stripper package, boric acid concentrator package, soric acid condensate
ion exchanger, seal injection filter, piping, valves and instrurentation. The instru-

mentation includes a radiation monitor (failed fuel detector) for continuous recording
of the reactor coolant gross ganra and specific fission product gamna activity and a
boronometer for continuous recording of the reactor coolant boren concentration.

The system requires a component cooling water supply to the letdown heat exchanger.
The exchanger is sized to function with a component cooling water supply temperature of
105 degrees Fahrenheit. Those portions of the chemical and volume control system that
are required for safe shutdown of the reactor will be designed to seismic Category I
requi remen ts.

We have reviewed the Jesign bases, functional requirements, design criteria, interface
requirements, system functions, system description, components and their classifica-
tions, system operation, design and safety evaluation, and other data included in the

CESSAR, and conclude that the proposed chemical and volume control system is acceptable.

9.4 Air Conditioning, Heating, Cooling and Ventilation Systems

The design of the air conditioning, heating, cooling and ventilation systems required
for both seismic Category I and non-seismic Category I facilities will be provided b"
applicants referencing the CESSAR as part of the balance of plant design; however, the
CESSAR contains certain interface requirements for these systems.

1 ij 7
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We have reviewed the interf ace requirements presented in the CESSAR for the basic
nuclear steam supply systems and conclude that applicants referencing the CESSAR have
the necessary infomation to design these systems to accomodate the CESSAR System 80
design and tnet tt.e information provided in the CESSAR is acceptable. We will review
the implementation of these systems for each utility-user's application which utilizes
the CESSAR.

.9
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10.0 STEAM AND POWER CONVERSION SYSTEM

10.1 General

The steam and power conversion system transforms the thermal output of the reactor into

electrical power frcm a turbine-generator. The System 80 reference system design scope
includes the steam generator. The balance of plant design will provide the remainder
of the steam and power conversion system design. The interfase points between the
steam generator and the balance of plant desigr are at the steam generator feedwater
and steam nozzles as indicated in CESSAR Figure 10.3-1.

CESSAR Sections 5.1.4, 7.3.3 and Table 10.3-1 describe interface requirements that are
imposed by the CESSAR on the balance of plant design for the steam and power conversion

system, including the turbine generator, main steam supply system, turbine bypass
sy stem, main feedwa er and condensate system, and emergency feedwater systems. The

interface requirements are imposed to assure that the System 80 reference system will
perform as evaluated in the CESSAR.

We have reviewed these interface requirements and conclude that . hey adequately specify
all balance of plant steam and power conversion system design requirements related *.o

interfaces with the System 80 nuclear steam supply system design and are acceptable.

10.2 Turbine Generator

The design of the turbine generator and associated systems will be provided by appli-
cants referencing the CESSAR in the balance of plant design; however, the CESSAR con-
tains certain interface requirements pertaining to the turbine generator.

We have reviewed the interface requirements presented in the CESSAR for the turbine

gererator system and conclude that the infomation provided is adequate and acceptable.
We will review the implementation of these interfaces for each application which
references the CESSAR.

10.3 Main 5tm Supply System

The design of the main stea i supply system will be provided by applicants referencing
the CFSSAR in the balance of plant design; however, the CESSAR contains certain inter-
face requirements pertaining to the main steam supply system.

We have reviewed the interface requirements presented in the CESSAP for the main steam
supply system and conclude that the information provided is adequate and acceptable.

We will review the implementation of these interfaces for each application which
references the CESSAR.

10-1
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10.4 Feedwater and Condensate System

The design of the feedwater and condensate system, including the auxiliary feedwater
system (Combustion Engineering's energency feedwater system) will be r ovided by appli-
cants referencing the CESSAR in the balance of plant design; however, certain interface
requirements pertaining to the feedwater and condensate system are provided in the
CESSAn.

We have reviewed the interface requirements presented in the CESSAR pretaining to the
feedwater and condensate system and conclude that they are adequate and acceptable. We
will review the implerentation of these interfaces for each application which references
the CESSAR.

We are currently evaluating, on a generic basis, design and operating conditions that
could result in damage to feedwater system piping as a consequence of feedwater flow
instability. The results of this evaluation may result in further requirements being
imposed upon the CE55AR to ensure that unacceptable damage will not result from feed-
water hanner.

,
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11.0 RADICACTIVE WASTE MANAGEMENT

11.1 Source Terms

Radioactive materials may be released to the environment from the liquid mste process-
ing system, gas waste proceving system, the boron recycle system, the steam generator
blowdown system, and the turbine building floor drain system at a nuclear plant utiliz-
ing a pressurized watt;r reactor. Of these, only the boren recycle system is a part of
the chemical and volume control system, is within the standard scope of the CESSAR
System 80 design.

The CESSAR does not include the radioactive wa m management systems in itt design
scope. These systems will be provided in the balance of plant 1esign. However, the
CESSAR does include as interface information, the concentration: of radioacti e
cateria's in the prinary coolant and the flow rates of stream that are input to the
radioactive waste management systems. This interface mfarmation will be used as
design bases for ealance of plant designs. We will, therefore, perform a detailed
evaluation of the radioactive waste management systems for any applicatiens referencina
the CE5SAR to assure that the sy-ten designs and capacities will be adequate for
meeting the demar.ds of the facility.

11.2 LicLaid Waste System

The boron recycle portion of the chemical and volume control system, described in
Sectio- 9.3.1 of this report, will be a potential release pathway for radioactive
materials in liquid effluents. Although the system is designed to extens;veiy recycle
processed liquids, discharges of evaporator condensate will te required. Combustion
Engineering considers that 10C percent of these liquids will be recycled for reuse in
the plant, but in our analysis, we assumed that 10 percent of the treated waste will be
discharged due to coerational upsets and to control the tritium inventory in the plant.
Spent demineralizer resins and evaoc rator concentrates from the boron recycle system
will be periodically tran;ferred to the solid waste management systen for packaging and
shi ment offsite. The principal components that makeup the boron recycle system, a9ng
with their principal design criteria, are listed in Table 11.1.

The baron recycle system whicr is operated in the batch mode has a capacity of 29,000
gallons per day, whereas the expected continuous input rate to the system is 1700
gallons per day. The holdup tank storage capac!ty and the difference between the
expected daily input rate and system design capacity provide adequate reserve for
processing surge flows.

Based on the above, we have concluded that the system design
and ca;;acity will be adequate to control releases of radioactive materials in liquid
effluents from the boron recycle system during normal og aration, including anticipated
operational occurrences, in accc 'dar :e with General Design Criterion 60 af Appendix A
to 10 CFk Part 50.
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Table 11.1

Design Parameters of Prinr.ipal Components of
Boron Recycle System

Capacity (gallons per minute)

Component Number Expected Design

Pre-holdup lon Exchanger 1 84 128

Boric Acid Concentrator 1 *20 20

Boric Acid Condensate
Ion Exchanger 2 *20 100

Gas Stripper 1 84 140

Holdup Tank 1 -- 450,000 gal

The system is operated in the batch moda at the rate of 20 gallons per
minute.
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12.0 PADIATION PROTECTION

Section 12 of the CESSAR provides inforration to permit a determination that the

proposed nuclear steam supply system has design features that contribute to maintaining
radiation exposures to plant personnel operating and maintaining the system as low as
practicab',e and within applicable limits. It describes design features for Cybustion
Engineering designed and supplied systems in which as low as practicable radiation
exposure considerations are implenented. It describes how tne operation, raintenance,
arrangerent and potential radiation levels must be considered in the design of the
systems and equipnent. It also describes how these considerations have been implerented
for such high exposure systems as radwaste processing and handling systems Equiprv nt
specifically discussed in this context in CES*~ Section 12 includes pumps, ion
exchangers, filters, tanks, the concentra'.or p. W;e, the reactor vessel head vent, the
reactor coolant system leakage control, refueling equipnent, inservice inspection
equipment, remote instrumentation, and equipment in the containment. Material and
equipnent selection is also disc u ed as it relates to mat.taining r M -tios exposures
as low as practicable.

Our review considered the speci k details of all the items described as being design
features for assuring tha' occup onal radiation exposures will be as low as practi-
cable. We found that the design features are consistent with the guidance of Regulatory
rmide B 8, "Infortnation Rele dnt to Maintaining Occupational Radiation Exposure as low
as Reasonably Achievable.' - ' also found the design features consistent with the
principles that designs should be implemented to (1) rake equipnent maintenance less
necessary, (2) permit maintenance to be accomplished rapidly when it rust be perforved
in a high radiation field, and (3) assure that, to the extent practical, most expected
raintenance requiremen's will be able to be perfor ed in reduced radiation fields. We
find that Combustion Engineering has considered operations which result in significant
radiation exposures to operating personnel, and has proposed design features that
assure that the as low as practicable objective will be met.

The systems discussed have adequate design provisions to assure that occupational
radiation exposures that relate specifically to design features of the nuclear steam
supply system can be as low as practicable during normal operations, including efueling,
maintenance and inservice inspection. It will be necessary that the user refere..:ing
the CESSAR develop an appropriate radiation protection program for the balance of
plant design and for operation of the plant. This program will be described in the
balance of plant portion of any application that references the CESSAR, and will be
reviewed with such application.

1: 3 U (/
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We find the radiation protection provisions of CESSAR Secticn 12 to be consistent with
the acceptance criteria specified in Regulatory Guide 8.8 which are based on operating
experience regarding minimizing radiation exposure, and thJt these provisions are
therefore acceptable.

12.1 shieldir.3

CESSAR Section 12.1, regarding shielding, refers to :pction 5.1.4 which provf des the
interface requirement for the balance of plant designcr that sufficient space be pro-
vided around the nuclear steam supply system for inservice inspection. This require-
nent relates to assuring that occupational radiation exposures will be as low as
practicable. In addition, Section 12.1 provides quantitative (Curie) values for the
radiation sources in the CESSAR reference system equipment. Maximum values are pro-
vided for 1.0 nercent failed fuel as well as average values for 0.25 percent failed
fuel. The reactor vessel sources are also provided, as garna and neutron spectra at
specified locations. In addition, dose rates for reactor coolant system components
are proVided, botn for limiting exp<cted oparating conditions and for a plant shutdown
tire of 48 hours. These latter values have been based, in part, on the thickness of
radioactive corrosion products and particulate matter suspended in the coolant th3t is
deposited on the corponent surfaces during oceration. This material is referred to as
crud. Crud activities are characterized in the CESSAR as varying considerably due to
sarious factors, but experience from operating reactors was used in evaluating the

crud scurces.

The reactor and process equipeent source information is consistent with the require-
rents for calcuiating shielding parameters. We conclude that the source infornation
is acceptable,

-
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13.0 CC'GICT OF OPERATICNS

inforrution relating to the conduct of operatioris is rot within the design sccpe of the
CESSAR and will be provided in each application that references the CESSAR.

With regard to industrial security Corbustion Engineerirg has stated that the design
conservatisns that it provides for protection against a broad range of accidents also
reduces the chances that an act of sabotage could result in jeopardizing tre health and
safety of the public. Ft.rthermore, Cortustion Engineering has stated that they will
contino. to review, as apprcpriate, the CESSAR design for changes that will provide

additienal protection against sabotage.

We will review the provisions for protection again t sabotage in applicaticns that
reference the CESSAR. We consider that the Cortastion Engineering design for protection
of the plant against acts of industrial sabotage are accer table for the Preliminary
Design Approval stage of the review process.
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14.0 INITIAL TESTS AND OPERATION

CESSAR Section 14 describes a proposed test program for the System 80 reference system.

The test program is divided into two major phases, preoperational testing and startup
testing. The nreoperational test phase is subdivided into individual system and/or
subsystem preoperational tests, and integrated reactor coolant system heatup and pre-
loading hot functional tests. The startup test phase is subdivided into initial core
loading, postcore hot functional tests, initial criticality, low power physics tests,
and power ascension tests. Combustion Engineering's anticipated role in relation to
the utility-user; in the preparation, review, and execution of test procedures, as well
as in the evaluation of the test results and in determining the need for changes to
test procedures as may be required f rom the test results, is described. The Combustion
Engineering site support organization and the qualifications of the personnel that
could be involved with the test program are also described.

The proposed test program includes a description o' the test objectives, prerequisites,
and interfaces for each system and/or component test as it relates to the System 80
reference system. We have found that the developnent of the test program is consistent
with the guidance set forth in Regulatory Guides 1.68 and 1.79, and the requirements of
Appendix B of 10 CFR Part 50, and on this basis we conclude the startup and test plans
proposed for the System 80 reference system are adequate to ensure that an acceptable
program can and will be implemnted.

j 9
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15.0 ACCIDENT ANALYSIS

15.1 General

Lorkstion Engireering has perfomed safety analyses to evalu3te the cap 3bility of the
CESSAR Systen 80 plant to withstand nomal and at,.iornal operational transients and a
broad spectrum of postulated accidents without undue risk to the health and tafety of
the public. The postulated events have been classified by Ccrbustion Ergineerinq with
respect to evaluation criteria as follows:

(1) Class I

(a) Does not induce fuel failures.
(b) Does act lead to a breach of containment barriers ami fission product release.
(c) Does not require cueration of any engineered safety features.
(d) Does not le3d to significant offsite radiation exposures

(2) Class II

(a) May induce fuel failures.
(b) May lead to a breach of barriers and fission product release.
(c) May require operation of engineered safety features.
(d) May result in of f site radiation exposures in excess of norral operational

limits.

(1) Class III

(a) Very low occurrence probability.
(b) Provide inforration relevant to site acceptability and certain design and

perfomance aspects of the plant.
(c) May require nperation of engin.ered safety features.
(d) May result in significant offsite radiation doses within tt.2 limits of 10 CFR

Part 100.

Contustion Engineering's classification of the events it has analyzed is itemized in
Table 15.1 of this report.

.
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TABLt 15.1

CATEGORIES OF TYPICAL TRANSIENTS AND FAULTS
:

Class 1

Uncontrolled control element assembly withdrawal from a subtritical or low pom r condition,
.ncluding control element assembly or temporary control device removai error during refueling.

Control element assembly misalignment.

Uncontrolled boron dilution. .

Loss of forced reactor coolant flow.

Startup of an inactive reactor coolant leop.

Loss of externai electrical load and/or turbine trip.

Loss of nomal feedwater flow.

Loss of alternating current power to the station auxiliaries (station backout).

Excessive heat removal due to feedwater system nalfunctions.

Excessive load increase.

Class II

Loss of reactor coolant, f rom snall ruptured pipes or from cracks in large pipes, which act ate
energency core cooling.

Minor secondary system pipe break outside containment.

Incdvertent loading of a fuel assembly into an improper position.

Class III

Major secondary system pipe f ailure.

Major rupture of pipe containing reactor cool _9t up to and including double-end rupture of the
largest pipe in the reactor coolant system (loss-of-coolant accident).

Waste gas decay tank rupture.

Steam generator tube rupture.

Cantrol eierent assembly ejection accident.

Fuel handling accident.

Single reactor coolant purp shaft seizure.

*
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'5.2 Input Paraneters for Safety Analyses

The trip set points and tFe assumed trip delay tires used by Corbustion Engineering in
the CESSAR safety analyses are given in Table 15.2 of this report. The control elenent
assembly drop time used, 3.0 seconds to reach the 90 percent i isertion position, was
based on previous measurements applicable to reactors with 14 x 14 fuel rod assemblies,
manufactured by Combustion Engineering. Verification of the trip delay times will be
dccomplished during testing of the equipment. Rod drop times will be verified by

d test program discussed in SectionCombustion Engineering as part of the 16 x 16 fe
4.2 3 of this report.

The high local poser density and low departure frcm r ucleate boiling ratio trips pro-
vide the necessary overpower protectica far anticipated transients. The high linear
power level trip is used only d i the control elenent auenbly ejection accident analysis.
Table 15.2 provides the trip set point values used in the analyses. The set points
finally imolemented will be required to be conservative with respect to the analysis
set points, fully accounting for all sensor and process delays and uncertainties.

Tne System 80 reference '.ystem aprlication is applicable to a plant which will be
licensed to operate at a naxinum core themal power level of 3000 regawatts. For this
core power level, the nucle?r steam supply system themal power is 3817 megawatts.
Cc-bustion Engineering hv aated in CESSAR Section 1.2 that the licensing of this
design to operate at any higMr core power level will be requested only when the
Comission issues notification, as stated in Regulatory Guide 1.49, that it wdl accept
applications containing the higher power level and that, prior to such a request, all
phases of the design will be fully analyzed and evaluated by Combustion Engineering for
operation at that higher core power level.

CF(SAR Section 1.1.2 also indicates that the System 80 reference system is designed to
insure that there are more than adequate safety margins for operating at the licensed
maximum core themal power level of 3300 megawatts. This is done by analyzing and
evaluating the design of safety related systems, and comoonents, which prevent accidents
or mitigate their consequences, at a core thermal power level of 4100 negawat*s.
Further, tne accident analysas in CESSAR Section 15.4 which contribute to the demonstro
tion of acceptability, are conservativ91y evaluated at 4100 negawatts, themal . Ccmbus-
tion Engineering alsc stated that it has carefully assessed the methods used in the
perfomance of these accident analyses at 4100 negawatts, thermal, and has confimed
that the results are conservative for operation at the licensed maximum core thermal

power level of 3800 mgawatts. In addition, the accident analyses contained in the
application for final design approval will be evaluated at the licensed maximum core
themal power level of 3800 megawatts (provided that the Comission has not issued
natification that it will accept applications for a higher maximum core power levei).

We conclude that the CESSAR confoms with the intent of Regulatory Guide 1.49, and our
evaluation of the Class III accidents, with the exception of the offsite radiological
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TABLE 15.2

PEACTOR PROTECTIVE SYSTEM TRIPS LSED IN THE

LESSAR SAFETY ANALYSIS

Analysis Nornal Jri'-DelayT

Set foTrit Set T61nt Uncertainty _ Time Ts7condsl

High Logarithmic Power Level, 2 1 il 0.4
percent -0.5

High Linear Power Level, percent 129 125 14 0.4

Low Departure from Nucleate
Eoiling Ratio (1,2) (1,2) (1) 0.15

High local Power Density (3) (3) (3) 0.15

High Pressurizer Pressure, pounds
per square inch, absolute 2422 2400 122 0.9

Low Pressurizer Pressure, pounds
per square inch, absolute 1500(4) 1600[4) +5 0.9

Low Steam Generator Water level,
percent 5 10 15 0.9

Low Steam Generator Pressure,
po~nds per square inch, absolute S48(5) 870(5) 22 0.9

[lFihe tr;p set point will be that value which assures a departure from nucleate boiling
ratio equal to or greater than 1.3 (based on modified W-3 correlation) for steady :+ =te
operating conditions and during the course of all anticipated transients.

(2) The low departure fron nucleate boiling ratio trip incorporates a low pressurize, trip,
nominally set at 1750 pounds per square inch, absclute, but assumed to t'e 1728 pou is
per square inch, absolute in the saf ety analysis.

(3) The trip set point will be selected to prevent fuel centerline melting under steady
state cperating conditions ard all anticipated transients.

(4) Indicated values are for norral operation. Below an operating pressure of 2000 pounds
ter square inch, absolute, a varicble set point is provided to be manually reduced
when decreasing pressure and which is automatically increased when increasing pressure.

(5) for accidents initiated at ultimate power level, this nominal set point is E00 pounds
per square inch, absolute, cerresponding to a set point of 778 pounds per square inch,
absolute for the analysis.

'
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consequence s, is based on a core thermal power level of 3876 negawatts, even though the
analyses covered a therral power range up to 4100 negawatts.

Core physiu parameters used in the accident analyses have been reviewed and found to
be suitably conservative to represent the nest adverse conditions of the core design
throughout the first burnup cycle with respect to reactivity coefficients, control rod
worths, and local power peaking f actors, provided that operating configarations are
restricted to considered patterns. If reload cores dif fer in any signific .n manner

f rom the core described in the CESSAR and considereo in cur evaluation, they nust be
evaluated separately to ascertain that they cannot result in nore severe transients
than have been considered.

15.3 Technicaljecification Linits Quantified by Accident Analyses

Results of the accident analyses are sensitive to the values of many operating param-
eters which define core conditions at the start of the transient and govern the

response of the system nodel to the postulated acuident condition. Technical specifica-
tions must specify operating parameter limits and trip set points such that there is no
potential for transients of more severe consequences than those predicted for the

postulated accidents that are evaluated in the CESSAR.

Limiting core operating conditions which have been quantified by the accident analyses
and which depend on parameters that are monitored directly or indirectly by plant
sensors are core power, maxicun linear heat generation rate, minimum departuce f rom
nucleate boiling ratio, and reactor coolant average temperature. These parameters are
related to Connission criteria for potential fuel damage and to the potential conse-
quences of postulated accidents.

In addition, the axial and radial power distributions throughout the ccre are needed to

evaluata the stored energy distribution and the fuel damage potential due to high
centerline temperature or clad burnout. The power distribution is dependent on the

confipration of the operating control element assemblies core physics, and thermal-
hydraulic parameters ralated to core design and fuel loading and burnup distribution.
Contustion Engineering proposes to maintain the linear heat generation rate and the
depa-ta fr'm nucleate boiling ratio within limits by use of the core protection

calculators (see Section 7.2.1) which will acquire and process the necessary sensor
signals to continuously monitor the linear heat generation rate and the departure from
nucleate boiling ratio. The computer protection system will trip the reactor whenever
the raxinum linear heat gcneration rate or minimum departute from nucleate boiling
ratio exceed limits at the existing steady-state conditions or would exceed limits if
any anticipated operational occurrences considered by Combustion Engineering were to
initiate and continue at the projected rate from the existing conditions. The power
distribution will be determined by neasuring core average power, synthesizing the
normalized core average axial power distribution from out-of-core neutron flux sienals
and control element assembly group positions, and by synthesizing the radial peaking

* ~I1
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factors from control element asserbly position measurenents. The radial peaking factor
synthesis will be dependent upon precalculated planar radial peaking factors as a
function of control element assembly configuration, and will be adjusted to reflect the
existing condition of azimuthal flux tilt magnitude.

As stated in Section 7.2.1, if the computer protection system does not prove to be

acceptable, a backup system will be provided to perform the trip functions. The per-
fomance of this system is sufficient to control critical parameters to assure that
accident consequences are consistent with Part 100 requirerents. Specific computations
demonstrating the adequacy of system perfor"ance in this regard will accompany any
change to the backup system.

Corbustion Engineering has proposed a second conputer systen, the core operating limit
supervisory systen (see Sections 4.3, 1.2.1 and 7.7), to assist in maintaining steady
state core operating conditions within technical specification limits. The core
operating limit supervisory systen, based on data acquired for tha nomal plant core
nonitoring computer from an extensive in-core instrumentation systm and fron othcr
process instrumentation, continually nonitors core power distributfor, and computes core
power operating limits based on peak lireer heat rate and margin to departure from
nucleate boiling; the margin to licensed power level is also monitored. The core
operating limit supervisory system safety related functions include the following:

(1) Monitoring the azinuthal flux tilt magnitude; nropose technical specifications
will require operation within the flux tilt allowance settings in the core orotec-

tio. calculators. This would be governed by the core operatirq limit sunervisory
system when it is in service and by periodic nonitcring by the operator (w1?
greater nargin of uncertainty) when the core operating limit supervisory systen is
not in service.

(2) Enforcement of the technical specification limit on ste3dy state peak lirear heat
rate will be based on the core operatirg limit supervisory systen indicated rarain

when the core operating limit supervisory systen is in service and would be cased
on the computer protection systen nargin to . rip in the nost limitinq of the
operable core protection calculator channels when the core operatirq limit super-
visory system is not in service.

(3) Enforcement of the technical specification limit on the steady state departure

from nucleate boiling ratio will be based on the core operating linit supervisory
system indicated margin to the departure from nucleate boiling when the core
operating limit supervisory systen is in service and would be based on the computer
protection systen when the core operating limit supervisory systems is not in
service.

(4) Operation within the licensed total core power level will be covernad by the core
operating limit supervisory systy when the core operating limit supervisory
systen is in service and would be based on the highest core power calculatad in
the core protection calculators when the core ocoratinq limit supervisory system

is not in service.
,
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Values for steady state core operating limits governed by the core operating limit
supervisory system output (or operator monitoring) have not been established by Combus-
tion Engineering for the linear heat generation rate, departure from nucleate boiling
ratio or the azimuthal tilt magnitude. Limits on peak linear heat rate will be required
to be within the most limiting values used as initial conditions of the accident
analyses (see Section 15.5.5).

We conclude that the proposed technical specification limits on steady state core
operating conditions are adequate to assure that fuel damage limits are not exceeded
for normal operation and anticipated transients. Tabulation of these limits including
limit values quar tified by the analyses are provided in Table 15.3. No limit has been
proposed to assure that the stored energy in the reactor coolant will not exceed that
evaluated in the loss-of-coolant analyses. We conclude that an additional technical
speci ' cation limit must be in. posed on core average temperature or an equivalent
measure of the reactor coolant stored energy, not to exceed that used in the loss-of-
coolant accident. Com ustion Engineering is ac re of our requirement and will propose

suitable limit at the Final Design Approval stap of our review.d

Technical specifications limits as finally implemented will also be required to account
for uncertainties to assure that the actual values for the parameters for which limits
are indicated in Table 15.3 are not violateJ. They will also be required to include
restrictions with regard to changes in core configuration, computer systems software
for both the computer protection system and the core operating limit supervisory sys-
tem, and computer prugram input constants which af fect the capability of the computer
systems to perform safety related design functions. Such changes will be reviewed by
the staff.

15.4 Anticipated Transients

A number of plant transients can be e pGted to occur with noderate frequency as a
result of equipnent malfunctions or operator error in the course of refueling and power
operation durirg the plant lifetime. Such transierts neet the criteria of Class I
events in the evaluation and classification presented by the applicant.

Ne compared the Class I events of Table 15.1 to typical anticipated events normally
considered for safety review. The event involving an increase in reactor coolant
inventory due to inadvertent operation of the emergency core cooling system or the
chemical and volume control systems charging puaps is not included among the antic-
ipated transients considered. This event is among those specified in Table 15.1 of
the " Standard Format and Content of SARs for Nuclear Power Plants." Revision 1, October
1972. We have informed Cembustion Engineering that an analysis of the event must be

submitted in the CLSSAR final Design Approva! application and be revieweJ and coproved
before a Final Design Approval can be granted.

We have reviewed the analyses sutr11tted for anticipated transients to ascai 'ain that
the transients do not violate the specific criteria which follow:

} , g
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TABLt 15.3

OPERATION LIMITS FOR MONITORED CORE PARAMETERS

Parameter Limit Value* Safety Relevance

(1) Total Core Powe.- 3876 megawatts, thermal (a) Stored energy in fuel
(b) Stored energy in coolant

(1721 megawatts, thermal (c) Fuel centerline temperature
for two pump operation) (d) Fuel clad integrity

(2) Maximum Linear 12.5 kilowatts per foot, (a) Fuel tanterline temperaturc
Heat Generation maximum
Rate

(3) Mininum Departure 1.3** minimum by Westinghouse (a) Fuel clad integrity
From Nucleate Electric Corporation Modified
Boiling Ratio W-3 Correlator

(4) Reactor Coolant Maximum value corresponds (a) Stored energy in coolant
Average Temperature to 567.5 degrees Fahrenheit (b) Fuel centerline temperature

core inlet at 2876 megawatts (c) Fuel clad integrity
thermal (d) Stored energy in fuel

(5) Azimuthal Flux Not to excecd the (a) Fuel centerline tenperature
Tilt Magnitude value bein' used in

core protection calculator
calculation of power dis-

tribution (b) Fuel : lad integrity

The limit value is the value used in the CESSAR safety analysis; technical specifications*

nust assure that measured values are less than the value in this table by sufficient
margin to account for uncertainties.

** Reference Section 4.4.2.3 of CESSAR Safety Analysis Repert. The steady state operating
margin to departure fron nucleate boiling is to be sufficient to prevent the indicated
value from being exceeded for any anticipated operational occurrence.

~ i 4 ?
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(1) Pressure in tne reactor coolant and rain steam systen should not exceed 110
percent of design pressure (Section III of ASME Boiler and Pressure Vessel Code).

(2) Clad integrity shall be maintained by ensuring that the minimun departure f ron
nucleate boiling ratio throughout ti.a transiert will satisfy the 95/95 criterion
and that the maximum centerline temperature remains below the fuel melting point.
The 95/95 cciterion provides a 35 percent probability, at a 95 percent confidence
level, that no feel rod in the core experiences a departure froa nucleate boiling.

(3) Other plant conditions of a nore serious nature are not induced by the transient
if other independent faults of a more serious nature have not occurred.

It was found that the most liniting transients in regard to core themal rargins were
the loss-of-forced reactor coolant flow, part length control elenent asserbly drop and
single control elemcnt assertly withdrawal transients, for these transients, the
mininum value of the departure from nucleate boiling ratio w:s approximately 1.3,
which is also the limiting value accepted by the staff as evidence that clad integrity
has not been jeupardized.

The nost limiting transients with respect to pressure 4 thin the reactor Coolant
systen were the loss-of-external electrical load transient and control element assembly
withdrawal at 1 percent power. The peak reactor ccolant systen pressure of 2520 and
2530 pounds per square inch, absolute, respectively, did not result in violation of the
11C percent overpressure limits.

The bcron dilution incident evaluation presented in Section 15.2.4 of CESSAR is
consistent with the proposed technical specification limits for refueling boron con-
centration, and is acceptable.

We conclude that the plant design is acceptoble with resDect to transient response to
events that might occur during the plant lifetime and that anticipated transients would

not lead to more serious plant conditions in the abse.;e of other faults.

15.5 Postulated Accidents

Conbustion Engineering has analyzed the System 80 design to eyaluste the effects and
potential consequences of postulated accidents due to single faults which have small to
extremely remote probability of occurrence. Such accidents meet the criteria of Class

11 and III events in the evaluation and .lassification presented by Combustion

E ngi r.ee r i ng .

We have reviewed the accident analyses subnitted by Combustion Engineering to assure
completeness and conservatism in the analysis, and to evaluate the acceptability of the
results.

i4 9 ,
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We selected, for detailed analysis, five highly unlikely accidents that are repre-
sentative of the spectrum of types and physical locations of postulated causes in the
System 80 design and that involve the various engineered safety feature systems. The
analyses of these accidents are discussed in the following paragraphs. The calculated
effects on the core and the potential consequences of these accidents exceed or are
expected to exceed those of all other postulated accidents that directly affect the
System 80 design and are the same as those analyzed for previously licensed pressurized
water reactor plants. The accidents analyzed were (l) control element assembly ejec-
tion, (2) reactor coolant pump motor seizure, (3) feedwater system piping breaks (4)
steam piping breaks inside and outside of containment, and (5) reactor coolant system
piping breaks.

15.5.1 Cnntrol Element Assembly Ejection

The mechanical failure of a control rod mechanism pressure housing could result in the
ejection of a control element assembly. The consequences of this event would be 3
rapid reactivity insertion together with an adverse core power distribution, passibly
leading to localized fuel rod damage.

Although mechanical provisions have been made to nake this accident extremely unlikely,
Combustion Engineering has analyzed the consequences of such an event.

The methods used to perform the analysis have beea reviewed by the staff ad found to
be consistent with Pegulatory Guide 1.77, " Assumptions Used for Evaluatin a Control
Pod Ejection Accident for Pressuried Water Reactors." These include the u;e of the PCQ
Code to determine radial peaking factors and a point kinetics representation of the
core (CHIC-KIN Code) utilizing Doppler weighting factors calculated with the TWIGL

Code.

The ejection analysis was perfomed for begir.ning-of-life and end-of-life conditions
for both full power and zero power. To ensure a conservative analysis, the maximum
radial peaking factor and the maximum ejected rod worth were assured to occur for the
same initial conditions, although calculations indicated that this is not necessarily
true. Further conservatism was introduced by increasing both the maximum ejected
ontrol element assembly worth and radial peaking factor by IC percent to account for

uncertainties.

The results show that, in all cases analyzed, the enthalpy of the hottest pellet is
below the 280 calories per gram limit specified in Regulatory Guide 1.77. The zero

power cases produced the highest values, 274 and 265 calories per gram from the

be , ;ng-of-;ife and end-of-life conditions, respectively. Thus, prompt fuel rupture
with con:equent rapid heat transfer to the coolant from finely dispersed molten uranium
dioxide can be assumeo not to occur. Combustion Engineering used 200 calories per gram

as a clad damage threshold. At our request Combustion Engineering evaluated the clad
damage based on the numt,er of fuel pins experiencing a departure from nucleate t ailing

y[3Gg-
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TABLE 15.4

ASSUMPTIONS USED IN THE CALCULATION OF THE

CONTROL ELEMENT ASSEMBLY EJECTION ACCIDENT DOSES

(1) Power is 4100 therral negawatts

(2) Iodine decontaminatica f actor of 10 between water and steau

(3) Pr imary and secondary coolant equilibrium conceatrations as , cited
by technical specifications (1.0 microcurie of iodina-131 es,' valent
activity per gram and 100/f microcurie of noble gas activity per gram
for primary coolant, and 0.1 microcurie of iodine-131 equivalent
activity per gram for secondary coolant)

(4) Primary to secondary leak rate as limited by technical specifications
(1 gallon per minute)

T) Iodine source spike factor of 500 (rate of release from fuel) af ter
accidents

(E) h cercent of the iodine and noble gas activity in the fuel is in the fuel
gaps

(7) All re 'ases through the secondary system

(8) 7 percer . of the fuel suffers clad failure af ter rod eiection accident
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ratio of less than 1.3, the clad damage criterion given in Regulatory Guide 1.77.
Results of the analysis based on this damage criterion show that events for beginning-
of-life conditions produce clad damage in less than I percent of the fuel pir.s; results
for events for end-of-life conditions indicate that clad damage will occur in less than
7 parcent of the fuel pins.

Based on the confornance of the analysis with the recomendations of Regulatory Guide
1.77 we conclude that the analysis of the control elenent assembly ejection accident is
acceptable. The radiological consequences of this accident are discussed in Section
15.5.6 of this report.

15.5.2 Peactor Coolant Pump Potor Seizure

We reviewed Combustion Engineering's analysis of an instantaneous seizure of a rotor of
a reactor coolant pump during any allowed rode of operation. This event was evaluated
by Combustion Engineering, using computer codes (CESEC, TORC, and COAST) which are

still under review by the staff. The nathematical rodel and paraneters used as input
were reviewed and found to be suitably conservative. The results of the analysis
showed that less than 2 percent of the fuel rods experienced a departure from nucleate
boiling. This assures that fuel damage will be minimal and that there will be no
consequential loss of core cooling capability. The analysis showed that the naximum
pressure within the reactor coolant and main steam systens did not exceed 110 percent
of the design pressures.

Based on our review of the nathematical model, the irput parameters and the analysis
results, we have determined that, if the codes used in the analysis are approved by the
staff, we will be able to conclude that the plant design is acceptable with regard to
possible 'eizure of a rotor of a reactor coolant pur'p.

In the tent that any of these three computer codes are found to be unacceptable, we
will require this event to be reevaluated using an acceptable code and that the System
80 design be rodified as required to assure that the results of a reactor coolant pump
rotor seizure accident are =cceptable to us.

We expect to conplete our review of these codes on a schedule that will allow Corbestic,n
Engineering to revise the codes and modify the design, if necessary, and to submi t the
nodifications in the CESSAR Final Design Approval appl 4 ation.

15.5.3 Feedwater Sy_ stem Piping Ereaks

We reviewed Combustion Engineering analyses cf a spectrun of feedwater line breaks
inside and outside containment, during various rodes nf operation, and with or without
cffsite power. Tne accident which resulted in the most severe transient consequences
was determined and evaluated using a mathematical rodel that is presently under review.
The results of the analyses of raximum size double ended feedwater line break xcidents

between the stean generator 3nc' the feedwater lir.e check valve showed that no fuel
3 .- .
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damage and no consequential loss of core cooling capability would result. The maximum
pressure within the reactor coolant and rain stean systems did not exceed 110 percent
of the design pressures.

The results of Corbustien Engineering's analyses as described in the CESSAR are
dcceptotir; however, there are unresolved questions regardinc the rethod used for these
analyses. He requested Combustion Engineering to submit a topical report, describing,
in detail, the feedwater line rupture accident analysis. Cunbustion Engineering has
indicated in CESSAR Amendment 27 that it will issue this topical report in Decerter,

1976. We expect to complete our review of this topical on a schedule that will allow
or,bustion Engineering to revise the analysis and rodify the design if necessary, in

the CESSAR Final Design Approval application.

15.5.4 Spectrum of Steam Piping Breaks Inside and Outside cf Containrent

We reviewed the analyces and effects of steam line break accidents inside and outside
containment during various nodes of operation and with and without offsite power. The
accident which resulted in the nost severe consequences was determined and evaluated by

Corbustion Engineering. The results of Canbustion Engineering's analyses of the
spectrum of steam line break accidents showed no expected fuel damage and no loss of
core cooling capability resulted. The minimun departure from nucleate boiling ratio
experienced by any fuel rod was shown to be greater than 1.3. The m.aximum pressure

within the reactor coolant and main steam systens did not exceed 110 percent of the
design pressures.

The analyses as described in the CESSAR indicate acceptable consequences, however sore
questions concerned with the analysis nethods, e.g. , flow nixing ef fects in the lower
plenun, the noisture cai ry-over redel, and three-dinec.sional reactivity feedback
effects, are still under review. We have requested Cortustion Engineering to subnit a
topical report aescribing in detail the assumptions and calculation techniques used for
steam line break analyses. Corbustion Engineering documented in CESSAR Arendnent 27
that it will issue this topical in June, 1978. We expect to complete our generic
review of this topical report cn a schedule that will allow Corbustion Engineering to
revise the analysis and nodify the design, if necessary, in the CESSAR Final Design
Approval application.

In order to meet the steam line accident criteria the applicant has provided an inter-

face requirenent which specifies th1t steam line flow restrictors be provided in each
steam line as close as practicable to the steam generator nozzles We conclude that

this interface requirement is acceptable.

15.5.5 S ec_trun of Reactor Coolant System Piping Breakst

The energency core cooling system criteria require that energency core cooling
performance ba calculated in accordance with an acceptable evaluation nodel and for a
nunoer of postulated loss-of-coolant accidents of different sizes, locations, and other
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properties sufficicnt to provide assurance that the entire spectrum of postulated loss-
of-coolant accidents is covered. In addition, the calculation is to be conducted with
at least three values of the discharge coefficient applied to the postulated break area
spanning the range from 0.6 to 1.0.

Amendment 41 to the CESSAR addresses a spectrur of nine breaks for the loss-of-coolant

accidcnt from major reactor coolant system pipe ruptures. Discharge coefficient values
were considered which covered the required range of 0.6 to 1.0. Two analyses for hot
leg and pump suction leg large breaks were included. Amendment 31 to the CESSAR
included a spectrum of four small breaks.

We have reviewed the break spectrum provided in the CESSAR and conclude that the

spectrum of reactor coolant system piping breaks is in conformance with 10 CFR part 50,
and therefore acceptable.

15.5.6 Radiological Consequences of Design Basis Accidents

We have evaluated the consequences of the design basis loss-of-coolant, steam generator
tube rupture, main stsam line break, and control element assembly ejection accidents
and determined the limiting atmospheric diffusion factor required by a site in order to
meet the guideline doses for site evaluation purposes. We used the guideline dose
values of 150 rem to the thyroid and 20 rem to the whole body, as described in Regula-
tory Guide 1.4, " Assumptions used for Evaluating the Potential Radiological Consequences
of a loss-of-Coolant Accident for Pressurized Water Peactors," to determine the accept-
ability of sites that are evaluated at the construction permit stage with respect to
low probability design basis accidents.

The System 80 reference system does not irclude the containment in its design scope.
For a hypothetical case where the containment design leak rate is 0.1 percent per day,
the total containment volume is 3,000,000 cubic feet, of which a maximum of 20 percent
is not accessible to the sprays, and for which a minimum mixing rate of 20,000 cubic
feet per minute is established, a two-hour dose reduction factor of 6.3 can be achieved.

With this dose reduction factor we calculate that a relative concentration of 4.7 x 10
seconds per cubic meter or less, is required for the CESSAR to meet the dose guidelines
of Regulatory Guide 1.4 without additional engineered safety features for the design
basis loss of coolant accident. The assumptions used in the analysis are given in
Table 5.5.

Of those sites previously evaluated by the Comission, only approximately 30 percent
~4had two hour relative concentration values equal to or less than 4.7 x 10 seconds per

cubic meter at the exclusion area boundary. Sites with higher relative concentration
values at the exclusion area boundary (i.e., poor atmospheric dispersion characteristics)

will be required to meet dose guidelines by designing th] spray additive system to
achieve a higher dose reduction factor or by providing additioral engineered safety
features. Plants of recent d" sign have adequate engineered safety features in the
balance of plant to satisfy the dose guidelines.
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TABLE 15.5

ASSUMPTIONS USED IN THE EVALUATION OF THE RADIOLOGICAL CONSEQUENCES OF THE

LOSS OF COOLANT ACCIDENT

(1) Power level of 4100 megawatts thermal

(2) Operating time of three years

(3) Containment leak rate of 0.10 percent per day (0-24 hours)

(4) Iodine composition of 91 percent elemental, ' percent organic, and 5 percent
particulate

(5) A two-hour thyroid dose reduction factor for sprays of 6.3

Based on the informativn supplied in the CESSAR for the control element assembly
ejection accident, we calculated that, for a 30 meter elevated release, a site with a
two-nour relative concentration value of 1 x 10- seconds per cubic meter or less at

the exclusion area boundary is required to mee+ to 150 rem thycoid dcse guideline
value. The assumptions used in the ejection accident are li?ted in Table 15.4. The

radiological consequences are detennined primarily by the arount of failed fuel and the
assumed primary to secondary system leak rate. For sites with poorer dispersion ccn-
ditions, a primary to secondary system steam generator tube leak rate below one gallon
per minute may be required.

The resulting doses for the steam generator tube rupture and steam line break accidents
are fur;tions of the activity concentrations in the primary and secondary coolant as

limited by the technical specifications. The coolant activities technical specifica-

tion limits, however, were set previous to the advent of the new generation of large

nuclear power plants (e.g., the System 80 design). We will, therefore, include appro-
prf ate limits on primary and secondary coolant activity concentrations in the technical
specification for those plants utilizing the CESSAR System 80 design to maintain the
doses within 10 CFR Part 100 guidelir.es even with iodine spiking.

15.6 Anticipated Transients Without Scra_m

Our generic evaluation of anticipated transients without scram has continued since
issuance of WASH-1270 " Anticipated Transients Without Scram for Wa. -Cooled Power

Reactors" in September 1973. While still not finished, our review is nearing comple-
tion. We have issued a status report on our review and have met with the #''isory
Connittee on Reactor Safeguards to discuss that report. We will factor the orni t tee 's

comments intc the development of a fina'. staff position on the matter. Our final

conclusions as ta the measures that must be taken te assure the acceptability of a
specific plant resign with respect to all the considerations associated with anticipated

transients without scram must, of course, await the completion of our generic review.
However, because of the staff's efforts and those of the nuclear steam supply system

manufacturers during the past years, we and the manufacturers have a sound ur.derstanding
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of the type of calculational models that will be needed for the required assessments.
Further, for certain designs, preliminary results obtained using such models and a
range of values for certain dominant input paraneters have provided an understanding of
design neasures that, if taken, would veiy likely be sufficient to eliminate the need
for further design changes to make the consequences of an anticipated transient without
scram acceptacle or, the basis of the finally approved calculational nodels and
assumptions.

Conbustion Engineering, Incorporated and the Corimission staff both have sufficient

understanding of the Systen 80 design and the models and assumptions that will likely
result from the staf f's ongoing generic review, to predict with assurance the types of
design changes that may be nece.sary to assure the acceptability of the consequences of
an anticipated trarsient without scram in a System 80 plant.

Based on the review perfonned to date, the following plant modifications are indicated:

(1) Additional pressurizer safety valve reliaving capacity te reet the erergency stress
intensity limit.

(2) Diverse neans to automatically actuate systems such as the auxiliary feedwater
system, opening of atnospheric dump valves and containnent isrlation nust be
provided.

(3) The logic associated with the auxiliary feedwater system must not interrupt the
auxiliary feedwater flow due to low steam gererator pressure.

(4) Diverse reans must be provided for interrupting power to the rod drive cochanisms
on reactor scram.

(5) The plant operating procedures for the auxiliary feedwater syste... valves nust be
revised to assure that the required auxiliary feedwater flow will reach the steam
ge ne ra to rs .

Based on our review to date these design changes should render the consequences of an
anticipated transient without scran event acceptable in a Systen BC pir't. However,

until the final results of an analysis by Combustion Engineering obtained through the
use of approved final calculational ncdels and assunptions are available we have
concluded that it would be premature to require specific design changes to be rade to
the Systen 80 design. We intend to centinue to review this ratter and will "equire
any changes indicated to be needed in the Systen 83 design by the result of approved
analyses to be incorporated into tre design in a tinely nancer. We wiii issue a
Preliminary Design Approval for the Systen 80 design on this basis

15.7 Conclusions

We have reviewed Chapter 15 (Accident Analyses) of the CESSAR and conclude that the

analysis of abnornal transients and postulateJ accidents are acceptable for the purpose
of Proliminary Design An roval of the Systen 80 reference systen.s
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However, there ar! several matters that will be re suired to be completed subsequent to
the Preliminary I.esign Approval, as discussed below, and have their resolution reported
in the CESSAR Finil Design Approval application.

(1) Technical spei ification limits on reactor coolant average temperature, or an
equivalent measure of ccre stored energy must be established.

(2) Technical spe;ification restrictions must be established to assure Corsnission
review of ekanges in core configuration and computer systems software changes for
both the core protection calculators and the core operating limit supervisory
system whir.h af fPCt the capability of the computer systems to perform safety
related functions.

(3) Ccntrol element assembly drop times used in the safety analyses must be verified
by drop tests performed with the 16 x 16 fuel element assembly configuration.

(4) Trip delay tires and uncertainties used to establish final trip set points within
analyses values must be fully justified by test results.

(5) The expected range of reactor parameters (Doppler coefficient, moderator temper-
ature coefficient, etc.) must be estimated for subsequent fuel cycles of each
plant.

(6) The review of the CESEC and TCRC codes must be completed.

(7) The generic review of the methods used for the analysis of the loss of flow
transient, including the use of the COAST code must be completed.

(8) Reports on the steam line break and feedwater line break accidents must be sub-
mitted and reviewed and approved by the staff. Design modifications required as a
result of the review must be subnitted and reviewed and approved by the staf f.

(9) An analysis of the transient associeted with inadvertent operation of the
emergency core cooling system or chemical and volume control system charging pumps
must be submitted and reviewed and approved by the staff.

'
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16.0 TECHNICAL SPECIFICATIONS

The technical specifications in an operating license define certain features,
characteristics, and conditions governing operation of a facility that cannot be
changed without prior approval of the Cocinissicn. Final technical specifications will
be developed and evaluated at the final design review stage. However, in accordance
with Appendix 0, paragraph 3, of 10 CFR Part 50, an application for a preliminary
design approval of a standard design is required to include preliminary technical
specifications. The regulations require an identification and justification for the

selection of those variables, conditions, or other items which are detemined as a

result of the preliminary safety analysis and evaluation to be probable subjects of
technical specifications, with special attention given for those items which nav
s.gnificantly influence the final design.

We have reviewed the proposed technical specifications presented in Section 16 of the
ClaSAR in conjunction with our review of CESSAR Sections I through 15 with the
objective of identifying those items that would require special attention at the
preliminary design review stage, to preclude the necessity for eny significant change
in design to support tne final technical specifications. 'he proposed technical speci-
fications are similar to the standard technical specifications being developed for
plants using nuclear steam supply systems designed by Conbustion Engineering. Seve ral
of the technical specifications proposed in the CFSSAR have been nodified as a result
of our review. The associated required design changes have been addressed in the
applicable sections of this report wherein the particular aspect of the system design
affected by the technical specifications is evaluated. We conclude that the revised
preliminary technical specifications are acceptable at this review stage.

$
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17.0 OUALITY ASSURANCE

17.1 General

hction 17 of the CESSAR describes the quality assurance program of Cortustion
f ngineering's Power Systens broup for the design and procurerrnt phases of the Systen
GO nuclear steam supply syster Our evaluation of the quality assurance progran is
based on a review of this inferr:ation and discussions and neetings with Co2ustion
Engineering to determine how its quality assurance program con: plies with the require-
rents of Appendix B of 10 CFR Part 50 and the applicable Regulatory Guides

17.2 Ory nization

The group within the Corbustion Engineering organization msponsible for the design and
procure ent of the Systen 80 nuclear steam supply system is the Power Systens Group
( f i g u re 17.1 ) . The Group consists of two subgroups, Goneral Services (Figure 17.2) and
Nuclear Power S stems (Figure 17.3), each directed by a Vice President. Each Vice/

President rtports to the President of the Power Systems Group.

The Director of General Services Quality Assurance has been delegated by the President
of the Power Systens Group, through the Vice President, General Services, the
respon3ibility for establishing and assuring implenentation of the Power Systens Group
qeality assurance policies, goals, and objectives. The Director of General Services
Quality Assurance determines that the mandatory requirerents of policies, gnals, and
objectives are imposed on ranagement by reans of a quality assurance manual.

Corbustion Engineering is required by the qu;lity assurance nanual to develop systers
and procedures to inplement the mandatory quality assurance policy. There are two
organizations direcd y responsible for implementation of the quality assurance program,
r.eneral Services Quality Assurance and Design Quality Assurance. The Director of
General Services Quality Assurance, in addition to developing the quality assurance
program, is responsible for supplier control, which includes control of Combustion
Engineering's manufacturing organizations. The supplier control program includes (1)
evaluation and approval of suppliers, (2) review and approval of procurement orders,
(3) supplier surveillance and audit, and (4) review and approval of supplier's pro-
cedures, records, and certifications.

Design Quality Assurance is a section of Project Services within Nuclear Power Systems,
The Manager of Design Quality Assurance is responsible for implerenting quality
policies in design to M termine effectiveness of design control activities

. . 1!
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The right to stop work is delegated from the President to all levels of quality
assurance nanagersent including General Services Quality Assurance and Design Quality
Assurance. Disputes between personnel in quality assurance and personnel in engineer-
ing, purchasing, or supplier organizations are settled at the Director or Vice
Presidential level when not resolved at lower levels.

Both quality assurance organizations have the author 1ty and freedom to identify quality
problems; to initiate, reconrend, er provide solutf or.s; to verify irplerentation of
solutions; and to control further processing, delivery, or installation of a noncon-
forming iten until proper disposition of the deficiency or unsatisfactory cendition has
been approved.

17.3 qu31ity As.urance Program

The quality assurance program described in Section 17 of CESSAR applies to all safety-
re'ated itens or services engineered and procured by Conbustion Engineering, including
nuclear fuel assemblies Highlights of the quality assurance program are described in
the following paragrap5s

Cont >ustion Engineering maintains three levels of quality assurance on material. The
first level, quality control, is conducted by the nanufacturer's internal quality
control organization. The second level, qual',ty surveillance, is conducted by the
General Services Quality Assurance personnel. These personnel ccaduct the third level
of quality assurance by auliting first and second level activities.

The quality assurance progran ccnnits Cor;bustion Engineering to reet the requirerrnts
of Appendix B of 10 CFR Part 50 and to follos the guidance provided by the Cornission's
Report WASH-1283, " Guidance on Quality Assurance Pequirerents During Design and Procure-
trnt Ftase of Nuclear Power Plants," dated June 7,1973.

Tho quality assurance policies ard procedures are docuner.ted in the Nuclear Quality
Assurance Manual which includes " Methods and Procedures Iratructions' and " Windsor
Quality Assurance Docunents. " The CESSAR contains a b-ief descripticn of these docu-
rents and shows their relationship to the 18 Criteria of f tpendix C of 10 CFR Part 50.

Procedures require formal training and indoctrination of quality assurance personnel
performing quality assurarce related activities to assure cor petenco in interpretation
and implerontation of the quality assurance manual.

The quality assurance program orovides a design control systen for structures, systern
and components. Ti.e systen is docurented and controlled by precedures and instructions.
These procedures and instructions describe the ,esponsibilities and interf aces of each
organizational unit which has an assigned responsibility. They also include reasures
to assure:

E* ',
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(1) That the design documents require compliance with Connission guidance and
k"erican National Standard Institute standards.

(2) That correct translation of Connission design bases and contractural requirements
into specifications, drawings and procedures is perforned.

(3) That the Manager of Design Quality Assurance systematically reviews and updates
internal procedures to ensure effective implerentation of the quality assurance
program.

(4) That the Manager of Design Quality Assurance periodically perforns audits to
verify compliance with design quality elements and to assure that deviations are
cortrolled.

(5) That project coordination and interface control preclude conflicting design
objectives.

Distrtbution lists and naster lists of project drawings and specifications are
naintained to assure timely and accurato access to latest applicable docunents
Procedures are established for verifying designs. The review is perforned by an
individual who is independent of the original designer. Design Quality Assurance
audits the process.

Combustion Engineering has established and documented reasures for the preparation,
review, approval and control of procurenent documents. Th3se measures provide assur-
ance that the procurement documents include or reference Cuanission requirements,

aesign bases, and quality requirenents.

General Services Quality Assurance reviews and approves purchase specifications prior
to issuance. Peviews of procurement documents by qualified engineering and quality
assurance personnel provide assurarre that quality requirements are complete and
correctly stated. The reviews a!so assure that the quality requirements can be con-
trolled by the supplier and verified by the Combustion Engineering Vendor Quality
Assuranct persornel.

Combustion Enginecring requires that its suppliers identify and control materials, and
Corbustion Engineering inspects the marking of items prior to shipment, fiaterial
identification and control by suppliers is assured by requiring a written proccdure
which is reviewed by General Services Quality Assurance.

Combustion Engineering requires that 19. process and final inspections ce performed by
suppliers in accordance with procedures submitted to and found acceptable by Combustion
Engineering. Procedures require that supplier personnel be qualified and that records
of qualification be maintained. These procedures require that supplier inspection
personnel be organizationally independent from manufacturing personnel who perform the

work being inspccted.

'U
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Suppliers to Corbustion Engineering must maintain a ?ystem providing for identification,
documentation, and control of nonconfoming items to prevent inadvertent use. General
Services Quality Assurance reviews and approves nonconformance actions on " Deviation of

Contract Requirements" foms. Engineering evaluates and dispositions nonconformances,
and General Services Quality Assurance reviews these actions. Gcleral Services Quality
Assurance also verifies proper corrective action of suppliers. Cortustion Engineering
provides nonconfomance reports which are dispositioned "use as is" and " repair" to the
user with the material.

Combustion Engineering executes a comprehensive system of planned and documented

3udits to verify product quality and compliance with the quality assurance program.
The audits, with pre-established check lists, assure compliance with all aspects nf
Appendix B of 10 CFR Part 50, including the quality-related aspects of design, procure-
ment, storage, shipment, and reactor site activities. Cortustion Engineering's quality
assurance progran requires that suppliers also audit their operations and their
subvendo 's operations to verify confomance with quality requirements. The audits
include 4 ality related practices, procedures, inst % tion, and confomance with the
quality assurance program. General Services Quality Assurance conducts audits of

Canbustion Engineering's manufacturing suppliers and their sebvendors. Design Quality
Assurance conducts biannual audits of the design ccntrol procedures of each fLnctional
engineering section to assure confomance with requiremnts. Written reports are
forwarded to management of the area audited and to Combustion Engineering management.
Folicw-up audits atsuce corrective action.

17.4 Conclusions

de find that the quality assurance program described in Section 17 of the CESSAR

provides for a comprehensive systen of planned and systematic controls for design and
procurenent only. These controls adequately dencnstrate compliance with each of the
eighteen criteria of Apperdix B of 10 CFR Part 50. We find that the quality assurance
organizations have suf ficient delega*ed indepencence and authority to effectively
establish and execute the quality assurance progJan without undue influence from those
diret.tly responsible for costs and schadule.

We conclude that the quality assurance program for design and procurenent as described
il the CESSAR corplies with the requirenents of Appendix B cf 10 CFR Part 50 and is
a:ceptable.

Section 17 of the CESSAR does not describe quality assurance ;rogram ror Conbustion

Enginecring's manufacturing or site activities. This description will te supplied by
each balance of plant designer or utility-user incorporating or refereccing the CESSAR
and will be reviewed for each individual license application.
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18.0 REVIEW BY THE ADVISCRY COMMITTEE ON REACTOR SAFEGUARDS

The Advisory Comittee on Reactor f afeguards (the Corrittee) completel its review of
the application for a Preliminary Design Approval for the CESSAR System 80 design at
its 185th reeting held Septerter 11-13, 1975. A copy of the Comittee's report dated
September 17, 1975, which contains certain coments and recomendations, is attached as
Appendix C. The actions we have taken or plan to take in response to these coments
and recomcodations are described in the following paragraphs.

(1) The Comittee recomended that, during the design, procumment, construction, and
startup, tinely and appropriate interdisciplinary systen analyses be carried out
to assure complete functional compatibility across each interface for the entire
spectrum of anticipated operations and postulated design basis accident corditions.

We have transmitted the Conmittee's recomendations to Combustion Engineerir.g for

its consideration in proceeding with the CESSAR Systen 80 design. We have
recognized the importance of defining the safety related interface informaticn
required to establish compatability of the CESSAR Systen 80 design with ulance

of plant. As discussed in Section 1.7, we have concluded that this int
infomation is acceptable for the Preliminary Design Approval. Howe ve r , a s pa r t
of our long range ef fort to improve the implerentation of the Comission's
standardization policy, we have initiated a dialogue with the nuclear industry in
an ef fort to develop irproved predures for defining interface requirevnts for
standard plant designs. Through this ef fort and additional experience that will be
gained in evaluating standard plant designs during the Final Design Approval
stage, we will be able to assurc functional compatability between the CESSAR
System 80 design and the balance of plant design.

(2) The Comittee stated that the Nuclear Regulatory Comission staff has identified a
number of outstanding issues specific to the CESSAR application which will require
resolution before the issuance of 3 Preliminary Design Approval . The Comittee
recomended that these matters be resolved in a nanner satisfartory to the staf f.

Prior to the completion of the Comittee's review of the CESSAR Systen 60 desigr.,
we had advised the Comittee of a number of outstanding issues, which are
identified in our Report to the Advisory Ccaiittee on Peactor Safeguards for the
CESSAR. Both Combustion Engineering and the staff discue. sed these matters with
the Comittee at its 185th neeting. The satisfactory resolution of these out-
standing issues is discussed in the appropriate a ctions of this report. We have
resolved all of the outstanding issues specific to the CESSAR application in a
manner acceptable to the staff.

)
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(3) The Committee also requested that they be kept inforneo on the resolution of the
following issues:

(a) The emergency core cooling system evaluation.

0"r evaluation of the emergency core cooling system is addressed in Section
6.3 of this report. This matter has been resolved in a manner satisfactory
to the staff. By issuance of this report, the Committee is being informed of
the results of ou: evaluation.

(b) ine analysis of the effects of anticipated transient" without scram.

Our evaluation regarding anticipated transients without scram is iddressed in
Section 15.6 of this report. This matter is under generic review by the
staff. We will report final resolution of this issue to the Connittee.

(c) Generic review of the effects of failures of reactor pump lubricating oil and
component cooling wat(c systems.

Our evaluation of the reactor coolant pump lubricating oil and component
cooling water systems is addressed in Section 3.2.1 c/ ttis report. This
matter has been resolved in a manner satisfactory to the staff. By issuance
of this report the Committee is being informed of the results of our
evaluation.

(4) The Comnittee expressed its continuing concern regarding generic problems related
to light water reactors, reconnending that such problems be dealt with appro-
priately by the applicants and the Nuclear Regulatory Commission staff. These
generic problems are discussed in a report by the Advisory Committee on Reactor
Safeguards dated March 12, 1975. These generic proolems are being worked on by
the staff, various reactor vendors and other industrial organizations and will be
the subject of continuing attention by the staff.

(5) The Committee stated that it needs to be assured of the dependability of in-core
neutron flux sensors for control of reactors operating at low core power peaking
factors, and reconnended that the Conmissicn staff and Conbustion Engineering
continue to gather pertinent information from operating Combustion Engineering
reacters.

We will continue to gather and review such pertinent data and repcrt to the
ConTaittee relevant information which tends to confirm ti. .ependability of these

sensors. Also, we will require that appropriate technical specifications be
crovided to assure that a sufficient complement of incore detectors is available to
monitor core power distributions.

iOa
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(6) The Comittee encouraged Combustion Engineering and tne Comission staff to
accelerate their efforts towards developing computational methods to provide best
estimate analyses of loss-of-c'olant accidents and other postulated accidents.

On October 20, 1975, 1975, Combustion Engineering presented to the Comittee's
subcomittee for the Palo Verde Nuclear Generating Station (Docket Nos. STN 50-
528, 50-529 and 50-530) the results of Phase 1 of their best estimate analysis
program. We will keep the Comittee infomed of new developments pertaining to
the development of computational methods for best estimate analyses of loss-of-
coolant accidents and other postulated accidents.

(7) Tr.a Comittee stated that the CESSAR design should include provisions which
anticipate the maintenance, inspection, and operation needs of the plant through-
out its service life, including cleaning and decontamination of the urinary coolant
system, and eventual decomissioning. In particular, the Comittee believes that
the Comission staff and Combustion Engineering should review mcthods and proce-
dures for removing accumulations of radioactive contanination whereby maintenance
and inspection programs can be more effectively and safely carried out.

During the past year, the staff has been reviewing the activation product problem,
including data on occupational radiation exposures related to activation products
and methods and procedures for preventing or reducing and removing accumulations
of radioactive contamination in the primary coolant system of light water reactors.
Infomation gathered at conferences on decontamination and decomissioning and
inputs from specific technical sources in industry have resulted in the staff

examining this issue in more detail in the review of nuclear power plant
applications.

The draft working paper for Regulatory Guide 8.8, Revisions 2, "Infomation
Relevant to Assuring that Occupational Radiation Exposure at Nuclear Power Stations
will De As low as Reasonably Achievable," incorporated all of the staff's findings
to date on methods and procedures that are effective in reducing radioactive
expo,ure related to activation products, and was reviewed by industry in April
1975. Two areas we have identified where infomation is lacking or insufficient

are (1) the costs associated with various measures, and (2) the quantitative
banefits in reduction of occupational radiation exposure associated with the

measures. Because we do not have this infomation, e do not require additional

design fea+ures for exposure reductisn in plants presently under review.

We are continuing our study of the problems associated with decomissioning but,
as yet we do not require srecific de gn provisions for decomissioning. A few
reactors have teen decomissioned and we know from this experience that the

resultant exposures can be kept within acceptable bounds. Because the experience
in this area has been acceptable to date, we plan to continue our investigations
further in'.o this matter before we require that any special features be incor-

porated during the design and construction of a plant. ,, n r,4 .f
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(8) The Cormittee stated that they believe that Combustion Engineering and the staff
should continue to review CESSAR for design ch;nges that will further improve
protection against sabotage.

The Office of Nuclear Regulatory Research has funded studies concerning possible
modes of sabotage at nuclear power plants. Any recomendations resulting from
these studies, regarding additional design features to protect against acts of
industrial sabotage, will be considered by the staff for ;ncorporation in the
System 80 design.

(9) The Comittee recorrended that the Comission staff perfom an independent check
on the cal ulation of steam generator blowdown force effects for postulated
ruptures of the steam genet ator feed line.

We plan to perfom independent analyses of stean generator blowdown force effects
for postulated ruptures of the steam generator feed line. We will inform the
Corrittee of the results of our analyses.

(10) Ti . Comittee recomended that for a standard reactor of this size, larger safety
..ergins, such as obtainable f rcm higher reflooding rates, should be dencnstrated.
Fror; rams underway by Combustion Engineering include analytical and experimental

studies aimed at providing the technical base for emergency core cooling
system codel improvements, as well as studying possible changes involving
augmented erergency core cooling systems. The Comittee believes that the
programs consti tuta a sufficient basis for prcceeding at this time, 3rd that the
demonstration of larger ufety margins should be part of the first major revised
version of the Reference System 30 design.

Stud.es are teing conducted by the sta'f and several reactor vendors to define

better the current safety nargins associated with erergency core cooling systens.
We will utilize the results of these studies in evaluating any future proposed
riodifications to the CESSAR System 80 emergency core :coling system.

,!'
*
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APPENDIX A

CHRONOLOGY OF RADIOLOGICAL REVIEW

0[
COMBUSTION ENGINEERING STANDARD SAFETY ANALYSIS REPORT (CESSAR)

Septem5er 17,1973 Application tandered for acceptance review.

September 25, 1973 Letter to Combustien Engineering regarding receipt of tendered
application.

October 10, 1973 Meeting with Combustion Engineering to discuss correction of
deficiencies in CESSAR draf t.

October 25, 1973 Letter to Combustion Engineering rejecting tendered appli-
cation and requesting additional information.

November 2,1973 Meeting with Combustion Engineering to discuss the staff's
acceptance review of CESSAR.

November 3, 1973 Letter to Combustion Engineering regarding anticipated
transients without scram.

November 7, 1973 Letter from Combustion Engineering regarding proposed
schedule for submission of additional information.

November 8, 1973 Letter to Combustion Engineering regarding anticipated
transients without scram.

December 7,1973 Submittal of revised CESSAR copies for a second
acceptance reviev.

December 12, 1973 Letter to Corbustion Engineering advising that CESSAR ic
sufficiently complete for docketing.

December 17, 1973 Response from Combustion Engineering regarding the staff's
November 8, 1973 letter concerning anticipated transients
without scram,

December 18, 1973 Letter from Combustion Engineering resubmitting CESSA7
for detailed review.

December 19. 197s CESSAR docketed.

December 19, 1973 Letter fron Combustion Engineering providing schedule for
submittal of additional information requested in the staf f's
October 25, 1973 letter.

December 26, 1973 Notice of receipt of Standard Safety Analysis Report.

December 26, 1973 Letter to Combustion Engineering informing them that CESSAR
is docketed.

January 4, 1974 Notice of receipt of CESSAR published in FEDERAL REGISTER
(39F.R.1090).

January 8, 1974 Meeting with Corbustion Engireering to discuss irterpretation
and Combustion Engineering's response to our request for
additional information.

x i, !.
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January 17, 1974 Submittal of Arendment 1 to CESSAR consisting of partial re-
sponses to the staff's October 25, 1975 request for additional

i n f o rma ti on .

February 14, 1974 Submittal of Aaendnent 2 to CESSAR consisting of partial re-
spcnses to the staff's October 25, 1975 request for additional
i n f o rma ti o n .

February 15, 1974 Letter to Canbustion Engineering in response to its December 17,
1973 letter on anticipated transients witho 't scram.

March 4 1974 Meeting with Combustion Engineering to discuss additional infor-
mation regarding its quality assurance program.

March 6, 1974 Meeting with Combustian Engineering to discuss draf t questions
related to staf f's review of CESSAR.

March 13, 1974 Letter f rom Combustion Engineering requesting that System 80
customers be placed on automatic distrit i of CESSAR corre-
spondence.

March 21, 1974 Meeting with Combustion Engineering to discuss draft questions
related to staff's review of the quality assurance program
described in Secticn 17 of CESSAR.

March 22, 1974 Letter frcm Combustion Engineering concerning basis for its
request that the CESSAR proprietary appendix be withheld.

March 22, 1974 Letter to Ca,bustion Engineering requesting additional information
required as a result of the staff's review of CESSAR.

March 26, 1974 Letter to Combustion Engineering transmitting a review schedule.

March 26, 1974 Meeting with Combustion Engineering to discuss the staff's requests
for additional information.

March 29, 1974 Letter to Combustion Engineering requesting additional information
and enclosing a description of an acceptable seismic qualification
progran for electrical and rechanical equipnent, plus a staff
position on the application of the single failure criterion to
manually-controlled electrically-operated valves.

April 2, 1974 Meeting with Combustion Engineering to discuss the staff's request
for additional information.

April 4, 1974 Letter to Combustion Engineering requesting additional information
required as a result of the staf f's review of CESSAR.

April 9, 1974 L ?tter from Combustion Engineering regarding its schedule for
responding to our March 22, March 29, and April 4, 1975 requests
fnr additional infornation.

April 12, 1974 Letter to Canbustion Engineering granting a request that System
80 customers be placed on automitic distribution of CESSAR
correspondence.

May 10, 1974 Letter from Combustion Engineering regarding the schedule for
responding to our request for additional information.

May 14, 1974 Letter from Combustion Engineering providing justification for
withholding prcprietary appendix to CESSAR.

June 2, 1974 Mceting with Combustion Engineering te discuss quality assurance
programs.

.
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June 3,1974 Submittal of Amendnent 3 to CESSAR consisting of partial
responses to the staff's March 22, March 29, and April 4,
1975 requests for additional informatien.

June 10,1974 Letter to Combustion Engineering grar, ting withholding of
Proprietary Volume 5 to CESSAR.

m'ene 12,1974 Meeting with Combustion Engineering to discuss cutof f dates
for applicability of new Regulatory Guides to CESSAR.

June 27, 1974 Letter to Combustion Engineering regarding cutoff dates for
applicability of new Regulatory Guides to CESSAR.

4:ly 1, 1974 Meeting with Combustion Engineering to discuss the quality
assurance program described in Amendment 3 to CESSAR.

1,1974 Submittal of Amendm ' 4 to CESSAR consisting of partial
responses +3 the start's March 22, March 29, and April 4,
1975 requests for additional information.

July 12,1974 Letter from Combustion Engineering providing draft responses
to some of the staff's requests for additional information.

July 17, 1974 Letter from Combustion Engineering providing draft responses
to some of the staff's requests for additional i n f o rma t i on .

July 18, 1974 Letter to Combustion Engineering requestirg additional infor-
mation required as a result of the staff's review of CESSAR.

July 21, 1974 Meeting with Combustion Engineering to discuss quality
assurance questions.

July 22, 1974 Letter to Combustion Engineering transmitting a revised
review schedule.

July 24,1974 Meeting with Combustion Engineering to discuss its response
to a question concerning energy release to the containment
in a steam line break accident.

July 30, 1974 Meeting with Combastion Engir .ering to discuss the ise of
optional systems in the CESSAR.

August 5, 1974 Letter from Combustion Engir.eering providing a schedule for
submittal of cdditional information.

August 8,1974 Submittal of Anendment 5 to CESSAR consisting of responses
to the staff's connents on the Combustion Engineering quality
assurance program.

August 9,1974 Meeting with Combustion Engineering to discuss the technical
details of responses to Section 15 requests for additional
i n fo rma t i on .

August 14, 1974 Letter to Coobustion Engineering requesting additional irfor-
mation required as a result of the staff's review of CESSAR.

August 19, 1974 Submittal of Amendment 6 to CESSAR consisting of partial
responses to the staff': March 22, March 29, April 4, and
July 18, 1974 i equests for additional infornation.

August 22, 1974 Letter to Combustion Engineering requesting additional infor-
mation required as a result of the staff's review of CESSAR.

August 22, 1974 Met ;ng with Cntbustion Engineering to discuss the Auxiliary
and Power Conversion System Branch's request for tabulation
of system scope and interface requirements.

E, r
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August 28, 1974 Meeting with Combustion Engineering to discuss additional
information to be provided in response to staff's Sectior 15
requests for additional information.

August 30, 1974 Letter to Combustion Engineering requesting additional infor-
mation concerning the computerized protection system.

September 3, 1974 Letter to Combustion Engineering requesting additional infor-
mation required as a result of the staff's review of CESSAR.

September 4, 1974 Meeting with Combustion Engineering to discuss the treatment
of exceptions to CESSAR being taken by Arizona's Palo Verde
application and the procedure Combustion Engineering recom-
mends for handling such exceptions on CESSAR plants.

September 5,1974 Letter from Cembustion Engineering providing a schedule for
responses to staff's requests for information.

September 6, 1974 Meeting with Combustion Engineering to discuss some of the
staff's questions and positions concerning CESSAR instrument
and controls design.

September 24, 1974 Letter from Combustion Engineering regarding steam generator
iodine carry over.

September 30, 1974 Submittal of Amendment 7 to CESSAR consisting of partial
responses to the staff's August 14 and 22,1974 requests for
additional infonnation.

October 7, 1974 Submittal of Amendment 8 to CESSAR consisting of partial
response to the staff's August 14 and 22, 1974 requests for
additional infornation.

October 14, 1974 Submittal of Amendment 9 to CESSAR consisting of partial
response to the staff's August 14, 22, and 30, 1974 requests
for additional informa. ion.

October 15, 1974 Letter from Combustion Engineering providing schedule
infornation concernii.g the submittal of responses to the staf f's
requests for additional information.

October 21, 1974 Submittal of Amendment 10 to CESSAR consisting of partial
responses to the staff's August 14, and 22,1974 requests
for addi tional information.

October 22, 1974 Meeting with Combustion Engineering to discuss its comments
concerning a standard nuclear steam supply system definition
that is being considered by the staff for the CESSAR standard
plant, and to discuss the treatment of the current CisSAR
optional systems when the standard nuclear steam supply system
definition is finalized.

October 24, 1974 Meeting with Combustion Engineering to discuss CESSAR
responses in areas reviewed by the Systems Analysis Branch.

October 25, 1974 Letter to Combustion Engineering requesting additional
information required as a result of the staff's review of
CESSAR Amendments.

October 28, 1974 Submittal of Amendment 11 to CESSAR consisting of partial
responses to the staff's August 14 and 22, 1975 requests for
additional information.

October 29, 1974 Meeting with Combustion Engineering to discuss unresolved
Reactor Systems Branch IESSAR review matters,

'm f) f),

!

A. i

CESSAR



October 30, 1974 Meeting with Combustion Engineering to discuss the design
of the steam generator in areas that are reviewed by the
Reactor Systems Analysis Branch.

November 4,1974 Submittal of Amendment 12 to CESSAR consisting of partial
responses to the staff's August 14 and 22, 1974 requests for
additional information and other changes to CESSAR.

November 5, 1974 Meeting with Combustion Engineering to discuss proposed
responses to some of the staff's requests for additional
i e,rmation

November 11, 1974 Meeting with Combustion Engineering to resolve a substantial
list of inadequate CESSAR responses to staf f's request for
additional information in areas reviewed by the Electrical
Instrumentation and Control System Brar,ch.

November 13, 1974 Letter from Cowbustion Engineering indicating that it iatends
to submit CESSAR loss-of-conlant accident ar.alysis on
January 13, 1975.

November 18, 1974 Submittal of Amendment 13 to CESSAR consisting of partial
responses to the staffs August 14 and 22, 1974 requests for
additional information.

November 18, i974 Meeting with Combustion Engineering to discuss the core
operating limit supervisory system.

November 19, 1974 letter to Comoustion Enginaering requesting additicnal
'7 formation on the emergen y feedwater system.

November 25, 1974 Subinittal of Amendment 14 to CESSAR consisting of additional
re'ponses to the staf f's August 14 and 22,1974 and
Octt;er 25, 1974 requests for additional information.

November 26, 1974 Letter to Combustion Engineering pr n: ding a staff position
regarding the containment spray systen.

November 26, 1974 Letter to Combustion Engineering regarding evaluation of
the CESSAR application at a power level other than that
reconnended by Regulatory Guide 1.49.

December 4, 1974 Meeting with Combustion Engineering to discuss CESSAR
interface requirements in the area reviewed by the
Auxiliary ar.d Power Conversian System Branch.

December 4,1974 Meeting with Combustion Engineering to discuss the nodifi-
cations being made to the CESSAR containment spray system
to conform to the staff's position that it must be avail-
able (without operator action) whenever the r.eactor cool 6nt
system is above 200 degrees Fahrenheit.

December 16, 1974 Submittal of Amendment 15 consisting of revisions to
update and address unresolved CESSAR issues.

December 23, 1974 Subnittal of Amendment 16 consisting of revisions to
upvite and address unresolved CESSAR issues.

January 3,1975 Meeting with Combustion Enginee .nq to discuss outstanding
CESSAR review matters.

January 3,1975 Letter to Combustion Engineering regarding Regulatory
Guide 1.49.

January 13, 1975 Submittal of Amendment 17 consisting of revisions to
update and address unresolved CESSAR . issues.

' 11 )
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January 20, 1975 Submittal of Amendment 18 consisting of revisions to
update and address unresolved CESSAR issues.

January 27, 1975 Submittal of Amendment 19 consisting cf revisions to
update and address unresolved CESSAR issues.

Jaruary 31, 1975 Meeting with Combustion Engineering to discuss outstanding
items that must be completed by the Combustion Engineering
in order for the staff to compleie its review of CESSAR and
prepare a safety evaluation report.

February 4, 1975 Letter fr yn Combustion Engineering discussing fuel transfer
tube closure.

February 10, 1975 Submittal of Amendment 20 consisting of revisions to
update and address unresolved CESSAR issues.

February 10-11, Meeting with Cotbustion Engineering to discuss the staff's
1975 requirements regarding automatic repressurization of the

safety injection tanks and safety grade requirements for
the circuitry provided to trip the reactor.

February 12, 1975 Letter from Combustion Er.gineering providing connents on
Amendment I to WAjH-1341.

February '4, 1975 Meeting with Combustion Engineering to discuss its comments
on draf t copy of the staff's second request for additional
information concerning computerized protection system.

February 14, 1975 Letter to Combustion Engineering regarding outstanding
review items.

February 18, 1975 Letter to Combustion Engineering requesting additional infor-
mation regarding the computer protection system.

February 24, 1975 Letter to Combustion Engineering requesting a description of
the analysis methods used to derive trip functions.

February 24, 1975 Letter to Combustion Engineering regarding the computer
protection system.

February 23,1975 Letter to Combustion Engineering regarding proprietary status
of Appendix 7A to CESSAR.

February 23, 1975 Advisory Connittee for Reactor Safeguards Subcomnittee
reeting on CESSAR.

& March 1,1975

March 3-4, 1975 Meeting with Combustion Engineering to discuss the computer-
ized protection system design, and t' discuss CESSAR inter-
face requirements.

March 3, 1975 Submittal of Amendment 21 consisting of revisions to
update and address unresolved CESSAR issues.

March 5, 1975 Meeting with Comoustion Engineering to discuss design inter-
face requirements imposed by CESSAR on the balance of plant
designs that mate with Systcn 80.

March 7, 1975 Letter " rom forhustion Engineering providing fuel transfer
tube drawings.

March 10, 1975 Submit:al of Amendrent 22 consisting of revisions to
update and address unresolved CESSAR issues.

March 10, 1975 Lette- from Combustion Engineering providing the status of
outstanding CESSAR review ratters.

71 !*( i
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March 10,1975 Letter from Combustion Engineering providing information on
radioiodine spiking effects on accident releases.

March 10,1975 Letter from Combustion Engineering indicating that suitaole
textual changes will be made in the research and development
section of CESSAR for core protection calculators.

March 11-12,1975 Meeting with Combustion Engineering to discuss the CESSAR
computerized protection system design.

March 17,1975 Submittal of Amendment 23 consisting of revisions to
update and address unresolved CESSAR issues.

March 21,1975 Letter to Combustion Engineering in response to its comrents
on Amendment 1 to WASH-1341.

March 21, 1975 Letter to Combustion Engineering regarding proprietary
Appendix 7A to CESSAR.

March 24,1975 Submittal of Amendment 24 consisting of revisions to
update and address unresolved CESSAR issues.

March 31,1975 Letter from Combustion Engineering regarding proprietary
Appendix 7A to CESSAR.

April 3,1975 Letter 'o Combustion Engineering regarding consideration
of iudu._ spiking in accident analysas.

April 7, 1975 Submittal of Amendment 25 consisting of revisions to
update and address unresolved CESSAR issues.

April 14, 1975 Submittal of Amendment 26 consisting of revisions to
update and addrass unres31ved CESSAR issues.

April 23, 1975 Meeting with Combustion Engineering to discuss waste r.anage-
mant systems interface requirements.

April 28,1975 Submittal cf Amendment 27 consisting of revisions to
update and address unresolved CESSAR issues.

May 1, 1975 Meeting with Combustion Engineering to discuss outstanding
CESSAR review matters.

May 5, 1975 Submittal of Amendment 28 consistir; of revisions to
update and address unresolved CESS..R issues.

May 6,1975 Meeting with Combustion Engine? ring to discuss problem areas
er. countered in the etaff's review o' auxiliary systems.

May 8,1975 Meeting with Combustier Engineering to discuss interface
requirements.

May 19, 1975 5 mittal of Amendment 29 consisting of revisions to
address open review items and to provide connitments that
were discussed at the May 1, 1975 meeting on outstanding
matters.

May 22, 1975 Meeting with Cembustion Engineering to discuss interface
requirements.

May 22,1975 Letter from the Advisorf Connittee on Peactor Safeguards
providing connents concerning the CESSAR core protection
calculators and core operating limit supervisory system.

May 23,1975 Advisory Committee on Reactor Safeguards subcommittee
meeting to discuss the CESSAR reactor vessel, fuel and
core internals.

1, % O!
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APPENDICES (Continued)

May 25,1975 Letter from Combustion Engineering providing corrents on
the staffs sumary of the May 8,1975 meeting with tne
Combustioi. Engireering.

June 2, 1975 Submittal of la ndnent 30 tc isting of clarification and
diccussion of comitments made at the May 1,1975 neeting

Combustion Engineering on outstanding review matters#
.d discussion of several other outstanding matters that

were not the subject of the May 1, 1975 meeting.

June 5, 1975 Meeting with Ccchustion Engineering to discuss interface
requirements.

June 9,1975 Submittal of Anendment 31 consisting of ECCS perfernance
results for the System 80 design.

June 23,1975 Submittal of Amendment 32 consisting of c'arification and revision
of information concerning main steam line interfaces, anticipated
transients without scram, and Other natters.

June 24, 1975 Letter to Combustion Engineering requesting informa'. ion concerning
the CESSAR design criteria with respect to protection against
industrial sabotage.

July 3, 1975 Letter to Advisory Conmittee on Reactor Safeguards transmitting
copies of the Report to the Advisory Comittee on Reactor Safe-
guards in the natter of the Combustion Engineering Standard
Safety Analysis Report, dated July 3,1975.

July 7, 1975 Letter to Combustion Engineering identifying in'orna* wn
required by the staff to complete its review of the CESSAR
ECCS evaluation.

July 7, 1975 Submittal of Anendment 33 consisting of revised s;fety injection
piping and instrument diagrams that reflect the redesign of the
shutdown cooling system.

July 11, 1975 Letter to Combuetion Engin.; ring transmitting copies of the
Report to the Advisory Cot.a;ctce en Reactor Safeguards in the
natter of the Combustion Engineering Standard Safety Analysis
Report, dated July 3,1975.

July 18, 1975 Submitta! of Arendment 34 consisting of a revised boron dilution
analysis, a response to the industrial security issue, a statcment
on loose parts monitcring and changes for general updating of
CESSAR.

July 21, 1975 Letter from Combustion Engineering providing a schedule for
submittal of information required for the staff's evaluation of
the ECCS analysis.

July 23, 1975 Letter from Combustion Engineering providing its plans for
resolving the outstanding itens in the Report to the Advisory
Comittee on Reactor Safeguards concerning CESSAR.

July 28, 1975 Submittal af Amendment 35 consisting of impro/ements in the
design of the containment hydrogen recombiner system.

August 4, 1975 Submittai of Anendment 36 consisting of modified interface
requirements and removing all optional systems for the CESSAR
design scope.

August 8, 1975 Issuance of Supplement No. I to the Report to the Advisory
Comittee on Reactor Sa'eouards.
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APPE"; ICES (Continued)

August 8,1975 Letter to Combustion Engineering transmitting Supplement No. I to
Renart to Advisory Committee on Reactor Safeguards.

August 11, 1975 asamittal of Amendment 37 12m- assing diversity of containment
isolation, grid frequency . amp down, and independence of plant
protection system cabinents which were identified as outstanding
items in the Report to the Advisory Cammittee on Reactor Safeguan s.

August 14, 1975 Advisory Cocimittee on Reactor Safeguards meeting to discuss
CESSAR.

August 25, 1975 Submittal of Amendment 38 aJdressing staff comments on the
interfaces submitted in Amendment 36.

August 26, 1975 Letter to Combustion Engineering Granting Withholding of Amend-
ment 9.

September 5, 1975 Meeting with Combustion Engineering to discuss Combustion
Engineering Electrical submittals through Amendment No. 37 and
status of open items.

September 15, 1975 Meeting with Combustion Engineering where t'.ey will appeal
Electrical, Instrumentation and Control related staff positions
concerning loss-of load bypass and steam ger.erator isolation
following a steam line break accident.

September 17, 1975 Letter from the Advisory Committee on Reactor Safeguards on
CESSAR.

September 22, 1975 Submittal of Amendment 29 addressing staff comments on interface
submitted in Amendment 36.

September 26, 1975 Letter to Combustion Engineering regarding a change in assignment
of project managers from G. Rivenbark to I. Villalva.

September 29, .375 Letter to Combustion Engineering requesting additional
information.

October 2, 1975 M:eting with Cembustion Engineering to afford them an opportunity
to appeal at the Director Level, a Staff position concerning a
design proposed by Combustion Engineering which would bypass
reactor trip upon certain loss-of-load conditions.

October 6, 1975 Submittal of Amendment 40 providing responses to four outstandir_
items identified in the Report to the Advisory Committee on
Reactor Safeguards.

Octoher 10, 1975 Letter to Combustion Enginet .g transmitting list of outstanding
items on CESSAR.

October 20, 1975 Submittal of Anendment 41 corpleting responses to all nutstanding
items :1entified in Section 1.9 of the Report to tha tvisory
Comnittee on Reactor Safeguards.

October 30, .975 Letter to Combustion Engineering requesting additional information
pertaining to reactor vessel hee' drop analysis.

November 20, 1975 Letter from Combustion Engir.c...ng regarding loss-of-load trip and
the loss-of-load trip inhibit.

November 25, 1975 Letter to Combustion Engineering regarding pressure vessel support
sys ten .

November 26, 1975 Submittal of Acendment 42 provides responses to outst:nding issue-
concernira reactor vessel head drop and long term torling, addi-
tional information on ATWS, balance of plant design, audit intervals
for Combustion Engineering vendors, and the loss-of-load trip.

A-9
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APPENDICES (Continued)

December 2, 1975 Letter 1 rom Combustion Engineering in response to our letter on
reac+or pressure vessel support system.

December 5,1975 Letter from Conbustion Engineering providir.g further information
regarding the boren dilution accident and turbine admission valve
size assumptions and reactor vessel head drop.

December 17, 1975 Submittal of Anendment 43 incorporates responses to staf f's con-
cerns regarding baron dilution, turbine admission valve size
considerations, reactor pressure vessel head drop, and asynnetric
loadings of reactor vessel sup;;rts.

December 22, 1975 Submittal of Amendment 44 incorporates design modifications to
provide independcace for engineered safety features actuation
system power supplies, provides environmer tal testing connitment,
and testing for reactor coolant pumps without cooling water.

,.
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APPENDIX B

BIBLIOGRAPHY

NOTE: Documents referenced in or used to prepare this report, excluding those listed

in the CESSAR, ray be obtained at the source stated in the bibliography or,

where no specified source is given, at most rijor puolic litraries. Documents

submitted by Cc.Thustion Engineering and Commission Rules and Regulations and

Regulatory Guides may be inspected at the Commission's Public Document Room,1717

"H" Street, N. W., Washington, D. C. Specified documents relied upon by the

Nuclear Regulatory Commission staff and referenced in this report are as follows:

Reactor

(1) " Technical Report on Densification of Combustion Engineering Fuels,' USNRC Staff

Report, August 19, 1974. From USNRC, office of Nuclear Reactor Regulation,

Washington, D. C.

(2) P. J. Fankanskie, " BUCKLE: An Analytical Csmputer Code for Calculating Creep

Buckling of an Initially Oval Tube," Battelle Report, BNWL-1784, May 1974, from

National Technical Information Center, Springfield, Virginia.

(3) Cadwell, W. R. , "PDQ-7 Reference Manual," WAPD-TM-678, January 1968, from '< 3 tional

Technical Information Center, Springfield, Virginia.

(4) Redfield, J. A., " CHIC-KIN -- A Fortran Program for Interrediate and Fast Transients

in a Water Moderated Reacter," WAPD-TM-479, January 1965, from Energy Research

and Development Administration, Technical Information Center, Oak Ridge, Tennessee.

(5) Yasinsky, J. B., Natelson, M., and Hageman, L. A., "TWIGL -- A Program to Solve

the Two-Dimensional, Two Group, Space-Time Neutron Diffusion Equations with

Temperature Feedback," WAPD-TM-743, February 1968, from Naticnal Technical

Inforr.ation Center, Springfield, Virginia.

Engineered Safety Features

(6) Allen, A. O. , "The Radiation Chemistry of Water and Aqueous Solutions,' Van Nostrand

Company, 1961-

(7) Coward, H. F., and Jones, G. A., " Limits of Flamnability of Gases and Vapors,"

BJreau Of Mines Bulletin 503, 1952.
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(8) " FLOOD /M00002 - A Code to Determine the Core Reflood Rate for a PWR Plant with 2

Core Vessel Outlet Legs and 4 Core Vessel Inlet Legs," Interim Report, Aeroject

Nuclear Company, November 2,1972.

(9) Moody. F. J. , " Maximum Flow Rate of a Single Component, Two-Phase Mixture," Vol .

87, p. 134, Journal of Heat Transfer, February 1965.

(10) Parsly, L. F., " Design onsiderations of Reactor Containment Spray System Part

VI," The Heating of Spray Drops in Air-Steam Atmospheres, USAEC Report ORNL-TM-

2412, Oak Ridge, Tennessee, January 1970.

Radwaste Systems

(11) " Final Environmental statement Concerning Proposed Rulenaking Action: Numerical

Guides for Design Objectives and Limiting Conditions to Meet the Criterion 'As Low

As Practicable' for Radioactive Material in Light-Water-Cooled Nuclear Power

Reactor Effluents,' WASH 1258, July 1973, USNRC, Public Docunent Room,1717 "H"

Street, N. W., Washington, D. C.
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APPENDIX C

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
NUCLEAR REGULATORY COMMISSION

W ASHINGTON D. C. 20536

September 17, 1975

Iksnorable William A. Nx3ers
Gairman
U. S. Nuclear Regulatory Connission
Washington, D. C. 20555

Dear Mr. Nx3ers:

Subject: COMBUSTION ENGINEERING STANDARD SAFE"1Y ANALYSIS REFORP - CESSAR-80

At its 185th Meeting, Septm ber 11-13, 1975, the Advisory Conmittee on
Reactor Safeguards completed its review of the Application of Conbustion
Engineering, Inc. for a Preliminary Design Approval (PD4) for its Standard
Reference System-80, Safety Analysis Report CESSAR-80. Subcommittee meetings
were held with representatives of the Applicant, and the R: clear Regulatory
Comission (NRC) Staff in Windsor, Cbnnecticut, on February 28 and Mnch 1,
1975, and in Washington, D. C., on May 23 and July 25, 1975. We full
Comittee met with representatives of the NIC Staff and the Applicant at
its 184d1 Meeting August 14-16, 1975. %e Conmittee also had the benefit
of the documents listed below.

We Reference System-80 design consists of the nuclear steam supply system
(NSSS) with a rated core p]wer of 3800 MW(t), the NSSS control system, reactor
protection system, engineered safety features actuation system, chemical and
volume control systm, shutdown cooling system, safety injection systs and
fuel handling system. O)mbustion Engineering will provide, at the option
of the user, certain other safety-related systms which are outside the scope
of the Reference Systen-80 design. % ese non-standard systems will be dealt
with in the user's Safety Analysis Reports.

%e Reference System-80 has been designed for application to an envelope
of plant sites which encompasses all sites approved to date for Conbustion
Engineering NSSS. CESSAR-80 provides seimic response spectra for all
major components, and equipnent and piping systems, arxl other information
required to ensure that the balance of plant in designed to protect the
Reitrence System-80 frm all site-related hazards. Application of the
Reference System-80 design will require an evaluation of each site to
confirm its acceptability within the CESSAR-80 envelope. Fbr nultiple
reactor units at a sirgle station, CESSAR-80 requires that each important
safety-related item of the Reference System-80 design be provided for
each reactor unit.

~]^ Ki;f,
t w - / V
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Honorable William A. Anders -2- September 17, 1975

CESSAR-80 will provide safety-related interface requirements information
essential to the design of the balance of plant consistent with the asstmptions
used by Combustion Engineering in its accident analyses. Since the utility-
applicant is responsible for institutirn the quality assurance programs
necessary to assure that all safety-related design requirements have been
met, the Comittee will review thase matters in more detail with the utility-
applicants on a case-by-case basis. he Comatittee reccxmends that, during
the design, procurement, construction, and startup, timely and appropriate
interdisciplinary systan analyses be carried out to assure orplete functional
cunpatibility across each interface for an entire spectrum of anticipated
oprations and postulated design basis accident conditions.

% e NRC Staff has identified several outstanding issues which will require
resoluticn before the issuance of the PDA. %e Comittee reconrmnds that
these matters be resolved in a nanner satisfactory to the Staff. We Com-
.nittee wishes to be kept informed on the resolution of the following issues:

1. t e emergency core cooling system evaluation.

2. % e analysis of the effects of anticipated transients
without scram.

3. Generic review of the effects of failures of reactor pump
lubrication oil and conponent cooling water supply systens.

We most recent ACRS reports on nuclear power stations utilizing Corrbustion
Engineering PESS are the December 12, 1974 report on the application to construct
the 2570 FM(t) . St. Lucie Plant, Unit tb. 2 and the June 10, 1975 report on
the application to operate the 2570 FM(t) . St. Lucie Plant, Unit No.1. %e
Comittee reoort on the 3390 FM(t) . San Onofre Nuclear Power Generating Station,
Units tbs. 2 and 3, selected by the Staff for reactor system design conparison
with the Reference System-80 design, was issued July 21, 1972. Generic matters
which incluie possible pump overspeed during a loss of coolant accident, transients
associated with inadvertent operation of the emergency core cooling system
or chemical and volur.a control system charging punps, and analyses of postulated
rurames of the steam generator feed line, should be dealt with appropriately
by the Staff . With regard to the rupture accident, the Comittee reconmends
that the Staff ; 2rform an independent check on the calculation of steam generator
blv down force etfects. It is expected that these iter ~a will be resolved
in a manner satisfactory to the NRC Staff following the PIM and prior to the
Final Design le>roval (FDA) . Durmg the interim period, the Comittee will
continue to review these its on a case-by-case basis as well as through
other appropriate Subcomittee aM full Comittee meetings.

$ || O
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Honorable William A. Anders -3- September 17, 1975

'Ibe peak linear heat generation rate is reduced to 12.1 kw/ft in order to
meet the ECCS final acceptance criteria of Appendix K,10 CFR 50. 'Ihe Com-
mittee recognizes that conservativ restrictions used in the NPC-approved
ECCS nodel and the use of a generalized containment envelope yielding low
containment pressures may be factors contributing to the imposed reduction
in the permissible linear heat generation rates. We reduced limit
imposes restrictions on nodes for plant operation and becmes dependent
on in-core monitoring systms for verification tihat limits are not exceeded.
%e Comittee reconnends that for a standard reactor of this size, larger
safety mrgins, stch as obtainable from higher reflooding rates, should
be demonstrated. Programs underway by Corrbustion Engineering, Inc. ,
include analytical and experimental studies aimed at providing the
technical base for ECCS model improvements, as well as studying possible
changes involving augnented ECC systems. h e Committee believes that these
programs constitute a sufficient basis for proceeding at this time and
that the demonstration of larger safety margins should be part of the first
major revised version of the Reference Systm-80 design which, as stated
by Combustion Engineering, Inc., is likely to be sulxnitted for review in
about two years.

We Comittee needs to complete its review of the sttitability of the new
16 x 16 fuel and nodified core reactivity controls of the Reference System-
80 design which are now scheduled for initial proof testing at Arkansas
Nuclear One, Unit Ib. 2 and at St. Lucie Plant, Unit tb. 2. 'Ibe Conmittee
also needs to complete its review of the new core protection calculator
system and the cmputer-based core operating limit supervisory system which
will be incorporated into the Reference Systm-80 design in the event they
are successfully demonstrated at Arkansas Nuclear One, Unit No. 2. %e
Comittee needs to be assured of the dependability of in-core neutron flux
sensors for control of reactors operating at low core power peaking factors.
For this purpose the Committee recomTends that the Staff and the Applicant
continue to gather pertinent information from operating CE reactors.
%e Comittee will continue its review of these mtters as appropriate
documentation is submitted and the improvements sought can be evaluated.

%e Comittee recognizes the importance to safety arx] improved designs
of developing computational nethods to provide best estimate analyses
of LOCA and other postulated accidents. %e Comittee encourages the
Applicant and the NRC Stafi to accelerate their efforts to this end.
%e Comittee wishes to be kept informed.

t i i1
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Ilonorable William A. Arv3ers -4- September 17, 1975

The CESSAR-80 design should include provisions which anticipate the
maintenance, inspection, ard operational needs of the plant throughout
its service life, including cleaning and decontamination of the primary
coolant system, and eventual decomissioning. In particular, the Comittee
believes that the NRC Staff and Corrbustion Engineerinj, Inc., should review
methods and procedures for removing accumulations of radioactive contamination
whereby traintenance and inspection programs can be more ef! mtively and
safely carried out.

The Connittee believes that Corrtustion Engineering and the NRC Staff should
continue to review the Reference System-80 for design changes that will
further improue protection against sabotage.

The Comittee believes that methods that seek to develop reference systems
throajh standardization and through replication need to be coupled with
ongoing programs that will permit design changes to reference systems
which improve safety and which, when justified, will be ifrplemented in
a tifely manner. Use of reference systems should lead to :nore efficient
and effective licensing reviews. Programs such as CESSAR-80 will contribute
to this process. A transition period will be required in which the Comittee
will still give attention to the items noted, on a c.ase-by-case basis.

The Comittee believes that, subject to the above corannts and successful
completion of the R&D programs, the Combustion Engireering Reference System-80
design can be successfully engineered to serve as a reference system.

Sincerely yours,
~ M

William Kerr
Chairman

' '),'-<
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Ilonorable William A. Anders -5- September 17, 1975

REFERENCES 'IO TIIE CESSAR-80 ILTTER:

1. Combustion Engineering Starxlard Safety Analysis Report for System-80 (CESSAR)
with Amerrhents ] through 36

2. leport to the Mvisory Comittee on Reactor Safeguards from the Office of
Nuclear Reactor Regulation, dated July,1975

3. Supplement 1 to the Report to the Advisory Comittee on Reactor
Safeguards from the Office of Nuclear Reactor Regulation, dated
August 8, 1975

4. Ictter, dated March 24, 1975, Combustion Engineering, Inc., to DRL
concerning information on the fuel transfer tube

5. Intter, dated March 10, 1975, Combustion Engineering, Inc., to DRL
concerning rzx]ioiodine spiking effects on accident releases

6. Ictter, dated January 15, 1975, Cortustion Engineering Inc., to DRL
concerning views on Anticipated Transients Without scram

~ l< ) ') /
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APPE! DIX B

CHRONOLOGY OF REGULATORY RADIOLOGICAL REVIEW

October 10, 1973 Letter to applicant on anticipated transients without scram

October 25, 1973 tketing with applicant on quality assurance requirements.

December 28, 1973 Letter from applicant providing inforr:ation on anticipated
transients without scra":-

trch 1,1974
Letter f ron applicant providing topical report on qJality
assurance program.

Varch 29,1974 Applica tion tendered.

April 3,1974 Letter to applicant acknowledging receipt of application.

Maj 17, 1974
Iketing with applicant to discuss need for reteorology, hydrology,
geology and seismology data,

fiay 21,1974
PSAR, general information and antitrust information acceptable
for docketing. Environmental report is not acceptable.

Ma/ 23, 1974 Applica tion is docketed.

June 3,1974
Letter to applicant on public docut..ent rooms and appeal procedare.

June 17, Ic;74
Applicant submits revised environmental report and AJmendrent
?,0 . I to PSAR.

July 5,1974 Pevised environmental report is acceptable.

Aagust 5,1974 Letter from applicant provides test boring records.

August 8, 1974 Applicant subnits Amendment f;o. 2 to PSAR.

r,
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Au ust 8, 1974 Environmental report is docketed.

August 29-30, Site visit and meeting to discuss radiation protection

1974 and accident analyses radiological dose calculations.

August 9,1974 Meeting with applicant to discuss electrical
instrumentation and control systems.

August 12, 1974 Applicant sutrtits /cendment tio. 3.

August 13-14, Site visit and meeting to discuss geology, ?ydrology

1974 and seismology.

August 16, 1974 Letter to applicant requesting additional information.

August 29, 1974 Meeting with applicant to disct.ss responses to
requests for additional infornation.

Septerber 9,1974 Applicant submits Arendment No. 4

Septen ber 12, 1974 Meeting with applicant to discuss revised construction
schedule.

September 14, 1974 Letter to applicant requesting additional inforr.ation.

September 24, 1974 Letter from applicant on schedule for providing
additional infornation.

September 30, 1974 Applicant sutrtits Trendment tio. 5.

October 1,1974 Letter from applicant providing infornation on
anticipstad transients without scram-

Octoter 16-17, Site visit and meeting to discuss and review metecro-

1974 logical programs.

October 17, 1374 Letter to applicant requesting additional information.

October 11, 1974 Applicant sutnits /e endrent No. 6.

October 25, 1974 Applicant submits frendment i.o. 7.

', (, i'
-

5



e. , t. , _. .

,
_ 3.~.

^ ' '
-

~ '

''
'~

' .' , *
.

,
. ,

.' _, . . . . . r .(, 7h' '. ~ T ' *
.

=
' j'.o~

'

_ ,

't
. .

..- .
O. *sh
.

,qae. , . e ' , . ; - ,J - . , . i.
s a

?/$. A. *- *a
. ,

g .\. 1 o * . ' - ' ''

g
F e . ' - - -

g.*
. s - ~b

_ .

.
-

.. . . - .

-

- /
. . . 4 . .

{ ' ,: *?

.

.'
| $ .

'- f ......e.

e ,

g . ... .

- . - .

' ' ' ~

a ;- . - --
4. -

, g
.

,4
. ' , , ,. .

. , g .
.

*
,

,

-
. .

4' ,.

y[
, , . . . .d - . .

. *[,.} , g .

,-
- - . ,

, <e.,

-* ' '
.

.. . ' . 4 .

hg. ;" '. * . ' _ . ** . ,

8

.

-

'

' .
.

' . ' . . ,s.
, p

-

~

''#_, ..
.

.

- '-
.

**: e

. , . . , . '.
'

"
,

.~ 9 (
.

. . .

'.
,

_

. , = , ', ' . i r' . . ... ',

' '

,
,_

- *- * ''
s

'

-

, _

f.. .f. . N |' A
^ ''

F'$. i-

_ _

,
, . .-

,

. . . .. . .

. . . . ' , , , .' '+ 5
. ,..'.

. .

jy?|.f , . ~ . 4.g . x ' )'
.

,
. . O ,.

gi.
.

. - >
.

'

. .

. . . . . . ' . . . . . ..

| ..

,,

T' .:.
-

. ' .
, , , . ,

'

\.
. '. - .' . . . .. . r . - .

. ' . -. .- .

5

.

- .. - .,s-

h ' , .
j

* . , . . ~1
_

q r*
' '.. ,- .- .s .

.c
'

*^ *
- -

t

. h.~ $. *
.

' .
. ' .' g

- ~ '

3
- . .. : , . . , .

~

- < -
. .

.- , . .
- w .' .

. ..- - -

. .. , 4 . - _ . _
e . m

. _" .'- ; .

. ' . -

g

[: ^ - [ :'. . . 4
. W,

r : ; . .
.

- , . g.-

! - ' '' .../ ' y ;' c .

.. ,, ' S , .,-

,
'

=
' *

-'

. . ,. , , , _e
.. - . .- - . ; - .. ..... ,. _ ; .-

- -

_

. . , ,
.

;,

~ '

.. . . ..
. ..

'' -

f . .
. E.1 - ,. .

''
,. , , . ,

- s.

, . . ,,. '_ ' ' '
'

.

~ ~ ' '

.
~ . ..

,
- " . , . , . . - * . . . . ' ' ,. . , , . . . . .. ..t .

**

- t . , . . - , ..

'.d'bsW.dI4yh
A Mu#. A 8L

' f.'.'/ .@
, Y Ag $ .g dp 4

MY. $.E8f.5..N@EM. M/4.CfbiSI.',T.Pfh #pWc < ,?vk'A 4 %!C ' '', MN ,.\ 7'' C%.M ':

DN hhE M M M '
e .h M h N $h? v c/ e ~ /.' " i #'Y.~.O.<2:5.a .

.

~ 'Y'N E'I''Ns. w~mNNm.YAkM pl ~ , . , . v

n hsh~Q
.

IM, i. m $$s, U =' ,IN.k * IM M '''' N k.. a. UIp(EfA M Mq w w.+k yd !g%g$ h h M. w.2*'
.h. m ',f., Y > c - ., .

,
- v

b, ,' y '*2N s {- ,' 'O ' .pq -. , - - , .=-

NN, M N

'03&, f. W,&;,$|M'&n%Y&q,,,Q,q?$.9hD.~.h,$h,,.* W$w,' Jk 0h _$ : [a iy $ h kkk
? ', ',4 5.~'D<' .^c&,b.lO '$' '

- - - ~
o.ar? ? ' ' ~'J' *5.y,.Y-: ~.; .%.. -i ., ub' .p>a,'?' d

^

3 .' ' t' % ', ~.

nw a >& s,+fy- w
* (4. =m' s 4, o *

A' . . f
-

.

.,,
> - ~-

A W. . ^+ . < ^ -<e- di9
- b a> *. ,~ o* %N M . p* Sa* ,,

Wj.Wr,$,,,.f. '," T.
.

e w .% O w. * 4 ag * ** * .bhn** - - ~ . > - c
- *%. ~ -d *4

,

' ,f ,, J ' D.A |' , 75' **" ; >^ ' N N ' | ?,' -m ? ''* N, 1'$' A y w$O*%'%+
4 !

. Nb,'p).Q)gW:
e g f'

h.c k ]$'f
V *s '' t "4: ~ ,s'*

.
't, a

y $ M M .;,y pn'4 W N Eo,k, [Ih h#( ._N N@4.y.1-MWj d,Y > '.'v . W ' U.t ~'.'.e

'

I Ia. . m,,

~/ 1 %dY ; V 6 s' .w .b-
. s -

^.
-w.';4.

h fIE Y . ? ?A

w| ea~G. 9}u$>M,r*$,n,m-{Q949Wh"g;tm h.y. w w e m.,hw' m,.,:.s +?v - ,c . e. .'^. % -m'.ww ,a e n
n# 4eff nP * %'hw . n. p%g% 1. '{$ 4/|* w.,'./ 3* < -n .~.

s - .

/&' ?
w,,, w ^. . p .

- , Y.a $'

. , e}s.-?
.+ ~:, ,. '..~j'- -

- . ^'.
N A A * %.

o
k M e's ' h- 'S 'A fk *>

^

&.f'. r. 4.: - v.'% :v ..| V.:
Q-: -? \ ;. ~ 1: '.

g. f 8 %' y W .: n,4! @ ~ %v . no . M. + W ? , M [ y w MnO bV ; <.-;. , ;. ? n

> m..- z. -. . a.... w": W .'.: n~ . =< -O : ~

9. n. i .= : ;y , f m.7. nn.ca$.s a-W. . 2. ye.w. u. % ,y : 9 ..,,;. @S , A.jy 2m,WWsN4 5 %$Y5'#:$~if '? .A;>.'.'u-
- - - , . . , . -

M.0g Z?"'AE&^9;pTsmhh5b.ab b, h kh b ; b h 5 b. b b. Y;'S'
,.

v> ae -, .w . . s r : i- ,.

1.) WkW G

h.G % I'| ''~'MN
' ~''.s.

&a-|Ohk)h$Y$n&w@n$Y$?e$F$b$WO'm:SYb%MnD3Y%;& W ' Mnn -. .

hh % Y $' h $ lfig b' WW $ 5.::5
.% MGd. W;g %a%MM&VW ' C w,:o mw% x$'m me?n'5

MN&m%<M 9. w s.4 w m 'T ~
%P A O.

kkkf |h hkhhfbkf N N.'

%d,'We@&7Y %';V:;% y &aj)%:n .'.':i 4,w. ; ' ~. ?,e -w1g,7, - f. M g q%:.c % i*J M.~..z> w' a X W. ;.W..:,.,w sen2: 3,% r
~i.a , ^ Tr ;'n. =T m_;-q.,-w w:7.~cmW 4 .:.;3,W:; v,,M 8 < . , -

-

';;. < -
,f&f*y% A :.L

,

., .

..%% %@&M@M p*j
s

,-n . . ! .M.|. : . .m' c. , .w- .

. *Wi ' dy n ' W F M ., y % |
- .y ' 3,"~>rp :,

R w



ch
+Q fa d o

,:3
%s' ||

$;p NQ[w*#j>%f.p%
.

y

'

___
TEST TARGET (MT-3)

i.0 F3 m
5 H3 I|g2
or n a '"= =
bO [l2.0|-| L '--

N_

l I.25 ..'. ! l.6
|

-

h

4 6" >

'

$I j,;^s4*$: ,# y
,,



4
se oke a. 'ic

W(y,]>,3%khj$w//qejy'
'

|',

,

<> .--
TEST TARGET (MT-3)

1.0 |0 a UE
ili |.9 F M p- 2 2=g pg

b !al |!|Q0|.| e. .x ==

!.O

l.25 IA i.6

6- ,-

. -

// hI|
~

O 49 ep
<;c



November 5,1974 Letter to applicant on the radiological review schedule.

November 7,1971 Letter to applicant on applicabil:ty of new
regulatory guides.

November 12, 1974 Site visit and meeting to discuss geology, seismology
and foundation engineering information.

November 18, 1974 Applicant submits Amendment No. 8.

November 19-20, 1974 Meeting with applicant to discuss requests for additional
information in the areas of structural engineering
and auxiliary power and conversion systems.

December 2,1974 Letter from applicant providing information on aquatic
ecology, quantitative conmunity effects and onsite
meteorology.

December 9,1974 Letter to applicant requesting additional information.

December 23, 1974 Applicant submits photomicrographo

December 23, 1974 Letter to applicant requesting additional information
on containment systems.

January 3, 1975 Letter to applicant providing applicant with regulatory
position on turbine disk integrity.

January 16, 1975 Letter to applicant requesting additional information
on hydrology and geology.

January 27, 1975 Applicant submits Amendment No. 11.

January 27, 1975 Letter from applicant submitting proprietary data in
response to letter of December 9,1974.

February 4,1975 Meeting with applicant to discuss tornado missiles,
containment spray system, leak-chase channels as

secondary containment and dewatering and groundwater
effects.

Februa ry 21, 1975 Applicant submits Amendment No. 12.
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February 27, 1975 Meeting with applicant to discuss foundation
engineering aspects of dams and dikes for ultimate
heat sink and geologic mapping.

March 5, 1975 Letter to applicant requesting additional information
on meteorology.

March 12,1975 Meeting with applicant to discuss industrial
security design, types and locations of radiation
monite s in ventilation system, design of filters
and control room and ventilation.

March 27, 1975 Meeting with applicant to discuss site suitability
considerations.

March 27,1975 Applicant submits Amendment No. 13.

April 8,1975 Meeting with apolicant to discuss the turbine-missiie
probability study.

April 21, 1975 Applicant submits Amendment No. 14.

April 21,1975 Applicant submits revision to the industrial security
plan.

~

May 2, 1975 Letter to applicant on anticipated transients without
scram and the measur 3 taken to adopt the standard

CESSAR design.

May 23, 1975 Applicant submits Amendment Nu. 15.

June 5, 1975 Meeting with applicant to discuss analyses of con-
tainment and associated systems.

June 11, 1975 Applicant submits samples, color photonicrographs
and color photographs and a sketch map of the Pee

Dee River fault.

July 1,1975 Applicant submits Amendment No. 16.

July 15,1975 Applicant submits Amendment No.17.

July 17,1975 Meeting with applicant to discuss electrical,
instrumentation and control systems.

August 19-20, 1975 Meeting with applicant to discuss issues.

7_B-4
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August 22, 1975 Applicant subnits /cendment No. I to the License
Application.

August 22, 1975 Applicant submits Amendment No. 18.

September 5,1975 Applicant sutr1its Mecdment No.19.

September 17, 1975 Lett er from applicant advising that tne reactor
but ding auxiliary equipment ventilation system
ha' been modified to conform with position.

Sep ten ber 30, 1975 l etter to applicant requesting additional information
>n containment.

October 10, 1975 Lette sub,its Amendment No. ?0.

Oc tober 10, 1975 Letter from applicant on containment external preciare
and stresses.

October 30, 1975 Letter to applicant advising that the proposed
secondary containment design is unacceptable.

October 31, 1975 Applicant submits Amendment No. 21.

November 18, 1975 Letter from applicant transnitting outline of annulus
ventilation system.

November 28, 1975 Letter to applicant requesting additional in fo rma t i on .

December 10, 1975 Assignrent of Atomic Safety and Licensing Appeal
Board: A. 5. Rosenthal, Chairman, Dr. Lawrence R.
Quarles, member and Richa rd S. Sal zman, n. ember

(published 40 FR 58516,12/17/75).

December 10, 1975 Decision (ALAB-302).

December 10, 1975 Letter from applicant transmitting final report
on annulus ventilation system.

December 22, 1975 Letter from applicant transmitting responses to
requests for additional i n f orma ti on .

December 24, 1975 Applicant's reply to proposed findings of fact and
conclusions of law in the fom of an initial
decision - environn' ental and site suitability issues.

- g/ 6
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December 29, 1975 Letter to applicant regarding asymmetric loading on
reactor vessel supports.

January 9,1976 Letter from applicant regarding asymetric loading on
reactor vessel supports.

January 16, 1976 Letter to applicant on review schedule.

January 22, 1976 Letter to applicant requesting additional information.

February 2, 1976 Applicant submits Amendment No. 22.
t

February 13, 1976 Letter from applicant on responses to requests for

additional information.

February 19, 1976 Let* applicant on unacceptability of proposed

det..gn of the dawatering system.

March 1,1976 Letter from applicant on dewatering sys*em.

March 8, 1976 Applicant submits Anerdment No. 23.

Apri /, 1976 Letter to applicant requesting additional 1, formation.

' April 12, 1976 Letter from applicant on responses to requests for
5

additional information.

April 15, 1976 Letter to applicant requesting additional information. P

May 17,1976 f.ppl i ca n - .uomits Amendment No. 24. -

'

May 21, 1976 Partial decision on environnental and site suitability =

issues issued by Atomic Safety and Licensing Board.

May 24, 1976 Letter to applicant on additional financial infornation.

May 28, 1976 Limited Work Authorization (LWA-1) to allow site -

preparation.
-

June 3,1976 Le'ter from applicant on schedule for conpleting review.

June 26,1976 Letter to applicant on anticipated transients without

scram-

July 6, 1976 Applicant submits Arendment 25 to PSAR and Acwndment 3

to License application.
. u

$
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August 10, 1976 Meeting with applicant on dewatering system.

Aucast 10, 1976 Meeting with applicant on geologic fault features.

August 26, 1976 Letter to applicar.t on rule change.

tugust 26, '976 Meeting with applicant on dewatering system.

August 31, 1976 Applicant subnits Amendnent 26.

September 13, 1976 Applicant submits Amendnent 27.

September 30, 1976 Letter to applicant on fire protection.

October 21, 1976 Atonic Safety and Licensing Boe-d Order on recon-
sideration of partial initial decision.

October 29, 1976 Meeting with applicant on safety issues.

hovenber 23, 1976 App'.icant submits Arendnent 28.

November 23, 1976 Letter from applicant on fire protection.

December 7,1976 Letter from applicant on generic issues.

December 13, 1976 Meeting with applicant to discuss LWA request.

December 15, 1976 Letter from applicant on conreccial operation dates.

Dc cembe r 16, 1976 Letter from applicant furnishing drawings concerning
secondary alarm station and primary alarr station.

Decenber 20, 1976 Letter to applicant transnitting errata sheet
for fire protection evaluation letter.

January 13, 1977 Public Hearing to consider issuance of anended
Work authorization.

January '9,1977 Amendment ! to LWR-1 issued to revise two
environmental conditions.

February 23, 1977 Arendment 2 to LWA-1 issued to allow excavation
for structures.
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APPENDIX C

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS-GENERIC MATTERS

The Advisory Committee on Reactor Safeguards (Committee) periodically issues a
report listing various generic matters app;icable to large light-water reactors. Th,

are items which the Committee and the Connission's staff, while finding present plant

desiens acceptable, believe have the potential of adding to the overall safety margin
of nuclear power planti, and as such shou!) be Considered for application to the
extent reasoneble and practicable as solutions are found, recognizing that such
solutions may occur af ter conpletion of the plant. This is consistent with our
continuing ef forts toward reducing still further the already small risk to the public
health and safety for nucleat power plants. The most recent such report concerning
these generic items was issued to the Commission Chairman Rowden on April 16, 1976 in

a lette- from Comnittee Chairman D. Moeller.

The status of staff efforts leading to resolution of all these generic natters is
contained in our Status Report on Generic Itens peri Jically transmitted to the

Connittee. The latest such Status Report is contained in a letter from B. Rusche to
M. Eender dated January 31, 1977. The applicant, in a letter dated December 7,1977,
provided responses to generic items listed in the April 16, 1976 report on generic
issues by the Conrittee. Many of the applicant's responses consisted of references
to the CESSAR, the PSAR, or Topical Reports.

For many of the items we have provided in this report specific discussions particu-
larizing for the proposed facility the generic status in the Status Report. These
items are listed below with the appropriate section numbers of this rep?rt where such

discussions are to be found. The numbering correspond; to that in the April 16, 1976
report of the Conri ttee.

For those items applicable to the proposed facility which have not progressed to
where specific action can be initiated relevant to individual plants, our Status
Report on Generic Items referred to abase provides the appropriate information.

Group II

1. Turbine Missiles-Section 3.5.1

2. Ef fective Operation of Containment Sprays in a LOCA - Sections 6.2.2 and 6.2.8

3. Instrucents te Detect Fuel Failures - 3ection 9.3.1 of Appendix A

C-1
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5. Monitoring for Excessive Jibration or Loose Parts Inside the Pressure Vessel -
.

Section 5.2.9 and Section 5.2.9 of Appendix A

..

- - 6. Conmon Mode Failures - Section 15.6 of Appendix A

Group IIA
, , .

1. Pressure in Containment Following a LOCA - Section 6.2.1 .' . _|
..

'

4 Rupture of High Pressure Lines Outside Containment - Section 3.6.2
.. .-

. ' ' 5. Pump Performance During a LOCA - Section 5.2.2
..

..
- -

,
6. Isolation of Low Pressure from High Pressure Systens - Sections 7.6.1 and

Section 7.6.3 of Appendix A. '

.

7. Stea.a Generator Tube Failures - Section 5.5.2 and Section 5.5.2 of Appendix A
...

' 'Group IIB
9

l. Hybrid Reactor Protection System - Section 7.2 and Section 7.2.1 of Appendix A

2. Qualification of New Fuel Geometries - Section 1.4 ot Appendix A
.. .

.

Group IIC er-

'
l. Locking out of ECCS Power-Operated Valves - Section 7.i.2 and Section 7.1 of -

Appendix A
^

a
2. Fire Frotection - Section 9.5.1

,

4
3. Design teatures to Control Sabotage - Section 13.7

..

. .a .

'

5. Vessel Support Structures - Section 3.9.1.5 of Appendix A.,

6. Water Hamner - Section 10.5.2 and Section 10.4 of Appendix A

-

7. Maintenarce and Inspec U on of Plants - Section 12.1
*

.
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APPENDIX D

BIBLIOGRAPHY

NOTE: Docunents referer;ed in or usad to crepare this Safety Evaluation Report, excluding
those listed in the Preliminary Safety Analysis Report, may be obtained at the
source stzted in the Bibliograpny or, where no specific source is given, at cost
major public libraries. Correspondence between the Commission and the applicant
(Preliminary Safety Analysis Report, Environmental Report, and application) and
Conmission Rules and Regulations and Regulatory Guides nay be inspected at the
Commission's Public Document Room, 1717 H Street, N.W., Washington, D.C.

Correspondence between the Connission and the applicant may also be inspected at
the Public Document Room identified in Section 1.1 of this report. Specific

documents relied upon by the Commission's staf f and referenced in this Safety
Evaluation Report are listed as follows:

METEOROLOG[

1. American tieteorological Society: Hurricane Season Sumnaries from b'eatherwise, published
through February 1975; Weatherwise, Inc. , 'rinceton, N. J.

2. Cry, G. W., 1965: Topical Cyclones of the North Atlantic Ocean. Technical Paper No.
55, U. S. Department of Conmerce, Weather Bureau. Washington, D. C.

3. Gross, E., 1970: The National Air Pollution Potential forecast Program. ESSA Technical
Menorandan WBTM NMC 47, National f:eteorological Centr ~, Washington, D. C.

4. Korshover, J. ,1971: Climatology of Stagnating Anticyclones East of the Rocky flountains,
1936 - 1970. NCAA Technical Menorandum ERL ARL-34, Silver Spring, fiaryland.

5. Sc,endorf, J. F., 1974: A Program for Evaluating Atmospheric Dispersion from a Nuclear
Power Station. NOAA Technical Memorandum ERL ARL-42. Air Resources Laboratory, NAA,

Idaho Falls, Idaho.

6. SELS Unit Staff, National Severe Storm Forecast Center 1969: Severe Local Storn
Occurrences, 1955 - 1967. ESSA Technical fienorandum WB1M FCST. 12, Office of

fieteorological Operations, Silver Spring, fM.

7. Thom, H. C. S., 1963: Tornado Probabilities. Monthly Weather Review October-December

1963, pp. 730-737,

8. Thom, H. C. S., 1968: New Distributions of Extreme Winds in the United States. Journal
'f the Structural Division, Proceedings of the American Society of ivil Engineers - July
1963, pp. 1787-1801.
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da 9. U. S. Department of Con,erce, Environmental Data Service: Climatic Atlas of the United
a

States. Environmental Science Services Administration, Washington, D. C. June 1963.

.. 10. U. S. Department of Correrce Environmental Data Service: Local Climatological Data,
_

,

Annual Summary with Comparative Data-Charlotte, N. C. Published annually through 1974.

+-
11. U. S. Department of Cenocrce, Environment-1 Data Service: Storm Data Published nonthly,

Asheville, N. C. yw

12. U. S. Department of Commerce, Environmental Data Service: Topical Storm and Atlantic -

Hurricane Articles from the Monthly Weather Review; fionthly Weather Review published
through December 1973.

..

k
13. U. S. Department of Connerce. WeatFer Bureau,1965: Climatograhy of the United States

No. 86-27, Supplement for 1951 through 1960, North Carolina. Environmantal
Dato Service, Asheville, h. C.

GEOLOGY AND SEISM 0 LOGY -

,

14. Brazee, R. J. (1972) " Attenuation of Modified Mercalli Intensities with Distance for the

United States East of IC6'W," Earthquake Notes Vol. XLIII, No.1, pp. 41-52. .

15. Coulter, H.W., Waldron, H. H., and Devine, J. F., (1973) " Seismic and Geologic Siting
Considerations for Nuclear Facilities," Fif th World Confer ence on Earthquake Engineering,
Rome, paper 302.

..

16. Ho f ma nn , R. B. (1974), " Factors for Assessing Earthquake Hazards in the United Stat s,"
iiisc. Paper S-73 ' Report 3, U. S. Arny Waterways Experiment Station, Vicksburg,

,

Mississippi, 9' pages.a
'

.

.

17. Newman, Frank (1958), " Damaging Earthquake and Blast Vibrations,' The Trend in Engineering,

University of Washington, pp. 5-26.
.

18. Nuttli, O. W.,1973, "The Mississippi Valley Earthquake of 1811 and 1812: Intensities, .'

Ground Motion and Magnitudes." Bulletin of the Seismological Society of Arerica, Vol.
63 No. 1, pp 227 - 243,

19. Richter, C. F. 1958, "Elecentary Seismology." W. H. Freeman ar.d Company - San Francisco,
..

768 pages.

.

20. Schnabel, P. B. and Seed, H. B.,1973, " Acceleration ir Rock for Earthquakes in the

.' Western United States," Bulletin of the Seiscological Society of America, Vol. 63, No. 2. - .

..
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21 Seed, H. B. and Idriss, I. M.,1969, " Influence of Soil Conditions on Ground Motiois

During Earthquakes," Journal of Soil Mechanics and Foundations Division, Proceedings,
American Society, Civil Engineers.

22. Trifunac, fi. D and Brady, A. G.,1975, "On the Correlation of Seismic Intensity Scales

with the Pears ot Recorded Strong Ground fiction. ' Bulletin cf the Seismological Society
of America , Vol . 65. No.1, pp.139-162.

STRUCTURAL ENGIt.EERING

23. ASCE Paper No. 3769, " Wind Forces on Structures," Proceedings of the American Society
of Civil Engineers,1961.

24. A. Amirikian, " Design of Protective Structures," Bureau ui Yards and Docks, Publication
No. NAVDOCK P-51, Department of the Navy Washington, D. C. , August 1950.

25. W. B. Cottrell and A. W. Savolainen, "U. S. Reactor Containment Technology,' ORNL-hSIC-5,

Vol .1, Ch apter 6.

~2 6 . Williamson and Alvy, "Inpact E1 'ect of Fragments Striking Structural Elements," Holmes
and Harver, Inc. , Novecoer 19' o

27. American Concrete Institute, "Suilding Code Requirements for Reinforced Concrete
( ACI 318-1971)," P. O. Box 4754, Redford Station, Detroit, itichigan 45219.

28. Anerican Institute of Steel Construction, " Specification for Cesign, Fabrication and

Erection of Structural Steel for Buildings,' 101 Park Avenue, New York, 'i. Y. 10017,

1969.
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APPENDIX E

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In :he Aatter of
Docket Nos. 50-491

Duke Power Company ) 50-492
) 50-493

(Cherokee Nuclur Station, )
Units 1, 2 and 3 )

NRC STAFF EVALUATION OF LIQUID
AND GASEOUS EFFLUENTS WITH RESPECT TO

APPENDIX I 0F 10 CFR PART 50

Introduction

On February 20, 1976, the NRC Staff (Staff) received an inquiry from the

Atomic Safety and Licensing Board regarding the state of the environmental

evaluation of the Duke Power Company's Cherokee Nuclear Station, Units 1,

2 and 3 upon compliance with Appendix I to 10 CFR Part 50. The Board

considers the Staff evaluation inadequate with respect to individual doses.

The FES indicated that the Staff was in the process of reassessing the

parameters and mathematical models and that a detailed assessment to

determine ,rmance v:th Appendix I would be completed in connection

with the hearing on radioloaical safety aspects of the facility. The

purpose of this testirony is to present the results of that detailed

assessment. The assessment was perfo.med to determine if the proposed

Cherokee Nuclear Station, Units 1, 2 and 3 met the numerical design

objectives specified in Sections IIA, B, C and D of Appendix I of 10 CFR

Part 50.(1)

;
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I2)On September 4, 1975 , the Commission amended Appeno'. I of 10 CFR

Part 50 to provide persons who have filed applications for construction .

[ permits for light-water-cooled nuclear power reactors which were :
.

- .-

'~ docketed on or after January 2, '971, and prior to June 4,1976, the -

P
option of dispensing with the cost-benefit analysis required by Para-

graph II.D of Appendix 1. This option permits an applicant to design

.
his radwaste management systems to satisfy the Guides on Design -

.

Objectives for Light-Water-Cooled Nuclear Power Reactors proposed in

the Concluding Statement c,f Position r# the Regulator, Staff in

Docket RM-50-2, dated February 20,1974.(3) As indicated in the

Statement of Considerations included with the amendment, the Commission I

noted it is unlikely that further reductions to radioactive material *

releases would be warranted on a cost-benefit basis for light-water- ,

cooled nuclear power reactors having radwaste systems and equipment

determined to be acceptable under the proposed Staf' design objectives
'* ..

set forth in RM-50-2.
.

.*
Jjy In Amendment 4 to the Environmental Report (ER), dated October 13,

I4)1975 , Duke Power Company chose to comply with the Commission's

September 4,1975 amer /_ ment to Appendix I, eliminating the necessity hf.
'

to perfor.n a cost-Senefit analysis as required by Paragraph II.D of

Appendix 1. - -

r

a
.
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Evaluation

The Staff has evaluated the radioactive waste management systems pro-

posed for Cherokee Nuclear Station, Units 1, 2 and 3, to reduce the

quantities e radioactive materials released to the environment in

liquid and gaseous effluents. These systems have been previously

described in Section 3.5 of the final Environme';tal Statement (FES),

dated October 1975.(5) Based on information provided by the applicant

in the referenced Amendment 4 to the ER on more recent operating data

applicable to the Cherokee Nuclear Station, and on changes in our

calculational model, we have generated new liquid and gaseous source

terms to determine conformance with Appendix I. The3e values are

different from those given in Tables 3.4 and 3.5 of the FES for Units 1,

2 and 3.

The new source terms, shown in Tables 1 and 2, were calculated using

the models and methodology described in Regulatory Guide 1.BB,

" Calculation of Releases of Radioactive Materials in Liquid and ;seous

Effluents ' rom Pressurized Water Reactors (PWRs)," September 9,1975.

These source terms were used to calculate the doses as described below.

The dispersien of radionuclides in and the deposition of radionuclides

from the atmosphere were based on analyses performed by the NRC staff

for this evaluation.

The mathematical models used to perform the dose calculations are con-

tairied in Regulatory Guide 1. AA.

E-3 j [j j ',
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Included in our analysis are dose evaluations of three effluent

categories: 1) pathways associated with liquid effluent releases to
..

the Broad River, 2) noble 9.. ;s released to the atmosphere, and 3)

't' pathways associated with radiciodines, particulates, carbon-14 and

.
tritium released to the atmosphere.-

.
=

- The dose evaluation of pathways associated with liquid effluents was
'

based on the maximum exposed individual. For the total body dose,

the individual is an adult consuming 20 kg/yr of fish harvested in the

inmediate vicinity of the discharge, and recreational use of the shore-
,.

line in the immediate vicinity of the discharge for 10 hr/yr. In terms.:

of body organs, the maximum exposed individual is an infant who consumes
-

.

510 t/yr of water from the Union Municipal Water supply located 25 miles
/

down stream of the site.

The dose evaluation of noble gases released to the atmosphere included
*

a calculation of beta and gamma air doses at the site boundary and
F total body and skin dcses at the residence having the highest dose. The

maximum air doses at or beyond the site boundary were determined to
,

occur 0.35 mile NE of the facility. The location of maximum total body

and skin doses were deternined to be at a residence located 0.9 mile North.
. . .

-
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The dose evaluation of pathways associated with radiciodine, par ticulates,

carbon-14 and tritium released to the atmosphere was also based on the

maximum exposed individual. The maximum i1dividual is an infant who

consumes 300 t/yr of milk at the farm located 1.2 miles NE of the site

and inhales radionuclides at this location.

Since the Guides on Design Objectives apply to all light-water-cooled

reactors at a site, it is necessary to compare the total dose from

Units 1, 2 and 3 with the Design Objectives contained in the Concluding

Statement of Position of the Regulatory Staff.( } Table 3 provides a

comparison of the calculated doses, with the design cbjectives of

Sections IIA, B and C of Appendir. I and the proposed NRC staff design

objectives set forth in RM-50-2.

As shown in Table 2, the expected quantity of radioactive materials

released in liquid effluents from Units 1, 2 and 3 will be less than

5 Ci/yr/ reactor (0.19 Ci/yr/ reactor), excluding tritium and dissolved

gases, in conformance with the amendment to Section II.D. The liquid

effluents released from Units 1, 2 and 3 will not result in an annual

dose or dose commitment to the total body or to any organ of an indivi-

dual, in an unrestricted area from all pathways of exposure, in excess

of 5 mrem (Table 3).

Based on the NRC staff's evaluatior of the gaseous radwaste management

systems, the total quantity of radioactive materials released in gaseous

E-5 g j (,,) :
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effluents from Units 1, 2 and 3 will not result in an annual gamma air

dose in excess of 10 mrads and a beta air dose in excess of 20 mrads at

every location near ground level, at or beyond the site boundary, which

could be occupied by individuals (Table 3). As shown in Table 1, the

annual total quantity of iodine-131 released in gaseous effluents will

be less than 1 Ci/ reactor (0.008 Ci/yr/ reactor) in conformance with the

amendment to Section 11.0 and the annual tutal quantity of radiciodine

and radioactive particulates released in gaseous effluents from Units 1,

2 and 3 will not result in an annual dose or dose commitment to any

organ of an individual in an unrestricted area from all pathways of

exposute in excess of 15 mrem (Table 3).

Conclusien

The NRC staff evaluation demonstrates that the .vses associated with

the normal operation of the Cherokee Nuclear Station, Units 1, 2 and 3,

meet the design objectives of Sections II.A, II.B and II.C of Appendix I

of 10 CFR Part 50, and that the expected quantity of radioactive materials

released in liquid and gaseous effluents and the aggregate doses meet the

design objectives set forth in RM-50-2.

The NRC staff's evaluation shows that the applicant's propcsed design of

Units 1, 2 and 3 satisfies the criteria specified in the option provided

by the Corsnission's September 4,1975 amendment to Appendix I and,

therefore, meets the requirements of Section II.D of Appendix I of 10 CFR

Part 50.
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Based on the NRC staff's evaluation, the pr posed liquid and gaseous

radwaste management systems for the Cherokee Nuclear Station, Units 1,

2 and 3 meet 'he criteria given i Appendix I and are therefore,

acceptable.

O f) ~ C,.) .-hu, (_/}'3|j|]f-

jfwn, w g .

..

f /Jacques S. BoegliSeniorNuclearEngin/er( -

i Eff4uent Treatment Systems ,,

Division of Site Safety
and Environmental Analysis

Office of Nuclear Regulation
for the NRC Staff

Sworn and subscribed before
me, a Notary Public in and
for the County of I'ontg:Tery,
State of Iiaryland, this day
of Itarch 1976.

p s,

C.rol J ifti 6-
My Commission expires July 1, 1978.
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TABLE 1

CALCULATED RELEASES OF RADI0 ACTIVE MATERIAL
IN GASE_0,US EFFLUENT f .0M

CHEROKEE NUCLEAR STATION, UNITS 1, 2, AND 3

(Ci/yr/ reactor)

Decay Rcactor Auxiliary Turbine Condenser
Radionuclide Tanks Building Building Building Air Ejector Total

Kr-83~ a a a a a a

.
Kr-85m a 2 2 a 2 6

Kr-85 310 41 1 a a ~~~

Kr-87 a a 1 a a 1

Kr-88 a 2 5 a 3 10

Kr-89 a a a a a a

Xe-131m 2 41 2 a 1 46

Xe-133m a 41 4 a 3 48

Xc-133 a 5700 320 a 200 6200

Xc-135m a a a a a a

Xe-135 a 13 8 a 5 26

Xe-137 a a a a a a

Xe-138 a a 1 a a 1

1-131 a 7. 9 (-4 ) 4. 2 (-3) 1.9(-4) 2. 6 (-3) 7. 8 (-3)
1-133 a 4.9(-4) 6.1(-3) 2. 7 (-4) 3.8(-3) 1.1 (-2)

Mn-54 4.5(-3) 9.1(-6) 1.8(-4) c c 4. 7 (-3)
Fe-59 1. 5 (- 3) 3.1(-6) 6(-5) e c 1.6(-3)
Co-58 1.5(-2) 3.1(-5) 6(-4) c c 1.6 (-2)
Co-60 7 (-3) 1. 4 (-5) 2.7(-4) e c 7.3(-3)
Sr-89 3.3(-4) 7(-7) 1.3(-5) e c 3.4 (-4)
Sr-90 6(-5) 1.2(-7) 2. 4 (-6) c c 6.3(-5)
Cs-134 4.5(-3) 9.1 (- 6) 1.8(-4) c c 4.7(-3)
Cs-137 7. 5 (- 3) 1.6(-5) 3(-4) c c 7. 8 (-3)

C-14 7 1 a a a 8

H-3 - - - - - 760

Ar-41 c 25 e e c 25

NOTE: "a" appearing , i the table indicates release is less than 1.0 Ci/yr for
nobic gas, 0.00 1 Ci/yr for iodine. 4
b = e3ponential notation: 1(-4) = 1 x 10
c = less than l '4 ,f total for this nuclide

n -(; nd
=

,
' '
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* TABLE 2

CALCULATED RELEASES OF RADIOACTIVE MATERIALS .:
IN LIQUID EFFLUENTS

FROM CF .s0KEE NUCLEAR STATION, UNITS 1, 2 AND 3

.

Nuclide Ci/yr/ reactor Nuclide Ci/yz/ reactor

Corrosion 6 Activation Products Fission Products
(cont'd)

Cr-51 1(-4)"-

Ru-103 7 (-5)
Ma-54 5.2(-4) Rh-106 1. 2 (-3)

'

Fe-55 1(-4) Ag-110m 2. 2 (-4)
Fe-59 6(-5)e Te-127m 2 (-5) .

Co-58 2.9(-3) Te-127 2 (-5)
Co-60 4. 5 (-3) Te-129m 7(-5)
Zr-95 7 (-4) Te-129 5 (-5)
Nb-95 1(-3) I-130 9 (-5)

- Np-239 2(-5) Te-131m 3(-5) ,

Fission Products I-131 8.9(-2)
*~I (~*Br-83 2(-5)
I" * (~Rb-86 2(-5)

(~f. Sr-89 2 (-5)
~ '

s-134 1.8(-2)
.

Mo-99 1.7(-3) . .

Tc-99m 1. 6 (-3)
Cs-136 2.7(-3)
Cs-137 2 (-2) .

Ba-137m 7.5 (-3)
Cc-1 '4 2. 6 (-3)

.

All Others 6(-5)
Total

.

(except H-3) 1.9(-1)
H-3 750

a = Exponential notation: 1(-4) = 1 x 10~
b = Nuclides whose release rates are less than

-5
10 Ci/yr/ reactor are not listed individually

but are included in the category "All Others".

.f
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TABLE 3

COMPARISON OF CilFROKEE NUCLEAR STATION, UNITS 1, 2 6 3 WITil
APPENDIX 1 TO 10 CFR PART 50, SECTIONS II.A, II.B AND II.C (MAY 5, 1975)" AND

SECTION II.D, ANNEX (SEPTEMBER 4, 1975)b .-

Appendix I" Annex Calculated
c

Criterion Design Objectives Design Objectives Doses

Liquid Effluents

Dose to total body from
all pathways (Adult) 3 arem/yr/ unit 5 mrem /yr/ site 0.11 mrem /yr/ unit

Dose to any organ from
all pathways (Infant-thyroid) 10 mrem /yr/ unit 5 nirem/yr/ site 0.31 mrem /yr/ unit

Noble Gas Effluents

Gamma dose in air 10 mrad /yr/ unit 10 mrad /yr/ site 0.46 mrad /yr/ unitm
i
"

Beta dose in air 20 mrad /yr/ unit 20 mrad /yr/ site 1.3 mrad /yr/ unit

Dose to total body of an
individual 5 mrem /yr/ unit 5 mrem /yr/ site 0.028 mrem /yr/ unit

Dose to skin of an
individual 15 mrem /yr/ unit 15 mrem /yr/ site 0.077 mrem /yr/ unit

Radiciodines and Other Radio-
nuclides Released to the
Atmospheree

Dose to any organ from all
j pathways (Infant-thyroid) 15 mrem /yr/ unit 15 mrem /yr/ site 1.1 mrem /yr/ unit

"Fednral Register V. 40, p. 19442, May 5, 1975.

C Federal Register V. 40, p. 40816, September 4, 1975.
N
m c

Design Objectives given on a site basis. Therc fore, these design objectives apply to 3 units at the site.
dLimited to noble gases only. ' Carbon-14 and Tritium have been added to this category.
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APPLNDIX F

. .

O!EROK11. N11CIDR STAT ION
Prxeitre for Invest inat ing and IWunenting

Geoln ic Fault Ieatures

.

INTRODUCTION:
_.

E< tensive studies of fault features characteristic of the reo H. and of the
project site area have been riade at the Catawba Nuc lear :at ir n (Docket
Nos. VJ-kl3 and -kl4) during gtologic napping and at the Cher(ker project
site in support of the

studies (liminary Safety Analysis P qort for project
Pre

I) establish that fault features cc.ur nume reu s l ylicensing. These
in a variety of forms and that the occurrence of ro.NroJs suci features can
be anticipated in any large excavation in the region.

PU R POS E :

The purpose of this procedure is to establish a reans of utilizing data
developed in previous studies to correlate significant characteristics of
'catures occurring in new excavations for safety related structures at the
Cherokee site without undue repet i tion of study if a valid ara Mgy can be made.
This procedure also establishes a method and the extant that other fault featur+s
with no similarity to previous features stujied will be dacutented, studied,
and, where necessary, reported.

SCOPE:

This procedure relates directly to those geolog.c fault f eiti res occu rring
in etcavations required for safety related st ruc tu re foundat ons. These
features r'ay inc lude b recc iated zones containin .) offsets anJ any cther offset
or displaced feature of tectonic origin.

FROCEDURE:

1 Geologic napping will be conducted as stated in C h e r o', ee PSAR Section
2.5.1.2(9).

2. In the event a feature as described in the sco^e is disco.ered, the

(field) G. ologist will notify the Project Civil E ng i n.:e r as soon as the

feature is discovereJ.

3. Tho Project Civ i l Engineer will hold any s t ruc tu re const ruc t ion in that
a rna unt il a dete rminat ion can be made 1) that th featt re is similar to
featares previousl / studied by observation and that its re!ceant
characteristics can be determined by correlatico to precicusly studied
features or 2) tFat the feature is not sinitor to an/ preiiously studied
feature and requires new investigation.

t+ . For similar features (described in iten 3), the (f ie ld) Ce( logist will so notify

the Project Civil Enr,ineer who will release work in tFe arei as soon as

(I) D.eference: C a t a.vb 1 Nuclear Station - PSAR, Chapter 2, Section 2.5, Appandices

2C and 2E
- 'T i na l Geological Pm ort on Brecciated Zon.

A Cherokee Nuclear Station - P5AP, Chapter 2, Section 2.5, Appendices
D

O
7)0 2C and 2E

_ .
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the (field) Cenlogist has indexed 'N f eat u re , documented it by detailed
mapping and photographs, and e ' ' lished the feature's s imi lar i ty to a
previous ly es tab lished fea tu re. Ibis similarity will be documented by
comparing relevant characterist ics to teatures observed and studied at
Catavrba Nuclear Station during rapping or in any of t he numercus
test pits opened at the Cherokee site durinj subsurface investigative
studies Where this similarity can be established and documented,
napping and p roj ect wo rk wi l l continue routinely. A tabular sumnary
viill be prepa red which indexeseach occurrence of a feature and makes
specific comparison to a previously studied feature. Documentation
will be subject to audit during field inspections by NRC.

5. For features where similarity cannot be establi shed by comparison to
features previously studied at the Cherokee or Catewba sites, the
Project Civil Engineer will continue to hold work in the area and
notify the 'aC Project Mana ir of the discovery. The geologic feature
will then be le f t exposed for ten (10) days for TAC inspection.

Sa. Duke with the assistance of Law Engineering Testing Cocpany and/or other -

consultant will map the feature, develop data, ani determine if the
feature falls in the secuence of geologic events establisned and reported
in the Cherokee PSM.

Sb. A third party independent geologic consultant will be engaged and will
visit the site to examine the feature and examine the data developed
by Duke and LETCo and/or other consultant. The (field) Geologist will
notify the Project Civil Engineer (when geologic ,apping, photography
and field data gathering have been completed) that investigations have
been completed and documented. The independent consultant will report
his findings to the Project Civil Engineer.

Sc. If the independent consultant concurs ith Duke's conclusions, the
Project Civil Engineer will then re l. -e the area for project construction
activity upon ccepletion of item 5b.

Sd. For non-similar f eatures a report will be prepared which shall consist
of the following:

Description of the feature including the investigation and description
of data obtained

Geologic history

Surmary and conclusions

Geolojic r.aps and ptotographs

by Geolo3 c ConsaltantiReport of findings

This report and other data will bc .<ailable for fiPC re / icw whenever

requested,

w/c 7O9
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