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NOTICE.

Availability of Reference Materials Cited in NRC Publications

Most documents cited in NRC publications will be available from one of the following sources: I
1. The NRC Public Document Room,1717 H Street., N.W.
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Washington, DC 20555
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Reports; vendor reports and correspondence; Commission papers: and applicant and licensee documents
and correspondence.
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gram: formal NRC staff and contractor reports. NRC-sponsored conference proceedings, and NRC
booklets and crochures. Also available are Regulatory GuMes, NRC regulations in the Code o/ Federal
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Documents available from the National Technical Information Service inciude NUREG series reports and
technical reports prepared by other federal agencies and reports prepared by the Atomic Energy Commis-
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ceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free upon written request to the Division of TechnicalInfor.''
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ABSTRACT

The Safety Evaluation Report for the application filed by the Union Electric
Company, as applicant and agent for the owners, for a license to operate the
Callaway Plant, Unit 1 (Docket No. S0-483), has been prepared by the Office of
Nuclear Reactor Regulation of the U.S. Nuclear Regulatory Commission. The
facility is located in Callaway County, Missouri. Subject to favorable resolu-
tion of the items discussed in this report, the staff concludes tha.t the facility
can be operated by the applicar.t without endangering the health r;d safety of;' .

the public.
.

5

f

i

i

i

:

i

{.-

i
i

- - _ _ . ._. _ _ _



TABLE OF CONTENTS

Page

A'bstract .......................................................... i

1 INTRODUCTION AND GENERAL DISCUSSION .......................... 1-1

1.1 Introduction ............................................ 1-14

1.2 General Plant Description ............................... 1-4
1.3 Comparison With Similar Facility Designs................. 1-6
1.4 Identi fication of Agents and Contractors . . . . . . . . . . . . . . . . 1-6
1.5 Summary of Principal Review Matters . . . . . . . . . . . . . . . . . . . . . 1-7
1. 6 Modifications to the Facility During the Course of

the Staff Review ........................................ 1-8
1.7 Summary of Outstanding Issues ........................... 1-8
1.8 C o n f i rma to ry I s s u e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-9
1.9 Li ce n s e Co nd i ' o ns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-11
1.10 Unresolved Saiety Issues ................................ 1-12

1 .

2 SITE CHARACTERISTICS ......................................... 2-1

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

2.1.1 Site Location Description ..................... 2-1
2.1.2 Exclusion Area Authority and Control .......... 2-1
2.1.3 Population Distribution ....................... 2-1
2.1.4 Conclusion .................................... 2-5

t
2.2 Nearby Industrial, Transportation, and Military '

Facilities ........................................... 2-6

2.2.1 Transporta. tion Routes ......................... 2-6
2.2.2 Nearby Facilities ............................. 2-6
2.2.3 Conclusion .................................... 2-7

2.3 Meteorology ............................................. 2-7

2.3.1 Regional Climatology 2-7..........................

2.3.2 Local Meteorology ............................. 2-9
2.3.3 Onsite Meteorological Measurements Program .... 2-9
2.3.4 Short-Term (Accident) Diffusion Estimates ..... 2-10
2.3.5 Long-Term (Routine) Diffusion Estimates ....... 2-11

2.4 Hydrology ............................................... 2-11

2.4.1 Hydrologic Description ........................ 2-11
2.4.2 Flood Potential ............................... 2-12
2.4.3 Water Supply .................................. 2-14
2.4.4 Ultimate Heat Sink ............................ 2-14

iii

;

___.______ _ ___



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

A

i
4

#

2

TABLE OF CONTENTS (Continued)

Page
'

2.4.5 Site Groundwater .............................. 2-16
2.4.6 Accident Effects .............................. 2-17

; 2.4.7 Conclusion .................................... 2-1,7
,

2.5 Geology and Seismology .................................. 2-18

2.5.1 Basic Geologic and Seismic Information . . . . . . . . 2-18,

2.5.2 Seismology .................................... 2-22
2.5.3 Capable faults ................................ 2-25
2.5.4 Stability of Subsurface Materials

and Foundations ............................... 2-26
2.5.5 Stability of Slopes ........................... 2-31
2.5.6 Embankments and Dams .......................... 2-32

2.6 References .............................................. 2-32

3 DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS ...... 3-1
3

3.1 General ................................................. 3-1

3.1.1 Conformance With General Design Criteria . . .. . . 3-1
3.1.2 Conformance with Industry Codes and Standards . 3-1

t 3.2 Classification of Structures, Systems, and Components ... 3-1

3.2.1 Seismic Classification ........................ 3-1
3.2.2 System Quality Group Classification ........... 3-2

!
3.3 Wind and Tornado Loadings ............................... 3-4

3.3.1 Wind Design Criteria .......................... 3-4
3.3.2 Tornado Design Criteria ....................... 3-4

1

3.4 Water Level (Flood) Design .............................. 3-5

3.4.1 Water Level (Flood). Design .................... 3-5
3.4.2 Water Level (Flood) Design Procedures ......... 3-6

,

3.5 Missile Protection ...................................... 3-6
'

3.5.1 Internally Generated Missiles ............. ... 3-6
3.5.2 Structures, Systems, and Components To Be

Protected From Externally Generated,

Missiles ...................................... 3-9-

| 3.5.3 Barrier Design Procedures ..................... 3-10

* 3.6 Protection Against Effects Associated With the Postulated
Rupture of Piping ....................................... 3-11,

!
,

iv

. _ _ _ .- - , -, , __ - - , _ , - -



TABLE OF CONTENTS (Continued)

Page

3.6.1 Determination of Break Location and
Dynamic Effects ............................... 3-11

3.6.2 Postulated Pipe Breaks Outside Containment .... 3-13

3.7 Seismic Design .................. ....................... 3-14

3.7.1 Seismic Input ................................ 3-14
3.7.2 Seismic Structural System and Subsystem

Analysis ...................................... 3-14
3.7.3 Seismic Mechanical Subsystem Analysis ......... 3-16
3.7.4 Seismic Instrumentation Program ............... 3-17

3.8 Design of Seismic Category I Structures . . . . . . . . . . . . . . . . . 3-17

3.8.1 Concrete Containment .......................... 3-17
3.8.2 Concrete and Structural Steel Internal

Structures .................................... 3-18
3.8.3 Other Category I Structures ................... 3-19
3.8.4 Foundations ................................... 3-20

3.9 Mechanical Systems and Components ....................... 3-21

3.9.1 Special Topics for Mechanical Components ...... 3-21
3.9.2 Dynamic Testing and Analysis of Systems,

Components, and Equipment ..................... 3-21
3.9.3 ASME Code Class 1, 2, and 3 Components,

Componer t Supports, and Core Support
Structures .................................... 3-24

3.9.4 Control Rod Drive Systems ..................... 3-27
.j 3.9.5 Reactor Pressure Vessel Internals ............. 3-27
' T, 3.9.6 Inservice Testing of Pumps and Valves ......... 3-28

3.10 Seismic and Dynamic Qualification of Seismic Category I
Mechanical ard Electrical Equipment ..................... 3-29

3.11 Environmental Qualification of Saf e.y-Related"

Electrical Equipment ............. 3-30......................

4 REACTOR ............................... ...................... 4-1
i

4.1 General ................................................. 4-1'

4.2 Fuel Design ............................................. 4-1 ,
,

4.2.1 Design Bases .................................. 4-2
,

4.2.2 Description and Design Drawings ............... 4-10
4.2.3 Design Evaluation ............................. 4-10
4.2.4 Testing, Inspection, and Surveillance

Flants ....... ................................ 4-19
4.2.5 Evaluation Findings ........................... 4-20

v

-. .-. -,



_

TABLE OF CONTENTS (Continued)

P_ age

4.3 Nuclear Design .......................................... 4-21

4.3.1 Design Bases .................................. 4-21
4.3.2 Design Description ............................ 4-21
4.3.3 Analytical Methods ............................ 4-25
4.3.4 Summary of Evaluation Findings ................ 4-26

4.4 Thermal-Hydraulic Design ................................ 4-26

4.4.1 Performance and Safe ty Cri teria . . . . . . . . . . . . . . 4-26
4.4.2 Design Bases .................................. *-26
4.4.3 Thermal-Hydraulic Design Methodlogy ........... 4-27

,

4.4.4 Design Abnormalities .......................... 4-29'

4.4.5 Therma 1 Hydraulic Comparison ................... 4-31'

4.4.6 N-1 Loop Operation 4-32...........................

4.4.7 Conclusion ............. 4-33-.....................

4.5 Reactor Materials ......... ............................. 4-33

4.5.1 Control Rod Structural Meterials .............. 4-33
4.5.2 Reactor Internals and Core Support

Materials ..................................... 4-34
4

4.6 Functional Design of Reactivitj Control Systems ......... 4-36
4.7 References............................................... 4-38

5 R EACTO R COO LANT SYSTEM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
.

5.1 S umma ry D e s c r i p ti o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2 Integrity of Reactor Coolant Pressure Boundary .......... 5-1

5.2.1 Compliance With Codes and Code Cases .......... 5-1
5.2.2 Overpressure Protection ....................... 5-2
5.2.3 Reactor Coolant Pressure Boundary Materials .. . 5-4
5. 2. 4 Preservice and Inservice Inspection and

Testing of the Reactor Coolant Pressure
Boundary ...................................... 5-5

5.2.5 Reactor Coolant Pressure Boundary Leakage
Detection System .............................. 5-7

5.3 Reactor Vessel .......................................... 5-9

5.3.1 Reactcr Vessel Materials and Compliance to
Appenuices G and H, 10 CFR Part 50 ............ 5-9

5.3.2 Pressure-Temperature Limits ................... 5-12
5.3.3 Reactor Vessel Integrity ...................... 5-13

,

5.4 Component and Subsystem Design .......................... 5-14

5.4.1 Reactor Coolant Pumps ......................... 5-14
5.4.2 Steam Generators .............................. 5-14

vi,

_ _ _ _ _ _ . _ _ __-



.

TABLE OF CONTENTS (Continued)
,

P. age

5.4.3 Residual Heat Removal System .................. .5-18
.

5.4.4 Pressurizer Relief Tank (Quench Tank) ......... 5-20
i 5.4.5 Loose Parts Manitoring System ................. 5-21

6 ENGINEERED-SAFETY-FEATURES ................................... 6-1

6.1 Engineered Safety Features Materials ............ ....... 6-1

6.1.1 Metallic Materials ............................ 6-1
6.1. 2 Organic Materials ............................. 6-2

4
1

6.2 Containment Systems .................. .................. 6-2

6.2.1 Containment Functional Design ................. 6-2 i

6.2.2 Containment Heat Removal Systems .............. 6-10
1 6.2.3 Containment Isolation System .................. 6-12

6.2.4 Combustible Gas Control System ................ 6-18
6.2.5 Conta paent Leakage Testing Program . . . . . . . . . . . 6-20

6.3 Emergency Core Cooling System ........................... 6-20
,

6.3.1 Design Basis .................................. 6-20
6.3.2 System Design ................................. 6-21
6.3.3 Design Evaluation for Single Failures .... .... 6-21

4 6.3.4 Tests and Inspection .......................... 6-23
6.3.5 Performance Evaluation 6-2*.............. ........

,

6.3.6 Conclusions ................................... 6-25

6.4 Control Room Habitability ............................... 6-25

6.5 Engineered Safety Feature Atmosphere Cleanup System...... 6-26

6.5.1 ESF Filter System Description and Evaluation .. 6-26
6.5.2 Containment Spray System ...................... 6-27

.

6.6 Inserv.ce Inspection of Class 2 and 3-Components ........ 6-29

6.6.1 Evaluation of Compliance for Callaway Unit
No. I with 10 CFR 50.55a(g) ................... 6-29

6.6.2 Conclusions ................................... 6-30

6.7 Fracture Prevention of Containment Pressure Boundary .... 6-30i

i .

7 INSTRUMENTATION AND CONTROLS ................................. 7-1.

i

7.1 General ............................................... 7-1

| 7.1.1 Acceptance Criteria ........................... 7-1
7.1.2 Conformance to Criteria and Guidelines ........ 7-1

vii

_ _ _ _ _ _ _ .- - . - ._ -,. - - - _ . _- . .- _



;

TABLE OF CONTENTS (Continued)

Page

7.1.3 Specific Findings ............................. 7-1

7.2 Reactor Trip System ..................................... 7-3 ,

7.2.1 Description ................................... 7-3
7.2.2 Resolution of Issues .......................... 7-7
7.2.3 Evaluation Findings ........................... 7-9

,

7.3 Engineered Safety Features Actuation Systems ............ 7-10

7.3.1 Description ................................... 7-10
7.3.2 Resolution of Issues .......................... 7-16
7.3.3 Evaluation Findings ........................... 7-19

7.4 Systems Required for Safe Shutdown ...................... 7-21

7.4.1 Description ................................... 7-21
! 7.4.2 Remote Shutdown Capability .................... 7-23

7.4.3 Resolution of Issues .......................... 1-24
7.4.4 Evaluation Findings ........................... 7-25

7. 5 Information Systems Important to Safety ................. 7-26

7.5.1 Description ................................... 7-26
7.5.2 Resolution of Issues .......................... 7-28
7.5.3 Evaluation Findings ........................... 7-29

:

7. 6 Interlock Systems Important to Safety . . . . . . . . . . . . . . . . . . . 7-30

7.6.1 Residual Heat Removal Isolation Valves ........ 7-30
7.6.2 Accumulator Motor-Operated Valves ............. 7-31
7.6.3 Interlocks for RCS Pressure Control During

Low Temperature Operation ..................... 7-31
| ' 6. 4 Switchover from Injection to Recirculation .... 7-31.

7.6.5 Isolation of Essential Service Water to the'

Air Compressors ............................... 7-32
7.6.6 Isolation of the NonsafetyRelated Portion

| r" the Component Cooling Water (CCW) System .... 7-32
7.6.7 Resolution of Issues .......................... 7-32'

7.6.8 Evaluation Findings ........................... 7-33

7.7 Control Systems ......................................... 7-34

7.7.1 Reactor Control ............................... 7-34
7. 7.' 2 'R6d Control ................................... 7-35

,

! 7.7.3 Pressurizer Pressure Control .................. 7-35
7.7.4 Pressurizer Water Level Control . . . . . . . . . . . . . . . 7-35
7.7.5 Steam Generator Water Level Control ........... 7-36

! 7.7.6 Steam Dump Control ............................ 7-36
7.7.7 Plant Control System Interlocks ............... 7-37

.viii

- . .- - . . - - - _ . _ - _



,

TABLE OF CONTENTS (Continued)

P_ age

7.7.8 Incore Instrumentation ........................ 7-37
7.7.9 Boron Concentration Monitoring System ......... 7-37
7.7.10 Plant Control Signals for Monitoring and

Indicating .................................... 7-38
7.7.11 Resolution of Issues .......................... 7-39
7.7.12 Evaluation Findings ........................... 7-40

8 ELECTRIC POWER SYSTEMS ....................................... 8-1

8.1 General Considerations ................ ................. 8-1
8.2 Offsite Power System .................................... 8-1

8.2.1 Compliance with GDC 5 ................. ....... 8-1
8.2.2 Compliance with GDC 17 ........................ 8-1
8.2.3 Compliance with GDC 18 ........................ 8-5
8.2.4 Evaluation Findings ........................... 8-5

8.3 Onsite Emergency Power Systems .......................... 8-5

8.3.1 Onsite-AC Power System's Compliance with4

GDC 17 ....................................... 8-5
8.3.2 Onsite-DC System Compliance with GDC 17 ...... 8-16 -

8.3.3 Common Electrical Features and Requirements .. 8-19
8.3.4 Evaluation Findings .......................... 8-25

9 AUXILIARY SYSTEMS ............................................ 9-1

9.1 Fuel Storage and Handling ............................... 9-1

I 9.1.1 New-Fuel Storage .............................. 9-1
9.1.2 Spent-Fuel Storage ............................ 9-2
9.1.3 Spent-Fuel-Pool Cooling and Cleanup System .... 9-6
9.1.4 Fuel Handling System .................... ..... 9-9

9.2 Water Systems ........................................... 9-10

9.2.1 Station Service Water System .................. 9-10
9.2.2 Component Cooling Water System ................ 9-11

,
9.2.3 Demineralized Water Makeup System ............. 9-13

I 9.2.4 Potable and Sanitary Water Systems ............ 9-13
9.2.5 Ultimate Heat Sink ............................ 9-14-

*

9.2.6 Condensate Storage Facilities ................. 9-15

9.3 Process Auxiliaries ..................................... 9-15

9.3.1 Compressed Air Syste,t ......................... 9-15
9.3.2 Process Sampling Systea ....................... 9-16 '

9.3.3 Equipment and Floor Drainage System ........... 9-17
9.3.4 Chemical and Volume Control System ............ 9-18

ix

._, _ _ , - _ _ _ _ , _ . _ _ _ _._. _. ._.



TABLE OF CONTENTS (Continued)
:|
4

i

9.4 Air Conditioning, Heating, Cooling, and Ventilation
Systems ................................................. 9-19

9.4.1 Coctrol Room Area Ventilation Sys*.em-
(Control Building HVAC System) ................ 9-19

9.4.2 Fuel Pool Area Ventilation System (Fuel
Building HVAC System .......................... - 9-21

9'3 Auxiliary Buildirg and Radwaste Area
Ventilation System ............................ 9-22

9.4.4 Turbine Area Ventilation System (Turbine
Building HVAC) ................. .............. 9-24

9.4.5 Engineered Safety Feature Ventilation (Diesel
Generator Building Ventilation and Essential
Service Water Pumphouse Ventilation) 9-25. . . . . . . . . .

f 9.5 Other Auxiliary Systems ................................. 9-26

9.5.1 Fire Protection Review ........................ - 9-26
9.5.2 Communication System ........... 9-35. . . . . . . . . . .

9.5.3 Lighting System ................ .............. 9-38'

9.5.4 Emergency Diesel Engine Fuel Oil Storage'

and Transfer System ........................... 9-40
9.5.5 Diesel Generator Cooling Water

System ........................................ 9-43
9.5.6 Emergency Diesel Engine Starting System ....... 9-45
9.5.7 Emergency Diesel Engine Lubricating Oil

System ........................................ 9-46
! 9.5.8 Emergency Diesel Engine Combustion Air
,

; - Intake and Exhaust System ..................... 9-49

1 10 STEAM AND POWER-CONVERSION SYSTEM ........................... 10-1

i 10.1 Summary Description ..................................... 10-1
10.2 Turbine Generator ....................................... 10-1'

!
I 10.2.1 Overspeed Protection System ................... 10-1

10.2.2 Turbine Disc Integrity ........................ 10-2;

10.3 Main Steam Supply System ................................ 10-3i

10.3.1 Main Steam Supply System (up to and Including
the Main Steam Isolation Valves) .............. 10-4

10.3.2 Main Steam Supply System (Downstream of the
Main Steam Isolation Valves)'................... 10-4 ,

10.3.3 St?am and Feedwater System Materials .......... 10-5
1

10.4 Other Features .......................................... 10-6

!

10.4.1' Main Condenser ................................ 10-6'

10.4.2 Main Condenser Evacuation System .............. 10-6
.i

J

4 X-
.

- - - - - - - - - - - - - - - - - - - --u- - r-w, +w -yw-f. mW * - - * - y--y-y 97 pep - g4-w.-er- -w g y _,y



TABLE OF CONTENTS (Continued)

Pag.e.

10.4.3 Turbine Gland Sea'ing System .................. 10-7
10.4.4 Turbine Bypass System ......................... 10-8
10.4.5 Ci rculati ng Wat( c System . . . . . . . . . . . . . . . . . . . . . . 10-8
10.4.6 Condensate Cleanup System ..................... 10-9
10.4.7 Condensate and Feedwater Systems .............. 10-10
10.4.8 Steam Generator Blowdown System ............... 10-11
10.4.9 Auxiliary Feedwater System .................... 10-11

11 RADI0 ACTIVE WASTE MANAGEMENT ................................ 11-1

11.1 S umma ry D e s c r i p t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11-1
11.2 Liquid-Waste-Management System Description

and Evaluation .......................................... 11-6
11.3 Gaseous-Waste-Management Systems Description

and Evaluation .......................................... 11-9
11.4 Solid-Waste-Management System Description

and Evaluation .......................................... 11-12
11.5 Process and Effluent Radiological Monitoring and

Sampling Systems Descriptions and Evaluation ............ 11-13

12 RADIATION PROTECTION ........................................ 12-1

12.1 Ensuring That Occupational Radiation Exposures Are As
Low As Is Reasonably Achievable ......................... 12-1

12.1.1 Policy Considerations ......................... 12-1
12.1.2 Design Considerations ......................... 12-2
12.1.3 Operational Considerations ......... .......... 12-2
12.1.4 Decommissioning ................... 12-3..........

12.2 Radiation Sources ......... 12-3............................

12.3 Radiation Protection Design .reatures .................... 12-4

12.3.1 Facility Design Features ...................... 12-4
12.3.2 Shielding .................................... 12-4
12.3.3 Ventilation ................................... 12-5
12.3.4 Area Radiation and Airborne Radioactivity

Monitoring Instrumentation .................... 12-5

12.4 Dose Assessment ......................................... 12-6
12.5 Health Physics Program .................................. 12-7

12.5.1 Program and Staff Oranization ................. 12-7
12.5.2 Heal th Physic Facilities . . . . . . . . . . . . . . . . . . . . . . 12-8

.

12.5.3 Health Physics Instrumentation ................ 12-8'

12.5.4 Procedures .................................... 12-9

xi

_ _____
- __



.

TABLE OF CONTENTS (Continued)

_P_ age
.

13 CONDUCT OF OPERATIONS ........................................ 13-1

13.1 Organizational Structure and Qualifications ............. 13-1

13.1.1 Management and Technical Resources ............ 13-1
13.1.2 Operating Organization ....................... 13-7

13.2 Training ................................................ 13-15

13.2.1 Staff Training Program ........................ 13-15
13.2.2 Licensed Operator Training Program ............ 13-16

13.3 Emergency Planning ...................................... 13-17
13.4 Review and Audit ........................................ 13-17

13.4.1 Onsite Review Committee ....................... 13-18
13.4.2 Nuclear Safety Review Board ................... 13-18
13.4.3 Independent Safety Engineering Group .......... 13-19

13.5 Plant Procedures ........................................ 13-19

13.5.1 Administrative Procedures .................... 13-19
13.5.2 Operating and Maintenance Procedures ......... 13-20

13.6 Industrial Security ..................................... 13-22~

14 INITIAL TEST PROGRAM ........................................ 14-1

15 ACCIDENT ANALYSIS ........................................... 15-1

15.1 General ................................................. 15-1

15.1.1 Input Parameters for Transient and Accident
Analyses ...................................... 15-1

15.1.2 Methods of Analysis ........................... 15-2

15.2 Moderate Frequency Transients ........................... 15-3

15.2.1 Increased Cooling Transients .................. 15-3
15.2.2 Decreased Cooling Transients .................. 15-34

15.2.3 Increased Core Reactivity Transients .......... 15-4

15.3 Infrequent Transients and Postulated Accidents .......... 15-5

15.3.1 Uncontrolled Rod Cluster Control Assembly
(Rod) Bank Withdrawal at Power ................ 15-6

15.3.2 Inadvertent Loading of a Fuel Assembly
Into Improper Position ........................ 15-6

15.3.3 Rupture of a Control Rod Drive Mechanism
' Housing (Rod Cluster Control Assembly

Ejection)..................................... 15-7

xii

- .



-.

,

..

TABLE OF CONTENTS (Continued)

P3fle

15.3.4 Steam Line Breaks ............................. 15-8
15.3.5 Feedwater Line Break .......................... 15-8
15.3.6 Reactor Coolant Pump Locked Rotor Accident .... 15-8
15.3.7 Loss-of-Coolant Accident (L0CA)................ 15-9
15.3.8 Anticipated Transients Without Scram .......... 15-9
15.3.9 Conclusions ................................... 15-11

15.4 Radiological Consequences of Design-Basis Accidents ..... 15-11

15.4.1 Main Steam Line Failure Outside Containment ... 15-11
15.4.2 Rod Ejection Accident ......................... 15-14
15.4.3 Failure of a Small Line Carrying Primary

Coolant Outside Containment ................... 15-14
15.4.4 Steam Generator Tube Rupture Accident ......... 15-16
15.4.5 Loss-of-Coolant Accident ...................... 15-17
15.4.6 Fuel Handling Accident ........................ 15-18
15.4.7 Liquid Tank Failures .......................... 15-21

16 TECHNICAL SPECIFICATIONS .................................... 16-1

17 QUALITY ASSURANCE ........................................... 17-1

17.1 General ................................................. 17-1
17.2 Organization for the QA Program ......................... 17-1
17.3 Quality Assurance Program ............................... 17-3
17.4 Conclusion .............................................. 17-5
17.5 Outstanding Quality Assurance Issue for Callaway Unit 1.. 17-6

18 REPORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS ....... 18-1

19 COMMON DEFENSE AND SECURITY .................................. 19-1

20 FINANCIAL QUALIFICATIONS ..................................... 20-1

20.1 Introduction ............................................ 20-1
20.2 Estimated Operating Costs of Facility ................... 20-1
20.3 Estimated Costs To Decommission Facility ................ 20-2
20.4 Reasonable Assurance of Funds ........................... 20-2
20.5 Conclusion .............................................. 20-2

:

21 FINANCIAL PROTECTION AND IDEMNITY REQUIREMENTS ............... 21-1'

21.1 General .. .............................................. 21-1
21.2 Preoperational Storage of Nuclear Fuel .................. 21-1
21.3 Operating Licenses ...................................... 21-1

|
22 TMI-2 REQUIREMENTS ........................................... 22-1

22.1 Introduction ............................................ 22-1'

22.2 Discussion and Conclusions .............................. 22-2

i

xiii

____



.

i

|

.

.

TABLE OF CONTENTS (Continued) :

Page

I.A.1.1 Shift Technical Advisor ....................... 22-2
I.A.1.2 Shift Supervisor Administrative Duties ........ 22-2-

I. A. I. 3 Shift Manning ................................. 22-3
I.A.2.1 Immediate Upgrading of Oper-t r and Senior

Operctor Training and Quai ations .......... 22-3
I.A.2.3 Administration of Training h ograms for.

Licensed 0perators ............................ 22-4
I.A.3.1 Revised Scope and Criteria for Licensing

Examinations .................................. 22-4

I . B .1. 2 Independent Safety Engineering Group........... 22-4
;

I.C.1 Guidanc: for the Evaluation and Development
of Procedures for Transients and Accidents .... 22-4

I.C.2 Shift and Relief Turnover Procedures .......... 22-5
I.C.3 Shift Supervisor Responsibilities ............. 22-5
I.C.4 Control Room Access ........................... 22-5
I.C.5 Procedures for Feedback of Operating

Experience to Plant Staff ..................... 22-5
I.C.6 Verify Correct Performance of Operating

Activities .................................... 22-5
| I.C.7 NSSS Vendor Review of Procedures .............. 22-6

I.C.8 Pilot Monitoring of Selected Emergency
Procedures for Near-Term Operating
License Applicants ............................ 22-6

I.D.1 Control Room Design Review .................... 22-6

I.G.1 Special Low-Power Testing and Training ...... 22-8

.
II.B.1 Reactor Coolant System Vents .................. 22-8

i II.B.2 Plant Shielding To Provide Access to Vital
Areas and Protect Safety Equipment for
Postaccident Operation ........................ 22-8

II.B.3 Postaccident Sampling Capability .............. 22-9
II.B.4 Training for Mitigating Core Damage ........... 22-10

II.D.1 Performance Testing of Boiling Water Reactor
and Pressurized Water Reactor Relief

I and Safety Valves ............................. 22-10
1I.0.3 Direct Indication of Relief and Safety

Valve Position ................................ 22-11

II.E.1.1 Auxiliary Feedwater System (AFWS)
;

Reliability Evaluation ........................ 22-12

t

xiv

_ _ _ _ _ - - . _ ___. _ _ - _ _ _ _. . - _



.

TABLE OF CONTENTS (Continued)

Page

II.E.1.2 Auxiliary Feedwater Init.iation and
Indication .................................... 22-19

!
II.E.3.1 Emergency Power Supply for Pressurizer

Heaters ....................................... 22-20
II.E.4.1 Dedicated Containment Penetrations ............ 22-20
II.E.4.2 Containment Isolation Dependability ........... 22-20

II.F.1 Additional Accident Monitoring
Instrumentation ............................... 22-22
Attachment 1: Noble Gas Effluent Monitor ..... 22-23
Attachment 2: Samp1'ing and Analysis of
Plant Effluents ............................... 22-23
Attachment 3: Contair. ment High-Range
Radiation Monitor ............................. 22-24
Attachment 4: Containment Pressure Monitor ... 22-24
Attachment 5: Containment Water Level
Monitor ....................................... 22-24
Attachment 6: Containment Hydrogen Monitor ... 22-25

II.F.2 Instrumentation for Detection of Inadequate
Core Cooling .................................. 22-25

II.G.1 Emergency Power for Pressurizer Equipment ..... 22-27

II.K.1 IE Bulletins on Measures To Mitigate
Small-Break LOCAs and Loss-of-Feedwater
Accidents ..................................... 22-27

II.K.2.13 Thermal Mechanical Report--Effect of
High-Pressure Injection on Vessel Integrity
for Small-Break Loss-of-Coolant Accident
With No Auxiliary Feedwater ................... 22-28

II.K.2.17 Potential for Voiding in the Reactar Coolant
System During Transients ...................... 22-28

II.K.2.19 Sequential Auxiliary Feedwater Flow Analysis .. 22-29t

II.K.3.1 Installation and Testing of Automatic
Power-0perated Relief Valve Isolation System .. 22-29

II.K.3.2 Report on Overall Safety Effect of
Power-0perated Relief Valve Isolation System .. 22-29

II.K.3.3 Reporting of Safety Valve and Relief Valve
Failure and Challenges ........................ 22-29

II.K.3.5 Automatic Trip of Reactor Coolant Pumps
During LOCA ................................... 22-29

II.K.3.9 Proportional Integral Derivative (PID)
Controller Modification ....................... 22-30

II.K.3.10 Proposed Anticipatory Trip Modification ....... 22-30
II.K.3.11 Justification of Use of Certain PORVs ......... 22-30
II.K.3.12 Confirm Existence of Anticipatory Reactor

22-30Trip Upon Turbine Tri) ........................

II.K.3.17 Report on Outages of ECCS; Licensee Report
and Proposed Technical Specification Changes .. 22-30

II.K.3.25 Effect of Loss of AC Power on Pump Seals ...... 22-30
,

xV

_ __



. .
-

TABLE OF CONTENTS (Continued)

Pag

II.K.3.30 Revised Small-Break LOCA Methods To Show
Compliance with 10 CFR 50, Appendix K ......... 22-31

II.K.3.31 Plant-Specific Calculations To Show
Compliance with 10 CFR 50.46 .................. 22-31

' III.A.1.1 Upgrade Emergency Preparedness ................ 22-31
III. A.1. 2 Upgrade Emergency Support Facili ties . . . . . . . . . . 22-31
III.A.2 Improving L;;ense Emergency

Preparedness--Long Term ....................... 22-31

III.D.1.1 Integrity of Systems Outside Containment
Likely To Contain Radioactive Material ........ 22-32

III.D.3.3 Improved Inplant Iodine Instrumentation
Under Accident Conditions ..................... 22-32

III.D.3.4 Control Room Habitability Requirements ........ 22-33

23 CONCLUSIONS .................................................. 23-1

APPENDICES

Appendix A Chronology of NRC Staff Radiological Review of Callaway
Appendix B Bibliography
Appendix C Nuclear Regulatory Comaission Unresolved Safety Issues
Appendix D NRC Staff Contributors and Consultants
Appendix E Lawrence Livermore National Laboratory Report
Appendix F Emergency Preparedness Evaluation Report

LIST OF FIGURES

2.1 Regional Census Map Showing Cities and Towns ................. 2-2
2.2 Site Vicinity Map ........ ................................... 2-3
2.3 Site Layout ................................... .............. 2-4

| 11.1 Liquid Waste Management System Schematic ..................... 11-8
| 11.2 Gaseous Waste Management System .............................. 11-10

13.1 Corporate Organization of Union Electric Company for the
Operation of Callaway ................. ...................... 13-2

13.2 Organization of the Nuclear Function ......................... 13-3
13.3 Responsibilities of The General Manager, Engineering ......... 13-5
13.4 Responsibilities of the . Manager, Operations .................. 13-6
13.5 Responsibilities of the Manager, Quality Assurance ........... 13-8
13.6 Organization of the Callaway Plant Staff ..................... 13-9|

' 17.1 Callaway Quality Assurance Organization ...................... 17-2
F.1 Proposed Siren System......................................... F-6
F.2 Notification Points for In-Transit Population................. F-8

.

,

xvi
i



.

LIST OF TABLES

Page
2.1 Resident Population as a Function o

Rod Bow Pena l t i e s . . . . . . . . . . . . . . . . . .f D i s ta nce . . . . . . . . . . . . . . . . .2-54.1
4-304.2 Generic Margins .................... ..........................
4-314.3' Reactor Design Comparison .............................................

.................. 4-326.1 Containment Isolation Signals and Actuation Parameters ........ 6-13
11.1 Principal parameters and conditions used in calculating

releases of radioactive material in li
effluents from Callaway ..............gtid and gaseous

......................... 11-2
11.2 Calculated releases of radioactive materials in liquid

effluent from Callaway ........................................ 11-3
11.3 Calculated releases of radioactive materials in gaseous

effluents from Callaway .........
11.4 Comparison of Callaway with Appenh....................

....... 11-4
ix I to 10 CFR 50, Sections*

I.A, II.B, and II.C
(September 4, 1975)b(May 5, 1975) and Section 11.0, Annex

.......................................... 11-5
11.5 Capacity of principal components considered in radwaste-system

evaluation for Callaway ....................................... 11-7
15.1 Radiological consequences of design basis accidents .......... 15-12
15.2 Assumptions used to evaluate the radiological consequences

following a postulated main steamline break accid
outside containment .............................ent 15-1315.3 Assumptions Used in analysis of control rod ejection

.............

accident ..................................................... 15-1515.4 Assumptions used for the calculation of radiological
consequences following a postulated steam generator tube
rupture accident ............................................. 15-1615.5 Assucpt ions Used in the calculation of loss-of-coolant
dcCidesc doses ..................... ..................... 15-1915.6 Fuel Handifrg accident dose assumptions................... ...

15-20
17.1 Regulatory Guidance Applicable to Quality Assurance Program ..

...

17-4
20.1 Estimates of Annual Costs Necessary to Operate Callaway

Unit 1 ....................................................... 20-1F.1 Alert Systems for Specific Population Segments . . . . . . . . . . . . . . . F-9

|

;

;

|

xvii

_ _ , _



_

1 INTRODUCTION AND GENERAL DISCUSSION

1.1 Introduction

The Union Electric Company (applicant) filed with the Nuclear Regulatory Commis-
sion (Commission, NRC) an application, docketed on June 21, 1974 (Docket Nos.
STN-50-483 and STN-50-486), for licenses to construct and operate its Callaway
Plant, Units 1 and 2 (Callaway plant or facility) located in Callaway County,
Missouri, approximately 25 mi east-nortt. east of Jefferson City, Missouri. The
application was submitted and accepted for review under the Commission's ,

standardization policy statement of March 5,1973.

The Union Electric Company was one of five utilities who joined together under
the acronym SNUPPS (Standardited Nuclear Unit Power Plant System) to submit
applications for Construction Permits for a standard plant design for review
under the Commission's standardization policy, using the duplicate plant option
described in Appendix N to the Commission's regulations in Part 50 of Title 10
of the Code of Federal Regulations (10 CFR Part 50), " Licensing of Production
and Utilization Facilities." This option allows for a simultaneous review of
the safety-related parameters of a limited number of duplicate plants which
are to be constructed within a limited time span at a multiplicity of rites.

The other SNUPPS Construction Permit applications submitted for review were
the Wolf Creek Generating Station (Docket No. STN-50-482), located in Coffey
County, Kansas (submitted by the Kansas Gas & Electric Company and the Kansas
City Power & Light Ccmpany); the Sterling Power Project (Docket No. STN-50-485),
to be located in Cayuga County, New York (submitted by the Rochester Gas &
Electric Company); and the Tyrone Energy Park (Docket No. STN-50-484), to be
located in Dunn County, Wisconsin (submitted by the Northern States Power
Company).

The NRC staff reported the results of its review of the Callaway Plant before
construction in a Safety Evaluation Report (SER) dated August 7, 1975. Following
public hearings before an Atomic Safety and Licensing Board in Fulton and
St. Louis, Missouri, held between April 8, 1975 and January 29, 1976, Provisional
Construction Permits Nos. CPPR-139 and CPPR-140 were issued for Callaway Units 1
and 2, respectively, on April 16, 1976.

Construction Permits for the other SNUPPS plant were also issued. However,
the Sterling and Tyrone projects were cancelled by the utilities and the
Commission then revoked these Construction Permits.

On October 19, 1979, the Union Electric Company submitted an application request-
ing the issuance of an Operating License for Unit 1 and stating that additional
information required related to environmental matters for Unit 2 will be filed
at a later date consistent with the scheduled completion of construction of
Unit 2. Therefore, this SER is applicable to Callaway Plant Unit 1 only.

The staff safety review of the Callaway Plant Unit 1 has been based on the Final
Safety Analysis Report (FSAR) that accompanied the application for an Operating

1-1



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

i

!
'

License. _The Callaway FSAR consists of the SNUPPS FSAR (describing those
portions of the Callaway plant which are identical to the other SNUPPS plant,

,

Wolf Creek Generating Station Unit 1, and which are incorporated into the Wolf
Creek application for an Operating License) and the Callaway Site Addendum FSAR

] (describing the specific site-related and applicant-relatea portions for the
Callaway application). Copies of these documents are available for public !

;

inspection at the U.S. Nuclear Regulatory Commission's Public Document Room, <

-1717 H Street, NW, Washington, DC 20555; at the Fulton City Library, 709 Market
i Street, Fulton, Missouri 65251; and at the Olin Library of Washington University,

Skinker and Lindell Boulevards, St. Louis, Missouri 63130.*

i

During the course of.its review, the staff held a number of meetings with the
i applicant and his suppliers and consultants to discuss the design, construction,
.

and proposed operation of Callaway Plant Unit 1. As a consequence, additional'
,

information was requested. The applicant ,rovided this information in Revisions 1
I through 7 to the SNUPPS FSAR and Revisions .brough 4 to the Callaway Site

Addendum FSAR.;
1

I Following the accident at Three Mile Island Unit 2 (TMI-2), the Coraission
" paused" in its licensing activities to assess the impact of the accident.j

; During this " pause" the recommendations of several groups established to
investigate the lessons learned from TMI-2 became available. All available
recommendations were correlated and assimilated into a "TMI Action Plan," now

j published as NUREG-0660, "NRC Action Plan Developed as a Result of the THI-2
Accident." Additional guidance relating to implementation of the Action Plan

;

is given in NUREG-0737, " Clarification of TMI Action Plan Requirements." These
licensing requirements have been established to ensure that the lessons learned'

from the TMI-2 accident are incorporated to provide additional safety margins.:

| This SER. summarizes.the results of the NRC staff's radiological safety review
( of the Callaway facility. Sections 2 through 17 address the staff's review
! and evaluation of non-TMI-safety-related' issues that have been considered during
i the review of the application for the Operating Licenses. Section 18 is reserved

for the report of the Advisory Committee on Reactor Safeguards. Section 19-'

considers whether the operation of the facility will be inimical to the common :

defense and security. Section 20 presents the staff review and evaluation of !
,

'

,
the financial qualifications of the owner-applicant. Section 21 describes the

| financial protection and .ndemnity requirements for preoperational storage of
nuclear fuel and operation of the facility. Section 22 presents the staff
review and evaluation of the applicant's response to the TMI-2 requirements.

,

In reviewing this report, the reader should keep in mind that THI-related
j requirements are addressed in Section 22. The conclusions of this report are,

j given in Section 23.

Appendix A is a chronology of the principal staff actions resated to the review.

of the application. Appendix B is a bibliography of references used during'

! the course of the staff review. Appendix C is a discussion of how the "Unre-
solved Safety Issues" relate to the Callaway application. Appendix D lists'

the staff contributors to this report. The remaining appendices provide'

j supporting reports of the staff or consultants to the staff.

In accordance with the provisions of the National Environmental Policy Act of
1969, a Final Environmental Statement, which sets forth the considerationsi

|
related to the proposed construction and operation of Callaway, was prepared

!
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by the staff and was issued prior to the issuance of the Construction Permit
(March 1975). After receiving the application for an Operating License for
Callaway, the staff issued a Draft Environmental Statt.nent (NUREG-0813,
September 1981). A Final Environmental Statement is scheduled to be issued in
January 1982.

The review and evaluation of Callaway for an Operating License is only one stage
in the continuing review by the staff of the design, construction, and operating
features of the facility. The proposed design of the facility was reviewed as
part of the Construction Permit review. Construction of the facility has been
monitored in accordance with the inspection program of the staff. During the
Operating License review stage, the staff has reviewed the final design to
determine that Commission safety requirements have been met. If an Operating
License is granted, Callaway must be operated in accordance with the terms of
the Operating License and Commission regulations, and the facility will be
subject to the staff's continuing inspection program.

One facet of the staf# re '.ew is to request verification that Callaway Unit 1
meets applicable regt' > ts in Title 10 of the Code of Federal Regulations
(10 CFR ) Parts 20, 50 and 100. By a letter dated February 24, 1981, the appli-
cant provided an indep u comparison of the application with the regulations.
The applicant stated tic.t Callaway Unit 1 complies with applicable regulations,
with the exception of those instances where specific exemptions have been
justified by the applicant and approved by the staff.

In additior, to the staff review, the Advisory Committee on Reactor Safeguards
will review the application and will meet with both the applicant and the staff
to discuss the final design and proposed operation of the plant. The Committee's
report to tb Commission will be included in a supplement to this Safety Evalua-
tion Report.

Copies of this SER are available for inspection at the NRC Public Document Room,
1717 H Street N.W., Washington, D.C., and at the Fulton City Library, 709 Market
Street, Fulton, Missouri. Single copies may be purchased from the sources
indicated on the inside front cover. *

The NRC Project Manager assigned to the Operating License application for
Callaway is Dr. Gordon E. Edisor Dr. Edison may be contacted by calling
(301) 492-7219 or writing:

Dr. G. E. Edison
Division of Licensing
U.S. Nuclear Regulatory Commission
Washington, DC 20555

This SER is a product of the NRC staff. NRC staff members who were principal
contributors to this report are identified in Appendix D.

A number of consultants assisted the staff in their review. The organizations
which provided consultants to the staff are listed below. The individual .

consultants are listed in Appendix D.
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Organization
.

Lawrence Livermore National Laboratory
Biotechnology, Inc.
Pacific Northwest Laboratories, Battelle
Enargy Incorporated
University of Illinois
EG&G Energy Measurements Group
Argonne National Laboratory
Sandia National Laboratory
Gage Babcock Associates, Inc.
Brookhaven National Laboratory

1.2 General Plant Description

1.2.1 Standard Plant Portion

The following principal facilities comprise the power block, which is the
standardized portion of the plant.

a. Reactor building - houses the reactor, reactor coolant system, steam
generators, pressurizer, reactor coolant pumps, accumulators, and
the containment air coolers

,

i b. Auxiliary building - houses the engineered safety features and nuclear-
auxiliary systems equipment

c. Turbine building - houses the turbine generator, condensers, main
feed pumps, and other power-conversion equipment

d. Fuel building - houses the new fuel storage vault, the spent fuel
storage pool, the fuel handling system, and'a portion of the spent
fuel pool cooling and cleanup system

e. Radwaste building - houses the radioactive waste treatment facilities
and boron recycle system components

i

f. Control building - houses the main control room, the computer, the
Class IE switchgear, the Class IE batter, ooms, the access control
area, cable spreading rooms, and the main control room habitability,

systems
'

g. Storage tanks - include the condensate storage tank, the refueling
water storage tank, the reactor makeuo water storage tank, the
demineralized water tank, and the emergency fuel cil storage tanks

i h. Diesel generator building - houses the diesel generators and associated
equipment4

i. Transformer vaults - oil retaining pits for the main transformers,
startup transformer, station service transformer, unit auxiliary
transformer, and ESF transformers

'

The nuclear steam supply system (NSSS) for the caliaway Plant Unit I consists
of a pressurized-water. reactor (PWR) and a four-loop reactor coolant systems

1-4
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designed for a core power < output of 3411 thermal megawatts. The reactor core
is composed of uranium dioxide pellets enclosed in Zircaloy tubes with welded
end plugs. The fuel tubes will be grouped and supported in assemblies. The
reactor core will initially consist of three reg k as, each containing fuel of
a different enrichment of branium-235. Water will serve as both the moderstor
and the coolant and will be circulated through the reactor vessel and core by
four coolant pumps. The water, heated by the reactor, will flow through four
steam generators where haat will be transferred to the secondary (steara) system.
The water will then flow back to the pumps to repeat the cycle. An electrically
heated pressurizer will establish and maintain the reactor coolant pressure,
and will provide a surge chamber and a water reserve to accommodate reactor
coolant volume changes during operation.

The NSSS is housed in a containment structure. The containment consists of a
steel-lined, prestressed, post-tensioned, concrete structure. The containment
structure, including its penetrations, is designed to safely confine, within
the leakage limit of the containment, the radioactive material that could be
released in the event of an accident. An auxiliary building, located adjacent
to the containment structure for each unit, houses the radioactive waste treat-
ment systems, components of engineered safety features (ESFs), and various
related auxiliary systems. The fuel handling building for each unit, also
lccated adjacent to the containment structure, houses a spent fuel pool and
new fuel storage facility.

The steam and power conversion system is designed to remove the heat energy
from the reactor coolant in the four steam generators and convert it to elec-
trical energy.

The reactor will be controlled by control rod movement and regulation of the
boric acid concentration in the reactor coolant. The control elements, whose
drive shafts penetrate the top head of the reactor vessel, will be moved
vertically within the core by individual control rod drives. A reactor pro-
tection system is provided that automatically initiates appropriate action
whenever a condition monitored by the system approaches pre established limits.
This reactor protection system will act to shut down the reactor, close isolation
valves, and initiate operation of the ESFs should any or all of these actions
be required.

The emergency core cooling system (ECCS) consists of accumulator tanks and
high pressure injection and low pressure injection systems, with provisions
for recirculation of the borated coolant after the end of the injection phase.
Various combinations of these systems will ensure core cooling for the complete
size-range of postulated coolant pipe breaks.

A containment spray system will provide borated water containing sodium
hydroxide to remove heat and radioactive iodine in the event of an accidental
coolant release. A containment ventilation system, which i- |udes a containment
fan cooling system consisting of four fan coolers located within the containment
structure, will serve to maintain normal plant operation. During accident condi-
tions, the containment fan coolers are capable of maintaining the containment
pressure below the cont:.nment design pressure even in the event of a single
active failure in either the spray system or the fan cooling system.

1-5
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1.2.2 Portion of Plant Outside the Scope of the Standard Plant Design'

L
The portion of the plant outside the scope of the standard plant includes:
circulating water system cooling tower, ultimate heat sink retesion pond and
cooling towers, essential service water pumphouse, administrative and support
buildings, technical support center, emergency operations facility, simulator
and training complex, switchyard and offsite power sources, storage taaks, and>

security facilities.

1.3 Comparison with Similar Facility Designs

The principal features of the design of the Callaway plant (and also its sister
plant, the Wolf Creek Generating Station Unit 1) are similar to those evaluated4

and approved previously by the staff for other nuclear power plants. The NSSS
is, for example, comparable to that of other plants which utilize the four-loop
Westinghouse configuration (such as the Comanche Peak Steam Electric Station;

Units Nos. 1 and 2 (Docket Nos. 50-445 and 50-446) and the W. B. McGuire Units 1
and 2 (Docket Nos. 50-369 and 50-370)). To the extent feasible and appropriate,
the staff has used its previous evaluations of these plants in reviewing the,

Callaway plant. Where this has been done, the appropriate sections of this,

'

report identify the other facilities involved. The SERs for these other facilities
have been published and are available for public inspection at the NRC PDP.,
1717 H Street, NW, Washington, DC. It is worth noting that Callaway's sister'

plant (Wolf Creek) has the same Standard Plant design (see Section 1.2.1).
j

1.4 Identification of Agents and Contractors;

The Union Electric Company is responsible for the design, construction, and
operation of the Callaway plant. The applicant has joined with the Kansas Gas
and Electric Company and Kansas City Power & Light Company to form a SNUPPS
Project Organization (with representation from each utility) to manage the design
and procurement of the standard portions of the three SNUPPS plants.!

!The SNUPPS Project Organization, acting on behalf of the SNUPPS utilities, has
retained the Bechtel Power Corporati n to provide architect-engineer services,

! including procurement, for the standard portions of the SNUPPS plants. The
,

Westinghouse Electric Corporation has been contracted to design, manufacture,
,

; and deliver to the appropriate site the NSSS and the initial core for each of
the SNUPPS units. The turbine generator for each SNUPPS unit was purchased

;

j from the General Electric Company.

The applicant has retained Sverdup & Parcel and Associates, Inc. as an architect-
engineer to provide engineering and technical services for those portions of
the Callaway facility which are not included in the standard portion of the;

| Callaway plant. The applicant used consultants as required in specialized areas;
for example, Dames and Moore was retained in areas relating to meteorology,
demography, hydrology, seismology, and geology, and the Quadrex Corporation,

(formerly the Nuclear Services Corporation) was retained to assist in the
formulation of quality assurance programs. 1

I
:

!

:
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i 1. 5 Summary of Principal Review Matters

j The staff technical review and evaluation of the'information submitted by the
applicant considered, or will consider, tM principal matters summarized below.

(1) The population density and land-use characteristics of the site environs
4 and the physical characteristics of the site (including seismology, meteor-
; ology, geology, and hydrology) to establish (a) that these characteristics

have been determined adequately and have been given appropriate considera-,

| tion in the plant design, and (b) that the site characteristics are in
accordance with the Commission siting criteria in 10 CFR Part 100, taking:

into consideration the design of the fa- :lities, including the engineered,

j safety features provided. ,

i

(2) The design, fabrication, construction, and testing criteria, and the expec-
ted performance characteristics of the plant structures, systems, and com-
ponents important to safety to determine (a) that they are in accord with
the Commission General Design Criteria, Quality Assurance Criteria, Regu-
latory Guides, and other appropriate rules, codes, and standarm, and (b),

that any dapartures from these criteria, codes, and standards have been4

identifi w and justified.

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

| site .cceptability given in 10 CFR Part 100.

(4) The applicant's engineering and construction organization, plans for the
conduct of plant operations (including the organizational structure and
the general qualifications of operating and technical support personnel),:

i the plans for industrial security, and the plans for emergency actions to
be taken in the unlikely event of an accident that might affect the general

'

public to determine that the applicant is technically qualified to operate
the facility safely.

(5) The design of the systems provided for control of radiological effluents
from the facility to determine (a) that these systems are capable of con-
trolling the release of radioactive wastes from the faci 13ty within the
limits of the Commission regulations in 10 CFR Part 20, and (b) that the
applicant is capable of operating the equipment provided so that radio-

i. active releases are reduced to levels that are as low as is reasonably
achievable (ALARA) within the context of the Commission regulations in
10 CFR Part 50 and to meet the dose design objectives of Appendix I toi

I Part 50.

; (6) The applicant's quality assurance program for the operation of the
facilities to ensure (a) that the program complies with the Commission,

1-7-
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rege'ations in 10 CFR Part 50, and (b) that the applicant will have proper
controls over the facility operations so that there is reasonable assurance
that the facility can be operated safely and reliably.

,

(7) The financial data and information supplied by the applicant as required
by the Commission regulations (Section 50.33(f) of 10 CFR Pat: 50, and
Appendix C to Part 50) to determine that the applicant is financially
qualified to operate the proposed facility.i

;
2.6 Modifications to the Facility During the Course of the Staff Review

! During the review, the staff met a number of times (see Appendix f to this report)
with the applicant's representatives, contractors, and consultants to discuss
various technical matters related to the facility. Also. the staff made a number
of visits to the site to assess specific safety matters related to the station.'

The applicant made a number of changes to the facility design as a result of
the staff review. The staff reviewed these design changes a:so. Specific
details concerning these changes are included in FSAR revisions and in appro-

!

priate subsections of this report.

1.) Summary of Outstanding Issues
i As a result of the staff review of the safety aspects of the Callaway appli-4

cation, a number of items remain outstanding at the time of issuance of this
report. Because the staff has not completed its review and reached its final
positions in these areas, the staff considers these issues to be open. The
staff review of these items will be completed prior to a decision on issuance
of an Operating License and will be reported in a supplement to this report.
The open items, with appropriate references to subsections of this report, are
listed below.

(1) Ice load analysis for ESW system (Section 2.4.4 and 2.4.7)

(2) High-energy pipe break hazards analysis (Section 3.6.1)

(3) Vibration damping analysis for cable tray and conduit support systems4

(Section 3.7.2)

(4) Pump and valve operability assurance program (Section 3.9.3.2)
,

!

(5) Pipe support baseplate flexibility and its effect on anchor bolt loads
(Section 3.9.3.4)|

(6) Seismic and dynamic qualification of seismic Category I mechanical and
electrical equipment (Section 3.10)

4

(7) Environmental qualification of safety-relaiad electrical equipment (Section
3.11)

(8) Fuel assembly structural response to seismic and LOCA forces (Section 4.2.3.3(d))

(9) Level measurement errors due to environmental temperature effects on level
instrument reference legs (Section 7.3.2.3)

1-8
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(10) Fire protection programs-alternate shutdown panel ('1.5.1.5)

(11) Systems and components on the Q' list (Section 17.5)

(12) TMI Action Plan (Section 22)

I.C.1 Guidance for evaluation and development of pracedures for
transients and accidents

I.C.8 Pi?ot monitoring of selected emergency procedures for near
term operating license applicants

I . D.1 Control room design review

II.B.2 Plant shielding to provide access to vital areas and protect
safety equipment for postaccident operation

III.A.1.2 Upgrade emergency support facilities

1. 8 Confirmatory Issues

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

(1) Additional seismic instrumentation and control room indication
(Section 3.7.4)

(2) Analysis of steam generator for tube plugging criteria (Section 3.9.3.1)

(3) Testing of pressure isolation 'alves (Section 3.9.6)

(4) Cladding collapse time analysis (Section 4.2.3.2(b))

(5) Preservice inspection testing program (Sections 5.2.4.1 and 6.6.1)

(6) Steam generator inservice inspection (Section 5.4.2.2)

(7) Steam generator level control and protection (Section 7.3.2.8)

(8) Capability for safe shutdown following loss of a bus supplying power to
instruments and controls-(Section 7.4.3.1)

(9) Operator actions required to maintain safe shutdown from outside the control
room (Section 7.4.3.2)

(10) Reactor coolant temperature indicators on the auxiliary shutdown panel
(Section 7.5.2.1)

,
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(11) Volume control tank level control and protection interaction (Section
7.6.7.2)

,

(12) Boron dilution control (Sections 7.6.7.3, 15.2.3.1)

(13) Environmental qualification of control systems (Section 7.7.11.3)

(14) Circuitry for automatic transfer of diesel generator from test to auto
control made (Section 8.3.1.1)

i
(15) Diesel generator reliability qualification testing (Section 8.3.1.1)

(16) Circuitry for bypass of protective circuitry (Section 8.3.1.1)-;

(17) Circuitry for inservice testing per RG 1.108 (Section 8.3.1.1)

(18) Low and/or degraded grid voltage (Section 8.3.1.2)

(19) Use of regulating-type transformer as isolation device (Section 8.3.1.3)

(20,' Isolation of control room and remote circuits (Section 8.3.1.6)

(21) Sequencing of loads on the offsite power system (Section 8.2.2.3)|

(22) Submerged electrical equipment (Section 8.3.3.1.1)

(23) Separation of cables inside panels (Sectior. 8.3.3.3)

| (24) Compliance with position 1 of RG 1.63 (Section 8.3.3.6)
.

(25) Fire protection site visit (Section 9.5.1.8)'

(26) Monitoring of rocker arm lube oil system temperature for diesel generators
I (Section 9.5.7)
|

(27) Security Plan (Section 13.6)

(28) TMI Action Plan (Section 22)

1.G.1 Special low power testing and training

II.D.1 Performance testing of BWR and PWR relief and safety valta

II.E.1.1 Recommendation GS-2, physical locking of isolation valve

II.E.4.2 Containment isolation dependability
i
. II.E.1 Additional accident monitoring instrcmentation,
| attachment < 2, 2, and 3

II . C.1 Emergency power for pressurizer equipment (Section 8.3.3.4)

,

1-10
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II.K.1 IE bulletins on measures to mitigate small-break LOCAs and
loss of feedwater accidents

II.K.2.13 Thermal mechanical report--effect of high pressure injection
on vessel integrity for small-break LOCA with no auxiliary
feedwater

II.K.3.2 Report on overall safety effect of PORV isolation system

II.K.3.11 Justification of use of certain PORV!

III.A.2 Improving Licensee Emergency Preparedness---Long-Term

III.D.I.1 Integrity of systems outside conteinment likely to contalii
radioactive material

1.9 License Conditions

There are several issues for which a license condition may be desirable to ensure
that staff requirements are met during plant operation. The license condition
may be in the form of a condition in the body of the Operating Licenses, or a
limiting condition for operation in the Technical Specifications appended to
the licenses. These items, with appropriate references to subsections of this
report, are listed below.

(1) 5urveillance of Hafnium control rods (Section 4.2.3.1(10))

(2) The applicant must provide an initial inservice inspection program which
conforms to the applicable ASME Code edition and 10 CFR Part 50
(Sections 5.2.4.2 and 6.6.1)

(3) The applicant must implement the secondary water chemistry monitoring and
control program proposed in the SNUPPS FSAR (through revision 6) and the r
letter dated May 8, 1981 (Section 5.4.2.3)

(4) Sensor time response testing (Section 7.2.2.1)

(5) Test of engineered safeguards P-4 interlock (Section 7.3.2.2)

(6) Automatic indication of block of signals initiating auxiliary feedwater
following trip of the main feedwater pumps (Section 7.3.2.7)

(7) Steam generator level control and protection (Section 7.3.2.8)

(8) Indicator, alarms, and test features provided for instrumentation used
for safety functions (Section 7.3.2.9)

(9) Reactor coolant temperature indicators on the auxiliary shutdown panel
(Section 7.5.2.1)

(10) Actuation of valve component level windows on the bypassed and inoperable
status panel (Section 7.5.2.2)

1-11
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(11) Postaccident monitoring (Section 7.5.2.3)

(12) Interlocks for reactor coolant system (RCS) pressure control during low
temperature operation (Section 7.6.7.1)

(13) Volume control tank level control and protection interaction (Section 7.6.7.2)

(14) Baron dilution control (Section 7.6.7.3)

(15) Bypass of protective trips on diesel generator (Section 8.3.1.1.g)

(16) Installation of battery di charge alarm (Section 8.3.2.1)

(17) Testing to substantiate separation between redundant safety-related
cables inside control panels (Section 8.3.3.3(g)).

'

(18) Compliance with Appendix R of 10 CFR 50, Fire Protection (Section
9.5.1.7)

(19) Qualifications of operations personnel (Section 13.1.2)
<

(20) TMI Action Plan

II.B.3 Postaccident sarpling capability

1.10 Unresolved Safety Issues

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

Unresolved Safety Issues Plan

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

In response to this reportbg requirement, the NRC provided a report to the
Congress, NUREG-0410, in Jant.ary 1978, which described the generic issues pro-
gram of the Office of Nuclear Reactor Regulation (NRR) that had been implemented

The NRR program described in NUREG-0410 provides for the identi-early in 1977.
fication of generic issues, the assignment of priorities, the development of
detailed task action plans to resolve the issues, the projections of dollar
and personnel costs, continuing high-level management oversight of task pro-
gress, and public dissemination of information related to the tasks as they
progress.

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

1-12
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The staff continuously evaluates the safety requirements used in its review
against new information as it becomes available. In some cases, the staff takes
immediate action or interim measures to ensure safety. In most cases, however,
the initial staff assessment indicates that immediate licensing actions or
changes in licensing criteria tre not necessary. In any event, further study
may be deemed appropriate to make judgments as to whether existing staff require-
monts should be modified. These issues being studied are sometimes called
generic safety issues because they are related to a particular class or type
of nuclear facility. A discussion of these matters and the NRC program for
the resolution of these generic issues is provided in Appendix C to this report.
The appendix includes references to sections of this report for more specific
discussions concerning this facility.

1
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2 SITE CHARACTERISTICS

2.1 Geography and Demography

2.1.1 Site Location Description

The site for the Callaway facility is an approximately 1290-ha (3188-acre) tract
of land on a plateau approximately 8 km (5 mi) north of the Missouri River,
16 km (10 mi) southeast of Fulton, in Callaway County, Missouri. It is 129 km
(80 mi) west of the St. Louis metropolitan area. Peripheral lands and an access
corridor comprise an additional 1636 ha (4042 acres). Figure 2.1 shows the
general region of the Callaway site; Figure 2.2 show the immediate site area.

Thc site lies about 99 m (325 ft) above the a dplain of the Missouri River.
The area between the plateau and the Missouri c,ver floodplain is highly dis-
sected. Mud Creek and its intermittent stream branches have incised deeply
into the southern flank of the plateau with steep stream gradients. Topographic
relief varies from about 46 to 99 m (150 to 325 ft).

The coordinates of the Callaway Unit 1 reactor containment are 38 45'40.7" north
latitude and 91*46'54.3" west longitude. The Universal Transverse Mercator
coordinates are 4,290,786.0 m north and 605,939.6 m east.

2.1.2 Exclusion Area Authority and Control

The applicant has defined the exclusion area to consist of the circular area
within 1200 m (3937 ft) from the mid point between the reactor buildings. The
plant-site boundary and the exclusion area are shown in Figure 2.3, which also
shows the location within the site of the principal plant structures. The
applicant owns all the surface as well as mineral rights within the exclusion
area. The authority of the applicant to determine all activities within the
exclusion area, which is required by 10 CFR Part 100, has been established by
right of ownership.

Activities within the exclusion area that are unrelated to plant operation are
primarily agricultural. There are no industrial, recreational, or residential
structures within the plant area. The applicant has negotiated with the Calla-
way County Court with respect to traffic control on County Roads 335 and 337
traversing the. exclusion area. The applicant states that he has received assur-
ances that traffic on these county roads traversing the exclusion area can be
adequately controlled in case of emergency. As required by 10 CFR Part 100,
the staff has determined that these activities will not interfere with normal
plant operation.

~

2.1.3 Population Distribution

The resident population in the vicinity of the Callaway site is shown as a
function of distance in Table 2.1 below.
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Table 2.1 Resident Population as
a Function of Distance

0-1 0-2 0-3 0-4 0-5 0-10
Year Mi Mi Mi Mi Mi Mi

1980 80 200 350 590 1200 10590
'

2000 80 190 330 540 1110 12120-

2030 30 90 210 360 850 11870;

The low population zone (LPZ) has been defined by the applicant as the circular
area within a radius of 4 km (2.5 mi). The estimated population within this4

area in 1980 was about 260 persons (compared to 116 in 1970) and is projected
to decline from this level to 150 person by 2010.*

' There are no schools, hospitals, or state or municipal parks within the LPZ.
The Reform Wildlife Management Area does attract hunters and fisherman into
the LPZ. The seasonal peak occurs during the fall hunting season (less than
50 hunters per day). There are no sources of seasonal population in the LPZ
with the exception of Lost Canyon Lake, a camp site currently offering some,

residential sites. The peak usage of Lost Canyon Lake has been estimated atI

1400 persons. The~ largest community within 16 km (10 mi) of the site is Fulton,
about 16 km (10 mi) west northwest of the site, which had a 1970 population of
12,248 persons (estimated 1980 population of 11,043 persons). The nearest
densely populated center with a population of about 25,000 persons or greater
(as defined 10 CFR Part 100) is Jefferson City, about 40 km (25 mi) west-

,

southwest, which had a 1970 population of 32,407 persons (estimated 1980 popula-
tion of 33,794 persor s). The population center distance is at least 1-1/3 times,

j the LPZ outer radius, as required by 10 CFR Part 100. The applicant has examined
population trends and has concluded that it is unlikely that a population center1

! (within the meaning of the term in 10 CFR Part 100) significantly closer to
the site than Jefferson City will develop during the plant lifetime. The staff,2

after reviewing the applicant's analysis and recent' population trends, concurs.

The only other city within 80 km (50 mi) with a population exceeding 25,000 is
Columbia, which had a 1970 population of 58,812 persons (estimated 1980 popula-
tion of 62,617 persons). Columbia is approximately 48 km (30 mi) west-northwest
of the site. The applicant has estimated that the 1970 population within 80 km
(50 mi) of the site was 305,338 persons. This is in reasonable agreement with ,

the staff's independently obtained value of 291,897 persons for 1970 using U.S. i

Bureau of Census data. Theapplicantprojectsthatthepopulationwithin80km
(50 mi) of the site will reach 553,370 by the year 2030.

| 2.1.4 Conclusion
!

! On the basis of (1) the 10 CFR Part 100 definitions of the exclusion area
distance, the low population zone, and the population center distance; (2) the

.{ staff's analysis of the onsite meteorological data from which the relative
; concentration factors (X/Q) wire calculated (see Section 2.3 of this report);

and (3) the calculated potential radiological dose consequences of design-basis'

r
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accidents (see Section 15.0 of this report), the staff has concluded that the
: exclusion area, low population zone, and po)ulation center distance meet the ,

'

.

criteria of 10 CFR Part 100 and are accepta)le.

2.2 Nearby Industrial, u nsportation, and Military Facilities i

2.2.1 Transportation Route

The Missouri River km (5 mi) southeast of the site, is a transportation
artery for barge ..affic. The applicant has identified the range of hazardous
commodities and the tonnage shipped past the river intake structure. Be ause
the river intake and discharge structures are not safety related, collisien
and disablement of these structures by river traffic, even if this came to pass,,

would pose no threat to the plant. Based on a review of the maximum quantity
per shipment, type of hazardous materials shipped, and the distance from the
plant, the staff concludes that no hazard is presented to the plant from barge
traffic on the Missouri River.;

|

A principal line of the Missouri-Kansas-Texas Railroad is 5.6 km (3.5 mi) south
of the site along the north side of the Missouri River. The applicant reports
that two freight trains per day are scheduled between St. Louis and Jefferson
City. The applicant also identified hazardous materials shipped on this line
in 1978. The applicant has addressed accidents involving the hazardous materials
and concluded there is no risk to the plant.

The applicant has ,dentified two County Roads (335 and 337) in close proximity
to the plant in addition to two State Routes (AS and CC) within 1 mi of the
plant. The applicant has addressed hazardous cargo transported on these roads

.

: and concluded there is no risk to the plant. The staff concurs.
t

'

On the basis of the separation distances involved as well as previous staff
review experience, the staff concludes that accidents associated with the above
transportation routes will pose no hazard to the safe operation of Callaway
plants.

2.2.2 Nearby Facilities

No military bases, missile sites, or military firing ranges are w. thin 8 km (5-

mi) of the site. The nearest military installation is at Fulton, 18 km (11
mi) northwest of the site.

No manufacturing or chemical plant exist within 8 km (5 mi) of the site. The
,

nearest manufacturing facilities are the Longenberg hat factory and a 67-megawatt
fossil-fueled power plant at Chemois, 10 km (6 mi) south of the site.

The closest mining activity to the site is Mertens Quarry, a limestone quarry
located 7.2 km (4.5 mi) northwest of the plant site. The applicant reports'

that up to 100 tons of gel-type explosives, 22 tons of ammonium nitrate prills,
and 1000 caps are stored at the quarry. The intervals between shipments of
explosive materials vary from 2 weeks to 2 months. Shipments are via U.S. High-

;

way 94, which is 6 km (3.7 mi) from the plant site at its closest point. An

inactive limestone quarry is located approximately 1 mi east of the site; no
explosives are stored at this quarry. There is an~ abandoned quarry about 4 mi
south of the site.

2-6
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No pipelines or tank farms are locat'ed within 8 km (5 mi) of the site. The
nearest pipeline, The William Brothers' 20.3-cm (8-in.)-diameter products line,
is approximately 13 km (8 mi) north of the site.

! The nearest commercial airport, Fulton Memorial, is approximately 20.1 km
(12.5 mi) northwest of the site. Peak operations consists of three flight,
per day. Two pr.ivate airstrips are located near Williamburg, 19.6 km (12 2
mi) northeast of the site.

within 8 km (5 mi)gh-altitude Federal e
.ays and four arrival routes passingThere are three hi

,

of the s_ite. The c...ut approach of the centerline of each"

of these is 7.6 h (4.7 mi). There are no low-altitude military training routes
3

within 8 km (5 mi).

On the basis of the present uses of these facilties as well as the se)aration
distances involved, the staff concludes that they pose no threat to t1e safe-

operation of the plant.

Chlorine gas is stored onsite for use in water treatment. The possible leakage*

of this gas has been considered as a design-basis event for the control room4

design (see Section 6.4 of this report).

2.2.3 Conclusions
'

On the basis of the information provided by the applicant and on the staff
review based upon criteria in General Design Criteria (GDC) 4 in Appendix A to
10 CFR Part 50 and in Standard Review Plan (SRP) Section 2.2.3, the staff.has
determined that the Callaway plant is adequately protected and can be operated
with an acceptable degree of safety considering the activities at nearby trans- .

portation, indust ial, and military facilities.

2.3 Meteorology
,

; Evaluation of regional and local climatological information--including extremes
of climate and severe weather occurrences which may affect the design and siting
of a nuclear plant--is required to ensure that the plant is designed and operated
within the requirements of Commission regulations. Information concerning atmos-
pheric transport and di'iusion characteristics of a nuclear power plant site
is required for a determination that radioactive effluents from postulated acci-
dental releases, as well as routine operational releases, are within Commission
guidelines.

-

2.3.1 Regional Climatology

The climate of the region within which the plant is located is contirental, incharacterized by rapid changes in temperature and marked extremes resulting.

hot summers and cold winters. The mean annual temperature in the area is about
12 C (54 F), ranging from about - 2 C (28.5 F) in January to about 25 C (77 F)<

in July. Annual precipitation is about 940 mm (37 in.).

'The site lies near the principal track of winter and spring storms that move
northeast and east through the region. Hence, severe weather is not uncommon.

; About 75 thunderstorms can be expected to occur on about 55 days )er year, most
fiequently from May through' July Considering the frequency of t1understorms

,

2-7
.

. . _ . _ _ . . . _ . , . . . , , _ . _ _ . , . _ _ _ ~ _ . . _ , , , mm . ,- ,y ,, __ ,m. . ..



, _- .- - -- - .

d

and the size of the structures of the Callaway plant, the applicant has estimated
that lightning may strike the plant on the average every 480 days. Hail often'

accompanies severe thunderstorms. Hail with diameters 19 mm (3/4 in.) or larger ,

occurs about twice each year. -

The applicant has examined tornado occurrences for several different periods
of record. During the period of 1955-1967, 13 tornadoes were reported in the
1-degree latitude-longitude square containing the site, giving a mean annual
tornado frequency of 1.0. Using this tornado frequency, the computed recurrence,

interval for a tornado at the plant site is 1300 yrs. The applicant has also,

presented more recent information on tornado occurrences in the vicinity of'

Callaway site for the period 1956-1971. For this period of record, the computed
recurrence interval for a tornado at the plant site is about 830 yrs. The appli-
cant has also determined that six tornadoes have occurred in a seven-county

,

area around the Callaway site for the period 1972-1980, slightly increasing
the computed recurrence interval for a tornado at the plant site. May is the
month with the highest frequency of tornado occurrences. The design-basis

,

tornado characteristics selected by the applicant conform to the recommenda-<

tions of Regulatory Guide 1.76, " Design Basis Tornado for Nuclear Power Plants," '

for this region of the country.
i

The applicant has also examined severe and extreme snowloads for the Callaway

to be 21 lbs/ftght of the 100 yr return period at ground level was estimatedi plant. The wei
The snowload for design-basis consideration (the weight of, .

| the 100 yr snowload plus the waight of the 48-hr Probable Maximum Winter Precipi-
2tation) was determined to be 119.2 lbs/ft . Ice storms are also relatively

common in central Missouri, with freezing rain occurring about seven times each
year. According to information presented by the applicant, approximately 25
percent of all ice storms in the region are accompanied by wind gusts up to 20
m/s (45 mph) or more. The applicant has also presented information that a radial

; thickness of ice of 5.6 cm (2.2 in.) coincident with winds gusting to 20 m/s
| or nmre has an expected return period of 100 yrs for the plant area.

The " fastest mile" wind speed reported at Columbia, Missouri (about 30 mi west-
northwest of the site) in the period 1950-1977 was 63 mph (September 1952).
An operating-basis wind speed of 85 mph (defined as the " fastest mile" wind4

speed at a height of 30 ft with a return period of 100 yrs) has been selected
by the applicant for the design of the proposed plant.

| The applicant has examined 25 yrs (1945-1969) of meteorological data from
Columbia to determine the mateorological design conditions of the ultimate heat
sink. From this period of record the applicant selected meteorological condi-
tions which wocid result in minimum heat transfer rates and greatest evaporation
from the retention pond for design of the ultimate heat sink in accordance with
the procedures described in Regulatory Guide 1.27, Revision 2, " Ultimate Heat
Sink for Nuclear Power Plants." (See Section 2.4.4 of this report for the deter-
mination of the adequacy of the design of the ultimate heat sink.)

Large-scale episodes of atmospheric stagnation are not common in the region. ,

In the period 1936-1970, there were only about 11 atmospheric stagnation cases |

reported for the site region. The total time of the stagnation conditions was I

about 47 days.

,
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As discussed above, the staff has reviewed available information relative to
the regional meteorological conditions of importance to the safe design and
siting of this plant. Based on this review, the staff concludes that the appli-
cant has identified anc; considered appropriate regional meteorological condi-
tions in the design and siting of this plant and, therefore, meets the require-
ments of 10 CFR Part 100.10 and GDC 2. The design-basis tornado characteristics
selected by the applicant conform to the position set forth in Regulatory
Guide 1.76 and, therefore, meet the requirement of GDC 4 for determining an
acceptable design-basis tornado for missile generation.

2.3.2 Local Meteorology

The plant site is located in generally flat or sl.ghtly rolling terrain in
central Missouri, approximately 8 km (5 mi) north of the Missouri River. The
terrain slopes gently away from the plant within 8 km.

Climatological data from Jefferson City and Columbia, Missouri, and available
onsite data have been used to assess local meteorological characteristics of
the site.

Extreme temperatures of 45 C (113 F) and -32 C (-26 F) have been reported at
Columbia. The maximum 24-hr rainfall reported at Columbia was about 6.6 in.
Annual average snowfall is about 19 in., although almost 13 in. of snow has
been reported in 24 hrs at Columbia.

Wind data taken from the 10-m level of the onsite meteorological tower for 3 yr
periods (May 4, 1973 through May 4, 1975 and March 16, 1978 through March 15,
1979) indicate prevailing south southeasterly winds, with winds from the southeast,
south-southeast, and south occurring about 30 percent of the time.

The average wind speed at the 10-m level is about 3.5 m/s (7 mph), with calm
conditions occurring only about 0.25 percent of the time. Neutral (Pasquill
type "D") and slightly stable (Pasquill type "E") conditions (as defined by
vertical temperature g"radient) occur about 70 percent of the time. Moderately
stable (Pasquill type F") and extremely stable (Pasquill type "G") conditions
occur about 20 percent of the time.

As discussed above, the staff has reviewed available information relative to
local meteorological conditions of importance to the safe design and siting,of
this plant. Based on this review, the staff concludes that the applicant has
identified and considered appropriate local meteorological conditions in the
design and siting of this plant and, therefore, meets the requirements of 10
CFR Part 100.10 and GDC 2.

2.3.3 Onsite Meteorological Measurements Program

The onsite meteorological measurements program for the Callaway site became
operational in May 1973, and was used to collect data until May 1975. The
permanent 92.3-m (305-ft) meteorological tower, instrumented since March 1978,
is located about 2.2 km (1.4 mi) east-northeast of the main reactor buildings,
and about 1.6 km (1 mi) east of the natural draft cooling towers. Wind speed
nd direction are measured at the 10-m, 60-m, and 90-m, levels on the tower.

.ae vertical temperature gradient is determined by measurements between the
10- and 60-m levels and between the 10- and 90-m levels. Dry bulb temperature
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and dewpoint temperature are measured at the 10-m level; the dewpoint tempera-
ture is measured at the 10- and 90-m levels; and precipitation is measured near
the ground. Both digital and analog systems have been used for data recording.
However, for the pe;iod March 1978 to March 1975, the digital data acquisition
system was not operational because of instrument malfunction.

| The applicant has provided three sets of joint frequency distribution of wind
speed and direction by atmospheric stability (defined by vertical temperature
gradient) from the onsite meteorological tower: (1) for the period May 4, 1973
through May 4, 1975; (2) for the period March 16, 1978 through March 15, 1979; ;
and, (3) for the composice 3 yr period. For each set of data, wind speed and '

| wind direction measurements were at the 10-m level, and atmospheric stability
was defined by the measurement of vertical temperature gradient between the
10-m and 60-m levels. However, data from other levels or temperature gradient
intervals had to be substituted for almost 25 percent of the primary data for
the composite 3 yr period. Including substituted information, data recovery
for joint frequency distributions of wind speed and wind direction by atmos-
pheric stablility was in excess of 90 percent.

The onsite meteorological measurement system conforms to the guidance of Regu-
latory Guide 1.23 and has provided adequate data to represent onsite meteoro-
logical conditions as required by 10 CFR Part 100.10. The onsite data provide
an acceptable basis for making conservative estimates of atmospheric dispersion
conditions used for estimating consequences of design-basis accident.and routine
releases from the plant. However, the poor data recovery for primary meteoro-
logical measurements and the reliance on a large fraction of substituted informa-
tion to enhance data recovery indicate the necessity for improvements in checking
system operability and in maintenance procedures. These improvements are neces-
sary as part of the upgrading of the onsite meteorological measurement program
to address the meteorological requirements for emergency planning as described
in Appendix 2 of NUREG-0654, " Criteria for P.eparation and Evaluation of Radio-,

logical Emergency Response Plans and Preparedness in Support of Nuclear Power
Plants." The upgrades must be in accordance with the schedule of Item III.A.2
in NUREG-0737.

2.3.4 Short-Term (Accident) Diffusion Estimates
1

Short-term (less than 30 day) accidental releases from buildings and vents were
evaluated using the direction-dependent atmospheric dispersion model described
in' Regulatory Guide 1.145, with consideration of increased lateral dispersion-
during stable conditions accompanied by low wind speeds. Three years (May 4,
1973 to May 4, 1975, and March 16, 1978 to March 15, 1979) of onsite data were
ust * for this evaluation. Wind speed and wind direction were measured at the
10 ... level, and atmospheric stability v3s defined by the vertical temperature
gradient between the 10-m and 60-m levels. A ground-level release with a build-

! ing wake factor, cA, of 1325 m2 was assumed. The relative concentration (X/Q)
for the 0-2 hr period was determined to be 1.5 x 10 4 s/m3 at a distance ofi

1200 m in both the northwest and north-northwest sectors from the reactor
building. The X/Q values for appropriate time periods at the outer boundary .

of the low population zone (4023) m are: |

.

: :
'

|
,
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3Time Period X/Q sec/m

0-8 hr 2.1'x 10 5
8-24 hr 1.4 x 10 5
1-4 days 5.9 x 10 6*

4-30 days 1.7 x 10 8'

-

,

The applicant has calculated the same X/Q value for the 0-2 hr time period at
the exclusion area boundary as the staff; for the various time periods at the
LPZ distance, the applicant has calculated values 10 to 30 percent lower than
the staff's values. All X/Q values presented are lower than those used in the
SER-CP, reflecting an additional 2 yrs of onsite data, use of a direction-
dependent atmospheric dispersion model instead of a direction-independent model,
and consideration of increase lateral plume spread during stable atmospheric
dispersion conditions accompanied by low wind speeds.

The staff concludes that the atmospheric dispersion estimates provided in this
section are appropriate for assessments of the consequences of radioactive
releases for design-basis accidents in accordance with the requirements of 10
CFR Part 100.11.

2.3.5 Long-Term (Routine) Diffusion Estimates

Annual average relative concentration (X/Q) and relative deposition (D/Q) values
were calculated using the straight-line Gaussian model described in Regulatory
Guide 1.111. The same composite 3 yr period of record as described in Section
2.3.4 was used for the evaluation. All releases through the unit vent were
considered to be a combination of elevated and ground-level celeases. All other
releases were considered to be ground level, with mixing within the turbulent
wake of plant structures. The results of the straight-line model were not4

adjusted to account for spatial and temporal variations in air flow because a
comparison performed by the applicant of the results of a variable-trajectory
model with the results of the straight-line model indicated good agreement
between the models.

The staff concludes that representative atmospheric dispersion estimates have
been determined for demonstrating compliance with the numerical guides for doses
contained in 10 CFR Part 50, Appendix I. The assessment of the radiological
impact to humans resulting from routine releases to the atmosphere is contained
in the staff's environmental statement for the' plant.

2.4 Hyrology

2.4.1 Hydrologic Description

The proposed site is located at the top of a plateau about 8 km (5 mi) north
of the Missouri River at River Mile 115. The plant grade elevation is established
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at 840 ft MSL, and the standard plant floor elevation for safety-related facili-
ties is at 840.5 ft MSL. The site is about 315 ft above the Missouri River
floodplain and is not affected by floods on the river. Runoff from the site

,

will drain into small adjacent streams that flow intermittently and are branches
of local named streams. These local streams are,

(1) Logan Creek to the east (16.7 mi2 drainage area)

1 (2) Mud Creek to the south (8.3 mi2 drainage area)

(3) Cow Creek to the north (29.7 mi2 drainage area)

(4) Auxvasse Creek to the west (317 mi2 drainage area)'

These streams have steep gradients and drain eventually into the Missouri River.

The principal source of condenser makeup water for the natural draft cooling
towers will be the Missouri River, through a 5.5 mi pipeline. The cooling tower
blowdown will be discharged through a separate pipeline to the Missouri River

,

downstream of the intake structure. The natural draft cooling towers and makeup
system are not safety-related systems and are not designed to Seismic Category I
specifications. The safety-related components of the ultimate heat sink (VHS)
consist of seismic Category I mechanical draft cooling towers, the UHS reter. tion
pond, and the essential service water system (ESWS); it will be used for emerg-
ency safe shutdown and cooldown of the plant.

The drainage area of the Missouri River near the plant site (RM 115) is 523,000'

mi2 and is heavily regulated. The total reservoir storage capacity on the
,

Missouri River Basin is over 100 million acre-ft, with more than 100 major
.

reservoirs and almost 1400 smaller reservoirs (individual storage capacities
less than 25,000 acre-ft). The nearest major dam upstream of the site is ,

Bagnell Dam, approximately 97 mi upstream on the Osage River. Bagnell Dam is
a concrete gravity dam owned by the applicant, with a t.tal storage capacity
of 1,926,000 acre-feet. Just upstream of Bagnell Dat is the Harry S. Truman

;

Reservoir, which is scheduled to be completed in 1982.
<

2.4.2 Flood Potential
|

The flood of 1844 is considered to be the largest reported flood on the lower
;

Missouri River. The discharge of that flood has been estimated to be 892,000!

I cfs at the Herman gaging station, about 17 mi downstream of the site. Under
present channel conditions a flood of this magnitude would result in a water;

i level of about 539 ft MSL adjacent to the plant site, or about 301 ft below
plant grade.

i

The plant grade is also at least 200 ft above and 2 mi distant from the flood-
i plains of the streams draining the site. Hence, flooding from the smaller
j streams adjacent to the site does not pose a threat to the plant.

2.4.2.1 Probable Maximum Flood (PMF) on the Missouri River (Runoff Induced)

The U.S. Army Corps of Engineers has performed hypothetical flood studies on
the Missouri River for establishing of levee grade elevations along the middle
and lower Mississippi River. One of the hypothetical floods developed by the
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Corps of Engineers (Hypothetical Flood .52-A) is considered to be "a reasonable
representation of discharges that might be experienced from storms of standard
project proportions over the Missouri and Upper Mississippi River Basins,"
(U.S. Army, 1979). The discharge of this flood at Hermann, Missouri after
routing through all reservoirs expected to be operational by 1970 is 790,000
cfs. The applicant then adjusted the flow to 780,000 cfs to account for the .
contribution of the Gasconade River between Hermann, Missouri and the site.
This flow, designated the standard project flood (SPF) by the applicant, is
assumed to be 60 percent of the PMF on the Missouri River. Based on this
assumption, the applicant increased the SPF by 0.67 to obtain a PMF flow of
1,300,000 cfs. The applicant used the slope-area method and a representative
cross section of the river valley to estimate the PMF water level at elevation
548 ft MSL, about 290 ft below plant grade.

The staff does not concur with the assumption that the SPF always represents
at least 60 percent of the PMF flow on a large river, particularly if that river
system is highly regulated. However, because of the broad floodplain of the
river near the site and the large difference in elevation between the plant
grade and applicant's determination of maximum water level due to the PMF, the
staff concludes that the site is well above any credible runoff produced flood
of the Missouri River.

2.4.2.2 Dam Failures

The nearest upstream dam to the site is the Gavins Point Dam in South Dakota,
approximately 696 river miles upstream. The applicant concluded, and the staff
concurs, that this dam is too far upstream to threaten the site under even the
most severe mode of dam failure conceivable.

The two major dams considered for the applicant's dam failure analysis are
Bagnell Dam and Harry S. Truman Dam. Although the two dams have a total capa-
city of over 7 million acre-ft of water, the top of the flood control pool at
the Harry S. Truman Dam is at 739.5 ft MSL (about 100 ft below plant grade).
Therefore, the staff concludes that failure of the Harry S. Truman Dam and the
resulting failure of Bagnell Dam, even under the PMF, will not pose a threat
to the site.

2.4.2.3 Local Intense Precipitaiton

The Callaway plant site drainage system is designed to convey runoff from a
100 yr storm away from the plant area. However, a local intense rainfall of
PMP severity would produce overflow conditions in the drainage system. The
applicant analyzed the effect of local PMP on the plant-site drainaoe system
assuming that the drainage system would not be functional during the event and
calculated a maximum ponding elevation of 839.9 ft MSL, which is about 0.6 ft
below the floor elevation of safety-related buildings.

The roofs of safety related structures are designed to accommodate a load of
125 lbs/ft2 resulting from the 48-hr winter PMP imposed on the maximum historical
snow load. Except for the diesel generator building and the control building,
the roofs of safety-related structures are designed to allow all rainfall to
flow off without ponding or reliance on drains. The roofs of the diesel generator
building and control building are surrounded by a gravel stop which could pond
rainfall to a depth of about 2 in. (slightly higher at the drains) during a
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warm season severe rainfall. This however, will not result in forces exceeding
the design snow load of 125 lbs/ft

The staf f concurs with the applicant's analysis of local intense PMP on the
plant-site drainage system and the effects of snow and rainfall on the roofs
of safety related structures.

I 2.4.2.4 Conclusions

The staff has reviewed the material presented by the applicant and performed
independent analysis and evaluations. The staff concludes that the plant
meets the criteria of GDC 2 with respect to potential flood hazards.

2.4.3 Water Supply

The water supply for normal operation and shutdown of the plant will be obtained
from the Missouri River. Emergency cooling will be performed by the essential
service water system (ESWS), which has it own water supply and is not dependent
on Missouri River flow for safety functions.

,

Historically, low-water stages on the Missouri River have been caused by a
combination of low flows resulting from drought and ice blockage. The lowest
observed discharge at Hermann, Missouri was 4200 cfs and occurred in January
1940, before streamflow regulation. The corresponding discharge at the intake
for the plant has been estimated to be about 3500 cfs. The river stage for.

such a flow would be 487.3 ft MSL.

U.S. Army Corps of Engineers projections of reservoir operation and water with-
drawal through the year 2020 show a lowest expected flow of 4300 cfs at the
site during the period of plant operation. The design-basis low-water level
for the Missouri River intake structure is 495.0 ft. MSL. According to the
stage-discharge rating curve provided by the applicant, this elevation would
correspond to a flow of approximately 5500 cfs, which is the 1-day, 30 yr low
flow for the river at the site, as determined from a Log-Pearson Type III
distribution of 26 yrs of regulated flow data.

The intake structure is also designed to remain functional during the 200 yr
i flood. This flood would have an estimated peak discharge of 690,000 cfs and a

water surface elevation of 535 ft MSL.

The staff has reviewed the information presented by the applicant and performed
independent evaluations. The staff concludes that floods and low levels of

; the Missouri River will not unusually restrict the availability of cooling water
for normal plant operation. Additionally, the plant can be shut down using
the VHS, which is not dependent u)on Missouri River water for its safety func-

: tion. The staff cc wludes that tie requirements of GDC 44 with respect to water
supply for normal , ant operation have been met. '

2.4.4 Ultimate Heat Sink

Emergency safe shutdown of the reactors would be accomplished through the use
of seismic Category I mechanical draft cooling towers. Each unit has one tower!

consisting of four cells, with ore fan assembly per cell. Two of the four cells
are sufficient for safe shutdown of each unit. The towers are protected against
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freezing by haersion heaters in the tower basin sumps and automatic bypass of
the spray system until the inlet temperature of water from the power block
reaches 85 F.

When the ESWS is put into operation, water is drawn from the UHS retention pond
by means of the ESW pumps. It is then pumped through the power block components
and returned to the cooling tower basin. The water then flows from the cooling
tower basin by gravity back to the retention pond. The UHS is sized to dissipate
the maximum heat rejection rate while providing a design cold-water-inlet tempera-
ture of 95 F to the power block. The applicant performed a transient analysis
of heat rejection and evaporation using meteorological data from 1945 to 1969,
collected at the National Weather Service station at Columbia, Missouri. From

,

this data, meteorological conditions were selected that would result in (1)
the smallest heat transfer from the retention pond for a single day and for 30
consecutive days and (2) the greatest evaporation from the retention pond for
30 consecutive days.

,

.

The Columbia weather station is at approximately the same elevation as the site,
and there are no significant topographical barriers between the station and
the site. The staff concludes that the analysis using Columbia meteorological
data is representative of extreme conditions that will probably exist over the
life of the plant (see Section 2.3).

Theanalysiswasperformedusing3-hriterativecalculationsandshowedamaximumpond outlet temperature of 89.5 F. The maximum 30-day water loss taking into
account pond evaporation, minor losses, and tower drift loss was calculated to
be about 44 acre-ft out of the pond capacity of 55 acre-ft. Also the applicant
has stated that tank trucks and/or portable pumps will be used to refill the
pond, if necessary, if the normal water supply from the Missouri River can not
be supplied within 30 days.

The staff has not ma,' an independent analysis of the thermal and hydrologic
performance of the ESWS. However, because the applicant's analysis shows signi-
ficant margin in the two-unit simulation study, the staff considers the water
supply and heat rejection capability to be sufficient to meet the requirements !of GDC 44 for one-unit operation.

The UHS retention pond consists of a rectangular excavation approximately 330
ft by 680 ft, and 22 ft deep, with the normal water level at 836 ft MSL.

The pond is surrounded by riprap-covered slopes and has a spillway to release
overflow in the event of intense rainfall or malfunction of the pond makeup
water system. The spillway is capable of passing flow resulting from a storm
of PMP severity without overtopping the sides. The sides are capable of con-
taining the waves resulting from a 40-mph wind coincident with the maximum
water level and the waves from a 118-mph wind (1000 yr recurrent wind speed)
coincident with normal water level. The staff concludes that the design of
the VHS retention pond meets the requirements of GDC 2 with respect to flooding.

The applicant also performed an analysis of ice thrust forces on the ESWS intake
structure and the pond outlet structure. The applicant determined an ice thick-
ness having a stated 1 percent /yr probability of occurrence and combined the
expansion forces from this ice thickness with ext me loads such as those asso-
ciated with the safe-shutdown earthquake (SSE).
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However, the staff does not consider the method used by the applicant to deter-
mine the 1 percent /yr ice thickness to be conservative. Moreover, the staff'

was not able to independently verify the ice expansion forces assuming the same
ice thickness determined by the applicant. Additionally, the applicant did
not determine the upper limit (probable maximum) ice thrust forces which could !

be exerted on safety-related structures in the pond.
;

Therefore, the staff cannot conclude that the requirements of GDC 2 have been
met with respect to ice forces. To meet this criterion, the staff will require
the applicant to

(1) determine the upper limit (probable maximum) ice forces on the pond and,

demonstrate the ability of all affected safety related items to withstand'

these forces and

(2) determine the ice forces having a recurrence interval of once in 25 yearsi

and demonstrate the ability of all affected safety-related items to with-
stand this force in combination with other extreme environmental events>

such as the SSE

In lieu of the above requirements,llance procedures and courses of action tothe applicant may provide a Technical Speci-:
fication which will contain survei'

ensure that ice pressures do not exceed the design basis of the structures,
either alone or in combination with other independent extreme events.

! 2.4.5 Site Groundwater

The near-surface materials in the vicinity of the proposed site consist of
modified loses (wind-blown material), accretion gley (plastic silty clay), and
clayey glacial till, all of which have low infiltration rates.

The Graydon chert conglomerate underlies the glacial till and is a weathered
j product of the underlying Burlington limestone. The Bushberg sandstone formation,
j which is 1 to 6 ft thick, lies below the Burlington limestone and drains the
) overlying site deposits. The Snyder Creek shale formation underlies the Bushberg

sandstone.,

The Snyder Creek shale, Callaway limestone, St. Peter sandstone, and upper,

| Cotter-Jefferson City formations represent a combined thickness of about 250
ft of low permeability rock which can be considered as an aquitard.

Underlying the upper Cotter-Jefferson City formation at the site, in descending
| order, are the lower Cotter-Jef ferson City, Roubidoux, Gasconde-Gunter, and

Eminence aquifers.'

An appiicant survey of domestic water supplies within 8 Fa (5 mi) of the plant !
| found 39 wells drilled into the Cotter-Jefferson City Formation. Yields from i

| these wells range from 10 to 30 gpm. The same survey found seven dug wells i

within 8 km of the site, ranging in depth from 10 to 65 ft and supplying from
0.5 to 5 gpm from the weathered Quaternary deposits and shallow rock formations.
There were also 10 enclosed springs in the survey supplying water for domesticI

purposes. The average yield for springs in the survey is less than 5 gpm.

{
|
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The normal water table at the plant site is 10 to 30 ft below grade, and all
the safety-related structures are designed for full hydrostatic loading to plant
grade at 840 ft MSL No permanent underdrain or groundwater dewatering systems
are installed or planned at the site. The staff concludes that the design-bas 4
groundwater level for static and dynamic effects of 840 ft MSL meets the require-
ments of GDC 2 and is acceptable.

2.4.6 Accident Effects

At the Callaway Plant, the tanks whose failure have the greatest potential to
result in high offsite radionuclide concentrations are the boron recycle holdup
tank and the evaporator bottoms tank. Both of these tanks are located in the
radwaste building, with bottom elevations below plant grade.

The staff analyzed postulated tank ruptures in which the radioactive effluent
is conservatively assumed to enter the groundwater immediately, without any
reduction in radioactivity due to decay while seeping through the walls of the
radwaste building. rhe effluent is assumed to enter the Graydon chert conglom-
erate and flow downgradient to points where it is intercepted by potable water
wells or surface streams. The groundwater gradient is toward the southwest,
and there is a potable drinking water well aoproximately 8700 ft downgradient
in that direction. The staff analyzed the effects of dilution and radioactive'

decay on liquid effluent traveling in that direction and concludes that the
peak concentrations in that well due to a radwaste tank failure will be well
below the limits specified in 10 CFR 20, Appendix B.

Flow toward the southwest is assumed to discharge into a tributary to Mud Creek,
approximately 4500 ft from the radwaste tanks. There are no drinking water
withdrawals from Mud Creek or between Mud Creek and the Missouri River, into
which the effluent would eventually flow. The Missouri River would provide
adequate dilution to ensure that the concentrations of radioactive effluents
would be well below the 10 CFR 20 limits at the nearest downstream use of
Missouri River water, which is approximately 80 km (50 mi) below the site.

The staff, therefore, concludes that the Callaway plant meets the requirements
of 10 CFR 100 with respect to potential accidental releases of radioactive
liquid effluents.

2.4.7 Conclusion

On the basis of its review, the staff concludes that the flood analysis for
the plant is in conformance with the procedures in Regulatory Guide 1.59,
" Design Basis Flood for Nuclear Power Plants," and 1.102, " Flood Protection
for Nuclear Power Plants." The staff concludes that flooding does not present
a credible threat to the site, and the plant, therefore, meets the requirements
of GDC 2 with respect to potential flood hazards.

The staff has analyzed the UHS design and concludes that its hydrologic and
I

thermal performance meet the requirements of GDC 44 for one-unit operation.
Additionally, the staff concludes that the UHS retention pond meets the require-
ments of GDC 2 for natural hydrologic hazards, except for ice thrust forces.,

The staff will require additional information and review to complete the evalua-
'

tion of this topic. The staff will report the results of its additional review
in a supplement to this report.
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The staff concludes that the design-basis groundwater level chosen for evaluation
of static and dynamic effects meets the requirements of GDC 2.

<l

The staff also concludes that the concentrations of radioactive nuclides at
the nearest well and in the Missouri River will be below 10 CFR 20 limits follow-,

1 ing a postulated liquid tank failure and that the plant meets the requirements
of 10 CFR Part 100 with respect to potential accidental releases of radioactive
liquid effluents.

2.5 Geology and Seismology

During the Construction Permit review the staff concluded that (1) there are
no geologic structures that would localize earthquakes in the r,ite vicinity or
cause surface faulting at the site, (2) the seismic design bases of 0.20 g and
0.10 g for the SSE and OBE respectively were conservative, and (3) there are
no solution features beneath the site that would cause subsidence or collapse
detrimental to the plant. The staff completed its review of the FSAR and finds
that these conclusions are still valid.

The staff also conclude that the applicant has adequately updated the FSAR to
address new information and has satisfied the requirements of the following
NRC guides and regulations:

(1) Appendix A, 10 CFR Part 100, Seismic and Geologic Siting for Nuclear Power
Plants

(2) SRP Sections 2.5.1, 2.5.2, and 2.5.3

(3) Regulatory Guide 1.60, Design Response Spectra for Seismic Design of Nuclear
Power Plants, Revision 1

(4) Regtlatory Guide 1.70, Standard Format and Content of Safety Analysis Report
for 4; clear Power Plants, Revision 2

Nw .nformation since the CP review consisted of: (1) the results of recent
geologic and seismologic research in the region (most of which was concerned
with the New Madrid areal; (2) the results of geologic mapping of site excava-
tions during constructica; (3) the in situ characteristics of foundation soil
and rock (Graydon chert conglomerate, glacial till, and glacial outwash clay);
(4) the findings of investigations for quarries in the site area; and (5) the
results of subsidence and settlement monitoring required by the NRC to confirm
the finding of the site investigations that there are no significant cavities
beneath the site.

A discussion of the regional and site geology and seismology is found in
Chapter 2.5 of the CP SER. The following paragraphs contain a synopsis of that
information and conclusions, and the staff s conclusions following the OL review.

2.5.1 Basic Geologic and Seismic Information

2.5.1.1 Regional Geology

The Callaway site is located just north of the boundary between the Dissected
lill Plains Section of the Central Lowlands Physiographic Province and the Salem

2-18

- _ _ ,



,

Plateau of the Ozark Plateaus Physiographic Province (Fenneman, 1946). The
regional topography consists of undulating, dissected plateaus sloping slightly
toward the north beyond the site from elevation 1772 ft (540 m-) above mean
sea' level (ms!) at the St. Francois Mountains. The site is located on a plateau
6 to S mi2 2(15 to 20 km ) in area with elevations that range from 800 ft (244 m)
above mean sea level to 858 ft (262 m) above mean sea level. The plateau is
bounded by deeply eroded stream valleys. Relief is generally 150 to 200 ft
(46 to 61 m) from valley bottoms to the top of the plateau.

Technically, the site is located within the Central Stable Region (King, 1969).
This region is characterized by gentle arches, domes, and basins that formed
during several tectonic episodes in the Paleozoic Era (600 to 225 million years
before present (mybp)). The site is on the northern flank of the Ozark dome,
or uplift, about 75 mi (120 km) from the St. Francois Mountains. The St. Francois
Mountains comprise the Precambrian igneous and metamorphic core of the Uplift.

During the CP phase of Callaway licensing activities the applicant defined
"Seismo-tectonic" provinces within a 200 mi (3222-km) radius of the site and
related historical earthquakes to these provinces or to structures within those
provinces. A similar approach was used in the OL analysis. As a result of of
the staff review of this approach and the open geologic literature, the staff
now concludes, as it did during the CP review, that although there is a basis
for defining several of the applicant's provinces, the seismic and geologic
data do not indicate a consistent deformation pattern or a relationship between
earthquakes and geologic structure. The staff accepts a tectonic province
concept consistent with that of Eardley (1972) and Hadley and Devine (1974).
Based on those references, the site is located within the Ozark Uplift Section
of the Central Stable Region.

During the CP and OL evaluations, the applicant concluded that the western
boundary of the New Madrid Seismic Zone is equivalent to the estern border of
the New Madrid fault zone (Bending Zone 2 of Stearns and Wilson (1972). This
boundary is 175 mi (282 km) southeast of the Callaway site. The staff concluded,
however, because of the existence of northeast trending airphoto linears between
the fault zone and Bending Zone 3 (Stearns and Wilson, 1972) it was prudent to
extend the zone westward to Bending Zone 3, which is 155 mi (250 km) from the
site.

The staff has reviewed the results of research in the new Madrid region. The
results of these studies were presented in NUREG/CR-0977, at a meeting among
the principal investigators and the NRC staff in April 1981, and in a preliminary

, USGS professional paper " Investigations of the New Madrid, Missouri Earthquake
* Region" (McKeown, F. A., editor, 1981, in press). Based on the interpretation

of seismic and geophysical data, the investigators postulate a buried northeast
trending rift zone within which most of the New Madrid seismi:.ity has occurred.
The northwestern boundary of this inferred subsurface rift zone is more than
30 mi (50 km) farther from the site than the edge of the Mississippi Embayment
(Bending Zone 3 of Stearns and Wilson, 1972). Therefore, the staff's position
presented in the CP sed, that an earthquake equivalent to the New Madrid
1811-1812 MMI Xi-XH events could occur at the edge of the Mississippi Embayment
is conservative.
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| 2.5.1.2 Site Geology

Before construction the upper soils at the site were 3 to 17 f; (1 to 5 m) of
wind blown slit overlying from 1 to 28 ft (.3 to 9 m) of plastic, slightly
preconsolidated clay. The clay is believed to have originated slowly in poorly
drained areas following Kansan glaciation. A layer of Kansan till from 1 to
27 ft (.3 to 9 m) thick underlies the clay.

The material on which the major structures of the plant are founded is the
Graydon chert conglomerate. This material consists of from 20 to 65 percent
chert gravel or boulders imbedded in a tight, silty or sandy clay matrix. The
material is believed to be Pennsylvanian in age (more than 280 mybp), primarily
because a similar material lies beneath the Pennsylvanian Cneltenham clay north
of the site. Before construction, standard penetration tests, Menard pressure
meter tests, and plate bearing tests, demonstrated that the conglomerate has
high strength. When tti excavation was open, numerous plate bearing tests were
made on the in situ foundation rock. These tests confirmed the adequacy of
the Graydon chert conglomerate to support the plant structures.

The Graydon chert conglomerate unconformably overlies approximately 2,000 ft
(612 m) of Combrian to Mississippian rock (570 mybp to 300 mybp) (mostly carbon-
ates) that extend to the Precambrian basement. The region w; thin which the
site is located had been subjected to at least six periods of uplift during
the Paleozoic Era. The last one was the Ozark Uplift at the end of the Middle
Mississippian period (330 mybp). Karst topographies developed during these
periods of uplift. Each of these karst surfaces was buried by later deposition
periods.

About 100 ft (30 m) of thin bedded to massive bedded limestones that range in
age from Middle Ordovician (460 mybp) to Upper Mississippian (330 mybp) lie
beneath the Graydon chert comglomerate. Because ti.ese formations are known to
be susceptible to solutioning where they are exposed in other parts of the
region, much effort was expended to demonstrate that there are no large open
cavities beneath the site. Numerous borings drilled through these rocks
encountered no evidence of cavities. High percentage in core recovery, little
or no loss of drilling water, pumping test, and pressure tests demonstrated
that the rock was solid beneath the plant.

The oldest rocks beneath the site which were penetrated by borings are the Cotter-
Jefferson City formation at a depth of about 135 ft (41 m). The Cotter-Jefferson
City formation is principally a thin badded, very fine grained dolomite with
numerous interbeds of shale. A well-developed karst topography tieveloped in
this formation as a result of uplift during lower Ordovician (500 to 480 mbp).
Paleokarst features found in the Cotter-Jefferson City formation are described
in the CP SER. Ali of the paleokarst features identified in the site area are
filled with St. Peter sandstone and a basal residual rock. No evidence of open
cavitie3 was found in these rocks.

2. 5.1. 3 Limestone Solutioning

During the CP raview, the staff engaged independent consultants to evaluate
the eftects of potential deep caverns beneath the site that could have been :

missed by the explanatory program. The consultants, Dr. Albert Nieto and
Dr. Edward Cording, of the University of Illinois, concluded that a postulated
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cavern beneath the site in the Cotter-Jefferson City formation would have to
be in excess of 100 ft (30 m) in diameter to have the potential for subsidence.
This conclusion is based on the competence of the strati

i Callaway formation to bridge over caverns of this size. graphically higherIn consultation with~

the consultants and the Missouri Geological Survey, the staff concluded that
the aossibility of a cavern of this size existing beneath the site is very renote.:

| The )ases for the conclusion are
1

I (1)
South of the Missouri River, a vast majority of surface or near-surface}|clay-filled cavities (fire-clay sinks and Bretz's (1956) " filled" sinks:

; in the Cotter-Jefferson City formation have retained their filling, prob-
! ably since Pennsylvania time. Relativel
! rapid flows exist under surface or near y high. hydraulic gradients and-surface conditions where these i
; clay-filled sinks have been identified. North of the river an even larger
! percentage of cavitites, if present, are expected to have preserved their
| fillings in the subsurface, where the hydraulic gradients and velocities

.

: are relatively low.

} (2) A study of air photos and topographic maps shows no indication of sink
holes or other surface manifestations of solutioning in the site area.a

(3) A long, continuous section of the Cotter-Jefferson City formation is
exposed along the north bank of the Missouri River south of the site.
This section has been mapped by the applicant, and has been examined by '

the staff and its consultants. No open solution features were seen along ;this outcrop. -

(4) Investigations performed by the applicant at the Callaway site, which
included core borings and Wrmeability tests, show that the Cotter-Jefferscn

| City formation beneath the site has no open caverns, nor is there evidence
of active solutioning. In areas of known karst, the number of indicators
for cavern developing as discussed in item (7) below, are many times higher
than the number of caserns. .If the site area was prone to cavern develop-
ment, the site investigations, as well as local water wells, would have

; detected such features. None were encountered.

(5) There are 3250 caves reported in Missouri and approximately 1000 of these
have mapped. About five percent of those mapped have 100-ft (30-m) or.i

! greater heights or widths. Of the reported 3250 caves, it is likely that
less than five percent would have diameters greater than 100 ft (30 m)
since the tendency is to map larger sized caves.

(6) Only two caves of such dimensions are known in the Cotter-Jefferson City4

i formation. Both of these are located on the south flank of the Ozark dome
south of the Missouri Rivar. The proposed site is located north of the
river.

1

(7) Based on well drilling experience in the karst regions south of the Missouri
River, there are a numt,ar of features in the Cotter-Jefferson City formation
which are indicative of conditions ccnducive to cavern development. These
features include iron stained joints, clay filled cavities, a high percent-
age of isoluble residue, and occasional small open cavities. Data obtained
from water well drilling north of the Missouri River do not reveal these
subsurface indicators of solutioning, where Devonian, Mississip
Pennsylvanian rocks cover the Cotter-Jefferson City formation. pian and

,

4
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! On the basis of the above discussion, the staff concludes that the potential
for solution activity or the existence of large cavities, which could cau a,

subsidence at the site, is very remote.

Since the Construction Permit SER and supplements were published, the applicant'

conducted investigations in the site area for a quarry. Discussion of these*

investigations and a description of the rock encountered in the quarry are con-,

tained in onsite production mine quarry reports dated April 11, 1975; July 31,
1975; and June 2, 1977. These studies confirmed conclusions in the SER that
there are no significant cavities in the rock underlying the site.

,

During the CP review the staff required the applicant to conduct a settlement
monitoring program to detect evidence of subsidence at the site. The results
of 4 years monitoring presented in the FSAR show that no excessive settlement ,

has occurred.

2.5.2 Seismology.

2.5.2.1 Vibratory Ground Motion Summary
.

In the Construction Permit (CP) review the staff concluded that there were no
geologic structures that would tend to localize earthquakes in the site vicinity,
that an earthquake of maximum Modified Mercalli (hM) intensity VIII was possible
within the vicinity of the site, that a New Madrid 1811-1812 type earthquake
was possible at a distance of 155 mi (250 km) from the site and that the seismic
design basis (SSE peak horizontal acceleration 0.20 g, OBE peak horizontal
dCCel0 ration 0.12 g) were adequate.

In its review for the Operating License, the staff has followed the tectonic*

province approach to determine the vibratory ground motion. The determination
of the tectonic provinces is discussed in Section 2.5.1. Following the proce-
lures set forth in Appendix A to 10 CFR 100, earthquakes which cannot reasonably
be associated with known faults or other geologic structure are identified with
thetectonicprovinceinwhichtheyoccur. The largest earthquakes not asso-
ciated with structures in the site s tectonic province is assumed to occur in

,

the vicinity of the site and earthquakes not associated with structure, which
have occurred in other tectonic provinces within 200 .mi (320 km) of the site,;

are assumed to occur at the closest approach of their province to the site.

Since the termination of the CP review, no new information has become available
i

! to change the staff s original conclusiuns as to the adequacy of the SSE and
! OBE. This is also the conclusion of the Lawrence Livermore National Laboratory

(LLNL) which has acted as consultant to the staff in'this review. The LLNLi

letter report is attached as Appendix E to this report.

! 2.5.2.2 Tectonic Province
r

! In the safety evaluation for the CP review the staff concluded that the Callaway
Plant site is located in the Ozark Uplift section of the Central Stable Region.'

This interpretation of tectonic provinces is consistent with Eardley (1962)
and Hadley and Devine (1974). The staff also concluded that earthquakes in
the Mississippi Embayment seismic zone are associated with a north to northeast

,

'

trending zone of faulting which Heyl and others (1965) called the New Madrid
fault zone.
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Since 19/4 the U.S. Geological Survey has been conducting intensive geophysical
and geological studies in the New Madrid region to determine the cause of the
considerable seismic activity which has occurred there. The results of this
research are soon to be published in a U.S. Geological Survey Professional Paper
(McKeown and others, 1981). Based on geophysical and geological data, they
postulate that intracontinental rifting occurred in late Precambrian or early
Cambrian time and that this was subsequently buried by sediments. Most of the
seismic activity in the region occurs within the inferred boundaries of the
rift which is estimated to be about 70 km wide and more than 200 km long. This
interpretation is based on geophysical studies. Recent seismic reflection pro-
filing shows a number of faults in the subsurface, some of which coincide with
earthquake epicentral trends particularly in the axial region of the rift.

The intracontinental rift zone postulated in the U.S. Geological Survey profes-
sional paper (McKeown,1981) is t' the east (further from the site) of the
northwest boundary of the New Maririd zone determined by the staff in the CP
review. In view of the fact that the exact delineation er the seismogenic
faults cannot yet be made, the staff concludes that for the purpose of this
review that the boundary accepted during the CP review, Bending Zone 3 of
Stearns and Wilso" (1972) at a distance of 155 mi (250 km), still be considered
the boundary of the New Madrid Zone. As discussei in Section 2.5.1.1, this is
a more conservative position than assuming that the bcJndary of the New Madrid
Zone is coincident with the edge of the portulated rift zone.

2.5.2.3 Maximum Earthquake

There are no known geologic structures that would localize earthquakes in the
site vicinity. We, therefore, assume that the largest Central Stable Region
earthquake which cannot be associatea with a known geologic structure (Anna,
Ohio earthquake 1973, maximum Modified Mercalli intensity VII-VIII) can occur
in the site vicinity.

Seismic source zones for th central United Stated have been delineated by
investigators at St. Louis University (Nuttli and Hermann, 1978; Nuttli and
Brill, 1981). These source zones represent regions i.n which damaging earth-
quakes have been Mown to occur. The distribution of historic earthquakes and
knowledge of the tectonic features of the central Jnited States were used by
the authors to identify the principal earthquake sourc( _ones. The St. Francois
uplift is the eorthquake source zone nearest to the Callaway site, approximately
90 km.

Nuttli and Hermann (1978) postulated maximum earthquakes for the central United
States earthquake source zones based on historic seismicity and probability
studies. Their maximum earthquake for each zone is based upon the earthquake
associated with the projected return period of 1000 years in that zone. Using
this technique they have calculated a maximum magnitude earthquake for m =6.4

hfor the St. Francois Zone. They combined the St. Francois Zone and the 50uthern
portion of the Illinois Basin into a single zone because they found no compel-
ling seismological reasons to separate them. The largest historic earthquake
in the St. Francois Zone was an m =5.0, maximum MM intensity VI in 1917. Thehlargest historic earthquake in the sourthern Illinois Basin was an m =5.7
maximum MM intensity VII-VIII in 1838. Combiningthetwozonesandbsingthe
above technique results in the prediction of an m =6.7 earthquake in the com-hbined zones. The most recent work on the earthquake source zones in this region
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(Nuttli and Brill, 1981) has separated the St. Francois Uplift and the Southern .

Illinois Bcsin into two zones, no maximum magnitude earthquakes were postulated
in this paper.

In addition to the above considerations in order to determina the maximum
vitratory ground motion at the Callaway site the possible occurrence of a New
Madrid 1811-1812 type event (maximum Modified Mercalli XI-XII) at a distance
of 155 mi (250 km) must also be considered.

2.5.2.4 Safe Shutdown Earthquake

The applicants proposed SSE is a peak horizontal acceleration of 0.20 g,
anchoring a Regulatory Guide 1.60 spectrum.

Considering the Anna, Ohio type earthquake (maximum intensity VII-VIII), the
trend of the means of the Trifunac and Brady (1975) relationship between peak
acceleration and intensity predicts a peak horizontal acceleration of slightly
less than 0.20g for a Modified Mercalli intensity V11-VT.II event.

To estimate the ground motion at large distances in the central United States
the staff has used a recent ground motion relationship based on Gupta and Nuttli
(1976) developed by Tera-Lawrence Livermore National Laboratories and the NRC
staff for the Systematic Evalauation Program (Jackson, 1980) and a relationship
developed by R. B. Herman, according to a recent personal communication with him.

While the staff does not normally accept the use of probabilistic methods, such
as Nuttli and Hermann (1978) to determine maximum magnitude earthquakes, we
have used the results of this study and Nuttli and Brill (1981) to test the
conservatism of the Callaway SSE witn respect to the St. Frai.cois Zone.

For an m =6.4 the staff calculates that the peak ground acceleration would be
about 0.09 g and that the peak velocity would be about 12 cm/sec. For an m =6.7g

h
the staff calculates that the peak grouna acceleration would be about 0.13 g
and the peak velocity would be approximately 20 cm/sec.

Nuttli (1981) indicates that a New Madrid 1811-1812 type earthquake would have
a body wave magnitude of m =7.2. The staff has calculated the effect that the

hm =7.2 earthquake at a distance of 250 km might have at the Callaway site. We

oDtained a peak ground acceleration of approximately 0.07 g and a peak velocityh

of approximatey 18 cm/sec.

The staff estimated response spectra usir; mean plus one standard deviation
amplification factors from NUREG/CR-0098 and the accelerations and velocities
obtained for both the St. Francois m =6.4 and m =6.7 earthquakes and the New
Madrid (1811-1812) m =7.2 earthquake 5. TheCaliawaySSEresponsespectrumis

-|

h

greaterthantheaboheestimatedearthquakespectraatallfrequencies.

As stated in the letter report (Appendix E), LLNL has considered two controlling i

earthquakes (an MM intensity VII-VIII in the site vicinity and an MM intensity |

XII at a distance of 250 km, in its review of the Callaway site. They estimate l

that the MM intensity XII would result in an intensity MM VII at the site.
Using the trend of the mean of the Trifunac and Brady (1975) relationship, they
estimate 0.19 g and 0.13 g peak horizontal accelerations for the intensity
Vll-VIII and VII respectively. Both of these are below the 0.20 g SSE.
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Therefore, based upon its review of the applicant's submittal of new information,
which has become available since the Callaway Plant Units 1 and 2 CP review,
and the report of our consultant (Appendix E), the staff reaffirms its conclu-
sion reached at that time that the SSE high-frequency acceleration anchor point
(0.20 g) and the design spectrum (Regulatory Guide 1.M) are acceptable.

2.5.2.5 Operating Basis Earthquake
.

The OBE of 0.12 g anchoring a Regulatory Guide 1.60 response spectrum is greater
than one-half the design vibratory ground motio's for the SSE and is consistent
with Appendix A to 10 CFR 100. LLNL has also concluded that the OBE of 0.12 g
is a conservative representation of the maximun earthquake motion likely to be
experienced at the site during the operating life of the plant.

2.5.3 Capable Faults

The Ozark Uplift is characterized by a strong northwest southeast structural
grain (McCracken, 1971). Numerous structures (folds and faults) have been docu-
mented in the site region that are congruent with this regional fabric. The
nearest known structure to the site is the Auxvasse Creek Anticline, which is
located about 5 mi (8 km) north of the site. The age of formation of this fold
is post-Pannsylvanian (younger than 280 mybp) (Unklesbay, 1955). The nearest
mapped faults to the site are the Kingdom City fault located about 10 mi (16 km)
northwest of the site, and the Mineola fault approximately 8 mi (13 km) northeast
of the site. Apparent offset on the Kingdom City fault is 300 ft (91 m) down
to the southeast, and on the Mineola fault, 200 ft (61 m) down to the southeast.
Both faults are dated as Post-Ordovician (younger than 440 mybp). The Mineola
fault is associated with the southwest flank of the Mineola dome, a closed
assymmetrical dome with a north-south trending long axis. The Kingdom City
fault is a reverse fault that strikes east northeast. There is no evidence
that these structures underwent post-Paleozoic deformation, nowever, there are
no rocks in the region, either because of nondeposition or erosion, from

i Pennsylvanian (280 mybp) to Pleistocene (2 mybp).

The applicant geologically mapped the construction evacuations at the site.
An NRC geologist and geotechnical engineer examined the exposed material. There
was no evidence of faulting or other indications af instability in the excavations.
The foundation material is a conglomerate of Pennsylvanian age (at least 280
million years old) based on regional age correlations.

Jointing in the site vicinity is high angle or vertical (75 to 90 ). Two
major joints sets have been observed in the area. In Ordovician rocks the
primary trend ranges from North 15 Eaet to North 10 West and the secondary
trend from North 50 West to North 75 West. In post-Ordovician rocks the-
major trend ranges from North 70 East to East-West, and the secondary trend
varies from North 5 West to North 15 West. Many of the drainage trends and
photolinears reflect these orientations.

Based on the CP review and the review of new information since that time, the
staff concludes that there are no structures in the site area that would be
expected to localize seismicity or cause surface faulting at the site.
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2.5.4 Stability of Subsurface Materials and Foundations
:
I 2.5.4.1 Site Conditions

The safety-related structures, systems, and components (SSC) which have been
reviewed for foundation stability are listed in Table 3.2-1 of the SNUPPS FSAR.
The Category I structures at the site include the reactor, fuel, auxiliary-control,

: and diesel generator building in the main powerblock area. The seismic Category I,

UHS system at the Callaway site consists of a UHS pond, the UHS mechanical draft'

j cooling towers, the ESWS pumphouse, and pipelines and conduits between the pump-
house and the powerblock structures. The UHS pond and ESWS pumphouse are located
about 500 ft from Unit 1 of the powerblock. The source of the makeup water
for the VHS pond is the nonseismic Category I Callaway water treatment plant,
located approximately 200 ft from the pond.

I 2.5.4.2 Subsurface Conditions ,

2

The surficial giccial and postglacial deposits at the site average 30 to 40 ft
| in thickness and consist of modified loess, accretion gley, and glacial till.

underlying these soils is the very hard Graydon chert conglomerate, which con-
sists of gravel-to-boulder size broken chert rocks in a matrix of hard clay.
The conglomerate material is the main bearing stratrum for seismic Category I
foundations. Results of standard penetration tests, pressuremeter tests, and

;

plate load tests indicate that the Graydon chert conglomerate is hard and
relatively incompressible. The chert conglomerate is between 12 and 49 ft
thick, with the top of stratum at about 812 ft. These deposits are underlain
by Mississippian limestone and sandstone of the Burlington and Bushberg Forma-
tions. The Burlington Formation varies in thickness from 0 to 41.7 ft and is.

underlain by the Bushberg Formation, which ranges in thickness from a few inches'

to approximately 8 ft. The Snyder Creek Formation underlies the Bushberg
Sandstone throughout the site, averaging about 30 ft in thickness..

To establish the stratigraphy and engineering properties of the' soil and rock
beneath seismic Category I structures, 165 borings were drilled at the plant,

site and near vicinity to depths ranging from 18 ft to 402 ft below the original
ground surface. The field investigation of soils include soil sam)1ing using

;
i

the split-spoon sampler, the pitcher rotary sampler, the Shelby tu]e sampler,
and the Dames and More Type-U sampler. The blow count information was obtained

| using the split-spoon sampler. The rock was cored with NX wireline coie barrels
or NX double tube core barrels. Rock quality designation (RQD) and percentage

i

|
recovery were recorded.

Eighteen plate load tests and 32 Menard pressuremeter tests were also conductedI

on site. Eleven of the plate load tests were conducted on the Graydon chert
conglomerate, and the other sevea plate load tests were conducted on the surface
of a granular structural fill test pad. The pressuremeter tests were conducted
to determine the in situ modulus of elasticity and undrained shear strength of

,

! the Graydon chert ccnglomerate and overburden soils.

Geophysical studies performed at the site included a seismic refraction survey,
a surface wave survey, uphole compressional and' shear wave velocity surveys, a
crosshole shear wave survey, ambient vibration studies, and borehole logging
surveys.
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Soil and rock characteristics required for the analyses of the static and dynamic
stability of subsurface materials and foundations were established using labora-
tory tests which included static strength tests; compaction, consolidation,
swelling, and permeability tests; classification tests; X-ray diffraction
analyses; resonant column tests; and stress and strain-controlled dynamic
triaxial tests.

Laboratory and field tests showed that the in situ soils and Graydon chert
conglomerate have low permeat:;1ity. The average coef ficients of permeability
for the surficial soils and Graydon chert conglomerate are given in the FSAR
Table 2.5-15. For in situ soils, the coefficient of permeability ranges from
2 x 10 8 cms to 6 x 10 5 cms, and for Graydon chert conglomerate, it ranges
from 3 x 10 8 cms to 2 x 10 s cms.

In the analycis of foundation soil bearing capacity, the applicant used an
undrained shear strength value of 4500 lbs/f t2 for the Graydon chert conglom-
erate, based on large-scale plate load tests. Because the Menard pressuremeter!

tests indicated undrained shear strength for the Graydon chert conglomerate to
2 2be 14,000 ( 2000) lbs/ft , the staff considers, that a value of 4500 lbs/ft

used by the applicant is conservative. The static modulus of elasticity of in
situ Graydon chert conglomerate was detern aed by the applicant to be 16.0 x
105 lbs/ft2,

The applicant determined the dynamic properties of the limestone and sandstone
bedrock from field geophysical surveys. The compressional wave velocity values
recorded ranged from 8100 to 11,400 fps. The results of geophysical surveys
are shown on Figures 2.5-483 through 2.5-495 of the FSAR.

The applicant's laboratory tests on in situ soils included gradation tests,
triaxial tests, and cyclic triaxial tests. The gradation test results are
summarized on FSAR Figures 2.5-439 through 2.5-450. The triaxial test results
for the Graydon chert conglomerate are summarized in Table 2.5-15, which shows
an effective cohesion of 1250 lbs/ft2 and an effective angle of internal
friction of 10 degrees. Parameters for the analysis of the rockfill structure
interaction analysis are presented in FSAR Table 2.5-14. The strain-dependent
shear moduli and damping values are derived on the basis of geophysical tests,
resonant column tests, and dynamic triaxial tests. The staff finds these
laboratory tests results to be reasonable and acceptable.

Groundwater exploration conducted at the site to determine the variations in
groundwater levels and to assess the permeability of various geologic units
included installing of 49 piezometers, performing falling-head permeability
tests in selected piezometers, conducting a pumping test in a 400-ft-deep well,
and conducting 6 double packer borehole pressure tests. Observations of water
levels in piezometers at and around the site indicated that the ground-water
table ranges from 5 to 30 ft below the original ground surface.

.

2.5.4.3 Foundation Preparation and Evaluation

All Category I structures are supported either directly on Graydon chert con-
glomerate or on granular fill underlain by bedrock. Site preparation consisted
of stripping, excavating, and backfilling operations to attain a nominal plant
grade of 840 ft. After the topsoil and organic materials were stripped, all
the glacial and postglacial soils were removed beneath the Category I and other
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major structures within the power block area and below the UHS cooling towersi

and ESWS pumphouse. The niaximum depth of excavations for the facility was below
the base of the glacial till, extending approximately 15 ft into the Graydon
chert conglomerate. Even though the highest water table was about 10 to 15 ft
above the top of the chert conglomerate, no significant seepge was observed
into the excavations during construction, because the surface materials are
relatively impervious and the rate of seepage was lower than the rate of evapora-
tion. Ditches and sump pumps located in the excavations were adequate to control
water from rainfall and any minor seepage.

2.5.4.3.1 Fill and Backfill Materials.

Five types of fill and backfill materials were used at the plant site beneath
,

and adjacent to seismic Category T structures. These were designated by the
applicant as granular structural fill, granular structural backfill, cohesive
fill, stabilized backfill, and bedding material.

,

Category I Granular Structural Fill consisted of well graded crushed limestone
and dolomite and was placed below the foundations of some Category I structu es,
down to the level of the Graydon chert conglomerate. It was placed in horizontal
loose lif ts of 12 in. or less and compacted to a minimum of 95 percent of the
maximum dry density determined by the ASTM D 1557-70 method of compaction.

Category I Granular Structural Backfill consisted of well graded crushed lime-
| stone and dolomite with an allowance of up to 15 percent passing the No. 200

sieve size. This material was placed adjacent to the Category I foundation
mats and foundation walls in horizontal lifts of 12 in. or less and compacted

i to a minimum of 90 percent of the maximum dry density determined by the ASTM
D 1557-70 method of compaction.

;

I

Category I Cohesive Fill consisted of the modified loess obtained from onsite
excavations. Laboratory tests on remolded modified loess samples showed that
thismaterialhaslowpermeability. The highest coefficient of permeability
recorded was 3.8 x 10- cms. This material was used beside the ESWS pumpheuse
to reduce seepage from the UHS retention pond to Category I structural fill,

| and was used as backfill in the pipe trenches'. The cohesive fill was also used
as fill in areas where the design required limiting the seepage into the
Category I granular backfill from surface water. The cohesive fill was placed
in horizontal lifts 6 in. or less in thickness and compacted to a minimum of
90 percent of the maximum dry density determined by the ASTM 0 1557-70 method
of compaction. The moisture content during compaction was held to no more than
5 percent over the optimum moisture content.

Stabilized Backfill consisted of granular material stabilized with portland ,

cement to achieve a minimum 28-day. compressive strength of 1000 psi. It wac ;

used for protection of the Graydon chert conglomerate where foundations are
directly supported on Graydon chert conglomerate and also as a replacement for ,

other fill and backfill materials where compaction of those materials would ;

have been difficult.

Category I Bedding Material used at the site consisted of aggregate fines of
limestone and dolomite. The material was used under, around, and over ESWS
piping and ductbanks. The material was placed in lift thicknesses of 12 in, j
or less and compacted to a minimum of 90 percent of the maximum dry density
determined by ASTM D 1557-70.
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2.5.4.3.2 Stability of Foundations-

All Callaway plant seismic Category I structures are supported on reinforced
concrete mat foundations. The earthen Category I UHS retention pond is con-
structed within the natural soils.-

2.5.4.3.2.1 Foundations on Graydon Chert Conglomerate

In the area of main powerblock structures, all glacial and postglacial soils
were excavated to Graydon chert conglomerate beneath the Unit 1 reactor building.
and the auxiliary-control building foundations. Stabilized backfill was used
as protection for the chert conglomerate and to attain finished foundation grades.
The mat. foundations for these seismic Category I structures are supported one

the Graydon chert conglomerate unit.
,

The applicant evaluated rock-bearing capacity and computed factors of safety
under both static and dynamic conditions using conventional theories. The
design allowable bearing capacity provides for safety factors exceeding'4.

'

The staff agrees that these margins are adequate for the support of the plant
facilities.

The applicant computed settlements using a computer program called EP-10, which,

was developed by Dames and Moore. The program computes foundation stresses
using the Boussinesq theory of stress distribution which assumes that all loaded
areas are flexible. The estimated settlements for these structures range from
0.5 to 1.5 in. Differential settlement between structures is computed to be,

less than 0.75 in. The measured settlements to this date are close to or less
than the estimated settlements. The staff finds these differential and total
settlement values to be reasonable and acceptable.

The applicant has designed all subsurface walls to resist static and dynamici

lateral earth pressures exerted by compacted granular backfill. The computation
i was based on a procedure described by Seed and Whitman (1970) to calculate
| dynamic lateral loads in combination with static at-rest pressures. This pro-
; cedure is in accordance with the state of the art and is acceptable to the staff.

2.5.4.3.2.2 Foundations on Category I Structural Granular Fill

The overburden soils under the fuel building, diesel generator buildings, ESWS
pumphouse, and UHS mechanical draft cooling tower for Unit 1 were removed down,

i to the top of the Graydon chert conglomerate. The excavated soils were replaced
with Category I granular structural fill from the bedrock to the bottom of the'

foundations. The bearing capacities for the mat foundations of these structures-
were evaluated by the applicant using single and double layer elast|c theories
and by slip-circle and elastic-wedge analysesw..Because 4f the:.high-strength
of the fill and the high strength of the Graydon chert conglomerate, the results
of applicant's analyses show that bearing capacity factors of safety for these;

foundations range form 4.3 to 15.4, which the staff agrees are adequate.'

'

The settlement analyses for tim fill, conglomerate, and rocks underneath build-
ings on fill (performed by the applicant using Dames and Moore computer program
EP-10 show that the maximum expected settlement for these structures would range
from 0.5 to 1.5 in. Differential settlement is predicted to be less than 0.75 in.
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Observed settlements to this date agree with these predictiors. The staff
concludes that the estimated and observed differential and total settlements
are reasonable end acceptable.

I Lateral loads o n the stbsurface walls of these buildings were computed and used
i in design by the app 1 kant using the Seed and Whitman procedure. This state-of-
i the-art methoJ is acceptable to the staff.

2.5.4.3.2.3 The ESWS Pipelines and Electrical Duct Banks
4

! The Category I ESWS pipelines and Class IE electrical duct banks are supported
. by in situ soils except in the backfill area surrounding the power plant struc-
' tures. Category I bedding material,. consisting of limestone aggregate fines,

|
was used under, around, and over ESWS piping and duct banks.

.
The applicant has provided details of the boring locations, the boring logs,
the soil profiles along the pipeline and duct banks routes, and typical pipe'

! and duct banks bedding cross-sections in Section 2.5.4 of the Callaway FSAR
Site Addendum. Amajorportionofthepipelineandductbanksissupportedon
stiff glacial till. The applicant has determined that the in situ soils exhibit
adequate static and dynamic soil properties for the support of ESWS pipelines
and electrical duct banks. The staff agrees with the applicant's evaluation

| of these soil properties and finds these support conditions acceptable.

2.5.4.3.2.4 Ultimate Heat Sink (VHS) Retention Pond
; The UHS retention pond is a dug-in reservoir that was excavated into the in-

situ soil. It is about 334 ft by 684 ft in plan dimensions, with 3:1 side slopes.
Approximately 6 ft of cohesive fill was placed on the northeast portien of the
reservoir perimeter to bring the grade of the top of the. reservoir up to 840 ft.
The bottom of the reservoir is at elevation 818 ft, with normal water level at'

: 836 ft. The reservoir is contained above the Graydon chert conglomerate layer
. and the side slopes and bottom of the reservoir are within the overburden soils.
j The low permeabilities of the glacial and postglacial m;terials around the

perimeter of the pond preclude excessive seepage loss f+om the reservoir.
:

The stability of VHS pond slopes is discussed in Section 2.5.5.-

; 2.5.4.4 Liquefaction Potential

The Category I structural fill under Category I structures was compacted to a
j minimum of 98 percent relative density, which was found by the applicant, for
; this material, to be equivalent to 95 percent of the maximum dry density deter-

mined by ASTM D 1557-70 method of compaction. The applicant has evaluated the
liquefaction potential of these soils using conventional analysis methods.i

.The results indicate, and the staff concludes, that there is a negligible;

. 30tential for licuefaction of these comaacted fill materials based on a maximum
| lorizontal grounc acceleration of 0.2 9 uring the safe shutdown earthquaked

postulated for the site. No liquefaction analyses were necessary for the in6

situ soils 'at the plant site.

| <

!

!
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2.5.4.5 Conclusion

Based on the applicant's design criteria and construction reports and on the
results of the applicant's investigations, laboratory and field tests, and
analyses, the staff has concluded that the site and plant foundations will be
adequate to safely support the Callaway. plant and to permit the safe operation

i of the ultimate heat sink. The staff concludes that the site and plant founda-
tions meet the requirement of Appendix A to 10 CFR Part 100 and are therefore
acceptable.

2.5.5 Stability of Slopes
,

2.5.5.1 Stability Evaluation
,

The excavated slopes of the UHS retention pond are the only permanent seismic
Category I slopes on the site. The finished grade level at the perimeter of,

the pond is 840 ft. The bottom of the pond is at elevation 818 ft. The. cut
slopes in the r ural soils are graded to a slope of 3 horizontal and 1 vertical.,

There is an 8-n horizontal bench at elevation 828 f t. The slopes were evaluated
for both static and dynamic conditions. The in situ soil strength parameters
assumed in the analyses were based on the laboratory test results on these soils
and are shown in Table 2.5-15 of the FSAR. The fill properties used in the

.

analyses were based on remolded strength of the modified loess and are given '

in Table 2.5-17 of the FSAR. The effective strength parameters are

i Modified loess: cohesion = 200 psf; angle of internal friction = 31

Accretion gley: cohesion = 500 psf; angle-of internal friction = 20

Glacial till: cohesion = 600 psf; angle of internal friction = 22

Graydon chert conglomerate: 1250 psf; angle of internal friction = 10 r

The slope stability of the UHS pond slopes for static loading was investigated
using the simplified Bishop. method of analysis as performed by the Integrated
Civil Engineering System (ICES) SLOPE computer program. The design static
conditions that were analyzed for the slopes were end of construction, maximum
pond, and partial pond. the results of the analyses are given in Table 2.5-54
of the'FSAR. These results indicate that the UHS pond slopes have a minimum
factor of safety of 2.1 against shear failure under the design static conditions.

: Based on these results, the staff has concluded that for static design loads
! the UHS slopes are stable and present no safety hazard to the plant, UHS, or
' safety-related appurtenances.

A seismic stability evaluation of the pond slopes for maximum pond and partial
pond level condtions was also conducted. For this condition, a maximum horizontal
force corresponding to a 0.25 g design safe shutdown earthquake was considered
by the applicant. The analysis was performed using the ICES SLOPE computer
program and resulted in a minimum factor of safety for the UHS pond under SSE

! conditions of 2.0.
i

k
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2.5.5.2 Conclusion

The staff finds that the UHS pond slopes have been properly analyzed by the
applicant and, based on the analyses presented by the applicant, the staff
concludes that the UHS pond slopes have an adequate margin of safety for all
conditions noted in Regulatory Guide 1.27, meet the requirements of Appendix A
to 10 CFR Part 100, and are, therefore, acceptable.

2.5.6 Embankments and Dams

There is no unbankment or dam associated with the Callaway plant.
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I 3 DESIGN CRITERIA FOR STRUCTURES, SYSTEMS, AND COMPONENTS

3.1 General
i

j 3.1.1 Conformance With General Design Criteria

2 In a letter dated February 24, 1981, the applicant stated that Callaway Unit 1
complies with all applicable NRC requirements and reoulations. The staff
. reviewed the final design and the design criteria and concludes, subject to;

the applicant's adoption of the additional requirements imposed by the staff-

and the exemptions granted as discussed in this SER, that-the-facility has been
designed to meet the requirements of the General Design Criteria.

3.1.2 Conformance with Industry Codes and Standards

The staff review of structurec, systems, and components relies extensively on
the application of industry codes and standards that have been used as accepted
industry practice. These codes and standards, as cited in this report and
attached bibliography (Appendix B), have been previously reviewed by the staff,
found acceptable, and incorporated into the Standard Review Plan (SRP,
NUREG-75/087).

3.2 Classification of Structures, Systems, and Components

3.2.1 Seismic Classificationi

GDC 2, in part, requires that nuclear power plant structures systems, and com-
ponents important to safety be designed to withstand the effects of earthquakes,

' without loss of capability to perform their ' safety function. These plant
features are those necessary to ensure (1) the integrity of the reactor coolant
pressure boundary, (2) the capability to shut down the reactor and maintain it
in a safe shutdown condition, or (3) the capability to prevent or mitigate the!

! consequences of accidents which could result in potential offsite exposures
! comparable to 10 CFR Part 100 guideline exposures. The earthquake for which

these plant features are designed is defined in 10 CFR Part 100, Appendix A as
the safe-shutdown earthquake (SSE). The SSE is based on an evaluation of the
maximum earthquake potential and is that earthquake which produces the maximum,

vibratory ground motion for which structures, systems, and components important
' to safety are designed to remain functional. Those plant features that are

designed to remain functional if an SSE occurs are designated seismic Category -I
in Regulatory Guide 1.29, " Seismic Design Classificat on." Regulatory Guide 1.29#

is the principal document used in the staf f review for identifying those plant
features important to safety which, as a minimum, should be des'gned to seismic;

Category I requirements. The staff review of the seismic classification of
structures, systems, and components of Callaway Unit 1 was performed in
accordance with the guidance in SRP Section 3.2.1, " Seismic Classification."

The Callaway Unit I structures, systems, and components important to safety
that are' required to be designed to withstand the effects of an SSE and remain
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functional have been identified in an acceptable manner in Table 3.2-1 of the
SNUPPS FSAR. Table 3.2-1, in part, identifies major components in fluid systems,
mechanical systems, and associated structures designated as seismic Category I.
In addition, FSAR piping and instrumentation diagrams identify the interconnecting
piping and valves and the boundary limits of each system classified as seismic
Cctegory I. The staff has reviewed Table 3.2-1 and the fluid system piping
dnd instrumehtation diagr3ms and concludes that the Callaway Unit 1 structures,
systems, and components important to safety have been properly classified as
seismic Category I items in conformance with Regulatory Guide 1.29, Revision 3.

In its review of FSAR Section 3.9, the staff confirmed that acceptable inter-
faces exist between seismic Category I and nonseismic portions (.f piping systems.
All other structures, systems, and components that may be required for operation
of the facility are not required to be cesigned to seismic Category I requirements
(including those partions of Category I systems such as vent lines, fill lines,
drain lines, and test lines on the downstream side of isolation valves and
portions of these systems which are not required to perform a safety function).

The staff concludes that the Callaway Unit 1 structures, systems, and components
important to safety, as defined in SRP Section 3.2.1 and presented in FSAR
Table 3.2-1 are designed to withstand the effects of an SSE and remain functional
are properly classified as seismic Category I items in accordance with Regulatory
Guide 1.29. This constitutes an acceptable basis for satisfying, in part, the
requirements of GDC 2, and is, therefore, acceptable.

3.2.2 System Quality Grcup Classification

GDC 1, " Quality Standards and Records," requires that nuclear power plant systems
and components important to safety be designed, fabricated, erected, and tested
to quality standards commensurate with the importance of the safety function
to be performed. These fluid system pressure-retaining components are part of
the reactor coolant pressure boundary (RCPB) and other fluid systems important
to safety, where reliance is placed on these systems to: (1) prevent or mitigate
the consequences of acc.idents and malfunctions originating within the RCP8,
(2) permit shutdown of the reactor and maintain it in a safe-shutdown condition,
and (3) retain radioactive material.

Regulatory Guide 1.26, " Quality Group Classification and Standards for Water ,
Steam , and Radioactive-Waste-Containing Components of Nuclear Power Plants,"
is the principal document used in the staff review for identifying, on a func-
tional basis, the components of those systems important to safety that are

| Quality Groups % C, and D. Section 50.55a of 10 CFR Part 50 identities those
| American Society of Mechanical Engineers (ASME) Boiler und Pressure Vessel Code
| (Code) Section III, or Class 1, components that are part of the RCPB. Confor-
i mance - these RCPB components with 10 CFR 50.55a is discu, sed in Section 5.2.1.1

of this report. These RCPB componeats are designated in Regulatory Guide 1.26
, as Quality Group A. Certain other RCPB components which meet the exclusion

requirements of footnote 2 of the rule are classified Quality Group B in accord-
| ance with Regulatory Guide 1.26. The staff review of the quality group classi-
I fication of pressure-retaining components of fluid systems important to safety
i for Callaway Unit I was performed in accordance with the guidance in SRP Section

3.2.2, " System Quality Group Classification."
r

|

!
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The Callaway systems and components important to safety have been identified
in an acceptable manner in Table 3.2-1 of the SNUPPS FSAR. Table 3.2-1, in
part, identifies the major ccnponents in fluid systems (such as pressure vessels,
heat exchangers, storage tanks, pumps, piping, and valves) and mechanical systems
(such as cranes, refueling platforms, and other miscellaneous handling equipment).
In addition, the FSAR piping and instrumentation diagrams identify the quality
group classification bouncaries of the interconnecting piping and valves. The
staff has reviewed Table 3.2-1 and the fluid system piping and instrumentation
diagrams and concludes that pressure-retaining components have been properly
clessified as Quality Group A, B, C, or D components in conformance with Regu-
latory Guide 1.26, Revision 3. The codes and standards.used in the construction
of Quality Group A, B, C, or D components are identified in SNUPPS FSAR Table 3.2-2.
The staff finds this summary list of codes and standards used in the construction
of components acceptable.

The applicant has also utilized the American Nuclear Society (ANS) Safety
Classes 1, 2, 3, and Non-Nuclear Safety (NNS) as defined in.ANS-18.2, " Nuclear
Safety Criteria for the Design of Stationary Pressurized Water Reactor Plants,"
in the classification of system components considered by the applicant to be
beyond the scope of Regulatory Guide 1.26. Safety Classes 1, 2, 3, and NNS
correspond to the Commission's Quality Groups A, B, C, and D in Regulatory
Guide 1.26 and have been used by the applicant to supplement the Commission's
Quality Group C?assificat;on System. A summary of the relationship of the NRC
Quality Group and ANS Safety Clacses is as follows:

NRC Quality Group ANS Safety Class

A 1
B 2
C 3
D NNS

The staff has reviewed the use of ANS Safety Classes in FSAR Table 3.2-1 and
finds the classification of components to be acceptable. Quality Group A
(Saf ty Class 1) components of the RCPB have been constructed * in acc.ordance
with ASME Code, Section III, Division 1, Class 1. Components in fluid systems
important to safety that are classified Quality Group B (Safety Class 2) have
been constructed in accordance with the ASME Code, Section III, Division 1,
Class 2. Compor.ents in fluid systems important to safety that are classified
Quality Group C (Safety Class 3) have been constructed in accordance with the
ASME Code, Section III, Division 1, Class 3. Components in fluid systems that
are classified Quality Group D (Safety Class NNS) have taen constructed to the
following codes, as appropriate: ASME Code, Section VIII, Division 1 or 2;i

ANSI B31.1.0, " Power Piping"; and storage tank codes such as American Petrolum
Institute (API) 620 and 650.

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

t
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The staff concludes that construction of the components in fluid systems
important to safety in conformance with the ASME Code, the Commission's regu- ,

lations, and the guidance provided in Regulatory Guide 1.26 and ANS-18.2
provides assurance that component quality is commensurate with the importance
of the safety function of these systems and constitutes an acccptable basis
for satisfying the requirements of GDC 1. It is, therefore, acceptable. <

3.3 Wind and Tornado Loadings

3.3.1 Wind Design Criteria

All Category I structures exposed to wind forces were designed to withstand
the effects of the design wind. The design wind velocity is 100 mph for stan-
dard plant structures and 85 mph for Callaway site-related structures at 30 ft
above ground, based on a recurrence interval of 100 years. The standard plant
structures are the duplicate portion of each SNUPPS unit and are identified in
Section 1.2.2.1 of the SNUPPS FSAR.

The procedures that were used to transform the wind velocity into pressure
loadings on structures and the associated vertical distribution of wind pres-
sures and gust factors are in accordance with ANSI-A58.1. These procedures
are acceptable to the staff.

The procedures that were utilized to determine the loadings on seismic Category I
structures induced by the design wind specified for the plant are acceptable
because these procedures provide a conservative basis for engineering design
to ensure that the structure will withstand such environmental forces.

The use of these procedures provide reasonable assurance that, in the event of
deign basis winds, the structural integrity of the plant seismic Category I
structures will not be impaired and, in consequence, seismic Category I sys-
tems and components located within these structures are adequately protected
and will perform their intended safety functions, if needed. Conformance with
these procedures is an acceptable basis for satisfying, in part, the require-
ments of GDC 2.

,
3.3.2 Tornado Design Criteria

4

All Category I structures exposed to tornado forces and needed for the safe
shutdown of the plant were designed to resist a tornado with a maximum wind
speed of 360 mph (which consists of a maximum rotational speed of 290 mph at a
radius of 150 ft, combined with a maximum translational speed of 70 mph). An

atmospheric pressure drop of 3.0 psi, at a linear rate of 2.0 psi per second,
was used. Tornado missiles were also considered in the design, as discussed
in Section 3.5 of this report.

'The procedures that were used to transform the tornado wind velocity into
pressure loadings are similar to those used for the design wind loadings, as
discussed in Section 3.3.1 of this report. The tornado-missile effects were
determined using procedures discussed in Section 3.5 of this report. The total
effect of the design tornado on Category I structures was determined by appro-
priate combinations of the individual effects of the tornado wind pressure,
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; pressure drop, and tornado-associated missiles. Structures are arranged or,
j the plant site and protected'in such a manner tnat collapse of structures not.

designed for the tornado will not affect other safety-related structures.
,.

The procedures utilized to determine the loadings on structures induced by the
design-basis tornado specified for the plant are acceptable because the pro-

'

! cedures provide a conservative basis for enoineering design to ensure that the
structures withstand such environmental forces.

' The use of these procedures provides reasonable assurance that in the event of
a design-basis tornado, the structural integrity of. the plant structures that

| have to be designed for tornadoes will.not be impaired and, in consequence,
safety-related systems and components located within these structures will be
adequately protected and may be expected to perform necessary safety functions

4 as required. Conformance with these procedures is an acceptable basis for
satisfying, in part, the requirements of GDC 2.i

3.4 Water-Level (Flood) Design

3.4.1 Water-Level (Flood) Design

The review of the overall plant flood protection design included all systems
and components whose failere due to flooding could prevent safe shutdown of
the plant or result in uncontrolled release of significant radioactivity in'

order to assure conformance with the requirements of GDC 2.

The applicant has provided a " dry site" as defined in Regulatory Guide 1.102,
by establishing plant grade (elevation 840.0 ft MSL) well above the probable
maximum flood (PMF) level (elevetion 599.0 ft MSL). Safety related systems
and components that must be protected against flooding have been identified
and are located in seismic Category I structures. All penetrations in these
structures below grade level are watertight. These structures are also provided
with water stops in all construction joints below grade level and are provided
with waterproof coatings. Within these structures, protection against flooding ,

from failures in fluid piping systems as identified in the guidelines of BTP '

ASB 3-1, " Protection Against Postulated Piping Failures in Fluid Systems Outside
Containment," is provided by placing that critical equipment in watertight,

cubicles. This feature is discussed in more detail under Sections 3.6.1 and
9.3.3 of this SER.

The ultimate heat sink (UHS) retention pond which contains makeup water for
the UHS cooling towers is an excavation in existing and 1ill soils and was
designed as a seismic Category I structure. Normal water level is 4 ft below
grade and in the event of the probable maximum precipitation (PMP) the pond4

could fill to 3- ft below grade level before it overflowed through the overflow
outlet structure. The side slopes of the pond are protected by riprap designed
to protect against the postulated wind-wave activity.

Based on the staff review of the design criteria and bases, and safety classfi-.

cation of safety-related systems, structures, and components necessary for a
safe plant shutdown during and following flood conditions, the staff concludesi

that the design of the facility for flood protection conforms to the requirements
of GDC 2 and to the guidelines of Regulatory Guide 1.102 and those portions of
BTP ASB 3-1 concerning internal plant flooding as a result of postulated failures
and is, therefore, acceptable.
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3.4.2 Water-Level-(Flood) Design Procedures
1

The design flood level resulting from the most unfavorable condition or combi-
nation of conditions that produce the maximum water level at the site is
discussed in Section 2.4 of this report. The hydrostatic effect of the flood
was. considered in the design of all Category I structures exposed to the water
head.

The procedures (CERC Shore Protection Manual, 1973) used to determine the
loadings on seismic Category I structures induced by the design flood or highest
groundwater level specified for the plant are acceptable because these procedures
provide a conservative basis for engineering design to ensure that the structures
will withstand such environmental forces.

,

|
The use of these procedures provides reasonable assurance that, in the event.,

of floods or high groundwater, the structural integrity of the plant seismic
Category I structures will not be impaired and,'in consequence, seismic,

! Category I systems and components located within these structures will be ade-
! quately, protected and may be expected to perform necessary safety functions,

as required Conformance with these design procedures is an acceptable basis
for satisfying, in part, the requirements of GDC 2.

3.5 Missile Protection

3.5.1 Internally Generated Missiles
j

3.5.1.1 Internally Generated Missiles (Outside Containment)

Protection against postulated internally generated missiles outside contain-
,

ment associated with plant operation, such as missiles generated by rotating
i or pressurized equipment as identified in the requirements of GDC 4 is provided-

by any one or a combination of compartmentalization, barriers, separation, and
equipment design. The primary means utilized by the applicant to provide pro-
tection to safety-related equipment from damage resulting from internally

; generated missiles is through the use of plant physical arrangement. Safety-
. related systems are physically separated from nonsafety-related systems, and
| redundant components of safety-related systems are physically separated so
4 that a potential missile could not damage both trains of the safety-related

system. Stored fuel is protected from damage by internal missiles which could.

i result in radioactive release as identified in the guidelines of Regulatory
j Guide 1.13 by the fuel pool walls and by locating new and spent fuel in an area

with no high energy piping system or rotating machinery in the vicinity.!

:

; The applicant has performed an evaluation of all safety-related areas on a room
by room basis to ensure that the integrated design of the plant has addressed5

all postulated hazards. As an example, the FSAR includes the detailed evalu-
i ation of the equipment at the basement elevation of the auxiliary building and
! shows that it is adequately protected from missiles by virtue of there being
i no credible missile source, or adequate separation is provided by placing
; redundant safety-related equipment in separate rooms. The applicant's basis
~ for selection of internally generated missiles as a result of failure in
'

rotating and pressurized components is acceptable. For conservatism, all
; rotating equi,, ment operated during normal plant conditions is assumed to be a
| potential missile source.
|

I
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The staff has reviewed the applicant's analysis and finds that the evaluation
of internal missile protection is conservative and that the applicant has shown
to its satisfaction that the missiles postulated as credible will not adversely
affect safety-related systems or components. The staff further has reviewed
the adequacy of the applicant's design to maintain the capability for a safe,

shutdown following the generation of an internal missile outside containment.
The staff has concluded that the design is in conformance with GDC 4 as it
relates to structures housing essential systems and to the capability of the
systems to withstand the effects of internally generated missiles and Regulatory
Guide 1.13 as it relates to protection of spent fuel from internal missiles.
It is, therefore, acceptable.

3.5.1.2 Internally Generated Missiles (Inside Containment)

Protection against postulated internally generated missiles inside containment
associated with plant operation such as missiles generated by rotating or pres-
surized equipment as identified in the requirements of GDC 4 i3 providea by
any one or a combination of barriers, separation, and equipment design. There
are two general sources from which the applicant has postulated missiles. These
are rotating component failures and pressurized component failures. Missiles
generated by postulated failures of rotating components were selected by the
applicant based on the following assumptions: (1) all rotating components
normally operating are capable of becoming missiles, (2) the energy imparted
M a rotating part on failure is assumed to occur at 120 percent overspeed,
and (3) the energy of the missile is sufficient to perforate the protective
housing. Potential missiles generated by postulated failures of pressurized
components include all high energy components, temperature detectors, dead end
flanges, both pressure sealed and bolted valve bonnets, valve steams, and nut
and bolt combinations. Protection against these postulated missiles is provided
by compartmentalization, barriers, separation and equipment design with the
principal method of protection to safety-related equipment being the physical
arrangement. Safety-related systems are physically separated from nonsafety-
related systems and the redundant components of safety related systems are
physically separated.

The applicant provided an example of the evaluation performed on all safety-
related areas to demonstrate that the integrated design of the plant has
addressed all postulated hazards. The example shows that the equipment is
adequately protected from missiles by virtue of: (1) there being no credible
missile source, (2) missiles from rotating sources having insufficient energy
to escape their housing, or (3) the room walls affording protection. The design
bases for the selection of both rotating and pressurized component failures
are acceptable. The evaluation performed for the example is typical and is
performed at this level of detail for all safety-related areas of the plant.
The staff has reviewed the applicant's analysis and finds that the evaluation
of internal missile protection is conservative and that the applicant has shown
to its satisfaction that the missiles postulated as credible will not adversely
affect safety related systems or components. (Refer to Section 5.4.1 of this
SER for an evaluation of the applicant's analysis of the potential for the
reactor coolant pump flywheel to become a missile and of the applicant's confor-
mance to Regulatory Guide 1.14.)

The missiles identified by the applicant and the proposed protection of the
containment and engineered safety features from these internally generated
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j missiles have been reviewed. The staff concludes that the applicant has identi-
fied all the systems and components whose failure could prevent safe shutdown

;

j of the facility or result in a significant uncontrolled release of radioactivity. ,

i The acceptability of the analytical procedures and criteria used for the struc-
i tures and barriers that protect the containment structure and liner, essential

systems, and safety-related components from these missiles is addressed in'

Section 3.5.3 of this SER.
,

.

| Based on the above, the staff concludes that through the use of barriers,
separation, and equipment design, the design is in conformance with the require-
ments of GDC 4 with respect to protection against internally generated missiles2

inside containment, and is, therefore, acceptable.

3.5.1.3 Turbine Missiles.

i According to GDC 4, nuclear power plant structures, systems, and components
i important to safety shall be appropriately protected against dynamic effects,
i including the effects of turbine missiles. Systems important to safety are
j defined as those structures, systems, and components necessary to ensure:

(1) the integrity of the reactor coolant pressure boundary,
i

(2) The capability to shut down the reactor and maintain it in a cold shut-
' down condition, or

; (3) the capability to prevent accidents that could result in potential offsite
; exposures that are a significant fraction of the guideline exposures of

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

1
'

The turbine gtnerator placement and orientation at Callaway Unit 1 is favor-
; able relative to essential plant buildings; that is, there are no structures,
! systems, or components important to safety inside the low-trajectory missile
: (LTM) strike zone ( ee Regulatory Guide 1.115). Protecting systems important

to safety from LTMs by excluding them from the region in which LTM ejection is
! most likely is preferable to other methods of protection. On this basis, there-

! fore, the staff concludes that systems important to safety at Callaway-Unit 1
{ are adequately protected from low-trajectory turbine missiles.
3

)' With regard to high-trajectory missiles (HTMs), the applicant has performed an
; analysis and calculated that for an estimated target area of 72,247 ftz, the

HTM strike probability is-2 x 10 4 per turbine failure. The target area was*

; conservatively taken to be the total horizontal surface area of the powerblock,
i the UHS cooling tower, the ESWS pipes and duct banks, and the ESWS pumphouse.
i The applicant conservatively assumed a roof thickness over all targets of 18 in.
1 of reinforced concrete. The applicant also postulated a uniform missile velocity
| spectrum, for each turbine missile, over the range from the roof perforation

to the maximum escape velocity of the missile from the turbinevelocity (V
mhn)Thestaffhasreviewedtheapplicant'sanalysisandconcludes

,

i casing (V .

j thatthekobabilityofCallawaysystemsimportanttosafetybeingstruckby ,

; HTMs is sufficiently low that the risk rate for unacceptable damage due to HTMs |
; is less than 10 7 per year, which the staff considers an acceptable risk rate
1 for the loss of an essential system from a single event. j

j l

!
1
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In summary, the staff concludes that th.e total turbine-missile risk from high-
and low-trajectory missiles for the Callaway Unit 1 design is acceptably low
so that the plant structures, systems, and components important to safety are
adequately protected against potential turbine missile damage. Should other
units be built at the Callaway site, a separate analysis must be performed as
part of the license review for the additional units to assess the turbine-
missile hazards, both for the other units and for Unit 1 as a result of the
presence of the other units.

3.5.1.4 Tornado Missiles

GDC 2 requires that structures, systems, and components essential to safety be
designed to withstand the effects of natural phenomena, and GDC 4 requires that
these same plant features be protected against missiles. The missiles generated
by natural phenomena of concern are those resulting ftom tornadoes. The appli-
cant has identified a spectrum of missiles for a tornado Region 1 site as
identified in Regulatory Guide 1.76. The staff has reviewed this spectrum and
concludes that it is representative of missiles at the site and is, therefore,
acceptable. Discussion of the protection (barriers and structures) afforded
safety-related equipment from the identified tornado missiles is provided in
Section 3.5.2 of this SER. Discussion of the adequacy of barriers and structures
designed to withstand the effects of the identified tornado missiles is provided
in Section 3.5.3 of this SER. Based on its review of the tornado-missi el
spectrum, the staff :.oncludes that it was properly selected and meets the require-
ments of GDC 2 and 4 with respect to protection against natural phenomena and
missiles and the guidelines of Regulatory Guide 1.76 with respect to identifica-
tion of missiles generated by natural phenomena and is, therefore, acceptable.

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

Safety related structures, systems, and components were reviewed with respect
to their capability to perform functions required for attaining and maintaining
a safe shutdown condition during normal or accident conditions, mitigating tne
consequences of an accident, or preventing the occurrence of an accident assuming
impact from externally generated missiles.

The applicant has satisfactorily listed all structures, systems, and components
to be protected from externally generated missiles. This identification is in
accordance with GDC 4. All safety-related systems and components to be pro-
tected from tornado missiles are enclosed within protective structures or located
sufficiently below grade with the exception of the refueling water storage tank
(RWST). This tank is a seismic Category I component and is required only during
the short term following a LOCA, an MSLB, or any other accident requiring ECCS
and does not require tornado protection. In the event of a loss of the RWST,
the boric acid transfer system which is protected against tornado missiles serves
as a backup method of boration. The applicant's selection of structures, systems,
and components to be protected against tornadoes meets the recommendations of
Regulatory Guide 1.117, and is, therefore, acceptable.

Openings in safety-related structures are designed to prevent the entry of
tornado missiles when the result would preclude the safety functions of the
enclosed systems or components. Prevention of missile entry includes the use
of missile doors and barriers at openings and adjacent buildings as shields in
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| penetration areas. Temporary openings in tornado resistant structures used
during the construction of the plant will be permanently closed using procedures
which follow acceptable codes and standards. .The roll-up freight door in the
fuel building is not tornado-missile resistant but is acceptable because no
safety-related equipment could be reached by credible missiles entering through
the door. .The internal structural partitioning of the fuel building is designed
to prevent tornado missiles from reaching the spent fuel pool or other safety-

,

i

related equipment. The staff concludes that the design meets the recommendations
of Regulatory Guide 1.13, and is acceptable. (Refer to Section 9.2.5 of this
SER for the evaluation of the tornado-missile protection for the ultimate heat
sink.)

The staff questioned the applicant's design with respect to its not providing
specific tornado-missile protection for the diesel generator exhaust stacks.*

In Revision 5 to the FSAR, the applicant provided an analysis of his design to
,

i show that the' diesel exhaust stacks would not be rendered inoperable in the
i event of a tornado-missile strise. The analysis showed that the buildings
| surrounding the stacks provide a large degree of protection, and the design of
; the stacks also provide a large degree of protection. To render the diesels

inoperable, both stacks would have to be crimped closed without shearing off,
because shearing the stacks at the heights which may be exposed would still
permit diesel operation. The staff reviewed the applicant s analysis and
concurs with the applicant's conclusion that the inherent protection provided
by the surrounding buildings and the conservative design of the stack size is

,

adequate to protect diesel operation in the event of a tornado-missile strike
on the stack.'

1 Based on the above, the staff concludes that the applicant's list of safety-'

related structures, systems, and components to be protected from externally
generated missiles and the provisions in the plant design providing this
protection are in accordance with the requirements of GDC 4 with respect to,

missile effects and the guidelines of Regulatory Guides 1.13, and 1.117 con-
cerning protection of safety-related plant features from tornado missiles and'

| are, therefore, acceptable.

i 3.5.3 Ba"rier Design Procedures

The plant Category I structures, systems, and components are shielded from, or4

designed for, various postulated missiles except a turbine-failure missile.
Missiles considered in the design of structures include tornado generated
missiles and various containment internal missiles, such as those associated

i with a loss-of-coolant accident. The Category I structures were r.ot designed
to act as barriers for potential turbine missiles because the applicant chose

! the probabilistic assessment approach to demonstrate that there is no need of
protective measures for turbine missiles. The SNVPPS FSAR, Section 3.5.1.3.4#

Section 3.5.2, stated that the probability of
and Callaway Site Addendum FSAR,tical component is sufficiently low (less thana turbine missile damaging a cri
10-?) so that no specific protective measures are reguired. The acceptability
of this probabilistic assessment is addressed in Section 3.5.1.3 of this report.

'

Information has been provided indicating that the procedures that were used in l

the design of the structures, shields and barriers to resist the effect of I

are adequate. The analysis of struc-
missiles, other than turbine missiles,ine the effects of missile impact wastures, shields, and barriers to determ
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accomplished in two steps. In the first step, the potential damage that could
be done by the missile in the immediate vicinity of impact was investigated.
This was accomplished by estimating the depth of penetration of the missile
into the impacted structure. Furthermore, secondary missiles are prevented by
fixing the target thickness well above that determined for penetration. In
the second step of the analysis, the overall structural response of the target
when impacted by a missile was determined using established methods of impac-
tive analysis. The equivalent loads of missile impact, whether the missile is
environmentally generated or accidentally generated within the plant, were
combined with other applicable loads (discussed in Section 3.8 of this report).

The procedures that were utilized to determine the effects and loadings on
seismic Category I structures, missile shields, and barriers induced by design-
basis missiles selected for the plant are acceptable. These procedures provide
a conservative basis for engineering design to ensure that the structures or
barriers are adequately resistant to and will withstand the effect of such
forces.

The use of these procedures provides reasonable assurance that, if design-basis
missiles (with the exception of turbine missiles) strike seismic Category I
structures or other missile shields and barriers, the structural integrity of
the structures, shields, and barriers will not be impaired or degraded to an
extent that will result in a loss of required protection. Seismic Category I
systems and components protected by these structures are, therefore, adequately
protected against the effects of missiles and will perform their intended safety
function, if needed. Conformance with these procedures is an acceptable basis
for satisfying, in part, the requirements of GDC 2 and 4.

,

3.6 Protection Against Effects Associated with the Postulated Rupture of Piping

3.6.1 Determination of Break Locations and Dynamic Effects

The review performed under SRP Section 3.6.2 pertains to the applicant's program
for protecting safety-related components and structures against the effects of
postulated pipe breaks both inside and outside containment. The effect that
breaks or cracks in high- and moderate energy fluid systems would have on
adjacent safety-related components or structures has been analyzed with respect
to pipe whip, jet impingement, and environmental effects. Several means are
used to ensure the protection of safety-related systems and components. These
include physical separation, enclosure within suitably designed structures,
pipe whip restraints, and equipment shields.

SRP Section 3.6.2 also sets forth certain criteria for the analysis and
subsequent augmented inservice inspection requirements for high energy piping
within the containment penetration break exclusion region. Breaks need not be
postulated in those portions of piping within the containment penetration region
that meet the requirements of the ASME Code, Section~III, Subarticle NE-1120 and
the additional design requirements outlined in BTP MEB 3-1. Additional augmented,

i inservice inspection is required for those portions of piping within the break
| exclusion region.

The applicant has committed to the additional inservice inspection that the
staft requires for these portions of piping. Inservice examinations completed
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j during each inspection interval will provide 100 percent volumetric examination
; cf circumferential and longitudinal pipe welds within the no-break zone, with

the exception of the welds in socket welded piping joints which will receive
,

1 100 percent surface examination during each inspection interval.
I

Several sheets of Tables 3.6-3 and 3.6-4 of the FSAR are incomplete. Table
;
' 3.6-3 provides a summary of the piping stresses used to postulate high-energy

break types and locations. The applicant has not yet provided the stress summary
for ASME Class 1 high-energy piping. Thus, Class 1 break locations are considered
preliminary at this time. Table 3.6-4 presents a summary of high energy pipe
breaks on a room-by-room basis. The applicant has not provided all of the results
of jet impingement effects for high-energy balance-of plant pipe breaks inside
containment. The staff cannot complete its evaluation until the above informa-
tion is submitted for review. The staff will report the results of our evaluation

j in a supplement to this report.

; The applicant has assumed limited break-areas for circumferential pipe breaks
in the reactor coolant piping. For all postulated circumferential breaks, full'

double-ended breaks are assumed in the reactor coolant system (RCS) structural
.

analysis (such as, pipe whip restraint loads) except for the reactor vessel
| inlet and outlet nozzle breaks. At these locations, break areas are limited

to approximately 1 ft by reactor coolant piping restraints located in the shield22

i wall annulus.

For evaluating RCS jet impingement effects and containment mass and energy release,
limited area breaks are assumed at all circumferential break locations in the
RCS. The limited break areas were determined by generic NSSS analyses which
developed conservative upper bound values of maximum limited break areas at
each postulated circumferential break location. The RCS restraints and primary

;

j component supports are designed by the NSSS vendor for the Callaway plant to
j physically limit the break areas to be within the upper bounds of the generic

NSSS analyses.i-

For longitudinal breaks in the RCS piping, full break areas are assumed. The
staff finds the methods used by the applicant in determining break areas in

i RCS piping to be acceptable.

) The environmental effects on equipment inside the containment from flooding
and steam environment after a pipe break are reviewed in Section 3.11 of this:

* report.

Based on its review of FSAR Section 3.6.2 and subject to the satisfactory
resolution of the identified outstanding issue, the staff's findings are as
follows:

The applicant has proposed procedures for determining the location, type, and
effects of postulated pipe breaks in high-energy piping systems and postulated

{ pipe cracks in moderate energy piping systems. The applicant has evaluated
the consequences resulting from these postulated pipe failures to design thei

. systems, components, and structures necessary to safely shut down the plant.

and to mitigate the effects of these postulated piping failures. The appli- i

cant has stated that pipe whip restraints, jet impingement barriers, and other
'

such devices will be used to mitigate the effects of these postulated piping'
i

failures. ;
,

i l

!
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The staff has reviewed these procedures and have concluded that they provide
for a spectrum of postulated pipe breaks and pipe cracks which includes the
most likely locations for piping failures, and that the types of breaks and
their effects are conservatively assumed. The staff finds that the methods
used to design the pipe whip restraints provide adequate assurance that they
will function properly in the event of a postulated piping failure. The staff
further concludes that the use of the applicant's proposed pipe failure methodo-
logies in designing the systems, components, and structures necessary to safely
shut down the plant and to mitigate the consequences of these postulated piping
failures provides reasonable assurance of their ability to perform their eafety
function following a failure in high or moderate energy piping systems. The
applicant's methodologies comply with SRP Section 3.6.2 and satisfy the appli-
cable portions of GDC 4.

3.6.2 Postulated Pipe Breaks Outside Containment

GDC 4 requires that systems and components important to safety be appropriately
protected against dynamic effects, including the effects of missiles, pipe,

whipping, and discharging fluids, that may result from equipment failures. To
meet this requirement with regard to protection against pipe breaks outside
containment, the applicant has designed the plant in accordance with the criteria
of BTP ASB 3-1. These criteria concern failures in high and moderate energy
fluid systems. The applicant has identified all high and moderate energy piping
systems in accordance with these guidelines and has also identified those systems
requiring protection from postulated piping failures.

The plant design accommodated the effects of postulated pipe breaks and cracks,
including pipe wnip, jet impingement, and environmental effects. The means
used to protect essential (safety-related) systems and components include
physical separation, enclosure within suitably designed structures, pipe whip
restraints, and equipment shields. To be consistent with BTP ASB 3-1, the
applicant used separation as the primary means of protection, and where
separation was not feasible, one of the other acceptable methods of protection
was used.

The plant design includes the ability to sustain a high energy pipe break
accident coincident with a single active failure and retain the capability for
safe cold shutdown. For postulated pipe failures, the resulting effect will
not preclude the habitability of the control room and will not cause the loss
of function of power supplies or controls and instrumentation needed to complete
a safety action as indicated in BTP ASB 3-1.

The applicant has al5; analyzed the effects of moderate-energy line breaks
outside containment on safety-related systems. The moderate energy systems
are also designed to mee' the criteria set forth in BTP ASB 3-1. The staff
has evaluated the applict it's analysis and concludes that it adequately demon-
Strates that a postulated crack in a moderate energy line will not cause a loss
of function of any safet;-related system.

Because safety relateu equipment necessary for safe shutdown is located in
individual watertight compartments or cubicles, failure of nonsafety-related
systems or components will not rasult in flooding that could prevent safe shut-
down. Also, nonseismic Category I systems have been evaluated to determine that
their failure will not result in failure of seismic Category I systems or components,
including the effects of flooding, as recommended by position C.2 of Regulatory
Guide 1.29. The evaluation was performed on a room by room basis as identified
in Appendix 38 to the SNUPPS FSAR.
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The main steam / main feedwater isolation valve compartment is located in the
auxiliary building. The main steamline isolation valves, main steam safety
valves, atmospheric relief valves, main feedwater isolation valves, and steam
generator blowdown isolation valves are in this compartment, together with
pressure transmitters and several branch piping lines of the auxiliary feedwater
system. The staff finds that the applicant has adequately evaluated a postulated
main steam line break and that pressurization of the compartment is limited by
providing adequate venting of the compartment and designing the compartment to
withstand the maximum resultant pressure. Similarly, flooding of the compartment
due to a postulated main feedwater line break has been adequately evaluated.
Tne results of this analysis indicated that safe shutdown of the plant is not
affected by the postulated break in these high-energy lines.

Based on the review as described above, the staff concludes that the applicant
has adequately identified and provided protection for areas and systems required
for safe plant shutdown following postulated events, including the combination
of pipe failure and single active failure. The plant design meets the criteria
set forth in BTP ASB 3-1 regarding protection of safety related systems and
components from postulated piping system failures and, therefore, meets the
requirements of GDC 4 regarding protection against pipe breaks. The staff,

therefore, concludes that the plant design for protection against postulated
piping failures in fluid systems outside containment is acceptable.

3.7 Seismic Design

3.7.1 Seismic Input

The input seismic design response spectra (OBE and SSE) applied in the design
of seismic Category I structures, systems, and components comply with the
recommendations of Regulatory Guide 1.60, " Design Response Spectra for Nuclear
Power Plants."

The synthetic time history used for seismic design of Category I plant struc-
tures, systems, and components was adjusted in amplitude and frequency content
to obtain response spectra that envelop the response spectra specified for the
site.

The use of Regulatory Guide 1.60, for the site, coupled with the fact that the
synthetic time history used envelopes the response spectra for the site, has
qualified the seismic input as acceptable to the staff.

3.7.2 Seismic Structural System and Subsystem Analysis

The review of the seismic system and subsystem analysis for the plant included
the seismic analysis methods for all Category I structures, systems and compo-
nents. It also included review F procedures for modeling, seismic soil-
structure interaction, development of floor resi,.nse spectra, inclusion of
torsional effects, evaluation of Category I structures overturning, and deter-
mination of composite damping. The review included design criteria and
procedures for evaluation of interaction of non-Category I structures and piping
with Category I structures and piping, and the effects of parameter variations
on floor response spectra. The review also included criteria and seismic
analysis procedures fo; reactor internals and Category : buried piping outside
the containment.
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The seismic response of the major seismic Category I structures (containment,
auxiliary-control, diesel generator, and fuel buildings) were originally
generated for four sites (Callaway, Wolf Creek, Sterling, and Tyrone), and the
envelope of these responses was used for the design of the standard plant
structures (see Section 1.12 of this SNUPPS FSAR). After the cancellation of
the Tyrone plant, the envelope of the remaining three sites was used for the
seismic analysis that had not yet been completed. Likewise, all subsystems
and components were designed using either the three or four site envelopes of
the floor response spectra generated from the site-specific spectra.

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

The soil structure interaction (SSI) analysis was performed by using the FLUSH
computer code, which employs a finite element approach. To provide additional
assurance of the adequacy of the SSI results, the staff requested that a lumped-
parameter soil-spring approach be also used for the SSI analysis and that the
results from the two approaches be compared.

Consistent with this request, the applicant has submitted a comparative study
of results obtained by the two approaches. The results of the applicant's
original analyses generally equal or exceed the results obtained from the second
analyses. The staff, therefore, concludes that the methods employed by the
applicant yielded adequately conservative values for plant design.

The specific percentage of critical damping values used in the seismic analysis
of Category I structures, systems, and components conforms with Regulatory
Guide 1.61, except that higher damping values are used for cable tray systems
and conduit support systems. The applicant justified the higher damping values
by referencing a report entitled " Cable Tray and Conduit Raceway Seismic Test
Program," (ANC0 Engineers, Inc.). An initial staff review of the report hasled to a request for further information. A meeting with the applicant, ANCO
engineers, and the staff has been planned. Except for the final resolution of
this issue, the staff concludes that the seismic system and subsystem analysis
procedures and criteria used by the applicant provide an acceptable basis for
the seismic design.
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3.7.3 Seismic Mechanical Subsystem Analysis

The review performed under SRP Section 3.7.3 included the applicant's dynamic
analysis of all seismic Category I piping systems. In addition to normal opera-
ting loads, this analysis also considers abnormal loadings such as an earthquake.

For the dynamic analysis ~of seismic Category I piping, each pipe line was idea-
lized as a mathematical model consisting of lumped masses connected by elastic

The stiffness matrix for the piping systemt was determined using themembers.
elastic properties of the pipe. This includes the effects of torsional, bending,
shear, and axial deformations as well as change in stiffness due to curved
members. Next, the mode shapes and the undamped natural frequencies were
obtained. The dynamic. response of the system was calculated by using the response
spectrum method of' analysis. For piping systems anchored and supported at points
with different excitations, the response spectrum analysis was performed using
the envelope response spectrum of all attachment points.

The relative displacement between anchors was determined from the dynamic
analysis of the structures. The results of the relative anchor point displacement
were used in a static analy... to determine the additional stresses due to the
relative anchor point displacements.

The damping values used by the applicant are consistent with Regulatory Guide 1.61,
except in the case of the primary reactor coolant loop system for which a damping
value of four percent was used for the faulted condition. The value of damping
was obtained by testing as described in the approved Westinghouse topical report
WCAP-7921-AR, " Damping Values of Nuclear Power Plant Components." the staff
finds the damping value used by the applicant acceptable.

The applicant's methodology for the combination of modal responses have been
For seismic Category I piping systems using the modal response, thereviewed.

applicant combines modal responses using the square-root-of-sum-of-squares (SRSS)
method. For balance-of plant piping systems, closely spared modes are combined
in accordance with Regulatory Guide 1.92. For the nuclear steam supplier systems,
closely spaced modes are combined using an alternative methodology as described
in Section 3.7(N).2.7 of the FSAR. The staff has reviewed the applicant's
methodology for nodal combination and concluded that the applicant's methodology
provides an equivalent level of safety to that required in Regulatory Guide 1.92,
and is acceptable.

Based on its review of FSAR Section 3.7.3, the staff's findings are as follows:

The scope of review of the seismic system and subsystem analysis for the Callaway
plant included the seismic analysis methods for all Category I systems and com-

It included review of procedures used for modeling and evaluatingponents.
Category I systems and components. The review included design criteria and
procedures for evaluation of the interaction of nonseismic Category I piping
with seismic Category I piping. The review also included methodologies and
seismic analysis procedures used for the design of reactor internals.

The system and subsystem analyses are performed by the applicant on an elastic
basis. Modal response spectrum multidegree of freedom and time history methods
. form the bases for the analyses of all major Category I systems and components.
When the modal response spectrum method is used, governing response parameters
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are combined by the square root-of-the-sum-of-squares rule. Appropriate methods
are used for combining modes with closely spaced frequencies. The square-root-
of-the-sum-of-squares of the maximum co-directional responses is used in ccmbining
the three spatial components of earthquake motion for both the time history
and response spectrum methods.

The staff concludes that the seismic system and subsystem analysis procedures and
methodologies ptoposed by the applicant comply with SRP Section 3.7.3 and con-
stitute an acceptable basis for complying with the applicable portions of GDC 2.

3.7.4 Seismic Instrumentation Program

The staff has reviewed the SNUPPS seismic instrumentation program, including a
comparison to Regulatory Guide 1.12, the location and description of instrumen-
tation, control room operator notification, and the comparison of measured and
predicted responses. Strong motion accelerometers, triaxial seismic triggers,
triaxial seismic switches, peak recording accelerographs, and a recording and
playback system are provided at locations chosen to coincide with significant
points in the seismic model. Annunciation in the control room is actuated when-
ever a strong motion accelerometer has been triggered. The seismic switches
actuate an independent annunciator in the control room in the event that the
zero period acceleration level has been exceeded.,

'

The staff review of the comparison to Regulatory Guide 1.12 determined that
the SNUPPS design did not provide discrete response spectrum recorders. Rather,

4

data from the accelerometers are fed to signal conditioning and analysis equip-
ment and converted to response spectra. The staff's position is that a discrete
response spectrum recorder be provided at the containment foundation. In a
letter dated September 18, 1981, the applicant agreed to provide this response
spectrum recorder. The staff requires that the recorder be capable of providing
immediate control room indication. The applicant has agreed to modify the FSAR
to describe the additional instrumentation. The staff will confirm that the
design meets its position when the FSAR changes are received.

Based on its review of the SNUPPS FSAR and the commitment to provide the addi-
tional instrumentation discussed above, the staff concludes that the SNUPPS4

seismic instrumentation program complies with Regulatory Guide 1.12 and,
therefore, is acceptable.

3.8 Design of Seismic Category I Structure
! 3.8.1 Concrete Containment

The reactor coolant system is enclosed in a prestressed concrete containment,,

as described in Section 3.8.1 of the SNUPPS PSAR. The major codes used for
materials, design, fabrication, construction, examination, testing and surveil-
lance of the concrete containment are the American Concrete Institute Building
Code Requirements for Reinforced Concrete (ACI 318-71) and the proposed
Article CC-3000 of ASME Code Section III, Division 2, " Concrete Reactor Vessels
and Containments."

.

The containment was designed to resist various combinations of dead loads; live
, loads; environmental loads including those due to wind and tornados, OBEs, and
!
:

1
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SSEs; and loads generated by the design-basis accident, including pressure and
temperature. The design and analysis procedures that were used for the contain-
ment are the same as those approved for previously licensed applications.

The containment structure was designed, and proportioned to remain within
elastic limits under the various postulated load combinations. The criteria
for allowable stresses and strains are in accordance with those delineated in
the ASME Section III Code, Division 2.

The materials of construction, the quality control prucedures, and the fabrica-
tion and construction requirements are similar to those used for previouslyi

accepted facilities.

Before plant operation, the containment will be subject to a structural
integrity acceptance test in accordance with Regulatory Guide 1.18. During
the test, the internal pressure will be raised to 1.15 times the containment'

design pressure.

The criteria that were used in the analysis, design, and construction of the
concrete containment structure to account for anticipated loadings and postu-L

lated conditions that may be imposed upon the structure during its service
lifetime are in conformance with established criteria, codes, standards, guides,

i and specifications acceptable to the staf'.

The use of these criteria as defined by applicable codes, standards, guides,
and specifications; the loads and loading combinations; the design and analysis
procedures; the structural acceptance criteria; the materials, quality control
programs, and special construction techniques; and the testing and inservice
surveillance requirements provide reasonable assurance that, in the event of
vinds, tornadoes, earthquakes, and various postulated accidents occuring within
the containment, the structure will withstand the specified design conditions
without impairment of structural integrity of safety function. Conformance
with these criteria constitutes an acceptable basis for satisfying, in part,
the requirements of GDC 2, 4, 16, and 50.

3.8.2 Concrete and Structural Steel Internal Structures

| The containment irterior structures consist of walls, compartments, and floors.
i The major code used in the design of concrete internal structures is ACI 318-71.

For steel internal structures, the AISC specification, " Specification for the
Design, Fabrication and Erection of Structural Steel for Building," was used.:

| (For equipment supports, subsection NF of the ASME code was used.)

The containment concrete and steel internal structures were designed to resist
various combinations of dead and live loads, accident-induced loads--including
pressure and jet loads, and seismic loads. The load combinations used cover
those cases likely to occur and include all loads which may act simultaneously.
The design and analysis procedures that were used for the internal structures -
are the same as those used for previously licensed appi, cations and, in general,
are in accordance with procedures delineated in ACI 31P-71 and in the AISC,

specification for concrete and steel. structures.
|

The containment internal structures were designed and proportioned to remain. !,

!within the limits established by the staf f under the various load combinations.
!
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These limits are, in general, based on ACI 318-71 Code and on the AISC soecifi-
cation for concrete and steel structures, respectively, modified as appropriate
for load combinations that are considered extreme.

The materials of construction, their fabrication, construction, and installation,
are in accordance with ACI 318-71 and AISC specification for concrete and steel
structures.

The criteria that were used in the design, analysis, and construction of the
containment internal structures to account for anticipated loadings and postu-
lated conditions that may be imposed on the structures during tLeir service
lifetime are in conformance with estaolished criteria and with codes, standards,
and specifications acceptable to the staff.

The use of these criteria as defined by applicable codes, standards, and speci-
fications; the loads and loading combinations; the design and analysis procer' res;
the structural acceptance criteria; the materials, quality control programs,
and special construction techniques; and the testing and inservice surveillance
requirements provide reasonable assu ar.ce that, in the event of earthquakes
and various postulated accidents occurring within the containment, the interior
structuras will withstand the specified design conditions without impairment
of structural integrity or the performance of required safety functions. Confor-
mance with these criteria constitutes an acceptable basis for satisfying, in
part, the requirements of GDC 2 and 4.

3.8.3 Other Category I Structures

Category I structures other than containment and its interior structures are
of structural steel and concrete. The structural components consist of slabs,walls, beams, and columns. The major code used in the design of concrete
Category I structures is the ACI 318-71. For steel Category I structures, the
AISC specification for structural steel for buih'ings was used,

The conc:ete and steel Category I structures were designed to resist variousi

combinations of dead loads; live loads; environmental loads, including winds,
tornados, L9Es and SSEs; and loads generated by postulated ruptures of high-
energy pi,- > such as reaction and jet impingement forces, compartment pressures,
and impac' effects of whipping pipes.

The design and analysis procedures that were used for these Category I structures
are the same as those approved for previously licensed applications anq, in
general, are in accordance with procedures delineated in ACI 318-71 ana in the
AISC specification for concrete and steel structures.

The criteria used for the analysis and design of concrete masonry walls in
Category I structures have been evaluated, and they meet the staff criteria
for safety-related masonry wall evaluation.

The various Category I structures were designed and proportioned to remain
within the limits established by the staff for the various load combinations.'

These limits are, in general based on the ACI 318-71 code and on the AISC
specification faa concrete and steel structures, modifiec: as appropriate for
load combinations that are considered extreme.
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The materials of construction, and tneir fabrication, construction, and installa-
tion will be in accordance with ACI 318-71 and the AISC specification for
concrete and steel structures. The criteria that were used in the analysis,
design, and construction of all the plant Category I structures to account for
anticit,ated loadings and postulated conditions that may be impc ed upon each
structure during its service lifetime are in conformance with established
criteria, codes, standards, and specifications acceptable to the staff.

The use of these criteria as defined by applicable codes, standards, and speci-
fications; the loads and loading combinations; the design and analysis procedures;
the structural acceptance criteria; the naterials, quality control, and special
construction techniques; and the testing and inservice surveillancu requirements
provide reasonable assurance that, in the event of winds, tornadoes, earthquakes,
and various postulated accidats occuring within the structures, the structures
will withstand the specified uesign conditions without impairment of structural
integrity or the performance of required sa.7ety functions. Conformance with
these criteria, codes, specifications, and standards constitutes an acceptable
basis for satisfying, in part, the requirements of GDC 2 and 4.

3.8.4 Foundations

Foundations of Category I structures are described in Section 3.8.5 of the
$NUPPS FSAR. Primarily, these foundations are reinforced concrote of the mat
type. The major code used in the design of these corcrete mat foundations is
ACI 318-71. These concrete foundations were designed to resist various combina-
tions of dead loads; live loads; environmental loads including winds, tornadoes,'

OBEs and SSEs, and loads generated by postulated ruptures of high-energy pipes.

The design and analysis procedures that were used for these Category I founda-
tions are the same as those approved for previously licensed applications and,

Thein general, are in accordance with procedure delineated in ACI 318-71.
various Category I foundations were designed and proportioned to remain within
the limits established by the staff under the various load combinations. These

limits are, in general, based on ACI 318-71, modified as appropriate for load
combinations that are considered extreme. The materials of construction and
their fabrication, construction, and installation, were in accordant.: with
ACI 318-71.

The criteria that were used in the analysis, design, and construction of all|

the plant Category I foundations to account for anticipated loadings and postu-
lated conditions that may be imposed upon each foundation during its service
lifetime are in conformance with established criteria, codes, standards, and
specifications acceptable to the staff.

The use of these criteria as defined by applicable codes, standards, and
specifications; the loads and loading combinations; the design and analysis '

procedures; the structural acceptance criteria; the materials, quality control,
and special construction techniques; and the testing and inservice surveillance
requirements prnvide reasonable assurance that, in the event of winds, tornadoes,
earthquakes, and various postulated events, Category I foundations will w; M-
stand the specified design conditions without impairment to structural integrity
and stability or the performance of required safety functions. Conformance j

with these criteria, codes, specifications, and standards constitutes an accept- ,

!able basis for satisfying, in part, the requirements of GDC 2 and 4. 1
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3.9 Mechanical Systen.s and Components

The review performed under SRP Sections 3.9.1 through 3.9.6 pertains to the
structural integrity of various safety-related mechanical components in the
plant. The review is not limited to ASME Code components and supports, but is
extended to other components such as control rod drive mechanisms, certain
reactor internals, ventilation ducting, cable trays, and any safety-related
piping designed to industry standards other than the ASME Code. Such issues
as load combinations, allowable stresses, methods of analysis, summary of
results, and preoperational testing are reviewed. This review is intended to
ensure that the applicant has provided adequate assurance of a mechanical
component perforir.ing its safety-related function under all postulated combina-
tions of normal operating conditions, system operating transients, postulated
pipe breaks, and seismic events.

3.9.1 Special Topics for Mechanical Components

The review performed under SRP Section 3.9.1 pertains to the design transients,
computer programs, experimental stress analyses, and elastic plastic analysis
m.thods that were used in the analysis of seismic Category I ASME Code and
non-Code Iteni:.

ALditionally, the staff has contracted with the Battelle Pacific Northwest
Laboratary (PNL) to perform an independent analysis of a sample piping system
in the Callaway and Wolf Creek plants. This analysis verfied that the sample
piping system met the applicable ASME Code requirements, and confirmed the
applicant's ability to correctly mcdel and analyze his piping systems. The
detailed results of the analysis are documented in a PNL report, "SNUPPS
(Callaway and Wolf Creek) Loop No.1 Emergency Core Cooling System Piping
Analysis," dated May 1981.

Based upon its review of FSAR Section 3.9.1, the staff's findings are as follows:

The criteria used in defining the applicable transients and the computer codes
and analytical methods used in the analyses provide assurance that the calcula-
tions of stresses, strains, and displacements for the above-noted items conform
with the current state of the art and are adequate for the design of these items.

The methods of analysis that the applicant has employed in the design of all
seismic Category I ASME Ccde Class 1, 2, and 3 components, component supports,
reactor internals, and oti.2r non-Code items are in conformance with SRP 3.9.1
and satisfy the applicable portions of GDC 2, 4. 14, and 15.

3.9.2 Dynamic Testing and Analysis of Systems, Components, and Equip.went

The review performed under SRP Section 3.9.2 pertains to the methodologies,
testing procedures, and dynamic analyses employed by the applicant to ensure
the structural integrity and functional capability of piping systems, mechanicM
equipment, reactor internals and their supports under dynamic loadings. This
review is divided into three parts, each of which is discussed below.
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; 3.9.2.1 Piping Preoperational and Startup Testing Program

Piping vibration, thermal expansion, and dynamic effects testing will be
i conducted during the preoperational and startup testing program. The purpose

of these tests is to ensure that the piping response is within acceptable limits
i

and that the piping system can expand thermally in a manner consistent withi

the design intent. During the Callaway plant preoperational and startup testing
l program, the applicant will test various piping systems for abnormal, steady-

state, or transient vibration and for restraint of thermal growth. This test
program will comply with the ASME Code, Section III, paragraphs NB-3622, NC-3622,

,
,

and ND-3622, which require that the designer be responsible by observation during
i startup or initial operation, for ensuring that the vibration of piping systems
{ is within the acceptable levels. In addition, pipe whip restraint initial clear-
] ances, and snubber response will be checked. The test program will consist of
i a mixture of instrumented measurements and visual observations by qualified
j personnel. ,

|

j SRP Section 3.9.2, " Dynamic Testing and Analysis of Systems, Components and
Equipment," requires an applicant to monitor his piping systems during preopera-

|
tional and startup testing for excessive vibration. This vibration may be due,

to plant transients or may be associated with steady-state plant operation.I

This steady-state vibration, whether flow-induced or caused by nearby vibrating;
' machinery, may cause 108 or 199 cycles of stresses in the pipe during its 40 yr
j life.
i

| For the balance-of plant (BOP) scope, the applicant's upper limit on stresses
induced by steady-state vibratior. is one-half the endurance limit (which cor- !

-

responds to 10 cycles) as defined in Section III of the ASME Code, 1974 Edition.8
; This ensures a level of safety for steady-state vibration consistent with

SRP 3.9.2. For the BCP scope, the applicant has provided acceptable limits
! associated with transient flow induced vibration in Section 14.2 of the FSAR.

l For the NSSS scope, the applicant has committed for both steady-state vibration
: and for transient flow induced vibration to limit the stress to one-half the

5
! endurance limit (which corresponds to 10 cycles) from Figure I-9.0 of the
! ASME Code. This assures a level of safety consistent with SRP 3.9.2.

| The applicant will be required to provide a summary of the results of the
I preoperational and startup test program upon its completion.
I

It was requested by the staff that a pre-service examination and preoperational
{ testing of snubbers be performed for all snubbers listed in Tables 3.7-4a and

3.7-4b of the Standard Technical Specifications 3/4.7.9. The applicant has
responded to this request and has committed to perform the preservice examina-
tion and preoperational testing as described in the June 9 and 10, 1981 meeting

|

: minutes summary. The operability program for snubbers should be included and >

I documented by the preservice inspection and preoperational test programs. The

j preservice inspection is a preiequisite for the pre-operational testing of
snubber thermal mction.

:

Based upon its review of FSAR Section 3.9.2.1, the staff's findings are as
;

follows:'

i
The vibration, thermal expansion, and dynamic ef fects test program which will!

be conducted during startup and initial operation on specified high and moderate
,

'
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energy piping, and all associated systems, restraints and supports is an accept-
able program. The tests provide adequate assurance that the piping and piping
restraints of the system have been designed to withstand vibrational dynamic
effects due to valve actuations, pump trips, and other operating modes associated
with the design basis flow conditions. In addition, the tests provide assurance
that adequate clearances and frta movement of snubbers exist for unrestrained
thermal movement of piping and sup p ts during normal system heatup and cooldown
cperations. The planned tests will develop loads similar to those experienced
during reactor operation. This test program complies with SRP Section 3.9.2'

and constitutes an acceptable basis for fulfilling the applicable requirements
of GDC 14 and 15.

3.9.2.2 Preoperational Flow-Induced Vibration Testing of Reactor Internals

The staff has reviewed the applicaat's procedure for the preoperational testing
of the reactor internals for flow-induced vibrations. The purpose of the preoper-
ational vibration test program is to verify the design adequacy of the reactor
internals under loading conditions that aill be comparable to those experienced
during plant operation.

The SNUPPS plants are classified as nonprototype Category I, in accordance with
Regulatory Guide 1.20. The prototype plant for SNUPPS is Indian Point Unit 2.
Indian Point was fully instrumented and tested during hot functional and initial
startup testing. The applicant has committed to test the reactnr internals in
accordance with the provisions of Regulatory Guide 1.20, Revision 2 for nonpro-
totype Category I plants.

During the hot functional test, the internals will be subjected to a total
operating time at greater than normal full-flow conditions of at least 240 hrs.
This will provide a cyclic loading of approximately 107 cycles on the main
structural element.

At the completion of the flow test, the vessel head will be removed and the
internals will be inspected for evidence of vibration, wear, and loose parts.
The inspection will cover all components which were examined on the prototype
design.

Based upon its review of FSAR Section 3.9.2.3, 3.9.2.4, and 3.9.2.6, the staff's
findings are as follows:

The preoperational vibration program planned for the reactor internals provides
an acceptable basis for verifying the design adequacy of these internals under
test loading conditions comparable to those that will be experienced during
operation. The combination of test, predictive analysis, and posttest inspection
provide adequate assurance that the reactor internals will, during their service
lifetime, withstand the flow-induced vibrations of reactor operation without
loss of structural integrity. The integrity of the reactor internals in service
is essential to assure the proper positioning of reactor fuel assemblies and
unimpaired operation of the control rod assemblies to permit safe reactor
operation and shutdown. The conduct of the preoperational vibration test is
in conformance with the provisions of Regulatory Guide 1.20 and SRP Section
3.9.2, and satisfies the applicable requirements of GDC 1 and 4.
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3.9.2.3 Dynamic Analysis of Reactor Coolant System

The applicant has analyzed the reactor, its internals, and unbroken loops of
the reactor coolant pre"4" boundary, including the supports, for the combined
loads due to a simult ass-of-coolant accident and safe shutdown earthqrake.

Based upon its reviet FSAR Sectior. 3.9.2.5, the staff's findings are as
follows:

.

The dynami.: system anaijt.. serformed by the applicant provides an acceptable
basis for confirming the structural design adequacy of the reactor, its internals,
and unbroken piping loops to withstand the combined dynamic loads of a postulated
loss-of-coolant accident (LOCA) and a safe shutdown earthquake (SSE). The
analysis provides adequate assurance that the combined stresses and strains in
the components of the reactor coolant system and reactor internals do not exceed
the allowable stress and strain limits for the materials of construction, and
that the resulting deflections or displacements at any structural elements of
the reactor internals will not distort the reactor internals geometry to the
extent that core cooling may be impaired. The methods used for component
analysis have been found to be compatible with those used for the system
analysis. The proposed combination of component and system analyses are,
therefore, acceptable.

The assurance of structural integrity under LOCA and SSE conditions for the
most adverse postulated loading event provides added confidence that the design
will withstand a spectrum of less pipe breaks and seisinic loading events.
Accomplishment of the dynamic system analysis constitutes an acceptable basis
for complying with SRP Section 3.9.2 and for satisfying the applicable require-
ments of GDC 2 and 4.

3.9.3 ASME Code Class 1, 2, and 3 Components Supports, and Core Support
Structures

The review under SRP Section 3.9.3 is concerned with the structural integrity-
of pressure-retaining components, their supports, and core support structures
which are designed in accordance with the ASME Code, Sectfon III, or earlier
indusi y standards. The review covers Section 3.9.3.1, 3.9.3.3, and 3.9.3.4,
each c. which is discussed briefly below.

3.9.3.1 Loading Combinations, Design Transients, and Stress Limits

The applicant has demonstrated that all ASME Class 1, 2, and 3 components,
component supports, core support structures, control rod drive components, and
other reactor internals have been analyzed or qualified in accordance with
appropriate loading combinations and acceptabily designated stress or strain
limits. In addition, the applicant has provided assurance that the functional
capability of essential piping systems is maintained under all designated loading
conditions.

The applicant's position on Regulatory Guide 1.121, is in Appendix 3A of the
FSAR. Regulatory Guide 1.121 requires that calculations and analytical pro-
cedures be used to arrive at the minimum acceptable tube wall thickness to be
used as the basis for defining tube plugging criteria. The analyses for the
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?

1

Westinghouse Model F steam generator used at the Callaway and Wolf Creek plantsi

i have not been completed at this time. The applicant has committed that upon
completion, the Technical Specification leakage limits will be evaluated and*

the bases for the tube plugging will be included in.the Regulatory Guide 1.121
position in Appendix 3A. P rov i ded"th~a t' ~the "a'ppTic Kn t' s"a nalys e s "re s u l t i n
leakage limits within the Technical Specification limits, the staff finds the
applicant's position on Regulatory Guide 1.121 to be acceptable.

.

Based on its review of Section 3.9.3.1, the staff's findings are as follows:

The specified design and service combinations of loadings as applied to ASME,

| Code Class 1, 2, and 3 pressure retaining components in systems designed to
meet seismic Category I standards are such as to provide assurance that, in,

! the vent of an. earthquake affecting the site or other service loadings due to
i po 1 1ated events or system operating transients, the resulting combined

stresses imposed on system components will not exceed allowable stress and,

strain limits for the materials of construction. Limiting the stresses under
such loading combinations provide a conservative basis for the design of system
components to withstand the most adverse combination of loading events without
loss of structural integrity. The design and load combinations and associated
stress and deformation limits specified for ASME Code Class 1, 2, and 3 com-
ponents constitute an acceptable basis for design in satisfying applicable
portions of GDC 1, 2, and 4.

3.9.3.2 Pump and Valve Operability Assurance Program

The staff has reviewed the applicant's pump and valve operability assurance
program as discussed in Section 3.9.3.2 of the FSAR and compared this informa-
tion with Section 3.9.3 of the SRP. Based on the review, the applicant has
provided information to define how active pumps and valves are generally
qualified with respect to operability.

However, and in particular, for those components where qualification and/or,

operability assurance is by analysis alone, some question remains as to the
confidence level assured by this methodology. The necessity for additional
component testing is being considered and can not be established without an
inspection at the plant site. Likewise, for the staff to determine the adequacy
of the implementation of the applicant's pump and valve operability assurance
program also requires an onsite audit of the equipment and supporting documenta-
tion.

,

The onsite audit will include a plant inspection to observe the as-built con-4

figuration and installation of the equipment. Also during the audit the staff-
will review qualifying documentation such as, test reports and analyses which
are described in the applicant's program. Thus our overall review includes an
FSAR review and an onsite audit of the equipment. Both phases of the staffi

review must be determined acceptable to arrive at a favorable conclusion on
the applicant's overall pump and valve operability assurance program.

The applicant has been requested to provide information on the completion status
of the equipment documentation and onsite installation of the equipment. Before
the audit is conducted, at least a 90 percent completion should be attained
for both the equipment documentation and the onsite installation of the equipment.

<

'
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The applicant has indicated that his work will be substantially complete by
the first of quarter of 1982, and the staff onsite audit will be conducted shortly

<

thereafter.

Becauf,e ui the limited number of equipment items that can be audited within a
reasonable time, the audit results must provide a high degree of confidence
that the implementation of the applicant's program is acceptable.

3.9.3.3 Design and Installation of Pressure Relief Devices

The staff has reviewed the methodology used by the applicant in designing his
ASME Class 1, 2, and 3 safety and relief valves, their attached piping, and
their supports. The staff has specifically reviewed the applicant's compliance,

'

with Regulatory Guide 1.67 and reviewed the applicant's methodologies for both 3

open and closed discharge systems.

Based upon its ,eview of Section 3.9.3.3, the staff's findings are as follows.

The criteria used in the design and installation of ASME Class 1, 2, and 3 rafety
! and relief valves provide adequate assurance that, under dist m ging conditions,,

| the resulting stresses will not exceed allowable stress and strain limits for
materials of construction. Limiting the stresses under the loading combinations
associated with the actuation of these pressure relief devices provides a con-
servative basis for the design and installation of the devices to withstand
thtise loads without loss of structural integrity or impairment of the over-
pressure protection function. The methodologies used for the design and instal-
lation of ASME Class 1, 2, and 3 ovarpressure relief devices constitute an
acceptable basis for meeting the applicable requirements of GDC 1, 2, 4, 14,i

and 15 and are consistent with tNse specified in Regulatory Guide 1.67 and'

.
SRP Section 3.9.3.

f

3.9.3.4 Component Supports

IThe review of informatioa submitted by the applicant includes an evaluation of
ASME Class 1, 2, and 3 component supports. All component supports have been
designed in accordance with Subsection NF of the ASP Code, Section III. Member

compressive axial loads are limited to two-thirds of the critical buckling
strength. This ensures a level of safety consistent with tnat specified in
Regulatory Guides 1.124 and 1.130.

The applicant has provided its position in Appendix 3A of the FSAR for the
service limits and loading combinations used for the Westinghouse-supplied
bolts for Class 1 component supports. The applicant used for Service Level C
limits, the allowable bolt stresses specified in Code Case 1644, increased

.
according to the provisions of XVII-2110(a) of the ASME Code. For Service

! Level D limits, the tensile loads in the bolts are limited to 0.7 Su, but not
! to exceed 0.9 Sy. We find the procedures used by the applicant to be acceptable.

The applicant has responded to IE Bulletin 79-02 for the SNUPPS plants to the
Office of Inspection and Enforcement in a letter dated July 5, 1979. The staff
will review the applicant's response with respect to the pipe cunoort baseplate
flexibility and its effect on anchor bolt loads and report the findings in a
supplement to this SER.
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Based upon its review of Section 3.9.3.4 and subject to acceptable resolutions
of the above item, the staff's findings are as follows:

The specified design and service loading combinations used for the design of
ASME Code Class 1, 2, and 3 component supports in systems classified as seismic
Category I provide assurance that, in the event of an earthquake or other
service loadings due to postulated events or system operating transients, the
resulting combined stresses imposed on system components will not exceed allow-
able stress and strain limits for the materials of construction. Limiting the
stresses under such loading combinations provides a conservative basis for
loading events without loss of structural integ,r,ity_or supp01.tidacomponentt

operability. The design and se'r Hc'e' load combinations and associated stress
'

and deformation limits specified for ASME Code Class 1, 2, and 3 component
supports constitute an acceptable basis for satisfying applicable portions of
GDC 1, 2, and 4.

3.9.4 Control Rod Drive Systems

The review under SRP Section 3.9.4 covers the design of the control rod drive
system up to its interface with the control rods. The control rod drive
mechanism is a magnetically controlled jack. The staff reviewed the analyses
and tests performed to ensure the structural integrity and operability of this
system during normal operation and under accident conditions. We also reviewed
the life-cycle testing performed to demonstrate the reliability or the control
rod drive system over its 40 yr life.

Based upoi its review of FSAR Section 3.9.4, the staff's findings are as follows:

The design criteria and the testing program conducted in verification of the
mechanical operability and life cycle capabilities of the control rod drive
system are in conformance with SRP Section 3.9.4. The use of these criteria
provide reasonable assurance that the system will function adequately when
required and will form an acceptable basis for satisfying the mechanical
reliability requirements of GDC 27.

3.9.5 Reactor Pressure Vessel Internals

The review under SRP Section 3.9.5 is concerned with the load combinations,
allowable stress limits, and other criteria used in the design of the Callaway
plant reactor internals. The appl-: cant has stated that the reactor internals
have been designed in accordance with Subsection NG, " Core Support Structures,"
of the ASME Code, Section III. The description of the configuration and general
arrangement of the reactor internal structures, components, assemblies and
systems has been reviewed.

Based upua its review of FSAR Section 3.9.5, tne staff's findings are as follows:

The specified transients, design and service loadings, and combination of
loadings as applied to the design of the Callaway reactor internals provide
reasonable assurance that in the event of an earthquake or of a system transient
during normal plant operation, the resulting deflections and associated stresses
imposed on these reactor internals will not exceed allowable stresses and defor-
mation limits for the materials of construction. Limiting the stresses and
deformations under such loading combinations provides an acceptable basis for
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!

!

3 the design of these reactor internals to withstand the most adverse loading
| events which have been postulated to occur during the service lifetime without-

loss of structural integrity or impairment of function. The design procedures
and criteria used by the applicant in the design of the Callaway reactor,

internals comply with SRP Section 3.9.5 and constitute an acceptable basis for:

satisfying the applicable requirements of GDC 1, 2, 4, and 10.
|

3.9.6 InserviceTestingofPumpsandfalves
'

! In Sections ?.s.? and 3.9.3 of this SER, the design of safety-related pumps
| and valves in the .;allaway facility is discussed. The design of safety-related
j pumps and valves is intended to ensure that they will be capable of performing -

i their safety function (open, close, start, and so forth) In addition to demon-
| strating the operational readiness of the components during plant life, the

applicant will periodically test and perform measurements of all its safety-'

related pumps and valves. These tests and measurements are performed in general
accordance with the rules of Section XI of the ASME Code. The tests verify
that these pumps and valves will operate successfully when called upon. The

j periodic measurements are made of various parameters and compared to baseline
j measurements in order to detect long-term degradation of the pump or valve
! performance. The review under SRP Section 3.9.6 covers the applicant's program

for preservice and inservice testing of pumps and valves. The staff gives
particular attention to those areas of the test program for which the applicant
requests relief from the requirements of Section XI of the ASME Code.

f

The applicant has submitted a description of the proposed inservice testing
i program for pumps and valves in a report dated July 30, 1981, including revisions,

i as stated in the applicant's letter from Nicholas Petrick to Harold Denton dated
September 18, 1931. The program includes both baseline preservice testing and

| periodic inservice testing. It provides both for functional testing of compone~nts
| in the operating state and for visual inspection for leaks and other signs of

degradation.
I

! The staff has not completed its detailed review of the applicant's submittal.
However, based on a preliminary review, the staff finds that it is impractical'

within the limitations of design, geometry, and accessibility for the applicant
to meet certain ASME Code requirements. Imposition of those requirements would,
in the staff's view, resuit in hardships or unusual difficulties J thout a
compensating increase in the level of quality or safety. The relitf requested

i will not endanger life or property and is in the public interest. Therefore,
pursuant to 10 CFR Part 50.55a, the relief that the applicant hes iequested
from the pump and valve testing requirements of 10 CFR Part 50, ?,ction
50.55(g)(2) and (g)(4)(i) is granted for that portion of the initial 120-month
period during which the staff completes its review.

,

One area of concern during our review was the periodic leak testing of pressure
isolation valves.

; There are several safety systems connected to the reactor coolant pressure
boundary that have design pressure below the rated reactor coolant system (RCS,

| pressure). There are also some systems which are rated at full reactor pressure
cn the discaharge side of pumps but have pump suction below RCS pressure. To|

protect these sytems from RCS pressure, two or more isolation valves are placed
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in series to form the interface between the high pressure RCS and the low pressure
systems. The leaktight integrity of these valves must be ensured by periodic
leak testing to prevent exceeding the design pressure of the low pressure system
thus causing an inter system LOCA.

The applicant has proposed to leak test those check valves which form the above
interface in the hot and cold-leg safety injection systems. These valves form
the Event V configurations as described in the letter to licensees from D. Eisenhut3

dated February 23, 1980. However, other pressure valve configurations exist
whose failure could lead to an intersystem LOCA or unsafe plant operating condi-
tions. Other subsystems of concern to the staff are the accumulator discharge
check valves, the boron injection system pressure isolation valves, and the
motor-operated valves on the residual heat removal pump suction. Therefore,
the staff will require that the leaktight integrity of the pressure isolation
valves in the above subsystems be verified by testing.

These vaives will be included in the Technical Specifications.

The applicant will be required to categorize his pressure isolation valves for
the safety injection, residual heat removal, and boron injection systems as
Category A or AC. These categorizations will meet the staff requirements.
Pressure isolation valves are required to be Category A or AC and to meet the
appropriate valve leak rate test requirements of IW-3420 of Section XI of the
ASME Code except as discussed below. The allowable leakage rate shall not exceed
1 gpm for each valve as will 5e stated in the Technical Specifications.

Limiting Conditons for Operation (LCO) will be added to the Technical Specifi-
cations which will require corrective action (shutdown or system isolation when
the acceptance criteria is not met). Also, surveillance requirements, which
state the acceptable testing frequency, will be provided in the Technical
Specifications.

Based on the above, the staff concfudes that the applicant's commitments to
periodic leak testing along with the Technical Specification requirements for
pressure isolation valves between the reactor coolant system and low pressure
systems will provide reasonable assurance that the design pressure of the low
pressure systems will not be exceeded, and thus, reduce the probability of an
occurrence of an inter-system LOCA.

3.10 Seismic and Dynamic Qualification of Seismic Category I Mechanical and
Electrical Equipment

The evaluation of the adequacy of the applicant's program for qualification of
electrical and mechanical equipment important to safety for seismit. and dynamic
loads consists of (1) a determination of the acceptability of the procedures
used, standards followed, and the completeness of the program in general, and
(2) an onsite audit of selected equipment items to develop the basis for the
staff judgment on the completeness and adequacy of the implementation of the
entire seismic and dynamic qualification program.

The Seismic Qualification Review Team (SQRT) has reviewed the methodology and
procedures of the equipment seismic and dynamic qualification program contained
in the pertinent FSAR sections 3.9.2 and 3.10. The SQRT has concluded that

,
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,

the information contained in the FSAR sections mentioned above does meet the
'

intent of the current licensing criteria as described in IEEE 344-1975, Regu-
latory Guides 1.92 and 1.100 and the Standard Review Plan Sections 3.9.24

and 3.10. IEEE-344, 1975 Standard covers the Seismic Qualification aspects;
,

j however, the aging and test sequence aspects of equipment qualification must
! be in accordance with the requiremente- of IEEE-323, 1974 standard.

In a communication with the applicant, the staff indicated that a substantial
portion (85 percent to 90 percent) of tLe equipment must be qualified, docu-<

1 mented in an auditable manner, and installed onsite before an onsite audit by
j the staff can be performed. The staff also indicated to the 6;plicant the type
i of inform %fon scessary for the ''aff to select the equipment items for a

detailed onsite review. The applicant has indicated that hh work will be sub-
,

stantially complete by the first quarter of 1982, and the staff onsite audit
can be performed shortly thereafter. The staff is currently awaiting .informa-

! tion from the applicant necessary for the selection of equipment for the onsite
audit. The staff review of this area will be complete after the applicant has

| demonstrated the adequacy of his qualification program througr4 a satisfactory
audit. The staff will report the results of this audit in a supplement to this
SER.

; 3.11 Fnvirnnmental Oualification of Safety-Related Electrical Equipment
i
'

In December 1979, the staff issued guidance for the environmental qualification
i of safety-related electrical equipment in NUREG-0588, " Interim Staff Position

on Environmental Qualification of Safety Related Electrical Equipment". By
letters dated February 5,1980 and February 21, 1980, the staff requested thei

applicant to review the environmental qualification documentation for each item,

of safety-related electrical equipment which could be exposed to a harsh environ-!

ment so as to identify the degree to which the associated environmental qualifi-i

t cation program complies with the staff's position as described in this NUREG.
Further, where there are deviations, the staff asked the applicant to commit

; to corrective action (requalification, replacement, relocation, and so forth)
i consistent with the requirements to establish qualification. If fuel loading
i occurs before complete qualification can be obtaines, justification for opera-
| tion until the corrective actions are completed mtst be provided.

The Commission Memorandum and Order, CLI-80-21 dated May 23, 1980, directs that
by no later than June 30, 1982, all safety-related electrical equipment in opera-
ting reactors be in compliance with NUREG-0588 or the " Guidelines for Evaluating
Environmer.tal Qualification of Class IE Electrical Equipment in Operating Reactors."
The applicable requirements for Callaway are in Category I of NUREG-0588 The
applicant should submit his environmental qualification program for safety-related
electrical equipment to the staff. The applicant should address detailed
information as outlined in the NUREG-0588 Appendix 1E.

When complete information is furnished to provide the staff with adequate infor-
mation, the staff will audit the applicant's central files of qualification
documentation. A supplemental safety evaluation will be prepared after completion
of the audit.
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4 REACTOR

4.1 General

The reactor design for Callaway is similar to that reviewed and approved for
the Comanche Peak Steam Electric Station V7its 1 and 2 (Docket Nos. 50-445 and
50-446). A comparison ci the principal thermal and hydraulic, and mechanical
design parameters is prescated in Table 4.1-1 of the SNUPPS FSAR.

*

4.2 Fuel Design

The Callaway fuel assembly described in the FSAR is a 17x17 array of fuel rods
having a diameter of 0.374 in. This design will be referred to as the Standard
Fuel Assembly (SFA) in the following paragraphs.

Section 4.2 of the FSAR presents the design bases for the SFA. For the Westing-
house analysis, plant design conditions are divided into four categories of
operation that are consistent with traditional industry classification (ANSI
Studards N18.2-1973 and N-212-1974): Condition I is Normal Operation, Condition II
is I,7cidents of Moderate Frequency, Condition III is Infrequent Incidents, and
Condition IV is Limiting Faults. Fuel damage is then relatad to these conditions
of operation, which are coupled to the fuel design bases and design limits.
The subsections of the design bases section address topics such as (a) cladding,
(b)fuelmaterial,(c)fuelrodaerformance,{d)spacergridsg (e) fuel assemblies,
(f) reactivity control and burnaale poisons ( core components ), and (g) testing,
irradiation, and surveillance. Thus, as part of the discussion of the cladding
design bases, material and mechanical properties, stress-strain limits, vibration
and fatigue, and chemical properties are also presented. A similar approach
is taken for the other major subtopics.

The staff review and safety evaluation will follow SRP Section 4.2. The <

objectives of this fuel system safety review are to provide assurance that
(a) the fuel system is not damaged as a result of normal operation and '
anticipated operational occurrences, (b) fuel system damage is never so severe
as to prevent control rod insertion when it is required, (c) the number of fuel
rod failures is not underestimated for postulated accidents, and (d) coolability
is always maintained. "Not damaged" is defined as meaning that fuel rods do
not fail, that fuel system dimensions remain within operational tolerances,
and that functional capabilities are not reduced below those assumed in the
safety analysis. This objective implements GDC 10 and the design limits that
accomplish this are called specified acceptable fuel design limits (SAFDLs).
" Fuel rod failure" means that the fuel rod leaks and that the first fission
product barrier (the cladding) has, therefore, been breached. Fuel rod failures
must be accounted for in the dose analysis required by 10 CFR Part 100 for
postulated accidents. -"Coolability," which is sometimes termed "coolable geometry,"
means, in general, that the fuel assembly retains its rod-bundle geometrical
configuration with adequate coolant channeling to permit removal of residual
heat event after a severe accident. The general requirements to maintain control
rod insertability and core coolability appear repeatedly in the General Design
Criteria (GDC 27, and 35). Specific coolability requirements for the loss-of-
coolant accidents are given in 10 CFR Part 50.46.
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To meet tne above-stated objectives of the fuel system review, the following
specific areas are critically examined: (a) design bases, (b) description and
design drawings, (c) design evaluation, and (d) testing, inspection, and sur-
veillance p'ans. In assessing the adequacy of the design, several items
involving operating experience, prototype testing, and analytical predictions
are weighed in terms of specific acceptance criteria for fuel system damage,
fuel rod failure, and fuel coolability. Recently Westinghouse developed an
improved fuel assembly design, which is described in WCAP-9500 and is called
Optimized Fuel Assembly (0FA). WCAP-9500 was approved by NRC (Rubenstein 1981).
The 0FA design also consists of a 17x17 array of fuel rods h;1ving a diameter
of 0.360 in., which is somewhat smaller than the standard assembly. Because
the format of WCAP-9500 followed Regulatory Guide 1.70, some of the fuel design
bases and design limits for the OFA were not presented in WCAP-9500 in a form
that permitted cross-checking with the acceptable criteria provided in
Section 4.2 of the SRP. Therefore several questions were issued (Rubenstein, ;

.'

August 8, 1980) to clarify the design bases and limits. Responses to those |
questions are contained in letters from T. M. Anderson (Westinghouse) to !
J. R. Miller (NRC) dated August 15, 1980 and April 21, 1981. These responses

Iare appiicable to the Standard Assembly as well (letter from N. Petrick (SNUPPS)
to H. Denton (NRC) dated September 9, 1981). Reference to these questions and
answers will be made at several places in the review that follows.

4.2.1 Design Bases

Design bases for the safety analysis address fuel system damage mechanisms and
suggest limiting values for important parameters such that damage will be
limited to acceptable levels. For convenience, acceptance criteria for these
design limits are grouped into three categories in the Standard Review Plan:
(a) fuel system damage criteria, which are most applicable to Condition I,
(b) fuel rod failure criteria, which apply to Condition II, III, and IV, and
(c) fuel coolability criteria, which apply to Condition IV.

4.2.1.1 Fuel System Damage Criteria

In the following paragraphs the design bases and corresponding design limits
for the damage mechanisms listed in the SRP will be reviewed. These design
limits along with the failure limits that apply to Condition II (see
Section 4.2.1.2 of this SER) constitute the Specified Acceptable Fuel Design
Limits (SAFDLs) required by GDC 10.

(1) Cladding Design Stress

The design basis for fuel rod cladding stress as given in the response to
Q 231.2* is that the fuel system will not be damaged due to excessive fuel rod
cladding stresses. The design limit for fuel rod cladding 3 tress under
Condition I and II modes of operation is that the volume-averaged effective
stress calculated with the von Mises equation, considering interference due
to uniform cylindrical pellet-to-cladding contact (caused by pellet thermal
expansion and swelling, uniform cladding creep, and fuel rod / coolant system

*All questions and responses referred to i. this manner will be found in the
correspondence cited above.
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pressure differences), is less than the Zircaloy 0.2 percent offset yield stress
as affected by temperature and irradiation. This is a traditional limit con-
sistent with previous Westinghouse design practice and is, therefore, acceptable ;

without further comment except with respect to the credit that is taken by :.

Westinghouse for irradiation-induced strengthening.4

The NRC does not routinely grant credit for irradiation-induced strengthening
: of the cladding, although the Standard Review Plan does not specifically preclude

such practice. The staff has been considering such a credit in its ongoing,

review of a % stinghouse topical report on fuel material properties, WCAP-9179, ,
,

but that cre4R has not yet been approved. Notwithstanding, Westinghouse does,
indeed, take irradiation strengthening into account in the design analysis of

'

fuel rod cladding.

Because current staff understanding is that typical design cladding stresses
! under Condition I and II modes of operation are significantly below the 0.2
| percent offset yield stress, the difference between irradiated and unirradiated

values appear to be unimportant in this application, and the staff concludes
! that the cladding stress design-basis limits are acceptable.

(2) Cladding Design Strain

With regard to cladding strain, a design limit for fuel rod cladding plastic
tensile creep (due to uniform cladding creep and uniform cylindrical fuel pellet
swelling and thermal expansion) of less than 1 percent from the unirradiated

1 condition is given in response to Q 231.2. Furthermore. the total tensile
strain transient limit (due to uniform cylindrical pellet thermal expansioni

' during the transient) is stated to be less than 1 percent from the pretransient
j value. While the staff has not explicitly reviewed the supporting data for
] normal operation (Condition I), that value appears to be consistent with past
; practice (no numerical value for normal operation cladding strain is provided
; as an acceptance criterion in the Standard Review Plan), and thus there is
] reasonable assurance that ' percent total plastic creep strain is an acceptable
; design limit for normal op aation, including Condition I power changes (load

following). For transient-induced deformation, the Standard N iew Plan,

indicates that 1 percent uniform cladding strain is an accepts damage limit,

that should preclude some types of pellet / cladding interaction (h,1) failures.
Such a limit, however, while consistent with past practice, should not be
construed to be a broadly applicable PCI damage limit because there is ample
evidence (TOKAR report to ACRS dated November 14,1979) that PCI failures can
occur at less than 1 percent uniform cladding strain. Westinghouse has indicated ,

in response to staff question 231.24 that 1 percent plastic strain from the
pretransient value is not meant to serve as a broadly applicable PCI criterion.,

Neveri;heless, the staff finds the 1 percent cladding transient plastic strain
criterion to be an acceptable design limit for the type of application indicated
in SRP Section 4.2. For fuel assembly structural design, Westinghouse set design'

4 limits on stresses and deformations due to various nonoperational, operational,
and accident loads. As indicated in the FSAR, the stress categories and strength

'

theory presented in Section III of the ASME Code are used as a general guide.
-This is consistent with acceptance criterion II.A.1(a) of SRP Section 4.2 and

~

is acceptable.
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(3) Strain Fatigue
,

i
The strain fatigue criteria given in response to Q 231.2 are the same as those
described in SRP Section 4.2, viz. , a safety factor of 2 on stress amplitude
or of 20 on the number cycles and are, therefore, acceptable.

(4) Fretting Wear I

While the Standard Review Plan does not provide numerical bounding-value
acceptance criteria for fretting wear, it does stipulate that the allowable;

fretting wear should be stated in the safety analyis report and that the stress
and fatigue limits should presume the existence of this wear.

From the response to Q 231.5, it can be seen that the Westinghouse design basis
for fretting wear is that fuel rods shall not fail during Condition I and II

,

events. .Furthermore, Westjnghouse does not use an explicit fretting wear limit
in their stress and fatigbe analisis for fuel rods. However, Westinghouse does'

use a value (proprietary) of wall thickness as a general guide in evaluating
cladding imperfections, including fretting wear. Cladding imperfections
including fretting wear are thus considered in the stress and fatigue analysis,
albeit in a very qualitative, nonrigorous manner. In view of the apparently
small effects of these defects and large stress and fatigue margins (see.

Section 4.2.3.1(d) of this Safety Evaluation Report), this design method is
,

acceptable.

The design basis for guide thimble tubes is treated differently by Westinghouse,
as described in the response to Q 231.41. The design bacis is that the thinning4

'.
of the guide thimble tube walls should not result in the failure of the fuel
assembly structural integrity or functionability of the guide thimble tuoes.
The staff finds this to be en acceptable design basis.

With regard to a design limit for guide thimble tube wear, Westinghouse has
determined from stress analyses that the most limiting load on the fuel assembly

i structure is that which might occur during a fuel handling accident. For the
| analysis of this accident, Westinghouse uses a design criterion of 6 g. This

design limit is therefore used for degraded guide thimble tubes and has been
previously accepted for Westinghouse fuels.

(5) 0xidation and Crud Buildup

The SFA design basis for cladding oxidation and crud buildup is that the
increase in cladding temperature due to cladding oxidation and crud buildup is
not excessive (see Overheatir.g of Cladding, below).

Section 4.2 of the Standard Review Plan identifies cladding oxidation and crud
buildup as potential fuel system damage mechanisms. Because of the increased
thermal resistance of these layers, there is an increased potential for elevated
temperature within the fuel as well as the cladding. Because the effect of
oxidation and crud layers on fuel and cladding temperature is a function of
several different parameters (such as heat flux and thermal-hydraulic boundary
conditions), a design limit on oxide or crud layer thickness does not, per se,
preclude fuel damage as a result of these layers. Rather, it is necessary that i

these layers be appropriately considered in other temperature-related fuel system
damage and failure analyses. This is, indeed, the approach taken by Westinghouse
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in the design of the Standard Fuel Assembly. The staff finds this approach
acceptable.

(6) Rod Bowing

Fuel rod bowing is a phenomenon that alters the pitch dimensions between adjacent
fuel rods. Bowing affects local nuclear power peaking and the local heat. transfer
to the coolant. Rather than placing design limits on the amount of bowing that
is permitted, the effects of bowing are included in the safety analysis. This
is consistent with the Standard Review Plan and is acceptable. The methods
used for predicting the degree of rod bowing are evaluated in Section 4.2.3.1(e),
and the impact of the resulting bow magnitude is evaluated in Sections 4.3 and
4.4.

(7) Axial Growth i

In the SFA design the core components requiring axial-dimensional analyses are i

the control rods, neutron source rods, burnable poison rods, fuel rods, and
fuel assemblies (thimble plugging rods are omitted because they are short and
not axial growth limited). The axial growth of the first three of these ,

components is primarily dependent upon the behavior of poison, source, or spacer
pellets and their 304 stainless-steel cladding. The growth of the latter two
is mainly governed by the behavior of fuel pellets, Zircaloy-4 cladding, and
Zircaloy-4 guide thimble tubes.

The Westinghouse design bases for core component rods are that (a) dimensional
stability and cladding integrity are maintained during Condition I and II events
and (b) these components do not interfere with shutdown during Condition III
and IV events.

Westinghouse does not, per se, have design limits on the axial growth of their
control, source, and burnable poison rods. However, allowances are made to
accommodate (a) pellet swelling due to gas production and (b) relative thermal
expansion between the stainless-steel cladding and the encapsulated material.
Westinghouse does not account for irradiation growth of the stainless-steel
cladding and has cited experiments (J. P. Foster and R. V. Strain, Nuclear
Technology, October 1974) as justification for the insignificance of irradiation
growth of stainless-steel at PWR operating conditions.

For the Zircaloy cladding and fuel assembly components, the axial-dimensional
behavior is governed by creep (due to mechanical or hydraulic loading) and ;

irradiation growth. The critical tolerances that require controlling are (a) the
spacing between the fuel rods and the fuel assembly (shoulder gap) and (b) the
spacing between the fuel assemblies and the core internals. Failure to adequately.
design for the former may result in fuel rod-bowing, and for the latter.may
result in collapse of the holddown springs. With regard to inadequately designed
shoulder gaps, problems have been reported (H. Schenk, IAEA report SM-178-15,
October 1973; K. Kuffer and H. R. Lutz, Fifth Foratom Conf., Florence, Italy,.
1973; and FSAR of R. E. Ginna Unit 1, 1972) in foreign (Obrigheim and Beznau)-
and domestic (Ginna) plants that have necessitated predischarge modifications
to fuel assemblies.

With regard to a design basis for shoulder gap spacing, Westinghouse stated in
the responses to Q 231.2, 231.8, 231.25, and 231.40 that interference is precluded

4-5

___ - - - . - - . . . .-.. - . . -. .- .



i

by having clearance between the fuel rod end and the top and bottom nozzles.
The design clearance accommodates the differences in growth, fabrication
tolerances, and the differences in thermal expansion between the fuel cladding
and the thimble tubes. Westinghouse does not have specific limits on growth,
but does provide a gap spacing that is equal to or greater than a percentage
(the specific value is proprietary) of the fuel rod length. The percentage

employed in other fuel vendor designs.p spacings that are similar to those
value used by Westinghouse provides ga

With regard to fuel assembly growth, Westinghouse has a design basis that there
shall be no axial interference between the fuel assembly and upper and lower
core plates caused by temperature or irradiation. As a design limit, Westing-
house provides a minimum gap (proprietary value that is a fraction of the fuel
assembly length) between the fuel assembly and the reactor internals.

The above design bases and limits dealing with axial growth are acceptable.

(8) Fuel and Poison Rod Pressure

For Condition I and Il events, the mechanical design basis for core component
rods described in the FSAR is that dimensional stability and cladding integrity
are maintained. A necessary corollary of this design basis is that the driving
fcrce, rod internal pressure, is never so great as to result in loss of
dimensional stability and cladding integrity.

Section 4.2 of the Standard Review Plan identifies rod internal pressure as a
potential fuel system damage mechanism. In this sense, damage is defined as
an increased potential for elevated temperatures within the rod as well as an
increased potential for cladding failure. Although the Standard Review Plan
mentions only fuel and burnable poison rods, the mechanism also applies to
control rods, neutron source rods, and other core component rods. Because rod
internal pressure is a driving force for, rather than a direct mechanism of,
fuel system damage, it is not necessary that a damage limit be specified. It

is only necessary that the phenomenon be appropriately considered in other fuel
system damage and fuel failure analyses. In other words, rod internal pressure
must be considered in calculating the temperature of the rod internals, cladding
deformation, and cladding bursting.

j In order to simplify the analysis of fuel system damage due to excessive rod
; internal pressure, the Standard Review Plan states that rod internal gas pressure

should remain below the nominal system pressure during normal operation unless'

otherwisejustified. Westinghouse has elected to justify limits other than
that provided in the Standard Review Plan.

For the fuel rods, revised internal rod pressure criteria as described in an
|

approved topical report, 21), were used in the FSAR. Briefly stated, these
criteria allow the fuel rod internal pressure to exceed the system pressure

| under certain conditions: (a) the internal pressure is limited such that the
| fuel-to-cladding gap does not increase during steady-state operation, and
' (b) extensive departure from nucleate boiling (DNB) propagation does not 0; cur

for postulated transients and accidents. These criteria have been previcu3ly
approved and remain acceptable.

I 4-6



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

:

j

;

For nonfueled rods, the rod internal pr. essure is limited such that the mechanical
design limits, discussed in Section 4.2.1.5 of the FSAR, are not exceeded for
Condition I and II events. This implies a stress limit of 2/3 of the material;

; yield stress and a strain limit of 1 percent. These limits are unchanged from
previously approved Westinghouse fuel designs and remain acceptable for this:

FSAR.
"

(9) Assembly Liftoff

ibe Standard Review Plan calls for the fuel assembly holddown capability (gravity
and springs) to exceed worst-case hydraulic loads for normal operation, which
includes anticipated operational occurrences. The SFA design basis provides i
for positive holddown for Condition I, but allows momentary liftoff during one L

Condition II event. This design basis is acceptable provided that it can be
shown that the affected fuel assemblies will reseat properly without damage
and without other adverse effects during the event. The ability of the affected
fuel assemblies to satisfy this provision will be discussed in paragraph 4.2.3.1.

(10) Control Material Leaching
,

'

The Standard Review Plan and General Design Criteria require that control rod
reactivity be maintained. Control rod reactivity can sometimes be lost by,

leaching of certain poison materials if the control rod cladding has been breached.
The mechanical design basis for the control rods is stated in the FSAR to be
consistent with the loading conditions of Section III of the ASME Code. Thus,
the design basis for the SFA control rods is to maintain cladding integrity;
because cladding integrity would ensure that reactivity is maintained, this
design basis might appear to be acceptable. However, under some circumstances, i4

unexpected breaches might go undetected, so the staff does not normally accepti

c ntrol rod cladding integrity as a sufficient design basis. A discussion will
be presented under Design Evaluation, paragraph 4.2.3.1, that shows that adequate
surveillance will be provided to ensure maintenance of reactivity.<

j 4.2.1.2 Fuel Rod Failure Criteria

In the following paragraphs fuel rod failure thresholds for the failure mechanisms
listed in the Standard Review Plan are reviewed. When these failure thresholds
are applied to Condition I or Condition II operation, they are used as limits
(and hence SAFDLs) because fuel failure under those conditions should not occur,
according to the traditional conservative interpretation of GDC 10. When these
thresholds are used for Condition III and Condition IV events, fuel failures
are permitted, but they must be accounted for to include tbcir fission product
releases in the dose calculations required by 10 CFR 100. The basis or reason
for establishing these failure thresholds is thus established by GDC 10 and
Part 100, and only the threshold values are reviewed below.

(1) Internal Hydriding
,

,

Hydriding as a cladding failure mechanism is precluded by controlling the level
.

of moisture and other hydrogenous impurities during faDrication. As described
' in the revised response to Q. 231.6, the moisture levels in the uranium dioxide

fuel are limited by Westinghouse to less than or equal to 20 ppm. This
specification is compatible with the ASTM specification for sintered Uranium
Dioxide Pellets, which allows 2 pg hydrogen per gram of uranium (2 ppm), and
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they are the same as the limits provided in the Standard Review Plan; they
are therefore acceptable.

(2) Cladding Collapse

If axial gaps in the fuel pellet column were to occur due to densification
thecladdingwouldhavethepctentialofcollapsingintoagap(flattening).
Because of the large local strains that would result from collapse, the cladding
is assumed to fail. As indicated in the FSAR and responses to Q. 231.2, 231.9
and 231.34, it is a Westinghouse design basis that cladding collapse is )recluded
during the fuel rod design lifetime. This design basis is the same as tlat in
the Standard Review Plan and is therefore acceptable.

(3) Overheating of Cladding

The design basis as given in the FSAR for the prev;ntion of fuel failures due
to overheating is that there will be at least 95 percent 3robability that
departure from nucleate boiling (DNB) will not occur on tie limiting fuel rods
during normal operation or any transient conditions arising from faults of
moderate frequency (Condition I and II events) at a 95 percent confidence level.
This design basis is consistent with the thermal margin criterion of SRP Section 4.2
and is, thus, acceptable. The specific DNBR limits and methods of analysis
are reviewed in Section 4.4.

(4) Overheating of Fuel Pellets

As a second method of avoiding cladding failure due to overheating, Westing-
house avoids centerline fuel pellet melting as a design basis. This design
basis is the same as given in the Standard Review Plan and is thus acceptable.

The design limit corresponding to the design basis given above is that, during
modes of operation associated with Condition I and Condition 11 events, there
is at least a 95 percent probability that the peak kW/ft fuel rod will not exceed
the UO2 melting temperature. This design limit is an acceptable representation
of the design basis given previously.

(5) Pellet / Cladding Interaction

As indicated in SRP Section 4.2, there are no generally, applicable criteria
for PCI failure. However, two acceptance criteria of limited application are
presented in the SRP for PCI: (a) less than 1 percent transient-induced clad-
ding strain and (b) no centerline fuel melting. The response to Q. 231.2
indicates that the 1 percent cladding plastic strain limit is met for the SFA
design, and as stated in Section 4.2.1.2 of the FSAR, the SFA design ensures
that UO2 centerline melting will not occur through selection of a calculated
fuel centerline temperature of 4700 F as an overpower limit. Thus the SFA design
basis and limits agree with the only existing licensing criteria for PCI.

(6) Cladding Rupture

In the LOCA analysis for SFA-designed plants, an empirical model is used to
predict the occurrence of cladding rupture. The failure temperature is expressed
as a function of differential pressure across the cladding wall. There are no
specific design limits associated with cladding rupture, and the rupture model
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] is a portion of the ECCS evaluation model, which is documented in WCAP-8301
and WCAP-8302.

<

4.2.1.3 Fuel Coolability Criteria

For major accidents (Condition IV) in which severe fuel damage might occur,
! core coolability must be maintained as required by GDC 27 and 35. In the
{ following paragraphs limits that will ensure that coolability is maintained

, for the severe damage mechanisms listed in the Standard Review Plan are '

I reviewed.

j (1) Fragmentation of Embrittled Cladding
i

For LOCA analysis, Westinghouse uses the acceptance criteria of 2200 F on peak,

cladding temperature and 17 percent on maximum cladding oxidation as prescribed'

by 10 CFR 50.46. '

;
'

For events other than the LOCA, the NRC staff does not have separately established
temperature or oxidation criteria. Yet it is clear that for short-term events
such as locked rotor, the 2200 F peak cladding temperature and 17 percent oxida-
tion LOCA criteria are not really meaningful, because the temperature history

,

for such an event is much shorter than that of a LOCA. For events such as'

; locked rotor, therefore, Westinghouse uses a unique peak-cladding-temperature
(PCT) criterion of 2700 F.

The Westinghouse 2700 F PCT limit was selected taking into consideration the
short time (a few seconds) that the fuel is calculated to be in DNB for a i

locked rotor type event and the fact that the PCT and total metal-water reaction
; at the fuel hot spot would not be expected to impact fuel coolable geometry. -
~

While this limit has been used by Westinghouse for several years, the basis
for the limit has only recently been reviewed. However, a recent assessment'

(Van Hauten, NRC, February 23,1981) of the available experimental information
indicates that fuel rod cladding will, indeed, retain its rod-like geometry
after exposure to short-term (a few seconds) peak cladding temperature of 2700*F.
That conclusion is based on four Japanese reports (S. Shiozawa, JAERI-M-8187,
March 1979; T. Hoshi, JAERI-M-8836, May 1980; JAERI-M-9011. September 1980;
T. Fukishiro, JAERI-M-9104, October 1980) that describe experimental results
for reactor test programs reported since 1979. The staff, therefore, concludes
that there is reasonable assurance that the 2700 F PCT limit for short-term

; events such as locked rotor is an acceptable coolability limit for the
Westinghouse SFA design.

,

It should be noted thet staff acceptance of the 2700 F PCT limit for fuel rod
coolability is currently restricted to undercooling events such as locked rotor-

and that the staff has n)t yet determined the applicability of a PCT limit for
overpower events such as control rod ejection, which involve a pellet-to-cladding
mechanical interaction. The staff currently uses a fuel rod enthalpy criterion
of 280 cal /g for coolability of a rod-ejection accident.

(2) Violent Expulsion of Fuel Material'

;

The design bases that there should be little or no possibility of fuel dispersal
in the coolant, gross lattice distortion, or severe shock waves are given in
Section 15.4.8.1.2 and are equivalent to those in the Standard Review Plan.

i
'
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The design limits given in the FSAR are: ,

Average fuel pellet enthalpy at the hot spot will be below 225 cal /g for >-
.

]
unirradiated fuel and 200 cal /g for irradiated fuel. .

.

Average cladding temperature at the hot spot will be below the temperature| -

; at which cladding embrittlement may be expected (2700 F).

Peak reactor coolant pressure will be less than that which could cause-

pressures to exceed the faulted condition stress limits.!

i

Fuel melting will be limited to less than 10 percent of the fuel volume.-

at the hot spct even if the average fuel pellet enthalpy is below the limits
! above.
(
: These limits are more conservative than the single 280 cal /g limit given in
| Regulatory Guide 1.77, they have been previously approved in the review of i

'

j WCAP-7588, and they remain acceptable.
i

! (3) Cladding Ballooning and Flow Blockage
i
i In the LOCA analyses for SFA-designed plants, empirical models are used to
j predict the degree of cladding circumferential strain and assembly flow blockage
; at the time of hot rod and hot-assembly burst. These models are each expressed

'

! as functions of differential pressure across the cladding wall. There are no
j specific design limits associated witn ballooning and blockage, and the balloon-
! ing and blockage models are portions of the ECCS evaluation model, which is
! cocumented in WCAP-8301 and WCAP-8302. ,

'

(4) Structural Damage from External Forces
,

! Section 4.2.3.5 of the FSAR states that the fuel assembly will maintain a geometry ;

that is capable of being cooled under the worst case accident Condition IV. event ii

i and that no interference between control rods and thimble tubes will occur during '

i a safe shutdown earthquake. This is equivalent to the design basis as presented
in the Standard Review Plan and is therefore acceptable. ,

:j j

4.2.2 Description and Design Drawings
|

The description of fuel system components, including the fuel rods, bottom and
top nozzles, guide and instrument thimble. tubes, grid assemblies, rod cluster
control assemblies, burnable poison rods, neutron sources, and thimble plugs,
is contained in the FSAR Section 4.2.2. In addition, in Table 4.3-1 numerical

[ values are providad for various core component parameters. While each parameter
| listed in SRP subsection 4.2.2 is not provided in the FSAR, enough information |

is provided in sufficient detail to provide a reasonably accurate representation
| of the SFA design and this information is thus acceptable.i

4.2.3 Design Evaluation i

j Section 4.2.1 presented design bases and design limits. In this section we
review the Westinghouse methods of demonstrating that the SFA meets the designi

criteria that have been established. This section will, therefore, correspond
to Section 4.2.1 of this Safety Evaluation Report point by point. The methods
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of demonstrating that the design criter,ia have been met include operating
experience, prototype testing, and analytical predictions. '

; 4.2.3.1 Fuel System Damage Evaluation

(1) Cladding Design Stress

As indicated in the response to Q. 231.2, Westinghouse used its Performance-
Analysis and Design (PAD) code to analyze cladding stress (WCAP-8720). That .

code has been reviewed and found acceptable (J. F. Stolz, NRC, February 9,3

1979). Typical calctlated design values for cladding effective stress provided
in response to Q.231.2 are considerably below the 0.2 percent offset yield
stress design limit. Hence, the staff oncludes that the SFA cladding stress,

i design limit has been met.

. (2) Cladding Design Strain
1 .

The NRC-approved Westinghouse fuel performance code (PAD) was used in the strain
analysis, as indicated in the response to Q. 231.2. Typical design values of4

steady-state and transient creep strain, as calculated by that code, are found
to be below the 1 parcent strain criterion. Hence, the staff concludes that
the SFA cladding strain design limits have been met.

~

(3) Strain Fatigue

As indicated in the response to Q 231.2, Westinghouse used their approved PAD*

code for the straie, range and strain fatigue life usage analysis. Experimental
data (proprietary) obtained from Westinghouse testing programs were used to

i derive the Westinghouse Zircaloy fatigue design curve, according to the response
! to Q. 231.4. For a given strain range, the number of fatigue cycles is less

than that required for failure, considering a minimum safety factor of 2 on
stress amplitude or a minimum safety factor of 20 on the number of cycles, (the
fatigue usage factor is less than 1.0). And the computations were performed
with an approved code. Therefore, the staff concludes that the SFA fatigue
design basis has been met.

(4) Fretting Wear

With regard to the Westinghouse fretting analysis of the fuel cladding, the
staff concludes the following:

The out-of pile flow tests and analyses (WCAP-9401) to determine the' -

magnitude of fretting wear that is anticipated for the OFA design have :
been previously reviewed and found acceptable (L. Rubenstein, NRC, '

| April 23, 1981). These analyses are also acceptably conservative for SFA
applications. ;

LWR operating experience demonstrates that the number of fretting-induced-
,

fuel failures is insignificant.
3

. There should be only a small dependence of cladding stresses on fretting-

! wear because this type of wear is local at grid-contact locations and
j relatively shallow in depth.

4
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The built-in conservatisms (that is, safety factors of 2 on the stress-

amplitudes and 20 on the number of cycles) in the strain fatigue analysis i

as well as the calculated margin to fatigue life limit adequately offset
the effect of fretting wear degradation.

Therefore, the staff concludes that the SFA fuel rods will perform adequately
with respect to fretting waar.

Fretting wear has also been observed on the inner surfaces of guide thimble
tubes where the fully withdrawn control rods reside. Significant wear is limited
to the relatively soft Zircaloy-4 guide thimble tubes because the Inconel or
stainless steel control rod claddings are relatively wear-resistant. The extent
of the wear is both time- and plant-dependent and has, in some non-Westinghouse ,

'

cases, ext 3nded completely through the guide thimble tube wall.

Westinghouse has predicted that an SFA can operate under a rod cluster control
assembly (RCCA) for a period of time (proprietary) that exceeds the amount of
rodded time expected with current 3-cycle fuel schemes before fretting wear
degradation would result in exceeding the present margin to the 6 g load
criterion for the fuel handling accident. However, the NRC required several
applicants to perform a surveillance program because of the uncertainties in
predicting wear rates for the standard 17x17 fuel assembly design. The objective
of this program is to demonstrate that there is no occurrence of hole formation
in rodded guide thimble tubes, thus providing some confidence that scrammability
is ensured. These applicants formed an owners' group, which is planning to
submit the results of this confirmatory surveillance program during 1981.

(5) 0xidation and Crud Buildup;

In the FSAR, there is no explicit discussion of cladding oxidation, hydriding,
and crud buildup. The applicable models for cladding oxidation and crud buildup
are discussed in the supporting documentation (letter, R. Salvatori (Westinghouse)
to D. Knuth (NRC), January 4, 1973) for the Westinghouse fuel performance code

| PAD-3.1. These models were previously approved by the NRC staff. A new tempera-
ture-dependent cladding oxidation model is also presented in WCAP-9179. Because
the temperature-independent model in PAD-3.1 is conservative with respect to
the unapproved model in WCAP-9179, the staff continues to find the older models
applicable. These models affect the cladding-to-coolant heat transfer coefficient.
and the temperature drop across the cladding wall. Mechanical properties andi

analyses of the cladding are not significantly impacted by oxide and crud buildup.
On the basis of the Westinghouse discussion (Anderson, January 12, 1981) of
the impact of cladding hydriding on fuel performance, and on previous staff
review of the oxidation and crud buildup models, the staff concludes that these
effects have been adequately accounted for in the Standard Fuel Design.

(6) Rod Bowing
,

The NRC has previously approved (R. O. Meyer, NRC, March 2, 1978) the rod bowing
correlation (letter, T. M. Anderson (Westinghouse) to J. F. Stolz (NRC), April 19,
1978) that was used by the applicant.

'

i
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(7) Axial Growth
,

Relative to the discussion above (4.2.1) on stainless steel growth, the staff
is aware of supporting information (E. E. Bloom, April 1972, and W. K. Appleby,
April 1972) that was not cited by Westinghouse, but which also implies that
irradiation growth of stainless steel should not be significant at the tempera-
tures and fluences that are associated with PWR operation. Furthermore, because,

the staff is unaware of any operating experience that indicates axial growth-
related problems in Westinghouse NSSS plants, the staff concludes that Westing-
house has made sufficient accommodations for control, source, and burnable poison
rod axial rad growth in their NSSS designs.

The Westinghouse analysis of shoulder gap spacing for the SFA has found that
interference will not occur until achieving burnups beyond traditional values.
The staff, therefore, finds that the required shoulder gap spacing has been
reasonabij accommodated. However, for extended burnup applications, the adequacy
of the spacing should be reverified. Furthermore, because stress-free irradiation
growth of zirconien-bearing alloys is sensitive to texture (preferred
cystallographic orientation) and retained cold work, which, in turn, are strongly
dependent on the specific fabrication techniques that are employed during
component production, reverification of the design shoulder gap should be per-
formed if Westinghouse current fabrication specifications are significantly
altered.

Finally, the staff finds the Westinghouse analysis of fuel assembly growtn to
be acceptable. However, as stated in the above discussion on shoulder gap
spacing, reverification of the fuel assembly growth should be performed if
significant changes are made in the Westinghouse current fabrication techniques.

(8) Fuel and Poison Rod Pressure

The analysis of fuel rod internal pressure for the Standard Fuel Design is
described in an approved topical report, WCAP-8963-A. The evaluation relies,

on the Westinghouse PAD-3.3 fuel performance code, which has also been approved ;
(Stolz, 1979) by the staff.

The analysis of nonfueled rod internal pressure for the SFA is generally based
on Section III, Article NG-3000, of the ASME Code. Control rod, neutron source
rod, and burnable poison rod cladding is 10 percent cold-worked 304 stainless
steel, which is not covered by the Code. Westinghouse therefore defines as
the stress limit an intensity value Sm equal to 2/3 of the material yield stress.
The yield for this material occurs at about 62,000 psi. A strain limit of 1
percent also applies to the cladding. Predicted maximum va ues of rod internal
pressure have been provi4d in an answer to NRC question Q 231.2 and they are
well below those imposed 9y the cladding stress and strain limits.

The staff concludes that there is adequate assurance that nonfueled core compone
rods can operate safety during Conditions I and II modes of operation even though
maximum internal rod pressure may exceed system pressure because appropriate
stress and si. rain limits are met.

,
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(9) Assembly Liftoff
i In response to the staff's question on this topic, Westinghouse has confirmed

that momentary lif tof f will occur only during a turbine overspeed. Westinghouse
has further found that (a) proper reseating will occur after momentary liftoff,
(b) damage to adjacent assemblies will not occur even if one assembly is fully
lifted and the adjacent one remains seated, and (c) no ill consequences of
momentary liftoff are expected. The staff concludes, therefore, that fuel
assembly liftoff has been adequately addressed for the SFA design.

(10) Control Material Leaching

! While the design basis for the SFA control rods is to maintain cladding integrity,
and while the probability of control rod cladding failures appears to be quite
low, the staff has considered the corrosion behavior of the Callaway control
material and concludes that a breach in the cladd ng should not result in serious
consequences because the hafnium or Ag-In-Cd absorber material is relatively
inert.4

However, the hafnium control material to be used in Callaway is a relatively
;

new control material for commercial PWRs. Although there has been some operating
experience with hafnium control rods in a few commercial PWRs, that experience
was with cruciform-shaped rods that were not strictly prototypic of the current
design. Furthermore, naval reactor experience with hafnium control material
is not totally relevant because the hafnium used in such applications is in a1

different design configuration and is unclad. Therefore, the staff is asking
the applicant to commit to performing a surveillance program like that at
Comanche Peak that will include at least visual inspection of some control
rods at the first, third, fifth, and ninth refueling outages, unless there are
indications that warrant additional surveillance. The RCCA change fixture can
be utilized as a point of visual inspection for evidence of control rod degrada-
tion such as deformation, bowing, or cladding defects. The staff believes that
the frequency and spaa ng of the proposed examinations are appropriate because
(1) fabrication defects and deficiencies would be expected to manifest observable
effects fairly ear',y in life (that is, a kind of infant mortality ef fect), (2)'

observable effects are not really expected and so need not be checked for at
each refueling outage, and (3) advance indications of severely anomalous and
unacceptable mechanical or nuclear performance should be detectable from the
drop-time verification tests and reactivity worth measurements that will be
performed each cycle (the visual examinations are intended only to provide

| additional verification of adequate performance). The staff, therefore,

concludes that the visual surveillance program outlined above is acceptable.
We will condition the license to require the surveillance program for Hafnium
Control rods at the first SNUPPS unit to begin operation (expected to be
Callaway Unit 1).

4.2.3.2 Fuel Rod Failure Evaluation

(1) Internal Hydriding

Westinghouse has used moisture and hydrogen control limits in the manufacture
of earlier fuel types and has found that typical end-of-life cladding hydrogen
levels are less than 100 ppm--a level below which hydride blister formation is
not anticipated in fuel cladding.

4-14
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The staff therefore concludes that reasonable evidence has been provided that
hydriding as a fuel failure mechanism will not be significant in the SFA.

(2) Cladding Collapse

In calculating the time at which cladding collapse will occur, Westinghouse
uses the generic methods described in WCAP-8377, which is approved (V. Stello,
NRC, January 14, 1975) for licensing applications. Inputs to the analysis
include cladding ovality, helium prepressurization, free volume of the fuel
rod, and limiting power histories.

Westinghouse adjusts the fuel rod pressure so that cladding collapse will not
occur at a residence time that is less than the design lifetime. Consequently,
the staff expects that cladding collapse will not occur, but confirmation should
be provided by the applicant by showing that the calculated cladding collapse
time for Callaway using WCAP-8377 methods is more than the expected lifetime
of the fuel. This has not been done in the letters from Petrick dated August 31,
and September 9, 1981.

(3) Overheating of Cladding

As stated in SRP Section 4.2, adequate cooling is assumed to exist when the
thermal margin criterion to limit the departure from nuclear boiling (DNB) or
boiling transition in the core is satisfied. The method employed to meet the,

DNB design basis is reviewed in Section 4.4 and will not be discussed here.

(4) Overheating of Fuel Pellets

The design evaluation of the fuel centerline meic limit is performed with the
Westinghouse fuel performance code, PAD-3.3 WCAP-8120. This code, which has
been approved by the NRC (Stolz, 1979), is also used to calculate initial condi-
tions for transients and accidents described in Chapter 15 of the Standard Review
Plan (see paragraph 4.2.3.3(a) below for further comments on PAD-3.3).

In applying the PAD-3.3 code to the centerline melting analysis, the melting
temperature of the UO is assumed to be 5081 F unirradiated and is decreased2
by 58 F per 10,000 mwd /t. This relation has been almost universally adopted
by the industry and has been accepted by the NRC staff in the past. The expres-
sions for thermal conductivity and gap conductance, described in Section 4.4.2.11
of the FSAR, are unchanged from that originally described in the PAD code.
The staff considers it unnecessary te further review these models.

In order to avoid using the PAD code to calculate a continuous set of burnup-
dependent conditions necessary to cause centerline melt, Westinghouse has
performed the calculation for a single case. This was done by assuming a U02
melting temperature of 4701 F, which corresponds to the melting temperature at i

65,000 mwd /t, and melting occurred at a linear power rating of approximately
21 kW/ft. The limiting local power for the worst Condition II transient, boron
dilutien with automatic rod control, is less than or equal to 18 kW/ft for.
Westinghouse plants with 17x17 fuel. Thus, the centerline melt criterion is
satisfied in an acceptable manner.
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(5) Pellet / Cladding Interaction

The only two PCI criteria in current use in licensing (1 percent cladding strain
and no fuel melting), while not broadly applicable, are easily satisfied. As

noted in the discussion of the cladding stress and strain eva'uation, Westing-
house uses an approved code (PAD) to calculate creep strain, and the values
calculated by that code are found to be below the 1 percent strain criterion.
And, as inlicated in the discussion on overheating failures, the no-centerline-
melt criterion is satisfied based on an analysis (described in Char.ter 15.4.6)
of the boron dilution event, which is analyzed with an approved code. Therefore,

the two existing licensing criteria for PCI have been satisfied.

In addition to the SRP-type treatment of PCI, however, responses to Q 231.23
and FSAR Section 4.2.3.3(a) address PCI from the standpoint of its effect on
fatigue life. Thus, PCI produces cyclic stresses and strains that can affect
fatigue life of the cladding. Furthermore, gradual compressive creep of the
cladding onto the fuel pellet occurs due to the differential pressure exerted
on the fuel rod by the coolant. Westinghouse contends that, by using prepres-
surized fuel rods, the rate of claddir.g creep is reduced, thus delaying the
time at which fuel-to-cladding contact first occurs. The staff agrees that
fuel rod prepressurization should improve PCI resistance, albeit in a presently
unquantified amount.

In conclusion, Westinghouse has used approved methods to demonstrate that the
present PCI acceptance criteria have been met.

(f) Cladding Rupture

Although the cladding rupture temperature model was approved (O. B. Vassallo
(NRC) May 30, 1975) as an integral oart of the ECCS evaluation model, the staff
and Westinghouse have concluded (T. M. Arderson, November 1979, and NUREG 0630)
that the model is nonconservative over some regions of applicability. Therefore,
until this issue is generically resolved, supplemental calculations will be
required for each plant application that uses the Westinghouse ECCS evaluation
model. These supplemental calculations should demonstrate that each plant would
conform to the ECCS acceptance criteria of 10 CFR 50.46 if the NRC staff ruptJre
temperature correlation (NUREG-0630) were substituted for the Westinghouse model
contained in WCAP-8301.

Inis requirement for supplemental ECCS calculations is the same as the present)

| requirement made for all operating license applications and all ECCS reanalyses
of operating reactors (D. G. Eisenhut (NRC) November 9, 1979, and H. Denton
(NRC) November 26, 1979). (See Section 4.2.3.3 for a concurrent requirement
on cladding ballooning and flow blockage models.) The supplemental calculations
have been provided in the letters from Petrick, 1981 and the staff evaluation
is discussed in Section 4.2.3.3. The overall impact of cladding ruptu"e on
the response of the SFA design to the loss-of-coolant accident is evaluated in
Section 15.6.5 and not reviewed further in this section.

i
l

I

l
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4.2.3.3 Fuel Coolability Evaluation

(1) Fragmentation of Embrittled Cladding

The primary degrading effect of a significant dc<;ree of cladding oxidation is
embrittlement of the cladding. Such embrittled cladding will have a reduced
ductility and resistance to fragmentation. The most severe occurrence of such
embrittlement is during a LOCA. The overall effects of cladding embrittlement
on the SFA design for the loss-of-coolant ace.! dent are analyzed in Section 15.6.5
and are not reviewed further in this section.

One of the most significant analytical methods that is used to provide input
to the analysis in Section 15.6.5 is the steady state fuel performance code,
which is reviewed in Section 4.2. This code provides fuel pellet temperatures
(stored energy) and fuel rod gas inventories for the ECCS evaluation model as
prescribed by Appendix K to 10 CFR 50.46. The code accounts for fuel thermal
conductivity, fuel densification, gap conductance, fuel swelling, cladding creep,
and other phenomena that affect the initial stored energy.

Westinghouse uses a relatively new fuel performance code called PAD-3.3 (WCAP-8720).
This new Westinghouse code was approved with four restrictions as described in
our safety evaluation of February 9, 1979 (Stolz, 1979). Three of those restric-i

tions deal with numerical limits and have been met. The fourth restrictico
l relates to the use of the PAD-3.3 code for the analysis of fission gas release

from 00 for power-increasing conditions during normal operation. This restric-2
tion applies to the SFA. However, Westinghouse has stated that this restriction
does not adversely affect the results of the as-submitted safety analyses.
Although the staff believes that this is essentially correct, Westinghouse has
prepared and submitted a detailed evaluation (letter, T. R Anderson to
J. F.'Stolz (NRC), October 22, 1979) of this restriction.

At this time, the staff has not completed its review of the Westinghouse evalua-
~

! tion of this restriction. However, the review has progressed to the point where
, the following conclusions can be made:

Ine Westinghouse evaluation of our restriction on the use of the PAD-3.3-

code supports the earlier statement that the restriction does not adversely
affect the results of the safety analjses performed for SFA.

Based on additional information submitted by Westinghouse to confirm this-

conclusion, the staff continues to find this result is essentially correct.

Because the restriction pertains to the release of fission gases from the-

fuel, any change in the staff's conclusion would not have significant impact
at low burnup, when the fission gas inventory in the fuel is low.

At this time, the staff can therefore state that for the first cycle operation
'

at full power, the restriction for PAD-3.3 is not significant and the analyses
presented in the FSAR are acceptable. Tuc staff anticipates completion of its
review of the Westinghouse evaluacion prior to the attainment of extended burnup
at the Callaway plant.

/ 4-17

_ -



!

|
For non-LOCA events, the locked rotor accident (one pump seizure with three
loops operating) is the most severe undercooling event that is analyzed. This

:

event is analyzed in Section 15.3.3 of the FSAR, where it is found that the >

peak cladding temperature is 2250 F, which is well below the 2700 F design limit.
The analysis of this event is reviewed in Section 15.3.3 of this report, but
it is clear that the SFA meets the non-LOCA peak cladding temperature design
limit.

(2) Violent Expulsion of Fuel Materic]

The analysis that demonstretes that the design limits are met for this event
~ for the SFA is presented in Section 15.4.8 of the FSAR and is reviewed in that.

section of the report.

(3) Cladding Bal'.ooning and Flow Blockage

Although the cladding ballooning and assembly flow blockage models were approved
(Vassallo) as integral parts of the ECCS evaluation model, the staff has concluded
(Powers) that both models are nonconservative over some regions of applicability.

|
Therefore, until this issue i generically resolved, supplemental calculations
will be required for each plant application that uses the Westinghouse ECCS
evaluation model. These supplemental calculations should demonstrate that each
plant would conform to the ECCS acceptance criteria of 10 CFR 50.46 if the NRC
staff cladding strain and assembly flow blockage models (Powers) were substituted

1

for the Westinghouse models contained in WCAP-8301 and WCAP-8302.i

This requirement for supplemental.ECCS calculations is the same as the presentI

requirement made for all operating license applications and all ECCS reanalyses
of operating reactors (Eisenhut 1979, and Denton 1979). (See paragraph Section'

4.2.3.2 for a concurrent requirement on the cladding rupture model.) The appli-
cant provided (Petrick) supplemental ECCS calculations for the Callaway plant.
This calculation also accounted for a nonconservatism identified (Anderson 1979)
by Westinghouse in February 1978 ECCS evaluation model, which used a fast heatup
rate correlation for slow transients. Specifically, plant heatup rates are at
slow temperature ramp rates, Dereas the evaluation model was, in part, based
on cladding tests that were conoucted at fast temperature ramp rates. The

! Callaway submittal assessed the combined impact of this calculational error
| and the final NUREG-0630 models to be worth 855 F peak cladding temperature

above that previously calculated. Subsequently, Westinghouse calculated that
| a reduction in total peaking factor F of 0.037 would offset the portion ofn

the 855 F increase in peak claddiag tGmperatures that exceeded 2200 F. However,
available through use of thermo-. estinghouse has identified a ma' gin in F

,

W
hydraulic models approved for g9neric UHIqapplications. For Callaway, this
margin is worth 0.02 in F .q

Therefore, the staff concludes that the applicant has satisfied its requirements
for a supplemental ECCS calculation and no reduction in operating limits is
required.

The overall impact of cladding ballooning and assembly flow blockage models on
the responses of the SFA design to the loss-of-coolant accident is evaluated
in Section 15.6.5 and is not reviewed further in this section.

>
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(e) Structural Damage from External Forces
'

Section 4.2.3.5 of the FSAR refers to WCAP-8236 for his analysis. The staff
has reviewed and approved another report (WCAP-9401) hich essentially augments
the information presented in WCAP-8236 because both WCAP reports apply to similar
assemblies. For the Callaway application, however, the aaplicant must demon-
strate compliance with Appendix A of SRP Section 4.2. The applicant may make

j' reference to WCAP-8236 and WCAP-9401 to accomplish this.

4. 2.' 4 Testing, Inspection, and Surveillance Plans ,

f

4.2.4.1 Testing and Inspection of New Fuel

As required by SRP Section 4.2, testing and inspection plans for new fuel
should include verification of significant fuel design parameters. While:

details of the manufacturer's testing and inspection programs should be docu-
mented in quality control reports the programs for onsite inspection of new
fuel and control assemblies after they have been delivared to the plant should
also be described in the FSAR.

The Callaway FSAR discussion of the Westinghouse quality control program
addresses fuel system components and parts, pellets, rod inspection, assemblies,
process control, and so forth. Fuel system component inspection depends on
the component parts and includes dimensions, visual appearance, audits of test'

reports, material certification, and nondestructive examinations. Pellet
; inspections, for example, are performed for dimensional characteristics such

as diameter, density, length, and squareness of ends. Fuel rod, control rod,
,

burnable poison, and source rod inspection reportedly consist of nondestructive '

. examination techniques such as leak testing, weld inspection, and dimensional
j measurements. Prccess control procedures are described in detail. In addition,
| Westinghouse states in FSAR Section 4.2.4.4 that if any tests and inspections
; are to be performed by others on behalf of Westinghouse, Westinghouse will
i review and approve the quality control procedures, inspection plans, and so
i forth, to ensure that they are equivalent to the description provided in

WCAP-9500 and are performed properly to meet all Westinghouse requirements.

The staff concludes, based on the information provided in FSAR Section 4.2.4
and the commitment by Westinghouse to ensure the acceptability of any tests
and inspections performed by others on behalf of Westinghouse, that the fuel

i testing and inspection program for new fuel is acceptable.
i

| 4.2.4.2 Oaline Fuel Failure Monitoring

Section 11.5.2.2.2.5 of the FSAR describes the Callaway radioactivity monitor.
This monitor is part of the chemical and volumn control system (CVCS) discussed

i in Section 9.3.4 of the FSAR. The CVCS letdown radioactivity monitor, 0-SJ-RE-01,
acts as a gross failed fuel detector. The fixed-volume detector assembly contin-
uously monitors the CVCS letdown sample line which extracts a sample upstream
of the CVCS letdown demineralizers. The radiation alarms alert the operator
to an abnormal increase in gross gamma activity in the CVCS letdown system.
Confirmation of the cause of any increases in fission product activity, however,
will be made by laboratory analysis of primary coolant. The online fuel failure
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monitoring system discussed above as provided in the FSAR satisfies the monitor - '

ing needed described in paragraph II.D.2 of the Standard Review Plan. Special
online tests for boron loss from control rods are not needed for this fuel design'

(see Section 4.2.3.1(i) of this SER).

4.2.4.3 Postirradiation Surveillance

A commitment to do visual examination of some discharged fuel assemblies from ,

each refueling has been made by the applicant. This satisfies the guidelines '
'

described in paragraph II.D.3 of the SRP regarding the need for postirradiation
surveillance.

4

4.2.5 Evaluation Findings

The following have not yet been provided for by the applicant.

(1) confirmation that the predicted cladding collapse time exceeds the expected.

lifetime of the fuel (see Paragraph 4.2.3.2).

(2) a determination that the fuel assembly mechanical response to seismic and
LOCA forces mcets the requirements of NUREG-0609, Appendix E (see paragraph
4.2.3.3)

(3) a commitment to perform control rod surveillance for the new hafnium rods
(see paragraph 4.2.3.1)

When the above are provided, the staff will conclude that the Callaway fuel
1

has been designed so that (a) the fuel system will not be damaged as a result
of normal operation and anticipated operational occurrences, (b) fuel damage ,

during postulated accidents would not be severe enough to prevent control rod
insertion when it is required, and (c) core coolability will always be main-!

tained, even after severe postulated accidents, and thereby meets the related
requirements of 10 CFR Part 50.46; 10 CFR Part 50, Appendix A; GDC 10, 27, and
35; 10 CFR Part 50, Appendix K; and 10 CFR Part 100.- This conclusion is based
on the following:,

(1) The applicant has provided sufficient evidence that these design objectives
will be met based on op'erating experience, prototype-testing, and analytical

.

predictions. Those analytical predictions dealing with structural response,
| control rod ejection, and fuel densification have been performed in accord-
|

ance with (a) the guidelines of Regulatory Guide 1.77, and methods that
the staff has reviewed and found to be acceptable ernatives to Regulatory

4

Guides 1.60 and 1.126, and (b) the guidelines for "o ,1uation of Fuel

Assembly Structural Response to Externally Applied Forces" in Appendix A
to SRP Section 4.2.

(2) The applicant has provided for testing and inspection of the fuel to ensure
that it is within design tolerances at the time of core loading. The appli-,

'

i cant has made a commitment to perform online fuel failure monitoring and
postirradiation surveillance to detect anomalies or confirm that the fuel.

has performed as expected.
!
.
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The staff concludes that the applicant has described methods of adequately
predicting fuel rod failures during postulated accidents so that radioactivity
released are not underestimated and thereby meets the related requirements of
10 CFR Part 100. In meeting these requirements, the applicant has (a) used
the fission product release assumptions of Regulatory Guides 1.4, and 1.25,
and 1.77, and (b) performed the analysis for fuel rod failures for the rod
ejection accident in accordance with the guidelines of Regulatory Guide 1.77.

On the basis of its review, the staff concludes, that the applicant's fuel
system design has met all the requirements of the applicable regulations,
regulatory guides, and current regulatnry positions.

4.3 Nuclear Design

The Callaway Unit 1 power plant has a reactor core consisting of 193 fuel
assemblies of the Westinghouse 17 x 17 design. The core has a design heat
output of 3411 thermal Megawatts and is essentially identical to the W. B.
McGuire reactor and other recent Westinghouse four-loop reactors. The staff
has reviewed the nuclear design of the Callaway Unit 1 reactor. This review
was based on information contained in the SNUPPS FSAR and the referenced TopicalReports. The review was conducted in accordance with the guidelines provided
in SRP Section 4.3.

4.3.1 Design Bases
.

The design bases comply with the applicable GDC. Acceptable fuel design limits
are specified (GDC 10), a negative prompt feedback coefficient is specified
(GDC 11), and a tendency toward divergent operation (power oscillation) is not
permitted (GDC 12). A control and monitoring system (GDC 13) is required which
automatically initiates a rapid reactivity insertion to prevent the fuel design
limits being exceeded in normal operation or anticipated transients (GDC 20).
The control system must be designed so that a single malfunction or single
operator error will cause no violation of fuel design limits (GDC 25). A reactor
coolant baration system is provided which is capable of bringing the reactor
to cold shutdown conditions (GDC 26), and the control system is required to
control reactivity changes during accident conditions when the system is combined
with the engineered safety features (GDC 27). Reactivity accident conditions
must be limited so that no damage to the reactor coolant system boundary occurs
(GDC 28).

Thus, the staff finds the design bases presented in the SNUPPS FSAR to be
acceplable.

4.3.2 Design Description

The SNUPPS FSAR contains the description of the first cycle fuel loading which
consists of three different enrichments 9d has a first cycle length of approxi-mately 1 year. The enrichment distribution, burnable poison distribution,
soluble poison concentration and higher isotope (actinide) content as a function
of core exposure are presented. Values presented for the delayed neutron fraction
and prompt neutron lifetime at the beginning and end of the cycle are consistent
with those normally used and are acceptable.

;

I
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4.3.2.1 Power Distribution

The design bases affecting power distribution are

(1) The peaking factor in the core will not be greater than 2.32 during normal
operation at full power in order to meet the initial conditions assumed
in the loss of coolant accident analysis.

(2) Under normal conditions (including maximum overpower) the peak fuel power
will not produce fuel centerline melting.

(3) The core will not operate during normal operation or anticipated operational
occurrences, with a power distribution that will cause the departure from
nucleate boiling ratio to fall below 1.3 (W-3 correlation with modified
spacer factor)

The applicant has described how the core will be operated and power distributions
monitored to ensure that these limits are met. The core will be operated in
the constant axial offset contro: (CAOC) mode, which has been shown to result
in peaking factors less than 2.32 for both constant power and load-following
operation. The applicant has elected to use an improved load-follow package
developed by Westinghouse.

CAOC is described in Westinghouse Topical Report WCAP-8385 (Proprietary) and
WCAP-8403 (non-Proprietary), " Power Distribution Control and Load Following
Procedures." This report contains methodology for operation with and without
part-length control rods. The former mode allows better return to power capa-
bility than the latter. Use of part-length rods has been withdrawn from
Westinghouse reactors. The improved load-follow strategy provides a return-to-
power capability during operation without part-length rods comparable to the
level previously obtainable from operation with part-length rods.

The improved load-follow strategy involves a redesigned control rod bank and
modified overlap that allows greater reactivity insertion than the former design
bank within the constraints of a widened, asymmetric CAOC band. The control
bank has been changed from nine to five rods. The four rods removed from the
control bank have been redesignated as a shutdown bank, thus maintaining shutdown
margins. The CAOC band has been changed from +5 to +3, -12 AI (delta flux dif-
ference). The greater inserted reactivity is available for return-to power
capability when the control rods are withdrawn. Another element in the

i load-follow strategy is the use of moderator temperature reductions to augment
return to power capability. The temperature reduction adds reactivity during
rapid return to power through the inherently negative moderator temperature
coefficient.

The analysis used to calculate the maximum peaking factor which can occur using
the improve strategy expands the set in the CAOC Topical Report to 18 calcula-
tional cases. However, with the redesigned control bank, maneuvers resulting
in greater control rod insertion for a longer duration become operationally

| practical but tend to become slightly more limiting in terms of total peaking
factors. Therefore, simulated load-follow maneuvers which return AI to the
target value (and thereby reduce control rod insertion) have been replaced by
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load-follow strategies which maintain the deeper rod insertion. As a result
of its evaluation, the staff agrees with the Westinghouse conclusion that
substitution of these more conservative cases will maintain the limiting nature
of the 18-case load-following analysis.

The analysis performed by Westinghouse indicated that the peaking-factor limit
could not be met at beginning of-life of cycle 1 because of the wide AI band.
This resulted in limiting the width of the band for the first 20 percent of
the cycle typically, and until 3000 MWD /MTU burnup for Callaway Unit 1 to the
value of 5 percent AI. The 15 percent AI value is the value previously justi-
fied by the CAOC analysis. These features will be incorporated in the Callaway
Technical Specifications.

Thus, the staff concludes that the improved load factor package will continue
to prevent the peaking-factor limit from being exceeded in normal operation of
the power plant. It is, therefore, acceptable.

Two types of instrumentation systems are provided to monitor core power distribu-
tion. Excore detectors are used to monitor core power, axial offset, and
azimuthal tilt, and movable incore detectors permit detailed power distribu-
tions to be measured. These systems are used in operating reactors supplied
by Westinghouse, and the staff finds their use acceptable for Callaway.

4.3.2.2 Reacti' i ty Coef ficients

The reactivity coefficients are expressions of the effect on core reactivity
of changes in such core conditions as power, fuel and moderator tc7perature,
moderator density, and boron concentration. These coefficients vary with fuel
burnup and power level. The applicant has presented values of the coefficients
in the SNUPPS FSAR and has evaluated the uncertainties of these values. The
staff has reviewed the reactivity coefficients used in the transient and accident
analyses and concludes that they conservatively bound the expected values,
including uncertainties. Further, moderator and power Doppler coefficients,
along with boron worth, are measured as part of the startup physics testing to
ensure that actual values are within those used in these analyses.

4.2.3.3 Control

To allow for changes in reactivity as a result of reactor heatup, loading follow-
ing, and fuel burnup, with consequent fission product buildup, a significant
amount of excess reactivity is built into the core. The excess reactivity is
controlled by a combination of full-length control rods and soluble boron.
Soluble baron is used to control reactivity changes due to

(1) moderator density and temperature changes from ambient to operating temper-
atures

(2) equilibrium xenon and samarium buildup

(3) fuel depletion and fission product buildup (that portion not controlled
by lumped burnable poison)

(4) transient xenon resulting from load following
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Control rods are used to control reactivity change due to

(1) moderator reactivity changes from hot zero to full power

(2) fuel temperature changes (Doppler reactivity changes)

Burnable poison rods placed in some fuel assemblies are used for radial flux
shaping and to control part of the reactivity change due to fuel depletion and
fission product buildup.

The applicant has provided data to show that adequate control exists to satisfy
the above requirements with enough additional cantrol-rod worth to provide a

|hot-shutdown effective multiplication factor ic:,s than the design-basis value
of 0.987 daring initial and equilibrium fuel cycles with the most reactive
control rod stuck out of the core. In addition, the chemical and volume control
system will be capable of shutting down the reactor by adding soluble boron
and maintaining it shut down in the cold, xenon-free condition at any time in
the core life. These two systems satisfy the requirements of GDC 26.

Comparisons have been made between the calculated and measured control-rod-bank
worth in operating reactors and in critical experiments. These comparisons
lead to the conclusion tha'. b ok worths may be calculated to within approximately
10 percent. In addition bank-worth measurements are performed as part of the
startup test program to ensure that conservative values have been used in safety
analyses.

Based on these comparisons, the staff concludes that the applicant has made
suitably conservative assessments of reactivity control requirements and that
adequate control rod worths-have been provided to ensure shutdown capability.

In Revision 2 of the SNUPPS FSAR (dated January 1981), the applicant has proposed
hafnium as an alternative to silver-indium-cadmium absorber materials for the
control rods. The staff has reviewed the hafnuim control rod design and finds
it acceptable, because it provides nearly exactly the same control worth as
silver-indium-cadmium. Consultants at Brookhaven National Laboratory assisted
the staff in reaching this conclusion.

4.3.2.4 Control Rod Patterns and Reactivity Worths
,

The control rods are divided into two categories, shutdown rods and regulating
rods. The shutdown rods are always completely out of the core when the reactor
is at operating conditions. Core power changes are made with regulating rods
which are nearly out of the core when it is operating at full power. The inser-
tion of regulating rods will be controlled by power-dependent insertion limits
in the Technical Specifications to ensure that

(1) There is sufficient negative reactivity available to permit rapid shutdown
of the reactor with adequate margin.

(2) The worth of a control rod that might be ejected is not greater than trat
which has been shown to have acceptable consequences in the safety analyses.
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The staff has reviewed the calculated rod worths and the uncertainties in these
worths, and concludes that rapid shutdown capability exist at all times in core
life, assuming that the most reactive control rod assembly is stuck out of the
Core.

4.3.2.5 Stability

The stability of the Callaway core to xenon-induced spatial oscillations is
discussed in the SNUPPS FSAR. The overall negative reactivity (power) coeffi-
cient provides assurance that the reactor will be stable against tctal power
oscillation. The applicant also concluded that sustained radial or azimuthal
xenon oscillations are not possible. This conclusion is based on measurements
on an operating reactor of the same dimensions which showed stability against
these oscillations. The staff concurs with this conclusion.

This core is predicted to be unstable with respect to axial yenon oscillations
after about 12,000 Megawatt days per ton of exposure. The app icant has accept-
ably shown that axial xenon oscillations may be controlled by the regulating
rods to prevent any fuel damage limits from being reached.

4.3.2.6 Criticality of Fuel Assemblies

Criticality of fuel assemblies outside the reactor is precluded by adequate
design of fuel transfer and storage facilities. The applicant presents informa-
tion on calculational techniques and assumptions used to encure that criticality
is avoided. The staff has reviewed this information anu the criteria which
will be employed and finds them to be acceptable.

4.3.2.7 Vessel Irradiation

Values are presented for the neutron flux in various energy ranges at mid-height
of the pressure vessel inner boundary. Core flux shapes calculated by standard
design methods are input to a transport theory calculation (Sn), which results
in a neutron flux of 2.8 x 101" neutrons per cm /s having energy greater than2

106 electron volts at the inner vessel boundary. This results in a fluence of
2.8 x 1019 neutrons per cm for a 40 yr vessel life with an 80 percent use2

factor. The methods used for these calculations are state of the art, and the
staff concludes that acceptable analytical procedures have been used to calculate
the vessel fluence. The staff will review the requirements for surveillance
programs and the pressure-temperature limits for operation.

4.3.3 Ar.alytical Methods

The applicant has described the computer program and calculational techniques
used to obtain the nuclear characteristics of the reactor design. The calcula-
tions consist of three distinct types, which are performed in sequence: deter-
mination of effective fuel temperatures, generation of macroscopic few group
parameters, and space-dependent few group diffusion calculations. The programs
used (LASER, TWINKLE, LEOPARD, TURTLE, and PANDA) have been applied as part of
the applications for most earlier Westinghouse-designed nuclear plant facilities,
and the predicted results have been compared with measured characteristics
obtained during many startup tests for first-cycle and reload cores. These
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results have validated the ability of these methods to predict experimental
results. The staff, therefore, concludes that these methods are acceptable
for use in calculating the nuclear characteristics of Callaway Unit 1.

4.3.4 Summary of Evalua* in Findings

The applicant has describm the computer programs and calculational techniques
used to predict the nuclear characteristics of the reactor design and has pro-
vided examples to demonstrate the ability of the analyses to predict reactivity
and physics characteristics of Callaway Unit 1.

To allow for changes of reactivity due to reactor heatup, changes in operating
conditions, fuel burnup, and fission product buildup, a significant amount of
excess reactivity is designed into the core. The applicant has provided substan-
tial information relating to core-reactivity balances for the first-cycle and
has shown that means have been incorporated into the design to control excess
reactivity at all times. The applicant has shown that sufficient control rod
worth is available to make the reactor subcritical with an effective multiplica-
tion factor no greater than 0.987 in the hot condition at any time during the
cycle, with the most reactive control rod stuck in the fully withdrawn position.
On the basis of its review, the staff concludes that the applicant's assessment
of reactivity control requirements over the first-core cycle is suitably conserva-
tive, and that adequate negative worth has been provided by the control system
to ensure shutdown capabiltity. Reactivity control requirements will be reviewed
for additional cycles as this information becomes available. The staff also
concludes that nuclear design bases, features, and limits have been established
in conformance with the requirements of GDC 10, 11, 12, 13 20, 25, 26, and 28.

4.4 Thermal-Hydraulic Design

4.4.1 Performance and Safety Criteria

The performance and safety criteria for the Callaway Unit 1 core design are
stated in Section 4.4.1 of the SNUPPS FSAR.:

4.4.2 Design Bases

The performance and safety criteria above are implemented through the design
,

| bases discussed in the subsections below.

4.4.2.1 Departure from Nucleate Boiling

The margin to departure from nucleate boiling at any point in the core is
expressed in terms of the departure from nucleate boiling ratio (DNBR). The
DNBR is defined as the ratio of the heat flux required to produce departure
from nucleate boiling at the calculated local coolant conditions to the actual
local heat flux.

The thermal-hydraulic design basis (as stated in Section 4.4.1.1 of the SNUPPS
FSAR) for the prevention of departure from nucleate boiling is:

There will be a 95 percent probability that departure from nucleate
boiling (DNB) will not occur on the limiting fuel rods during normal

1
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operation and operational transients and any transient arising from
faults of moderate frequency (Condition I and II events) at a 95 percent
confidence level.

4.4.P 2 Fuel Temperature

The fuel temperature design basis (in FSAR Section 4.4.1.2) is:

During modes of operation associated with Condition I and Condition II
events, there is at least a 95 percent probabi'. ity that the peak kW/f t
fuel rods will not exceed the U02 melting temperaure at the 95 percent
confidence level.

This design basis is evaluated in Section 4.2 of the Callaway SER.

4.4.2.3 Core Flow

Section 4.4.1.3 of the FSAR gives the following core flow design basis:

A minimum of 94.2 percent of the primary coolant flow will pass through
the fuel rod region of the core and be effective for fuel rod cooling.

4.4.2.4 Hydrodynamic Stability

The hydrodynamic stability design basis given in FSAR Section 4.4.1.4 is:

Modes of operation associated with Condition I and II events shall
not lead to hydrodynamic instability.

4.4.3 Thermal-Hydraulic Design Methodolgy

The thermal-hydraulic design anal ois was performed using the W-3 critical heat
flux (CHF) correlation in conjurction with the THINC-IV analysis. (THINC-IV
is an open-channel computer code which determines the coolant density, mass
velocity, enthalpy, vapor void, static pressure, and DNBR distribution along
parallel flow channels within a reactor core.)

The W-3 correlation was developed from data obtained from experiments conducted
with fluid flowing inside single heated tubes. As test procedures progressed
to the use of rod bundles instead of tubes, the correlation was modified to
include the effects of "R" mixing vane grids and axially nonuniform power
distributions.

The applicant has proposed a minimum DNBR of 1.30 to ensure that there is a
95 percent probability at a 95 percent confidence level that critical heat
flux will not occur on the limiting fuel rod. The use of the W-3 CHF correla-
tion with a minimum DNBR of 1.30 has been previously approved by the staff.

A description of the THINC-IV computer code is given in WCAP-7956 "THINC-IV:
An Improved Program for Tharmal-Hydraulic Analysis of Rod Bundle Cores." The
design application of the THINC-IV program is given in detail in WCAP-8054
" Application of the THINC-IV Program to PWR Design." Both WCAP-7956 and
WCAP-8054 have been reviewed and approved by the staff.
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i-
The design calculational procedure, using THINC-IV, is to perform a core-wide
analysis followed by a hot-assemblf and hot-subchannel analysis.

A reload review of a PWR not of Westinghouse design showed that t.% input
,

parameters used in the thermal-hydraulic analysis of the initial core did-not'

bound future cycles (that is, beyond the first cycle). The staff questioned
the applicant to determine if his methods appropriately bound future cycles.
The-applicant responded that the safety analysis is intended to be vaiid ']r
all plant cycles and the values of the input parameters used in the safety

- analysis are selected to bound the values expected in all subsequent cycles.
1

Yhe applicant further stated that when all of the reload-related parameters
for a given accident are bounded, further evaluation is necessary. This further.

evaluation is to confirm that the margin of safety defined in the basis for
any Technical Specification is not reduced. Based on the information'given
above, the staff concludes that the applicant has-adequately addressed its
concerns on future cycle considerations.'

During its review, the staff requested.that the applicant pei form the THINC-IV
.

calculation using a nonuniforn care-erit radial pressure gradient and provi6
| specified results from the calculation.

The applicant did not perform the requested analyses but referenced a November 2,
1977, letter from C. Eicheldinger (Westinghouse) to J. Stolz (NRC) which des-
cribed THINC-IV analyses using a co ~..e upper plenum radial pressure gradient'
with a maximum value of 5-psi at the core center and 0 psi at the periphery.
The results of these analyses showed that the effects of a core pressure distri-
bution on the minimum DNBR is negligible. The staff conducted a similar.sensi-,

tivity study using COBRA-IV. The staff's results also showed that the effects'

are small. Based on these analyses, the staff concludes that the use of a
uniform exit pressure gradient in the Callaway thermal-hydraulic design ie

,

i acceptable.
4

Because the CHF correlation and the thermal-hydraulic computer code used by
the applicant have previously been approved by the staff, the staff finds that
the applicant has appropriately bounded future cycles in his safety analyses,

, and the use of a uniform core exit pressure gradient has been adequately justi-j
! fied. Therefore, the staff concludes that the Callaway DNB design methodology
! is acceptable.
:

! 4.4.3.2 Core Flow

The core-flow design basis requires that the minimum flow which will pass through.

the fuel-rod region and be effective for fuei rod cooling be 94.2 percent of'

the primary coolant flowrate. The remainder of the flow, called bypass flow,
;

will be ineffective for cooling because it will take the following bypass paths:
'

(1) flow through the spray nozzles into the upper head

(2) flow into the rod cluster control rod guide thimbles

(3) leakage from the vessel inlet nozzle directly to the vessel outlet nozzle
_

I (4) flow between the baffle and barrel
|

;
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'

1

(5) flow in the gaps between the fuel assemb1.es

The amount of bypass flow is determined by a series of hydraulic resistance
calculations on the core and vessel internals and verified by model flow tests.4

Because the amount of bypass at Callaway Unit 1 is consistent with that at
approved plants of similar design, the staff concludes that the core f',ow given

| in the Callaway Site FSAR (94.2 percent) is acceptable.

4.4.3.3 Hydrodynamic Stability

For steady state, two phase heated flow in parallel channels, the potential
for' hydrodynamic instability exists.

The applicant stated that the core design is stable because (1) Westinghouse
reactors will not experience any Ledinegg instability over Condition I and-II
operational ranges, and (2) open-channel configurations, which are a feature
of. Westinghouse PWRs, are more stable than closed -channel configurations.
This was shown by flow stability tests wich were conducted at pressures up to
2200 psia. , The results showed that for flow and power levels typical of power
reactor conditions, no flow oscillations could be induced above 1200 psia.

The staff is conducting a generic study of the hydraulic stability er light-
water-cooled reactors. Limitations of the thermal-hydraulic design resulting
from the staff study will be compensated for.by appropriate operating restric-
tions; however, no operating restrictions are anticipated.'

In the interim, the staff concludes that past operating experience, flow-
stability experiments and the inherent thermal-hydraulic characteristics of
Westinghouse PWRs serve as a basis for accepting the Callaway stability
evaluation for issuance of an operating license.

4.4.4 Design Abnormalities

4.4.4.1 Fuel Rod Bowing

A significant parameter which affects the thermal-hydraulic design of the core
is rod-to rod bowing within fuel assemblies. The Westinghouse methods for
predicting the effects of rod bow on DNB appear in the Westinghouse Topical
Report WCAP-8691, Revision 1, " Fuel Rod Bow Evaluation," and are under review
by the staff. Therefore, the magnitude of rod bow as a function of burnup was
evaluated based on interim methods which have been previously accepted. The
resultant reduction in the DNBR due to rod how is given in Table 4.1.

,
,

Before the Technical Specifications are issued, the staff will ensure that the
thermal-margin reduction', given above have been accommodated using an acceptable
method.

For plante designed by Wertinghouse, the staff has approved the generic margins,

shown in Table 4.2 of "In'.erim Safety Evaluation Report on the Effects of Fuel
Rod Bowing on Thermal Margin Calculations for Light Water Reactors," issued in'

December 1976. These mr.rgins may be used to offset the reduction in DNBR as a
result of rod bowing.
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Table 4.-1 Rod Bow Penalties'

i

Burnup DNBR Penalty
'

(MWD /MTU) (%)

0 0
3500 0
5000 0

10,000 2.15
1 15,000 4.64

20,000 6.74
25,000 8.59
30,000 10.27

! 35,000 13.07
; 40,000 19.09
1

i-
! 4.4.4.2 Crud Deposition
i
? Crud deposition in the core and an associated change in core pressure drop and

flow have been cbserved in some PWRs not of Westinghouse design. In response
to a staff question, the applicant stated that (1) operating experience on
Westinghouse reactor 3 indic.ites that a flow resistance allowance for crud deposi-
tion is not required; (G the effects of crud enter into the calculations by
the use of a surface roughness factor three times greater than those obtained

.

from operating Westinghouse PWRs; and (3) reduced flow would be observed by
| four different means: (a) flow meters, (b) a reduction in reactor power if.in
; an automatic mode or increases of C across the core if in a manual code, (c)
i core exit thermocouples, and (d) in core flux n:aps.

Based on the information given above, the staff concludes that the applicant
adequately addressed the stati cent. erns relative to uniform or preferential
crud depositions in the core. The staff will ensure that appropriate surveil-

i lance requirements are included in the Technical Specifications to recognize
,

any rapid crud buildup.
!

Plant-specific margi is which could be available are
;

;- (1) The Technical Specification minimum flowrate is greater than the design
flow rate.

(2) The Technical Specification maximum T is less than the design T
ave ave'

(3) The trip setpoints are more limiting than the thermal-hydraulic analysis
4

i indicates.
,

IThe applicant should insert into the basis of the Technical Specification any
. of the above generic or plant specific margins that may be used to offset the I

! reduction in DNBR as a result of rod bowing.
:

! -

i
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Table 4.2 Generic Margins

% Reduction in
Margin Rod Bow Penalties.

The use of a design minimum DNBR of 1.30 1. 6
instead of the 95/9~ DNBR limit of 1.28.

A reduction in fuel rod pitch for the hot- 1. 7
channel analysis.

The use of a thermal diffus ;n coefficient 1. 2
(TDC) of 0.038 instead of a TDC of 0.051.

The addition of an extra grid in the design 2.9
of the Westinghouse 17x17 fuel assembly
relative to the 15x15 fuel design.

The use of a 0.88 multiplier on the modified 1. 7
spacer factor (Fs) of the W-3 correlation
instead of a 0.865 multiplier.

Maximum generic margin which may be claimed. 9.1

4.4.5 Thermal-Hydraulic Comparison

The thermal-hydraulic design parameters for Callaway Unit 1 are listed in
Table 4.3 and compared to the values of these parameters for the Comanche Peak
and Trojan plants.

Callaway Unit 1 was designed to operate at the same thermal power as the
Comanche Peak and Trojan plants. The W-3 CHF correlation and THINC-IV computer
program were used in the design of all three plants.

The major differences between the Callaway and Trojan plants are a higher nominal
inlet temperature, a lower flow rate, and a lower maximum heat flux for Cillaway.
The higher nominal inlet temperature for the Callaway unit results in a de:rease
in the thermal margin. However, the higher flowrate and the lower maximua heat
flux compensate and result in the minimum DNBR, at nominal conditions, i:icreasing
from 1.71 for Trojan to 1.73 for Callaway. Therefore, the net change for Calla-
way is a slightly greater thermal margin.

The difference between the thernal-hydraulic designs of the Callaway and Comanche
Peak plants are negligible. -

Both Trojan and Comanche Peak have been previously reviewed and approved by
the staff.
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The comparability of Callaway with the Comancl.3 Peak and Trojan plants support
j the conclusion that the Callaway thermal-hydraulic design .is acceptable.

4.4.6 N-1 Loop Operation

N-1 loop operation is operation when one of the reactor's coolant loops is out
of service. Thus, only three coolant loops are available to supply coolant to

; the reactor core.

In response to a staff question, the applicant stated that he did not wish.to
exercise the option to operate in the N-1 mode. The staff will require that

'

the Technical Specification include appropriate provision to ensure that this
type of operation is prohibited.

.

'

Table 4.3 Reactor. Design Comparison

Callway
Unit 1 Trojan Comanche Peak

:

Performance Characteristics
,

t! Reactor core heat output (MWt) 3411 3411 3411
System pressure, psia 2250 2250 2250

! ?parture from nucleate
i boiling ratio

lypical cell 2.07 2.04 2.08
Thimble cell 1.73 1.71 1.74
Minimum DNBR 1.30 1.30 1.30
Critical heat flux correlation W-3 W-3 W-3,

| Coolant Flow

Total flowrate (106 lb/hr) 142.1 132.7 140.3
Effective flowrate for heat

: transfer (106 lb/hr) 132.9 126.7 134.0
Average velocity along fuel

rods (fps) 16.6 15.7 16.6*

. Averagemassvelocity
! 2(10 lb/hr-ft ) 2.62 ---- 2.62
' Coolcrt Temperature, F

! Nominal reactor inlet 558.8 552.7 558.8
Average rise in core 62.7 66.9 62.7
Heat Trans:er, 100% Power I

i |
! Active hesc transfer surface

2
i area, (ft ) 59700 59700 59700
i Average heat flux (BTU /hr-ft ) 189800 189800 18908002

i Maximum heat flux (BTU /hr-ft2) 440300 574500 440300 ;

Average linear heat rate (kw/ft) 5.44 5.44 5.44
''

i Maximum thermal output (kw/ft) 12.6* 13.6 12.6 1

! * Design limit based on peak clad temperature (PCT) during loss-of-coolant
; accident (LOCA).
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4.4.7 Conclusion

The thermal-hydraulic design of the core for the Callaway plant was reviewed.
The scope of review included the design criteria, core design, and the steady-
state analysis of the core thermal-hydraulic performance. The review concen-
trated on the differences between the proposed core design and those designs
which have been previously reviewed and found acceptable by the staff. It was-
found that all such differences were acceptable. The applicant's thermal-
hydraulic analyses were performed using analytical methods and correlations
that have been previously reviewed and approved by the staff and found acceptable.

The staff concludes that the reactor core has been designed with appropriate
margin to ensure (1) that acceptable fuel design limits are not exceeded during
steady-state operation or anticipated operational occurrences and (2).that the
reactor will perform.its safety functions throughout its design lifetime, under
all modes of operation. The thermal-hydraulic design of the core, therefore,
meets the requirements of GDC 10 and is acceptable for final design approval.
This conclusion is based on the applicant's analyses of the core thermal-
hydraulic performance, which was reviewed by the staff and found to be accept-
able. The applicant has committed to a preoperational and initial startup test
program in accordance with Regulatory Guide 1.68 to measure and confirm the
thermal-hydraulic design aspects. The staff has reviewed the applicant's
preoperational and initial startup test program and has concluded that it is
acceptable. The staff also concludes that the loose parts monitoring program
is designed for compliance with the requirements of Regulatory Guide 1.133 and
is, therefore, acceptable.

4.5 Reactor Materials

4.5.1 Control Rod Structural Materials

The staff concludes that the materials used for the construction of the control
rod drive structure are acceptable and meet, in part, the requirements of GDC 1,
14, and 26 of Appendix A and Section 50.55a of 10 CFR Part 50.

The applicant has met these requirements by ensuring that the design, fabrication,
and testing of the materials used in the control rod drive structure meet high
quality standards and are adequate for structural integrity.

The mechanical properties of structural materials selected by the applicant
for the Callaway control rod system components that are exposed to the reactor
coolant satisfy the stringent procurement specification requirements applied
by the designer. They also conform to the staff position as stated in SRP
Section 4.5.1 that the yield strength of cold-worked austenitic stainless

2steel should not exceed 90,000 lb/in ,

The controls imposed on the welding of the austenitic stain'e s steel of the
mechanisms conform to the recommendations of Regulatory Guiu 31, " Control
of Ferrite Content in Stainless Steel Weld Metal," and Regulas y Guide 1.44,
" Control of the Use of Sensitized Stainless Steel," or acceptable alternatives.
Fabrication and heat treatment practices performed in accordance with these
recommendations provide added assurance that stress corrosion cracking will

|
not occur during the design life of the component. The austenitic stainless

i

|
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steel materials are furnished in solution heat treated condition. Sensitization
is avoided by not permitting heat treatment in the temperature range of 800 to
1500 F. Fabrication and heat-treatment practices performed as stated above
provide added assurance that stress corrosion cracking will not occur during
the design life of the components.

,

The compatibility of all materials used in the control rod system that are in
contact with the reactor coolant satisfies the criteria of Articles NB-2160
and NB-3120 of Section III of the ASME Code. Martensitic stainless steels have
been given tempering treatments which preclude susceptibility to stress cor-
rosion cracking or acclerated corrosion in the Westinghouse PWR water chemistry.

Cleaning and cleanliness control have been performed in accordance with the
guidance of ANSI 45.2.1, which identifies the requirements for contamination
control of components during fabrication, shipment, and storage.

Conformance with the codes, standards, and regulatory guides indicated above,
conformance with staff positions on the allowable maximum yield strength of
cold-worked austenitic stainless steel, and generally the tempering or aging
temperatures of martensitic and precipitation-hardened stainless steel,
constitute an acceptable basis for meeting the requirements of GDC 1, 14, and
26 of 10 CFR Section 50.55.

4.5.2 Reactor Internals and Core Support Materials

The staff concludes that the materials used for the construction of the reactor
internals and core support structure are acceptable and meet, in part, the
requirements of GDC 1, 4, 14, and 30; the requiremente of Appendix B of 10 CFR
Part 50; and the requirements of 10 CFR 50.55a. The applicant has met these
regulatory requirements by assuring that design, fabrication, and testing of
the materials were done to high quality standards and were adequate to achieve
structural integrity.

The major material for the reactor internals and core support structure is
Type 304 austenitic stainless steel. All of the materials have been identified
by specification and found to be in conformance with the requirements of NG-2000
and Appendix I of Section III of the ASME Code. Compliance with the above Code.

provisions for materials specifications satisfies the quality standards require-
ments of GDC 1 and 30, and 10 CFR 50.55a.

i

;
~

The materials for reactor internals and core support structure exposed to the
reactor coolant are compatible with the primary water, which is chemically ,

'

, controlled, in accordance with appropriate Technical Specifications, to prevent '

conditions that could lead to stress corrosion cracking of austenitic stainless l

steel. This compatibility has been proven by extensive testing and satisfactory j

performance. General corrosion of all materials will be negligible. The above 1

evidence of compatibility with the reactor coolant satisfies the requirements
of GDC 4 relative to compatibility of components with environmental conditions.

The fabrication and installation welds of components of the reactor internals
and core support structure were made and inspected in accordance with the
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requirements of the ASME Code, Sections III and IX. These welding controls
meet the quality standards requirements of GDC 1 and 30,.and 10 CFR 50.55a.

Nondestructive examination of wrought seamless tublar prcJucts and fittings
was conducted in accordance with Section III of the ASME. Code. Compliance with
these Code requirements satisfies GDC 1 and 30, and 10 CFR 50.55a regarding
quality standards.

The controls during material procurement, fabrication, shipment, construction,
and storage of the NSSS components of austenitic stainless steel, to avoid stress
corrosion cracking by avoiding sensitization and surface contaminants, were in
conformance with all of the recommendations of Regulatory Guide 1.44. The controls
for the non-NSSS austenitic stainless steel components were in conformance with
all of the recommendations of Regulatory Guide 1.44 except the position 6
recommendation regarding corrosion testing each welding procedure. However,
the position 6 recommendation regarding control of welding practices to avoid
excessive sensitization of base metal heat-affected zones was satisfied by

, prohibiting the use of high-heat-input welding processes, by controlling weld
I heat input, by limiting interpass temperature to 350 F maximum, by controlling

weld delta ferrite content, and by prohibiting incorrect postweld heat treatment.

The onsite cleaning and cleanliness controls during fabrication and erection
conform to the recommendations of ANSI Standard N45.2.1-1973, " Cleaning of Fluid
Systems and Associated Components During the Construction Phase of Nuclear Power

: Plants," and Regulatory Guide 1.37.

| The controls followed in order to prevent sensitization and surface contamination,
| described in the preceding two paragraphas, provide reasonable assurance that

the reactor internals and core support structures will be in a metallurgical
condition that minimizes susceptibility to stress corrosion cracking during
service. These controls meet the requirements of GDC 4 relative to compati-

i bility of components with environmental conditions, the requirements of GDC 14
relative to prevention of leakage and failure of the RCPB, and the requirements
of Appendix B relative to cleaning of material to prevent deterioration.

The welding of austenitic stainless steel was controlled to prevent the occur-
rence of microfissuring (or hot cracking) in the welds. The controls during
fabrication of NSSS components consisted of control of welding materials to
deposit a minimum of 5 percent delta ferrite, in accordance with the Westing-
house production weld verification program that was approved by the NRC staff
as an acceptable alternative for conformance with the Interim Position then in
effect for Regulatory Guide 1.31, " Control of Ferrite Content in Stainless Steel

| Weld Metal." The Westinghouse program is described in WCAP-8324-A, and its
results are summarized in WCAP-8693. Field welding of NSSS components was done
in accordance with the recommendations of Revision 3 o'f Regulatory Guide 1.31.
Portions of the non-NSSS components conform with the recommendations 'of Revi-
sion 3. The remainder of the non-NSSS components, fabricated prior'to implemen-
tation of Revision 3, conformed with the Interim Position recommendations, which
included magnetic testing of sampled production welds for delta ferrite content

2 as well as controlling weld filler metal to deposit a minimum of 5 percent delta
ferrite. The welding controls described above provide reasonable assurance

,

that deleterious hot cracking did not occur during fabrication and installation
t
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of the reactor internals and core support structure. The controls also meet
lthe requirements of GDC 14 relative to prevention of leakage and failure of

the reactor coolant pressure boundary.

Performance qualification (or requalification) of welders for areas of limited
accessibility was not performed for NSSS components other than as required by
the ASME Code, Sections III and XI. The applicant stated that the welder's
physical position relative to the welds is controlled, and experience shows
that current shop practices produce high quality welds; the required non-
destructive examination provides further assurance of acceptable weld quality.
Performance qualif 5 tions for personnel welding non-NSSS components under condi-
tions of limited accessibility were conducted and maintained in accordance with
the requirements of Sections III and IX of the ASME Code. In addition, only
the most highly skilled welders were assigned to this task. A requalification
was required when any of the essential variables of Section IX was changed or
when authorized personnel had reason to question the abi!ity of the welder to
perform satisfactorily to the applicable requirements. Production welding was
monitored for compliance with the procedure parameters, welding qualification
requirements were certified in accordance with Sections III and IX, and weld
quality was verified by performance of the required nondestructive examination.
The controls imposed on welding the reactor internals and core support structures
under conditions of limited accessibility provide assurance that proper requali-
fication of welders was required in accordance with welding conditions and that
the welds will be satisfactory in locations of restricted accessibility. These
controls also satisfy the quality standards requirements of GDC 1 and 30, and
10 CP 50. 55a.

4.6 Fonctional Design of Reactivity Control Systems

The functional design of the reactivity control systems for the facility has
been reviewed to confirm that they meet the various reactivity control conditions
for all modes of operation. These are

(1) the capability to operate in the unrodded, critical, full power mode
throughout plant life

(2) the capability to vary power level from full power to hot shutdown and
ensure control of power distribution within acceptable limits at any power,

level'

I (3) the capability to shut down the reactor in a manner sufficient to mitigate
! the effects of postulated events discussed in Section 15.0 of this SER
l
'

The control rod drive system (CRDS), the safety injection system (SIS) 'nd the
chemical and volume control system (CVCS) are the reactivity control systems.

The CRDM is a magnetically operated jack. The magnetic jack is an arrangement |of three electromagnets which are energized in a controlled sequence to insert
or withdraw RCCAs in discrete steps.

|

The CRDS are composed of control rod drive mechanisms (CRDMs) to which the rod
|

cluster control assemblies (RCCAs) are attached. The RCCAs are divided into
two categories, control and shutdown.
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The control category RCCAs may be automatically inserted or withdrawn to compen-
,

sate for changes in reactivity associated with power level changes and power'

distribution, variations in moderator temperature or changes in baron concentra-
tion. The shutdown category RCCAs, which are fully withdrawn during power
operations, are used solely to insert large amounts of negative reactivity to
shut down the reactor. (See Section 4.3 of this SER for further discussions
on these features.)

The RCCAs are the primary shutdown mechanism for normal operation, accidents,1

and transients. They insert automatically upon a reactor trip signal. Concen-
trated boric acid solution is injected by the SIS in the event of a loss-of-
coolant accident, steam line break, loss of normal feedwater flow, steam generator
tube rupture, or RCCA ejection, thereby complying with GDC 20, which requires
that automatic protective systems be provided (1) to ensure that specified'

acceptable fuel design limits are not exceeded and (2) to sense accident condi-
tions and to initiate operation of systems and components important to safety.

Failure of electrical power to a RCCA will result in the insertion of that
assembly, as will shearing of the connection between the rod cluster control
assembly, and control rod drive mechanism. Single failure of a rod cluster
control assembly is considered in transient and accident analyses which includes
the most reactive rod cluster control assembly stuck outside the core. Analysis
of accidental withdrawal of a rod cluster control assembly is found to have
acceptable results. This conforms to the requirements of GDC 25.

During power operations, the operability of each RCCA is tested once every
31 days. At every refueling shutdown, rod drop tests are performed for each
RCCA to demonstrate the ability of the assemblies to meet required drop times.
The RCCA design is such that a single failure will not result in loss of the
protection system nor will a loss of redundancy occur as a result of removal
of a channel or component from service. This is discussed further in Section 7.2
of this SER. The foregoing periodic testing, reliability, and redundancy conform
to the requirements of GDC 2Li

The SIS is automatically actuated to inject borated water into the reactor
coolant system (RCS) upon receipt of a safety injection actuation signal (SIAS).
The SIS pumps take suction from the refueling water storage tank (RWST). The
SIS is discussed further in Section 6.3 of this SER.

The CVCS is designed to accommodate slow or long-term reactivity changes such
as that caused by fuel burnup or by variation in the xenon concentration result-
ing from changes in reactor power level. The CVCS is used to control reactivity
by adjusting the dissolved boron concentration in the reactor coolant system.
The boron concentration is controlled to obtain optimum RCCA positioning, to'

compensate for reactivity changes associated with variations in coolant tempera-;

; ture, core burnup, and xenon concentration, and to provide shutdown margin for
maintenance and refueling operations or emergencies. A portion of the CVCS

* (the charging pumps, the boric acid pump discharge, and the boric acid makeup
tanks) injects a high concentration boron solution into the reactor coolant
system to help ensure plant shutdown in the event of a SIAS. The boric acid

.
concentration in the reactor coolant system is controlled by the charging and
letdown portions of the CVCS.
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The CVCS can maintain the reactivity of the reactor within required bounds by
means of the automatic makeup system to replace minor leakage without signifi-
cantly changing the boron concentration in the reactor coolant system. Dilution
of the reactor coolant system boron concentration required for the reactivity
losses occurring as a result of fuel depletion is accomplished by manual action.
The CVCS is discussed further in Section 9.3.4 of this SER.

The concentration of boron in the reactor coolant system is changed manually
under the following operating conditions:

(1) startup - boron concentration decreased to compensate for moderator temper-
ature and power increase

(2) load follow - boron concentration increased or decreased to compensate
for xenon transients following load changes

(3) fuel burnup - boron concentration decreased to compensate for burnup

(4) cold shutdown - boron concentration increased to compensate for increased
moderator density due to cooldown

Soluble poison concentration is used to control slow operating reactivity changes.
If necessary, RCCA movement can also be used to accommodate such changes, but
assembly insertion is used mainly to control anticipated operational occurrences
even with a single malfunction, such as a stuck rod. In either case, fuel design
limits are not exceeded. The soluble poison control is capable of maintaining
the core subcritical under conditions of cold shutdown, which conforms to the
requirements of GDC 26.

The reactivity control systems, including the addition of concentrated boric
acid solution by the SIS, are capable of controlling all anticipated operational
changes, transients, and accidents, except possibly the small break loss-of-coolant
accidents. For further information on the performance of the charging and borating
portion of the CVCS with respect to small-break loss-of-coolant tccidents, refer
to Section 6.3 and 15.3.5 of this SER. All accidents are calcelated witu the
assumption that the most reactive RCCA is stuck out and cannot ue inserted,
which complies with the requirements of GDC 27.

Compliance with the requirements of GDC 28 is discussed in Secthns 4.3 and
15.0 of this SER.

Based on its review, the staff concludes, that the reactivity c>ntrol system
functional design meets the requirements of GDC 21, 23, 25, 26, and 27 with
respect to its reliability and testability, fail safe design, malfunction
protection design, redundancy and capability, and combined systems capability
and is, therefore, acceptable.
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5 REACTOR COOLANT SYSTEM

5.1 Summary Description

The reactor coolar.t system consists of four similar heat transport loops
connected to the reactor pressure vessel. Each loop contains a reactor coolant
pump, steam generator, and associated piping. In addition, the system includes
a pressurizer, a pressurizer relief tank, interconnecting piping, and instrumen-
tation necessary for operational control. All of these components are in the
containment building.

During operation, the reactor coolant system transfers the heat generated in
the core to the steam generators where steam is produced to drive the turbine
generator. Borated demineralized water is circulated in the reactor coolant
system at a flowrate and temperature consistent with achieving the required
reactor core thermal-hydrualic performance. The coolant also acts as a neutron
moderator and reflector and as a solvent for the neutron absorbing boric acid

.

L

used for chemical shim control.

The reactor coolant system (RCS) pressure boundary provides a second barrier
against the release of radioactivity generated within the reactor and is
designed to ensure a high degree of integrity throughout the life of the
facility.

The RCS pressure changes during normal operation are controlled by the use of
the pressurizer where water and steam are maintained in equilibrium by electrical
heaters and water spray. Spring-loaded safety valves and power-operated
relief valves (PORVs) are mounted on the pressurizer; they discharge to the
pressurizer relief tank where steam is conder. sed and cooled by mixing with
water.

;

5. 2 Integrity of the Reactor Coolant Pressure _ Boundary

5.2.1 Compliance with Codes and Code Cases

5.2.1.1 Compliance with 10 CFR Part 50, Section 50.55a

The components of the reactor coolant pressure boundary (RCPB), as defined by
the rules of 10 CFR Part 50, Section 50.55a, have been properly classified in
Table 5.2-1 of the FSAR as ASME Code Section III, Class 1 components. These
components are designated Quality Group A in conformance with Regulatory
Guide 1.26 in FSAR Table 3.2-1. The ASME Section III Code Editions and Addenda
used in the construction of these Quality Group A components are at a minimum
those that are required to ensure compliance with 10 CFR Part 50, Section 50.55a.
In addition to the Quality Group A components of the RCPB, certain lines that
perform a safety function and which neet the exclusion requirements of footnote 2
of the rule are classified Quality Group B in accordance with the guidance
provided in Regulatory Position C.1 of Regulatory Guide 1.26 and are constructed
as ASME Code Section III, Class 2 components. Valve leakage monitoring system
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| lines that do not perform a safety function and that meet the exclusion requi s-
ments of footnote 2 of the rule are classified Quality Group D on the downstream
side of the isolation valve. The staff concludes that construction of the
RCPB components in conformance with the appropriate ASME Code Editions and
Addenda and the Commission's regulations provides assurance that component
quality is commensurate with the importance of the safety function of the RCPB
and constitutes an acceptable basis for satisfying the requirements of GDC 1,
and is, therefore, acceptable.

i 5.2.1.2 Applicable Code Cases
1

The applicant has identified specific ASME Code Cases in SNUPPS FSAR Table
5.2-2 whose requirements have been applied in the construction of pressure-
retaining ASME Code Section III, Class 1, components within the RCPB (Quality,

| Group A). The staff has reviewed the Code Cases given in Table 5.2-2. The
basis for acceptance in the staff review has been the Code Cases found to be
acceptable in Regulatory Guide 1.84, " Code Case Acceptability-ASME Section III,

; Materials," and the Code Cases found to be acceptable by the staff for plants
similar to Callaway Unit 1 before publication of the Regulatory Guides. The
staff concludes that compliance with the requirements of these Code Cases will

i result in a component quality level that is commensurate with the importance
of the RCPB safety function and constitutes an acceptable basis for satisfying
the requirements of GDC.

5.2.2 Overpressure Protection

Overpressure protection of the reactor coolant system is provided by three
pressurizer safety valves and two PORVs, all discharging through a common
header to the pressurizer relief tank. The basis for acceptance of the
overpressure protection system is that it conforms to ASME Code Section III

i and GDC 15.

! Each PORV has the capacity to relieve 210,000 pounds mass per hour of saturated
steam at 2385 psig. These relief valves are designed to limit pressurizer,

pressure to a value below the high pressure reactor trip setpoint for a
10 percent step load decrease and to prevent unnecessary safety valve action.
Each PORV can De individually isolated by remotely operated stop valves in
the event of excessive leakage.

The applicant has referenced Westinghouse Topical Report WCAP-7769 to describe
the sizing of the Callaway pressurizer safety valves. Each pressurizer safety
valve is spring loaded and has a relieving capacity of 420,000 pounds mass per

' hour of saturated steam at 2485 psig. The combined capacity of two of these
three valves is adequate to prevent the pressurizer pressure from exceeding
the ASME Code, Section III limit of 110 percent design pressure following the
worst reactor coolant system pressure transient (identified to be a 100 percent
load rejection resulting from a turbine trip with concurrent loss of main
feedwater). This event was analyzed with no credit taken for operation of

I reactor coolant system relief valves, steam line relief valves, steam dump
j system, pressurizer level control system, and pressurizer spray.

In the analysis the applicant has taken credit for a high pressurizer pressure
trip (the first safety grade primary system trip), but WCAP-7769 analyses
indicate that, without that credit, any of three subsequent safety grade trips
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(overtemperature AT, low feedwater flow, or low-low steam generator level)
would also terminate the transient without violating code limits if credit is
taken for the capacity of all three pressurizer safety valves. The applicant -
has provided analyses (in a submittal, dated September 17, 1981) which revised
Table 2-2 from his previous submittal (dated September 1, 1981, with a comparison
of SNUPPS parameters with parameters for plants listed in WCAP-7769). This
revised submittal included calculations of required safety-valve flowrate for
SNUPPS (86.5 percent of total safety-valve capacity) equivalent to the value
listed in WCAP-7769, Table 2-3 (86 percent) for a licensing-basis event (turbine
trip, with loss of mainfeedwater, and failure of the first safety grade reactor
trip). In the parameter comparison, the applicant calculated a ratlo of
safety-valve flow to peak surge rate (for a design-basis event) of 1.050,
whereas the corresponding minimum value for a WCAP-7769 plant was 1.056. In

[ his analyses, the applicant has calculated that 86.5 percent of the relieving
| capacity of the SNUPPS safety va.1ves would be needed to meet requirements of

the licensing analyses. The staff concludes that the differences shown in the
design comparison between SNUPPS and the WCAP-7769 plant (for example, surge
ratios: 1.050 vs. 1.056) are sufficiently small relative to available margin
that the applicant's demonstration of plant-specific applicability of the
conclusions of WCAP-7769 in meeting SRP requirements is acceptable.

The atove analyses were performed using the LOFTRAN Code. a digital simulation
(which includes point neutron kinetics and models), reactor coolant system
including the reactor vessel, hot leg, primary side of the steam generator and
cold leg, secondary side of the steam generator, pressurizer, and pressurizer
surge line. The staff is reviewing this code. The review has progressed to
the point that there is reasonable assurance that the conclusions based on
these analyses will not be appreciably altered by completion of the analytical
review. If the final approval of LOFTRAN indicates that any revisions to the
analyses are required, the effect of these changes on Callaway will be evaluated
and the staff will require implementation, if it is indicated.

The safety valves are designed in accordance with ASME Code, Section III, and
periodic testing and inspection are performed in accordance with Section XI.
In SNUPPS FSAR Chapter 14, the applicant has described his preoperational test
program, which includes testing of the pressure-relieving devices discussed in
this SER section. The applicant has ' .t ated that these tests would be
conducted in full compliance with the ;ent of Regulatory Guide 1.68. Addi-
tionally, Item II.D.1 of NUREG-0737 i ires performance testing of relief and
safety valves. To address this issue, the applicant has referenced tests
performed by the Electric Power Research Institute.

With regard to operation when the reactor coolant system is at low temperature
(that is, during startup and shutdown), the staff is concerned about potential
reactor vessel damage as a result of an overpressure transient. The applicant
has described the low-temperature overpressure protection as a system which,
once manual;y enabled, will automatical?y monitor RCS pressure and temperature
and will provide backup control of the pressurizer PORVs. Appropriate alarms
are provided to signal the operator to enable the system. The applicant has
addressed the staff concern about a scenario in which failure of a dc bus
causes both a loss of letdown at low temperature (initiating an ovei..ressure
event) and inoperability (and closure) of one PORV. The remaining PORV would
then be vulnerable to a single failure. He has stated that'for this scenario
either the RHR suction pressure relief valves will be available (with suffiLient
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capacity to protect against overpressure) or a bubble (>500 fta) will be l
present in the pressurizer to provide the operator greater than 10 min. to '

respond to the transient. The staff finds this acceptable.

The applicant addressed proposed administrative procedures to reduce the
potential for low-temperature overpressure events.

i

The applicant also has discussed design low-temperature overpressure transients
and further details on the administrative procedures associated both with
operation of the system and with reducing the potential for overpressure
events. He has committed to provide plant-specific analyses which will dictate
governing Technical Specifications.

5.2.3 Reactor Coolant Pressure Boundary Materials

The staff concludes that the selection of materials is acceptable and meets
the requirements of GDC 1, 4,14, 30, and 31; the requirements of Appendices B
and G of 10 CFR Part 50; and the requirements of Paragraph 50.55a of 10 CFR
Part 50. This conclusion is based on the staff's review of the FSAR.

5.2.3.1 Material Specifications and Compatibility with Reactor Coolant

The materials used for construction of components of the RCPB have been identi-
fied by specification and found to be in conformance with requirements of
Section III of the ASME Code.

The materials of construction exposed to reactor coolant are compatible with
the expected environment es proven by extensive testing and satisfactory per-
formance. General corrosion of all materials except carbon and low alloy
steel is expected to be negligible. For these materials, conservative corrosion
allowances have been provided in accordance with the requirements of Section III
of the ASME Code. All of the ferritic low alloy and carbon steels which have
been used in principal pressure retaining applications have corrosion resistant
cladding on all surfaces that are exposed to the reactor coolant. The corrosion
resistance of this cladding is equivalent to the corrosion resistance of
types 304 or 316 austenitic stainless steel and nickel-chromium-iron alloy
base materials for primary pressure-retaining applications when used in the
solution annealed heat treat condition.

The reactor coolant system water chemistry is selected to rrinimize corrosion,
and scheduled analyses of the coolant chemistry will maintain the selected
compatible water chemistry.

The austenitic stainless steel and nickel-chromium-iron alloy based materials
used in the solution annealed condition that require heating to above 800 F
are resolution annealed after the fabrication operation (hot bending, for
instance). Thus the corrosion resistance is maintained.

In general the external surfaces of pressure-retaining component materials are
in contact with thermal insulation that covers the outer surfaces. The insula-
tion is either a reflective stainless steel type or a nonmetallic insulation |

that conforms with the recommendations of Regulatory Guide 1.3.6, "Non-Metallic
Thermal Insulation for Austenitic Stainless Steels."

5-4 j



_

The primary systems materials are prote.cted during fabrication and erection by
conforming to the recommendations of ANSI Standard N45.2.1-1973, " Cleaning of
Fluid Systems and Associated Components During the Construction Phase of
Nuclear Power Plants," and Regulatory Guide 1.37, " Quality Assurance Require-
ments for the Cleaning of Fluid <ystems and Associated Components of Water-
Cooled Nuclear Power Plants." -

5.2.3.2 Fabrication and Processing of Materials

Fracture toughness of the RCPB components is discussed in Sectioa 5.3 of this
SER. In general, compliance is ensured by meeting the ASME Section III para-
graph NB-2300 requirements for drop weight and Charpy testing with defined
orientations and temperature requirements. Electroslag weld fabrication of
austenitic stainless steel meets the recommendations of Regulatory Guide 1.34,
" Control of Electroslag Weld Properties." Within the Bechtel scope of supply,
electroslag welding is not used.

The welding control impnsed upon austenitic stainless steel components satisfy
the requirenents of tha ASME Code, Sections III and IX. Where practicable,
undiluted weld deposits of " starting" welding materials are determined by
chemical analysis and calculation to meet the requirement of 5 percent delta
ferrite. In other cases the welding quality assurance program includes identi-
fication and control of welding material by lots and heats. All of the weld
processir.g is monitored according to approved inspections including review of
" starting" materials, qualification records, and welding parameters. To
ensure the reliability of the controls, Westinghouse has completed a delta
ferrite verification program, WCAP-8324-A, which has been and is how accepted
by the staff as a valid approach to verify the Westinghouse procedures and is
an acceptable alternate to conformance to the NRC position on Regulatory
Guide 1.31. The Westinghouse procedure has been documented further by a
report of " Delta Ferrite in Production Austenitic Steel Weldments."

Materials or components which are inadvertently subject to the sensitization
temperature range (800 to 1500 F) are tested in accordance with ASTM A 262, as
amended by Westinjhouse Process Specification 84201 MW, to verify that the
item is not susceptible to intergrannular attack, or are resolution annealed,
or are rejected.

Thus, materials selection, fabrication practices, examination procedures, and
verified documented welding practices form an acceptable basis for meeting
GDC 1, 14, and 30 and satisfy the rafety assurances for plant operation sought
by the guidance provided in Regulatory Guides 1.31, 1.34, 1.37, 1.44, 1.50,
and 1.71.

5.2.4 Preservice and Inservice Inspection and Testing of the RCPB

GDC 32 requires, in part, that components which are part of the RCPB be designed
to permit periodic inspection and testing of important areas and features to
assess their structural and leaktight integrity.

To ensure that no deleterious defects develop during service, selected welds
and weld hea'-affected zones will be inspected periodically. The design of
the ASME Code Class 1 components of the RCPB incorporate provisions for access
for inservice inspection as required by Paragraph IWA-1500 of Section XI.
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Methods have been developed to facilitate the remote inspection of those areas
of the reactor vessel not readily accessible to inspection personnel. Section
50.55a(g) of 10 CFR Part 50 defines the detailed requirements for the preservice
and inservice inspection programs for LWR facility components. Based on the
Construction Permit issuance date of April 16, 1976 for Callaway, this section
of the regulation requires that a preservice inspection program be developed
and implemented using at least the Edition and Addenda of Section XI of the
ASME Code applied to the construction of the particular component. Also, the
initial inservice inspection program must comply with the requirements of the
Edition and Addenda of Section XI of the ASME Code in effect 12 months prior
to the date of issuance of the operating license, subject to the limitations
and modifications listed in 10 CFR 50.55a(b).

5.2.4.1 Evaluation of Compliance With 10 CFR 50.55a(g)

A preservice inspection program for Callaway Unit 1 based on the 1977 Edition
through the Summer 1978 Addenda of Section XI of the ASME Code was submitted
by the applicant in letters dated May 26, 1981, August 28, 1981, and September 9,
1981. The staff has reviewed the selection of the primary pressure boundary
welds subject to examination and finds the examination sample acceptable.

The staff has recently identified a problem concerning the effectiveness of
ultrasonic examination techniques to examine the primary piping system.
Certain ultrasonic techniques may not be adequate to consistently detect and
reliably characterize service-induced flaws during the inservice inspection of
thick-wall cast stainless steel components to acceptance standards of
Paragraph IWB-3500 of Section XI. The staff considers this issue of effective-
ness of the ultrasonic examination of thick-walled stainless steel components
generic in nature and will resolve the issue on a generic basis. The specific
areas where he Code requirements can not be met will be identified after the
examinations are performed. The staff evaluation of the preservice examination
program will be presented in a supplement to this Report after the applicant
identifies all plant-specific areas where the Code requirements cannot be met
and provides a supporting technical justification. The staff anticipates that
the requests for relief will be similar to other plants and considers this
evaluation to be a confirmatory issue.

The initial inservice inspection program for Callaway Unit I will be evaluated
after the applicable ASME Code Edition and Addenda can be determined based on
10 CFR 50.55a(b) and before the first refueling cutage when inservice inspections
will be performed. The staff will require that the applicants' program conform
to the applicable code edition. |

|

5.2.4.2 Conclusions !

The conduct of periodic inspections and hydrostatic testing of pressure-retaining !
components of the RCPB, in accordance with the requirements of Section XI of
the ASME Code anJ 10 CFR Part 50 will provide reasonable assurance that evidence
of structural degradation or loss of leaktight integrity occurring during
service will be detected in time to permit corrective actio7 before the safety
functions of a component are compromised. Compliance with the preservice and
inservice inspections required by the Code and 10 CFR Part 50 constitutes an
acceptable basis for satisfying the inspection requirements of GDC 32.

5-6
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5.2.5 RCPB Leakage Detection System

The RCPB leakage detection systems are provided to comply with the requirements
of GDC 30. Regulatory Guide 1.45 describes acceptable methods of implementing
the requirements. Leakage is classified into two types, identified and unidenti-
fied. Corrponent leakage occurs when seals such as valve stem 1.acking, pump
shaft seals, and flanges not com.oletely leak tight. Because this leakagea

is expected, it is conside,ad identified leakage and is monitored, limited,
separated from the other leakage (unidentified) by directing it to closed
systems, as ider.tified in the guidelines of position C.1 of Regulatory Guide 1.45.

The source of reactor coolant leakage is identified to the extent practical
using these methods:

(1) The leakage to the primary reactor containment from identified sources is
collected and i;olated so that the flows can be monitored separately from
unidentified leakage and the total flowrate established and monitored.

(2) The leakage to the primary reactor containment from unidentified sourt.as
, is collected and the flowrate monitored with an accuracy of 1 gpm o?
' better over a period of 1 hour or more.

(3) The followin; mnitoring methods are used:

(a) containment sump level and flow (level versus time)

(b) containment airborne particulate radioactivity

(c) containment airborne gaseous radioactivity

(d) containment cooler condensate accumulation

(e) cortainment atmosphere humidity

(4) Leakage into systems connected to the RCPB is detected and alarmed in the
following manner in accordance with the positions C.2, C.3, and C.4 of
bgulatory Guide 1.45:

(a) Residual heat removal system. Leakage into this system will cause
lifting of two safety valves, accompanied by indications of increasing4

pressurizer relief tank level, pressure, and temperature, as well as
alarms in the control room.

(b) Safety injection system / accumulators. Leakage into this system will
cause accumulator high pressure and level alarms in the control
room.

(c) Safety injection system /RHR discharge subsystem. Leakage into this
system will pressurize the RHR discharge header and lift the safety
valves, accompanied by high level alarms in the control room on the
boron recycle holdup tank.

(d) Safety injection system /SI pump subsystem. Leakage into this system
will pressurize the SI pump discharge header, resulting in control
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room indication of_ increasing header oressure and eventual lifing of
the safety valve, accompanied by high level alarms in the control
room on the boron recycle holdup tank..

(e) Safety injection system charging pump subsytem. Leakage into this
system will cause high level alarms in the control room on the boron
injection surge tank.

(f) Waste processing system. Leakage into this system will cause increas-
ing. control room indication of reactor coolant drain tank level and

,

: reactor coolant drain pump flow.

(g) Head gasket monitoring connections. Leakage past the reactor head
gasket (s) will result in temperature indication and alarm in.the
control room.

:

(h) Component cooling water system. Leakage into~this system is alarmed
in the control room by the component cooling water radioactivity
monitoring system and/or increasing surge tank level.

;

(i) Steam generators. Tube leakage in the steam generators is detected
by three independent radiation monitoring systems. The steam generator
liquid and the steam generator blowdown processing radiation monitors
will alarm in the control room on high readings and automatically

!
isolate the blowdown system. The condenser air discharge radiation'

monitor also alarms in the control room and automatically isolates
the blowdown system.

,

(5) The sensitivity and response time of the systems listed in (3) above for
the detection of unidentified leakage is adequate to detect a leakage
rate of 1 gpm in less than 1 hour. Further, the systems can reasonably
be expected to function following seismic events that do not shut down

; the plant. In addition, the airborne particulate radioactivity monitoring
system and the gaseous radioactivity monitoring. system are both designed

;
' and constructed to seismic Category I standards and are connected a Class

1E power source. Therefore, the guidelines of pos ; ion C.5 of Regulatory
.

Guide 1.45 are met.

(6) Indh ators and alarms for each leakage detection system are provided iri ;

the main control room. Procedures for converting various indications are
available to the operators.

(7) The leakage systems are all equipped with provisions that permit inspection, i

testing for operability, and calibration during plant operation in accord- i

ance with positions C.6, C.7, and C.8 of Regulatory Ge:de 1.45.. |

Assuming a favorable review of the Technical Specific o.uns, the leakage
detection systems provided to detect leakage from components of the RCPB

| furnish reasonable assurance that structural degradation (which may develop in
pressure-retaining components of the RCPS and result in coolant leakage in
service) will be detected on a timely basis so that corrective actions can be
taken before such degradation could become sufficiently severe to jeopardize
the safety of the system, or before the leakage could increase'to a level ~
beyond the capability of the makeup Jystem to replenish the loss. The systems

' 5-8
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are in compliance with the guidance found in Regulatory Guide 1.45, satisfy
the requirements of GDC 30, and are, therefore, acceptable.

5.3 Reactor Vessel

5.3.1 Reactor Vessel Materials and Compliance to Appendices G and H,
10 CFR Part 50

1

GDC 31 (RCPB) requires, in part, that the RCPB be designed with sufficient
margin to ensure that, when stressed under operating, maintenance, and testing
conditions, the boundary behaves in a nonbrittle manner and the probability of

.

rapidly propagating fracture is minimized. GDC 32 requires, in part, that the
RCPB be designed to permit an appropriate material surveillance program for
the reactor pressure boundary. Materials selection, toughness requirements,
and the extent of materials testing were reviewed in accordance with the above
criteria subject to the rules and requirements of 10 CFR 50.55a, and Appendices G
and H to 10 CFR Part 50.

.

The Callaway Unit 1 Construction Permit was issued ir f.?ril 1976. Based upon
the Construction Permit date, 10 CFR 50.55(a) requires that ferritic materials
used for a vessel in the RCPB be constructed to meet the requirements of
Section III of the ASME Code no earlier than the Summer 1972 Addendum to the
1971 Edition. Ferritic materials used for ASME Code RCPB pressure-retaining
piping, end pump and valve components must be constructed to meet the require-
ments of Section III on ASME Code no earlier than the Winter 1972 Addendum of
the 1971 Edition. Ferritic materials used for fabrication of pressure vessels,
piping, and pump and valve components that are part of the RCPB were constructed
to meet the ASME Code Addenda which satisfy these requirements.

I 5.3.1.1 Reactor Vessel Materials
4

The materials used for construction of the reactor vessel and its appurtenances
have been identified by specification and found to be in conformance with
Section III of the ASME Code. Special requirements of the applicant with
regard to control of the residual elements, cooper, phosphorous, and vanadium
are specified and are adequate to limit the' shift in nil ductility temperature
(NDT) with fluence in accordance with recommendations made in Regulatory
Guide 1.99.

The vessel is Safety Class 1 and all design and fabrication are noted as
carried out in strict accordance with ASME Code, Section III, Class 1 requirements.
Particular attention has been given to the locations of full penetration weld
seams to provide accessibility during inservice inspection. Assurance of
sound plate material is provided by adding angle beam inspection to 100 percent
of one major surface to the straight beam examination required by the ASME
Code. For the primary nozzle-to-shell welds, the preheat temperature is
maintained until the postweld heat treatment is applied in accordance with
Section III of the ASME Code. For other pressure boundary welds, minimum

'

preheat requirements are met that require a low temperature (400 F) postweld
heat treatment for 4 hours to minimize hydrogen concentration and embrittlement
in the weld vicinity.

Nondestructive examination of the reactor vessel and its appurtenances is
conducted in accordance with the ASME Code, Section III requirements. Additional
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1

examinations, performed to ensure that materials and welds are sound, include:
j

,

the angle inspection of plate material noted above; examination of full penetration
ferritic pressure boundary welds during fabrication as well as later; and!

|
after hydrotesting, ultrasonic examination of all full penetration ferritic
pressure boundary welds in the pressure vessel.

i In addition to the Code requirements, partial penetration welds are dye penetrant
examined after the root pass. Core-block attachment welds are inspected after
the ~irst layer and af ter each 0.5 in of weld metal. Magnetic particle
examinations meet the Section III requirements for magnetic partical examinations,
and surface examinations are added which include the following: all exterior

vessel and head surfaces after hydrostatic testing, all closure stud and nut
surfaces after final machining and rooling, and all quenched carbon or low>

alloy steel surfaces prior to cladding.'

i
Special centrols on austenitic steels to prevent sensitization are applied to

I the pressure vessel as discussed in Section 5.2.3.
!

Reactor vessel closure studs, nuts, and washers are fabricated in accordance
with the ASME Code, Section III. Nondestructive examinations of these components
are performed in accordance with the ASME Code, with additional special procedures
noted above and the following Special refueling procedure: studs, nuts, and

washers are racked and removed from the refueling cavity to the containment
operating deck (preventing exposure to borated water); the stud holes are
sealed with special plugs.

The above compliances, special procedures, chemical analysis data, and fracture
toughness controls ensure safety margins against the possibility of vessel
failure are adequate and constitute an acceptable basis for license recommenda-
tion with respect to reactor vessel material selection for Callaway Unit 1.

5.3.1.2 Compliance with Appendix G, 10 CFR Part 50

The staf f has evaluated the applicant's FSAR to determine the degree of compli-
ance with the fracture toughness requirements of Appendix G to 10 CFR Part 50.'

The staff evaluation indicates that the applicant complied with Appendix G,'

except for Paragraph IV.B- In addition, the applicant used ferritic RCPB
, materials which, according to Paragraph I.A of Appendix G, require the applicanti

to demonstrate their generic fracture toughness on an individual-case basis.

Paragraph I. A states that the adequacy of the fracture toughness of ferritic
materials that are used in the RCPB and have a minimum specified yield strength
greater than 50,000 psi must be demonstrated to the Commission on an individual-'

case basis. Table 5.2-2 of the SNUPPS FSAR indicates that SA-533 Grade A
Class 2 and SA-508 Class 2a steels have been used in steam generator and
pressurizer components. SA-533 Grade A Class 2 and SA-508 Class 2a steels
have specified mininum yield strengths of 70,000 psi and 65,000 psi, respectively.

;

j Westinghouse Topical Report WCAP-9292, " Dynamic Fracture Toughness of ASME
SA-508 Class 2a and ASME SA-533 Grade A Class 2 Base and Heat-Affected Zone

1

I Material and Applicable Weld Metals," contains fracture toughness data from a
sufficient number of heats of SA-533 Grade A Class 2 and SA-508 Class 2a
steels to demonstrate the generic fracture toughness of these steels. The
applicant indicates that the conclusions in Westinghouse Topical Report WCAF 9292
are applicable to Callaway Unit 1.

5-10
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Based on this topical report, the staff considers the applicant's use of SA-533
Grade A Class 2 and SA-508 Class 2a steels in RCPB applications acceptable.

Paragraph IV.B, in part, requires that unirradiated reactor vessel beltline
materials have an unirradiated minimum upper shelf Charpy V-notch (CVN) impact
energy of 75 ft-lbs, unless it is demonstrated to the Commission by appropriate
data and analysis that lower values of upper shelf fracture energy provide

,adequate margin for deterioration from irradiation.

The CVN impact data submitted by the applicant indicate that all beltline
material other than plate R 2708-1 have an unirradiated minimum upper shelf
energy exceeding 75 ft-lb. The unirradiated minimum upper shelf energy for
plate R 2708-1 is 74 ft-lbs.

To determine if Paragraph IV.B of Appendix G can be satisfied for plate R
2708-1, the staff has evaluated the effect of neutron fluence on the plate's
upper shelf energy. Based on the conservative method of evaluatiol in Regulatory
Guide 1.99, Revision 1, this shell plate's upper shelf impact energy will
remain above the safety margins required by Appendix G, for more than 32
effective full power years (EFPY). Thirty-two EFPY is the design life of the
reactor vessel. Based on the above discussion, the staff has determined that
an exemption from the minimum upper shelf energy requirements of Paragraph
IV.B of Appendix G is justified.

5.3.1.3 Compliance with Appendix H, 10 CFR Part 50

The materials surveillance program at Callaway Unit 1 will monitor changes in
the fracture toughness properites of ferritic materials in the reactor vessel
beltline region that result from exposure to neutron irradiation and the
thermal environment. Under the Callaway surveillance program, fracture tough-
ness data will be obtained from material specimens that are representative of
the limiting base, weld, and heat-affected zone materials in the beltline
region. These data will permit the determination of the conditions under
which the vessel can be operated with adequate margins of sa. ey against
fracture throughout its service life.

The fracture toughness properties of reactor vessel beltline materials must be
monitored throughout the service life of the plant by a materials surveillance
program that meets the requirements of ASTM Standard E 185-73, " Standard
Recommended Practice for Surveillance Tests for Nuclear Reactor Vessels" and
Appendix H of 10 CFR Part 50.

The staff has evaluated the applicant's information for degree of compliance
to these requirements. Based on this evaluation, the staff concludes that
Callaway Unit 1 has met all these requirements and that the Callaway Unit 1
reactor vessel material surveillance withdrawal schedule is acceptable.

5. 3.1. 4 Conclusions for Compliance to Appendices G and H, 10 C'R Part 50

Based on its evaluation, the staff finds that the applicant has met all the
requirements of Appendices G and H 10 CFR Part 50, except for Paragraph IV.B
of Appendix G. The staff technical evaluation has not identified any practical
methods by which the existing Callaway Unit 1 reactor vessel can comply with
the specific requirements of Paragraph IV.B of Appendix G. However, the ,taff
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has reviewed the alternate methods proposed by the applicant to demonstrate
compliance with this paragraph of Appendix G and has found that they will
demonstrate that the safety margins required by Appendix G have been achieved.

Compliance with Appendices G and H and the tracture toughness requirements of
Section III of the ASME Code ensures (1) that the ferritic components in the
primary coolant pressure boundary will behave in a nonbrittle manner, (2) that
the probability of rapidly propagating fracture is minimized, and (3) that an
appropriate material surveillance program exists to monitor radiation damage
for the reactor pressure boundary. Compliance with NRC regulations and the
specified codes and standards satisfias the requirements of GDC 31 ond 32.

Based on the above and pursuant to 10 CFR Section 50.12, an exemption from the
specific requirements of Appendix G of 10 CFR Part 50, as discussed above, is
authorized by law and can be granted without endangering life or property or
the common defense and security, and these exemptions are otherwise in the
public interest. The staff concludes that the public is served by not imposing
certain provisions of Appendix G of 10 CFR Part 50 that have been determined
to be either impractical or that would result in har& hip or unusual difficulties
without a compensating increase in the level of queiity and safety.

Furthermore, the staff has determined that granting this exemption does not
authorize a change in effluent types or total amounts nor an increase in power
level and will not result in any significant environmental impact. The staff
has concluded (1) that these exemptions would be insignificant from the stand-
point of environmental impact statement and (2) pursuant to 10 CFR 51.5(d)(4),
that an environmental impact appraisal need not be granted in connection with
this action.

5.3.2 Pressure-Temperature Limits

Appendices G and H to 10 CFR Part 50 describe the conditions that require
pressure-temperature limits for the RCPB and provide the general bases for
these limits. These appendices specifically require that pressure-temperature
limits must provide safety margins for the RCPB at least as great as the
safety margins recommended in ASME Code, Section III, Appendix G, " Protection
Against Nonductile Failure." Appendix G, 10 CFR Part 50, requires additional
safety margins whenever the reactor core is critical, !xcept for low-level
physics tests.

The following pressure-temperature limits imposed on the RCPB during operation
and tests are reviewed to ensure that they provide adequate safety margins
against nonductile behavior or rapidly propagating failure of ferritic components
as required by GDC 31: |

(1) preservice hydrostatic tests

(2) inservice leak and hydrostatic tests
(3) heatup and cooldown operations
(4) core operation

Appendices G and H to 10 CFR Part 50 require the applicant to predict the
shift in reference temperature due to neutron irradiation. The shift in RT
due to neutron irradiation is then added to the initial RI to establ % $

NDT
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i

adjusted reference temoerature. The base plate and weld seam having the
highest adjusted reference iin..gratures are considered the most limit'ig
materials for which the pressure-temperature operating limits are b % ed. In
the case of Callaway Unit 1, the most limiting material is plate R 2708-1.

The staff has determined the shift in RT using the conservative methods in
HDTRegulatory Guide 1.99, Revision 1.

According to the staff evaluation, the proposed pressure-temperature-limit
: curves for Unit 1 are acceptable for 25 EFPY. After the surveillance capsule
i is removed, the pressure-temperature limits must be revised to reflect the

actual neutron damage as determined from the results of the reactor vessel
surveillance program. Surveillance capsules are scheduled to be removed at
the first refueling, at 5 EFPY, at 9 EFPY, and at 15 EFPY.

5 The pressure-temperature limits to be imposed on the reactor coolant system
for all operating and testing conditions to ensure adequate safety margins
against nonductile or rapidly propapating failure are in conformance with
established criteria, codes, ar standards acceptable to the staff. The use
of the operating limits based sn these criteria--as defined by applicable
regulations, codes, and standards- provides reasonable assurance that non-
ductile or rapidly propagating failure will not occur and constitutes an
acceptable basis for satisfying the applicable requirements of GDC 31.

5.3-3 Reactor Vessel Integrity

The staff has reviewed the Callaway FSAR sections related to the reactor
vessel integrity. Although most areas are reviewed separately -- in accordance
with other review plans--reactor vessel integrity is of such importance that a
special summary review of all factors relating to reactor vessel integrity is
warranted.

The staff has reviewed the information in each area to ensure that it is
complete and that no inconsistencies exist that would reduce the certainty of
vessel integrity. The areas reviewed are:

(1) design (SER Section 5.3.1)
(2) materials of construction (SER Section 5.3.1)
(3) fabrication methods (SER Section 5.3.1)
(4) operating conditions (SER Section 5.3.2)

On the basis of this review, the staff concludes that the applicant has complied
with Appendices G and H to 10 CFR Part 50, except for Paragraph IV.B of Appendix G
for which the applicant has provided sufficient information to justify an
e.xemption.

Paragraph IV.B of Appendix G requires that the reactor vessel beltline materials
have a minimum unirradiated upper shelf CVN energy of 75 ft-lbs, unless it can
be demonstrated that lower values for upper shelf energy provide adequate
margin for irradiation deterioration. The applicant has reported that the
minimum unitradiated upper shelf energy was less than 75 ft-lbs. The staff,

'

has determined tMt this material will have adequate margins for irradiation
'

deterioration for the design life of the reactor vessel, 32 EFPY, Therefore,
the staff concludes that an exemption to Paragraph IV.B is justified.

;
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j The staff has reviewed all factors contributing to the structural integrity of
j the reactor vessel and concludes there are no special considerations to make

it necessary to consider ytential reactor vessel failure for Callaway Unit 1.
;

5.4 Component and Subsystem Design

j 5.4.1 Reactor Coolant Pumps

! GDC 4 requires that nuclear power plant structures, systems, and components
important to safety be protected against the effects of missiles that might1

! result from equipment failures. Because flywheels have large masses and
i rotate at speeds of approximately 1200 rpm during normal operation, a loss of

flywheel integrity could result in high-energy missiles and excessive vibration
of the reactor coolant pump assembly. The safety consequences could be signifi-
cant because of possible damage to the reactor coolant system, the containment,
or the engineered safety features. Adequate margins of safety and protection

| against the potential for damage from flywheel missiles can be achieved by the
use of suitable material, adequate design, and inspection.

J

| According to SNUPPS FSAR Section 5.4.1.5.2.1, the material used to manufacture
i the pump flywheels is SA-533 Grade B Class 1 steel plate. The applicant has

demonstrated that the minimum -tatic fracture toughness of the flywheel material
i at normal operating temperature is equivalent to a critical stress intensity
I factor, K , of at least 150 ksi /In. because the normal operating temperature

of the flhheel is more than 100 F above the RT of the flywheel material.
The RT is confirmed from dropweight and CVN h act tests of excess material,

removeb0fromtheflywheelsteelplates. These tests indicate that the NOTT:
(nil-ductility transition temperature) of the flywheel material is no higher'

than +10 F and that the CVN impact energy level in the " weak" direction is no
,

less than 50 ft-lbs at 70 F.
,

4

1 The pump flywheels are designed to meet the requirements of Paragraph C.2 of
! Regulatory Guide 1.14, Revision 1, and the assembly is given a preoperational

test at the design overspeed of the flywheel. The applicant has stated that
the inservice inspection program for the flywheel complies with Paragraph C.4,

,

of Regulatory Guide 1.14, Revision 1.!

! The staf f concludes that the Callaway reactor coolant pump flywheels have a
margin of safety against flywheel missiles equivalent to that recommended in

! Regulatory Guide 1.14. Compliance with this gt 'e provides a basis accep-,.

table to the staff for satisfying the requirements of GDC 4.

5.4.2 Steam Generators
i

5.4.2.1 Steam Generator Materials'

i
GDC 14, 15, and 31, of 10 CFR Part 50 require that the RCPB (of which the
steam generators are a part) must have an extrememly low probability of abnormal
leakage and must be designed with sufficient margin to ensure that the design

,

conditions are not exceeded during normal operation and anticipated operational
occurrences and (2) that the probability of rapidly propagating failure of the

i RCPB is minimized.
,

9
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i

The materials selected for use in Class 1 and Class 2 components will be
fabricated and inspected in conformance with codes, standards, and specifica-,

: tions acceptable to the staff. Welding qualification, fabrication, and inspec- '

tion during manufacture and assembly of the steam generator will be done in
i conformance with the requirements of fection III and IX of the ASME Code.
I
; The primary side of the steam generator is designed and fabricated to comply
j with ASME Class 1 criteria as required by the staff. The secondary side
; pressure boundary parts of the steam generator will be designed, manufactured, ;

and tested to ASME Class 1 criteria althouah the staff required classificationi
L

]
is ASME Class 2.

The pressure boundary materials of ASME Class 1 components of the steam generator
{ will comply with the fracture-toughness requirements and tests of Subarticle
; NB-2300 of Section III of the Code. The materials of the ASME Class 2 components
! of the steam generator were not fracture-toughness tested. However, based on
i (1) the results of impact-testing by other applicants of the same specification
.

steels and (2) the fracture-toughness. characterization data of these materials
i presented in NUREG-0577, the staff concludes that the fracture-toughness

properties of the Class 2 ferritic materials in the steam generstors would
satisfy the requirements of the Code.

The crevice between the tube sheet and the inserted tube will be expanded to
the full depth of insertion of the tube in the tube sheet. The tube expansion
and subsegeunt positive contact pressure between the tube and the tube sheet
will preclude a buildup of impurities from forming in the crevice region and
reduce the probability of crevice boiling.

The +.ube support plates will be manufactured from ferritic stainless steel
material, which has been shown in laboratory tests to be corrosion resistant
to the operating environment. The tube support plates will be designed and
manufactured with broached holes rather than drilled holes. The broached hole

'

1 design promotes high velocity flow along the tube, sweeping impurities away
j from the support plates' locations.
*

The onsite cleaning and cleanliness controls during fabrication conform to the
i recommendations of Regulatory Guide 1.37. The controls placed on the secondary
; coolant chemistry are in agreement with staff technical positions. The Inconel

tubing of the inner 10 rows of Callaway Unit 1 received a special thermal
treatment that has demonstrated improved resistance to stress corrosion cracking..

: The inner rows of tubes in Westinghouse steam generators have suffered from
stress corrosion cracking reported to be due to fabrication processing and/or

i heat-to-heat variations in material susceptibility. The remainder of the
tubes in Callaway Unit I were produced to standard practices. Tubes made with
standard practices have demonstrated generally adequate performance.

*

Reasonable assurance of the satisfactory performance of steam generator tubing
and other generator materials is prsvided by (1) the design provisions and the

,

manufacturing requirements of the ASME Code,'(2) rigorous secondary water
monitoring and control, and (3) the limiting of condenser inleakage. The,

'

controls described above combined with.conformance with applicable codes,
; standards, staff positions, and Regulatory Guides constitute an acceptable

basis for meeting in part the requirements of GDC 14,15, and 31.,

,

5
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i

5.4.2.2 Steam Generator Inservice Inspection'

i GDC 32 requires, in part, that components which are part of the RCPB or other
components important to safety be designed to permit periodic inspection and
testing of critical areas for structural and leaktight integrity.I

f The components in the steam generators are classified.as ASME Code Class 1 and
i 2 depending on their location in either the primary or secondary coolant
| systems respectively. Callaway Unit 1 steam generators have been designad to
: permit inservice inspection of the Class 1 and 2 components, including individual

tubes. The design aspects that provide access for inspection and the proposed
; inspection program should follow the recommendations of Regulatory Guide 1.83

Revision 1, and NUREG-0452, "Str card Technical Specifications for Westinghouse
Pressurized Water Reactors," Revision 2, and comply with the requirements of
Section XI of the ASME Code, with respect to the inspection methods to be
used, provisions for a baseli e inspection, selection and sam, sling of tubes,n
inspection intervals, and actions to be taken in the event defects are identified.

,

i

1

The applicant has not yet submitted its proposed Technical Specifications for'

| Callaway. The staff will require the applicant to comply with the inservice *

inspection program for the steam generator tubing in Standard Technical Speci-i

fications (NUREG-0452, Revision 2). If any deviation from the standard technical
: specifications is proposed, the staff will have to further review the matter
j and provide its final evaluation in a supplement to this report.
l
.

Conformance with Regulatory Guide 1.83 and NUREG-0452, Revision 2, and the
! inspection requirements of Section XI of the ASME Code will constitute an
| acceptable basis for meeting the requirements of GDC 32 concerning the periodic
; inspection of steam generator components. <

.

[ 5.4.2.3 Secondary Weter Chemistry
1
' (1) Background

| In late 1975, the staff incorporated provisions into the Standard Technical
Specifications that required limiting conditions for operation and surveillanceI

requirements for secondary water chemistry parameters. The Technical Specifica-
tions for all PWR plants that have been issued an operating license since 1974
contain either these provisions or a requirement to establish these provisions
after baseline chemistry conditions have been determined. The intent of the
provisions was to provide added assurance that the operators of newly licensed
plants would properly monitor and control secondary water chemistry to limit
corrosion of steam generator components such as tubes and tube support plates.

In a number of instances, the Technical Specifications have significantly
'

restricted operational flexibility of some plants with little or no benefit
with regard to limiting degradation of the steam generator tube and the tube.
support plates. Based on this experience and the knowledge gained in recent
years, the staff has concluded that Technical Specification limits are not the
most effective way of ensuring that steam generator degradation will be minimized.

Because of the complexity of the corrosion phenomena involved and the state of
the art as it exists today, the staff is of the opinion that, instead of
specifying limiting conditions in the Technical Specification, a more effective
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approach would be te institute a license condition that required the implementa-
tion of a secondary water chemistry monitoring and control program that contains
appropriate procedures and administratite controls.

The required program and procedures are to be developed by applicants, with
input from their reactor vendor or other consultants, to account for site- and
plant-specific factors that affect water chemistry conditions in the steam
generators. In the view of the staff, plant cperation following such pro-
cedures would provide assurance that licensees would devote proper attention
to controlling secondary water chemistry, while also giving the licensees the
needed flexibility to allow them to deal effectively with any offnormal condition
that might arise.

Consequently, the staff asked that the applicant propose a secondary water
chemistry program which would be rcierenced in a condition to the operating
license and which would replace any proposed Technical Specifications on
secondary water chemistry.

(2) Discussion

In the SNUPPS FSAR the applicant provided details of a secondary water chemistry
monitoring and control program. At the request of the staff, the applicant
provided additional information (by letter May 8, 1981). The proposed program
addresses Lw six program criteria of our staff position, as discussed below,
and is based on the steam generator water chemistry program recommended by the
NSSS vendor (Westinghouse).

The proposed program monitors the critical parameters r.o inhibit steam generatori

corrosion and tube degradation. The limits and sampling schedule for these
! parameters have been established for steam generator blowdown and feedwater/

condensate under power operation, startup, shutdown, and wet-layup conditions.
The control points for the critical parameters and the process sampling points
have been identified in the submittals. The analytical techniques for measuring

! the values of the critical parameters are indicated in the submittals, and
reference to the plant chemical procedures is given for the complete procedures.
The authority ultimately responsible for interpretation of secondary-side
water chemistry Cata is the site Assistant Superintendent, Engineering-
Radiochemistry.

(3) Evaluation
'

The staff finds that the applicants' secondary water chemistry monitoring and
control program

(a) is capable of reduc 4ng the probability of abnormal leakage in the RCPB by
inhibiting steam generator corrosion and tube degradation, and thus meats
the requirements of GDC 14

(b) adequately addresses all the program criteria delineated in the staff
position on control and monitoring of secondary water

(c) is based on the NSSS vendor's recommended steam generator water chemistry
program
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(d) monitors the secondary coolant purity in accordance with Branch Technical
Position (BTP) MTES 5-3, Revision 1, and thus meets acceptance criterion 3
of SRP Section 5.4.2.1, " Steam Generator Materials," Revision 1

(e) monitors the water quality of the secondary side water in the steam
generators to detect potential condenser cooling water inleakage to the
condensate, and thus meets position 2 of BTP MTEB 5-3, Revision 1

(f) describes the methods for control of secondary-side water chemistry data
and record management procedures, as well as cc,rrective actions for
offcontrol point chemistry, and thus meets position 3 of BTP MTEB 5-3,
Revision 1.

(4) Conclusion
On the basis of its evaluation, the staff concludes that the proposed Callaway
secondary water chemistry monitoring and control program meets the requirements
of (1) GDC 14 insofar as secondary water chemistry control ensures primary
boundary material integrity, (2) acceptance criterion 3 of SRP Section 5.4.2.1,
Revision 1, (3) positions 2 and 3 of BTP MTEB 5-3, Revision 1, and (4) the
program criteria in the staff's position. Therefore, it is acceptable. the
staff will condition the Operating License to require that the proposed secondary
water chemistry monitor ~ng and control program be carried out.

5.4.3 Residual Heat Removal System

The applicant has addressed the capability of the residual heat removal (RHR)
system to meet BTP RSB 5-1, " Design Requirements of the Residual Heat Removal
Systems."

Four processes are involved in taking the plant from hot standby to cold shut-
down conditions. These are: (1) removal of residual heat and stored energy;
(2) circulation of the reactor coolant; (3) boration of the reactor coolant to
the cold shutdown boron concentration and coolant makeup; and (4) depressurization.
With loss of offsite power, the reactor coolant pumps, main condenser and the
main feedwater pumps are unavailable. Heat removal and coolant circulation
under natural circulation conditions is then controlled by use of the steam
generator atmospheric dump valves and the auxiliary feedwater system.

The four air-operated atmospheric dump valves in the Callaway design (one per
steam generator) are seismic Category I. Electrical power is available from
Class 1E sources. The most limiting single failure would be loss of air
supply or power which would prevent actuation of two of the dump valves from
the main control room. The applicant has stated, in a failure-modes-and-effects
analysis, that only two valves must operate to meet cooldown requirements and
that this failure does not compromise that capability. These valves could be
operated or repaired by manual action (outside of containment) to correct for
this single failure. Also, mechanical failure could prevent the opening of a
single dump valve. Manual action to correct for this failure would involve
closing an upstream isolation valve and replacing or repairing the dump valve.
Alternatively, natural circulation tests may justify plant cooldown with one
or more failed dump valves.
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The water supply to the auxiliary feedwater system is provided initially from
the nonseismic condensate storage tank. This supply is automatically backed
up by the seismic Category I essential service water system (ESWS). The

pr . is transferred automatically to the ESWS via automatic admission valvesa

to maintain adequate net positive suction heat at the auxiliary feedwater
pumps. The applicant has verified the qualification of these valves (at a
meeting with the staff on August 12, 1981, and discussed in meeting notes
dated August 27, 1981). During a safety grade plant cooldown from hot standby
conditions, the chemical and volume control system (CVCS) excess letdown line
from the reactor coolant (RCS) system could be used both during the initial
boration to the required boron shutdown concentration and while the RCS inven-
tory is controlled during the cooldown. The applicant has stated that this
letdown path is safety grade in the SNUPPS design, ensuring that the operator
can maintain letdown from the control room while shutting down the plant.
This will provide adequate available reactor coolant system volume for boration.
Borated water (4 w/o boric acid) could be supplied to the suction of the
centrifugal charging pumps from one of the two boric acid tanks, using one of
the two boric acid transfer pumps. Howev , the tanks, pumps, and associated
piping are not seismic Category I. Boration to the required shutdown concen-
tration can be provided from the refueling water storage tank, which is a
safety grade path. Borated water from the centrifugal charging pumps can be
supplied to the RCS via the normal charging and reactor coolant pump seal
injection flow paths. The effect of valve failure due to a loss of air supply
or to a postulated single failure is mitigated by either manual action tt,
correct the failure or by the use of an alternate injection path. Because the
applicant has a safety grade letdown path, sufficient lower concentration
borated water can be injected from the refueling water storage tank to achieve
cold shutdown boration.

Under natural circulation conditions, the normal supply for the pressurizer
spray from the cold legs of two coolant loops is lost. In this case, the
pressurizer spray can be supplied by flow from the centrifugal charging pumps
through a line br nching off from the charging pumps of the CVCS. This supply
could be lost by a single failure involving either closing of a single valve
in the supply line or opening of one of several valves in lines connected to
the supply line. If manual actions to correct for such failures were not
successful, a backup method of depressurization would involve opening either
of the two seismic Category I PORVs of the pressurizer which discharge to the
pressurizer relief tank. The pressurizer relief tank is not designed for
continuous operation and does not have safety grade equipment to provide for
intermittent operation. Hence, these actions might result in rupture of the
tank rupture disc and a release to containment. The applicant has verified
that the isolation valves in the suction lines from the RCS to the RHR pumps,
which must be opened to achieve long-term cooling with the RHR system, are
designed to withstar.d the environmental conditions following a steamline break
inside containment and, hence, would be qualified to withstand the less severe
conditions resulting from this type of operation.

BTP RSB 5-1 requires that a natural circulation test, with supporting analysis,
be conducted o demonstrate the ability to cool down and depressurize the
plant and to demonstrate tnat baron mixing is sufficient under such circum-
stances. Comparison with the performance of previously tested plants of
similar design may be substituted for these tests, if justified. The applicant
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plans to reference tests to be conducted at Diablo Canyon to meet this require-
ment. The applicant has provided a preliminary assessment of the differences
between Diablo Canyon and Callaway which might affect boron mixing under
natural circulation. This assessment indicates that the results of the Diablo
Canyon tests and supporting analysis would satisfy the BTP RSB 5-1 requirements
for Callaway. However, the staff does not plan to reach a conclusion on this
matter until the Diablo Canyon results have been reviewed and their applic-
abilitv to Callaway evaluated. If the Diablo Canyon tests are not completed
or do nit provide satisfactory results, the applicant has committed to submit
suck tu ts results applicable to the Callaway design before startup after the
f',st refueling.

This testing is not necessary for first-cycle operation of Callaway. The
major purpose of the natural circulation test is to obtain information on the
time needed to take the plant from hot standby to the cut-in point of the RHR
system under conditions such as extended loss-of-offsite power when the RCS
pumps are not available. It would be preferable to run this test after the
first reload when the decay heat is relatively large. This would result in
more meaningful test data and terting under conditions more representative of
those occurring over the 40 yr plant life.

The Callaway design features redundant paths for RHR suction from the RCS hot
leg. Each of the two parallel suction lines has two isolation valves in
series. With proper electrical connections, this valve and piping ensures
that no single or common-mode failure could result in an irrestorable (with
manual action to operate or repair failed components) loss of RHR suction
flow. In addition, the Callaway design provides control room alarms to alert
the operator to a degradation in RHR flow. Further discussion of this valve
configuration is addressed in Chapter 7 of this SER.

'

The staff concludes that Callaway meets current requirements for Class 2
1

plants, as specified in BTP RSB 5-1 and GDC 34 and '.he design for Callaway to
achieve cold shutdown is, therefore, acceptable.

5.4.4 Pressurizer Relief Tank (Quench Tank)
.

The pressurizer relief tank system consists of the pressurizer relief tank,
the discharge piping / rom the pressurizer relief and safety valves, the reli fe

tank internal spray neader, the tank nitrogcn supply, the vent to containmeno,
and the drain to tne waste processing system. This equipment is nonsafety-
related and is not part of the RCPB because all its components are downstream
of the RCS safety and relief valves. The tank is designed, fabricated and
tested to the requirements of ASME Code, Section VIII, Division 1, and, together
with its associated subsystems, it meets the guidelines of Regulatory Guide 1.26.
The location of the pressurizer relief tank in containment is at grade elevation
and is isolated from safety related equipment so that it does not compromise
the function of safety-related equipment, thereby meeting position C.2 of
Regulatory Guide 1.29, " Seismic Design Classification," and GDC 2, " Design
Basis for Protection Against Natural Phenomena."

The applicant states that the prer c izer relief tank water storage capacity
can absorb the energy content of 110 percent of the full power pressurizer ,

steam volume through its relief and safety valves. Other relief valve discharges (
| to the pressurizer relief tank are from the residual heat removal system and |

:
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from the CVCS. These sources are less than the design basis release from the
pressurizer. If a discharge exceeding the design bases should occur, the
relief device on the tank would pass the discharge through the tank to the
containment sump. The contents of the tank can also be drained to the waste
holdup tank in the waste processing system or the recycle holdup tank in the
boron recycle system via the reactor coolant drain tank pumps.

The rupture discs.on the pressurizer relief tank have a capacity equal to or
greater than the crabined capacity of the pressurizer safety valves. The tank :
and the rupture disc holders are designed for full vacuum to prevent collapse

~

if the contents cool following a discharge without nitrogen being added.

The pressurizer relief tank is provided with adequate instrumentation to
indicate pressure and temperature and to alarm on high or low level, high
pressure, and temperature.

Based on its review, the staff finds the pressurizer relief tank conforms to
the guidelines of Regulatory Guides 1.26 and 1.29 and the requirements of
GDC 2 and is, therefore, acceptable.

5.4.5 Loose Parts Monitoring System

The applicant has provided a description of the loose parts monitoring system'

; (LPMS) which will be used by the Callaway Unit. The design will include two
redundant sensors at the upper and lower heat region of the reactor pressurei

vessel and at the reactor coolant inlet region of each steam generator. The
' system will be designed to remain functional for a seismic event up to and

including the operating basis earthquake (OBE) and will be capable of detect-
ing loose parts that have an impact energy greater than or equal to 0.5 ft-lb.
The control room operators will be trained in the operation and maintenance of
the system. The applicant has stated that the LPMS is designed in accordance
with the requirements of Regulatory Guide 1.133.

i
'

The staff has evaluated the Callaway LPMS by comparing it with the equipment
and procedures used on other comparable plants, taking into account pertinest
differences, and the requirements of Regulatory Guide 1.133. Based on thin
evaluation, the staff concludes that the Callaway LPMS is acceptable.

!

i
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6 ENGINEERED SAFETY FEATURES,

6.1 Engineered-Safety-Features Materials
1

6.1.1 Metallic Materials '

The staff has reviewed and evaluated the materials selected for engineered
'

safety features (ESF) for Unit 1, as described in Section 6 of the SNUPPS/FSAR.
The staff concludes that the materials selected as described in Section 6 will
fulfill the intent of providing a low probability of failure under the guidance4

'

of GDC 1, 4, 14, 31, 35, and 41 of 10 CFR Part 50 and paragraph 10 CFR 50.55a
when carried out with a viable quality assurance program in accordance with
Appendix B of 10 CFR Part 50. This conclusion is based on the discussion

* which follows.

GDC 1, 14, and 31, and 10 CFR 50.55a have been met with respect to ensuring an
extremely low probability of leakage, of rapidly propagating failure, and of
gross rupture. These low probabilities are ensured because the materials
selected for the ESF (1) satisfy Appendix I of Section III of the ASME Code,
and Parts A, B, and C of Section II of the Code, and (2) provide adequate
ductility and toughness by satisfying the staff positinn that the yield strength;

of cold-worked stainless stcels shall be less than 90,000 psi. Fracture toughness
for the ferritic materials is adequate for design application conforming to
the ASME Code specifications for defect sizes, design stresses, and operatinge

temperature ranges.
1

. The controls on the use and fabrication of the austenitic stainless steel for
| the safety systems satisfy the requirements of Regulatory Guides 1.31, and

1.44. Fabrication and heat treatment practices performed in accordance with
these requirements provide added assurance that the probability of stress
corrosion cracking will be reduced during the postulated accident time interval.

Applicant conformance with the Codes and Regulatory Guides and with the staff
position mentioned above constitutes an acceptable basis for meeting the
requirements of GDC 1, 4,14, 35, and 41; Appendix B to 10 CFR Part 50; and
10 CFR 50.55a, which ensure that the systems will be designed, fabricated, and
erected so that they can perform their function as required.

j GDC 1, 14, and 31 and Appendix B to 10 CFR Part 50 have been met with respect
to ensuring that the reactor coolant boundary and associated auxiliary systems
have an extremely low probability of leakage, of rapidly propagating failures,
and of gross rupture.

The external nonmetallic insulation to be used on austenitic stainless steel
components conforms with the recommendations of Regulatory Guide 1.36. The
onsite cleaning and cleanliness controls during fabrication and erection
conform to the recommendations of ANSI Standard N 45.2.1-1973, " Cleaning of
Fluid Systems and Associated Components During the Construction Phase of;

Nuclear Power Plants," and Regulatory Guide 1.37.

I
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The materials of construction exposed to the reactor coolant, secondary coolant,
and containment sprays are compatible with the expected environment as proven
by extensive testing and satisfactory performance. General corror. ion of all
materials except carbon and low alloy steel is expected to be negligible. For
the latter materials, conservative corrosion allowances have been provided in
accordance with the requirements of Section III of the ASME Code.

6.1.2 Organic Materials

This evaluation is conducted to verify that protective coatings applied inside
containment meet the testing requirements of ANSI 101.2 (1972) and the quality
assurance guidelines of Regulatory Guide 1.54. Compliance with these require-
ments provides assurance that the protective coatings will not fail under
design-basis accident (DBA) conditions and generate significant quantities of
solid debris or combustible gas which could complicate the accident conditions.

In the FSAR, the applicant states that paints and protective coatings applied
to exposed surfaces will be applied in accordance with the quality assurance
requirements of Regulatory Guide 1.54. Additionally, the applicant has had
independent laboratory tests conducted under simulated DBA conditions to
verify that protective coating which are applied in the containment will meet
the requirements of ANSI N101.2 (1972).

Based on the applicant's compliance with the applicable Regulatory Guide and
ANSI Standard, the staff concludes that the protective coating systems and
their applications are acceptable and meet the requi Nments of Appendix B to
10 CFR Part 50. This conclusion is based on the applicant having met the
quality assurance requirements of Appendix B to 10 CFR Part 50 because the
coating systems and their applications meet the positions of Regulatory
Guide 1.54, and the requirements of ANSI N101.2,lities."" Protective Coatings (Paints)for Light Water Nuclear Reactor Containment Faci These measurn
demonstrate their suitability to withstand a postulated DBA environment.

The control of combustible gases that can potentially be generated from the
organic materials and from qualified and unqualified paints is reviewed under
Section 6.2.5. The consequences of solid debris that can potentially be
formed from unqualified paints are reviewed under Section 6.2.2.

6.2 Containment Systems

The Callaway containment systems include the containment, the containment heat
removal systems, the containment isolation system, and the containment combusti-
ble gas cartrol system.

*6.2.1 Containment Functional Design

The containment and t containment systems function to prevent or control the
release of radioactive fission products which might be released into the
containment atmosphere following postulated LOCAs, secondary system pipe
ruptures, or fuel-handling accidents.
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6.2.1.1 Containment Structure
.

The Callawt.y containment consists of a prestressed, reinforced concrete,
cylindrical structure with a hemispherical dome and a conventionally rein-
forced concrete base slab. The interior of the concrete containment is lined
with carb n steel plates 0.25-in. thick and has a internal free volume of

32,5000,000 ft .

Maximum Pressure and Temperature Analyses

The applicant has performed containment pressure and temperature analyses on a
s)ectrum of reactor coolant system and secondary syster pipe breaks to verify
t1e containment functional design and to establish the temperature and pressure
conditions for environmental qualification of safety related equipment located
in containment. The reactor coolant system breaks analyzed in the SNUPPS FSAR
included double-ended pump suction guillotine breaks with maximum and minimum
safety injection, a 0.6 ft2 double ended pump suction guillotine break with

2maximum safety injection, a 3-ft pump suction split with maximum safety
injection, and double ended guillotine breaks in the hot and cold legs with
maximum safety injection. In each of these LOCA analyses, the applicant
assumed loss of offsite power coincident with the worst single-active failure.
The DBA LOCA was found to be the double ended pump suction guillotine break of
10.24 ft2 with minimum safety injection and the single failure assumed was the
loss of one emergency diesel.

The secondary system pipe breaks analyzed in the SNUPPS FSAR included 16 main
steam line break (MSLB) cases, including various sizes of double ended and
split ruptures at various power levels from 0 to 102 percent. Offsite power
was assumed to be available or unavailable, depending on which assumption
produced the highest containment pressures and temperatures. In addition, the
loss of one train of the containment heat removal systems was assumed, because
this was found to be the worst single-active failure. The 0.84-ft2 MSLB at
75 percent power and the 0.66-ft2 MSLB at 25 percent power were found to
result in the highest calculated containment peak temperature and pressure,
respectively.

All the applicant's containment analyses were performed with the COPATTA
computer code. The results from the DBA LOCA analysis and the 0.66-ft2 MSLB
at 25 percent power showed peak containment pressure of 47.3 psig and 48.1
psig, respectively, both of which are well below the containment design value
of 60 psig. The DBA LOCA analysis also showed the calculated containment
pressure at 24-hr to be below 50 percent of the calculated peak pressure. The
0.84-ft2 MSLBat75gercentpowergavethemaximumpeakcalculatedcontainment
temperature of 384.9 F.

The staff has reviewed the applicant's selection of reactor coolant system and
secondary system pipe breaks analyzed and the applicant's containment ana19 sis
assumptions, including initial conditions, and finds them acceptable. Addi-
tionally, the staff has performed confirmatory analyses using the CONTEMPT-LT/28
computer code for the DBA LOCA and the two MSLB cases that resulted in the
peak containment 3ressure and tem Each of the confirmatory analyses
was performed wit 1 the applicant'perature.s conservative assumptions and initial condi-
tions including the assumption of the most severe single-active failure. The
staff,s confirmatory results were found to be comparable to the applicant's

,
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result. Therefore, the staff concludes that the applicant has satisfactorily
demonstrated the adequacy of the containment functional design and has appro-'

priately determined the containment temperatures and pressures to which safety-
related equipment located in containment must be environmentally qualified.

,

Protection Against Damage from External Pressure

To demonstrate the adequacy of the containment against external loads, the
applicant provided an analysis showing that the maximum postulated external
loading is 10 percent below the design-basis external load. The inadvertent
actuation of both of the containment spray system (CSS) trains was conservatively'

selected as the maximum postulated external loading event, even though the
applicant discussed why no single operator action or single-active or passive
failure could accidently actuate the CSS. The applicant used a conservative
approach for calculating the drop in internal pressure created by the inadver-
tent operation of the CSS (Henry's Law of Partial Pressures and the Ideal Gas
Law). The results gave a peak calculated differential pressure of 2.72 psid .
compared with the containment external design basis load of 3.0 psid.

The staff has reviewed the applicant's analysis and the initial conditions the
applicant used and finds them to be conservative and acceptable. Hence, based
on the applicant's analysis, the staff finds the containment design capable of

,

accommodating, with sufficient margin, the maximum postulated external loads.
'

Containment Instrumentation

i The staff has reviewed the SNUPFS FSAR information concerning the reiundancy,
range, and accuracy of the postaccident instrumentation to monitor containmeret
atmosphere pressure and temperature and finds it acceptable. Postaccident
containment sump water temperature monitoring instrumentation has not been
provided because the applicant has stated that this parameter is not needed.
The staff concurs that containment sump water temperature is not an essential
parameter to be monitored because the applicant's net positive suction head
calculations have conservatively assumed a saturated containment sump model
following a LOCA or MSLB (see Section 6.2.2). Therefore, the staff finds this
exception to the guidelines of Regulatory Guide 1.97 acceptable.

6.2.1.2 Subcompartment Analyses

Subcompartment analyses are required to determine the acceptability of the
design differential pressure loadings on containment internal structures from
high energy-line-rupture accidents. The applicant has performed the necessary
subcompartment analyses for the reactor cavity, the steam generator subcompart-
ment, and the pressurizer subcompartment where high energy line ruptures are
postulated to occur. A spectrum of pipe breaks was analyzed by the applicant
to determine the break sizes which resulted in peak differential loads on each
of the walls around each subcompartment.

The mass and energy release data used in the subcompartment analyses (SNUPPS
FSAR Tables 6.2.1-12 through 6.2.1-16) were developed from computer programs
described in Westinghouse Topical Report WCAP-8312-A, which was approved by
the NRC by a letter dated March 12, 1975. The staff concludes that the
methodology for computing the mass and energy data for subcompartment analyses

'

is acceptable.
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The applicant used the COPDA computer program to' perform the differential4

' 'pressure load analysis for all of the subcompartments. COPDA is a Bechtel
code for calculating transient pressures within containment subcompartments
and was found acceptable for licensing reference in an NRC letter dated '

February 23, 1979. In accordance with the NRC guidance accompanying this
letter, the. staff review has verified that the applicant's C0FDA analyses have
used the homogeneous frozen-fiow model for all flows with qualities greater
than 20 percent and the homogeneous equilibrium model for all flows with

,

| qualities less than 20 percent.

; A separate discussion and review of the reactor cavity, steam generator sub-
: compartment, and pressurizer subcompartment analyses are presented below.

Reactor Cavity Analysisi

The applicant's analysis showed the reactor cavity design break is a 150-in.2
double-ended cold-leg rupture occuring at the reactor vessel nozzle to cold-leg
weld. Pipe movement and, thus, the flow area are mechanically constrained to
limit the postulated pipe rupture to this break size. The applicant's analysis

; also showed that no break need be considered in the reactor cavity pipe penetra-
tions because of the reactor cavity and reactor coolant loop design. The
staff has reviewed the applicant's analysis and concurs in the selection of'
the reactor cavity design-basis pipe break contingent on the acceptability of.

; the mechanically constrained limit on the pipe break size (see Chapter 3 of
i this report).
:

j The reactor cavity subcompartment model employed by the applicant conforms
i with NUREG-0609, " Asymmetric Blowdown Loads on PWR Primary Systems." All
j significant restrictions to flow are accounted for by the nodalization scheme.
j The applicant's nodalization scheme also reflects consideration of previously

performed sensitivity studies on similar plants and sensitivity work carried#

r out on Callaway at the Construction Permit stage. The staff has reviewed the
j applicant's nodal model and finds it acceptable,
i
'

Vent paths through the lower reactor cavity volumes are modeled, taking into
; account insulation blockage of the incore instrumentation platform. No credit

is taken for venting through the pipe penetrations by virtue of the conservative
i assumption of blockage by insulation. Venting at the top of the reactor

cavity annulus is through water-filled shield bags that have tear strips
designed to open the water bags after the bags are lifted 4 to 6 in. In the,

applicant's analysis, these water-filled shield bags are modeled as rigid
,

bodies that rise a nominal 1 ft due to the blowdown forces before bursting
open. The same shield design has been incorporated into the reactor cavities
of Calvert Cliffs 1 and 2 (Docket Nos. 50-317 and 50-318). Based on the staff
review of this design and the previous acceptance of this design, the staff
concludes that the water-filled bags should provide an adequate and reliable
method of venting the reactor cavity.

All assumptions used by the applicant in the reactor cavity analysis have been
reviewed and found to be appropriate. The applicant's subcompartment ana ksis
of the reactor cavity showed that all calculated differential pressure loads
on the reactor cavity walls were within the design-basis values.

!
1
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A confirmato y 6aalysis was conducted with the COMPARE-MOD IA computer code
using essent ally the same model as the applicant's, although the water-filled
shield bags were modeled somewhat more conservetively in the confirmatory
analysis. The analysis verified that the desiga basis of the reactor cavity
walls is adequate for the differential pressure loads expected from the worst
postulated pipe rupture within the reactor cavity.

The applicant also performed dynamic force and moment calculations on the
reactor vessel from postulated pipe ruptures in the reactor cavity, which
included an accounting of the transient forces surrounding the upper vessel
head due to the lif ting and bursting of the water-filled shield bags. Our
confirmatory calculation used maximum values for the force surface areas
adjacent to the water-filled shield bag compartments ar.d produced results
comparable to the applicant's. Therefore, based on its review of the appli-
cant's analysis and its confirmatory analysis, the staf f finds the applicant's
force and moment calculations on the reactor vessel from postulated pipe
ruptures in the reactor covity acceptable.

Steam Generator Subcompartment Analysis

The steam generator subcompartment contains two steam generators and two
reactor coolant pumps. Vent paths are available to the pressurizer cavity and
the remainder of containment. The applicant considered a number of breaks,
including double-ended breaks of the hot leg, cold leg, and pump suction
lines, a longitudinal spl;t of the hot leg; and dnuble-ended branch line
breaks. All double-ended breaks are mechanically restrained so that the
largest breaks in the hot-leg, cold-leg, and pump-suction lines are 763, 436,
and 236 in.2, respectively. These three breaks enveloped all postulated
breaks within the steam generator subcompartment, and the applicent performed
analyses for all three to obtain peak differential pressures across the steam
generator subcompartment walls. Af ter review of the applicant's analysis, the
staff finds the design-basis pipe breaks used in the steam generator subcompt.rt-
ment analysis acceptable contingent on the acceptability of the mechanically
constrained pipe-break sizes (see Chapter 3 of this report.)

The applicant's steam generator subcompartment nodalization took into account
all major restrictions to flow, and sensitivity analyses were done to ensure
that enough nodes were used to account for all changes in flow area. The
results of the applicant's analyses showed that all calculated differential
pressures were below the design basis of the steam generator subcompartment
walls, except for one node which exceeded the design pressure. However, there

,

i are several nodal volumes adjacent to this one wall, and the distributed
differential pressure load is less than the design load for that wall. Therefore,
the staff finds the applicant's results acceptable.

In addition to reviewing the applicant's nodal model and all of the analysis
assumptions, the staff performed a confirmatory calculation for the dominant
break (the 763-in.2 hot-leg-split break). The staft results confirmed the
applicant's findings that the design bases of the steam generator subcompartment
walls are adequate to accommoda<.e any postulated pipe-rupture accident.

|

!
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Pressurizer Subcompartment

The applicant's analysis of the pressurizer subcompartment covered a spectrum
of accidents including ruptures of the surge line, spray line, and a reactor
coolant loop. The worst break was found to be the double-ended surge line
break. The staff review of these breaks finds the applicant's choice acceptable
for use in the subcompartment analysis.

The applicant's pressurizer subcompartment nodal model consisted of segments
of the pressurizer vault, the surge-line compartment, the steam generator loop
compartment, and the remainder of containment. Although no nodal sensitivity
analysis was performed by the applicant, all obstructions and restrictions to
flow are accounted for, and, therefore, the staff finds the applicant's model
acceptable.

The staff has reviewed all assumptions in the applicant's analysis and fin's
them appropriately conservative. Both the applicant's analysis and the staff's
confirmatory analysis show that all differential pressure loads are within the-

,

de',ign values for the subconpartments walls. Therefore, the staff finds the
applicant has acceptably demonstrated the adequacy of the pressurizer subcom-
partment wall design basis for differential pressures resulting from postulated
pipe ruptures.

6.2.1.3 Mass and Energy Release Analysis for Postulated Loss-of-Coolant
Accidents

The applicant has provided the mass and energy release data for a spectrum of
loss-of-coolant accident (LOCA) break sizes and locations in the reactor
coolant system. The break locations include the cold-leg )iping at the suc-
tion and discharge sides of the reactor coolant aump and t1e hot-leg piping
(see Table 6.2.1-1 in the SNUPPS FSAR). The douale ended rupture of the
reactor coolant pump suction line results in the highest containment pressure
and, therefore, is determined to be the worst LOCA break.

The applicant's analysis has shown that the most severe single active failure
'

the loss of one emergency diesel that results in minimum safety injection
and minimum containment cooling (that is, one containment spray train and two
containment air cooling units).

The staff has reviewed the applicant's spectrum of breaks and the single-failure
analysis and finds them acceptable.

The applicant's mass-and energy-release analysis considers the mass and energy
release in terms of four phases: blowdown, refill, reflood, and post reflood.
Each of these phases is reviewed below.

The SATAN V computer code was used by the applicant to determine the mass-and- !
energy addition rates to the containment during the blowdown phase of the
accident. The blowdown phase is the phase of the accident during which most
of the energy contained in the reactor coolant system is released to the
containment. To obtain a conservatively high energy release from the core
during the blowdown period, the applicant made a detailed calculation using
the LOCTA core analysis code to determine core-energy release. The applicant
assumed that the core would remain in nucleate boiling for an extended period
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so that the energy release rate from the core would be maximized. Under this
assumption, the core transfers more heat to the containment than would be
predicted by a calculation suitable for core heatup or an emergency core
cooling (ECC) performance evaluation. This additional energy release from the
core increases the calculated containment pressure and, therefore, ensures a
margin of conservatism in the analysis.

The time delay as a result of lower plenum refill has not been considered by
the applicant for containment analysis. Instead, the applicant has conserva-
tively assumed that the bottom of the core is covered inmediately after 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 because the steam and
entrained liquid carried out of the core for these break !ccations pass through
the steam generator and constitute an additional energy source. The steam and
entrained water leaving the core and passing through the steam generators will
be evaporated and/or superheated to the temperature of the steam generator
secondary fluid. The rate of energy release to the containment during the
reflood phase is proportional to the core flooding rate. 'The rupture of the
cold leg at the pump suction results in the highest mass flow through the core
and. thus, through the steam generators.

During the core-reflood phase of the accident, when the core is filling with
water, the applicant calculated mass-and-energy-release rates using the WREFLOOD
code, a hydraulic resistance model, and an energy-balance model. The hydraulic
model determines the core-flooding rate and the entrainment fraction. The
energy-balance model calculates the core exit conditions and the energy addition
from the steam generator. Results of the FLECHT experiments indicate that the
carryout fraction of fluid leaving the core during reflood is about 80 percent
of the incoming flow to the core. This rtte continues until the fuel is
rec _ overed with water to about the 8-ft elevation, when the fuel-clad temperature
transient ceases (that is, quenching occurs). The applicant has conservatively
assumed quenching of the core at the F? ft elevation for the containment pressure
calculations.

The applicant 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 after 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.
In calculations performed by the FROTil code, the applicant assumed that this
two phase mixture of steam and water rises above the core and enters the steam
generator. By this process the remainder of the available steam generator
energy is removed by boiling of the water entrained in the two phase mixture
and is carried into the containment as steam. In calculating the rate of

energy removed from the steam generators, the applicant has used the maximum
steam flow based on the hydraulic resistance of the system and the maximum
steam generator heat transfer. A portion of the steam that flows through the
unbroken loops is assumed to be condensed before it enters the containment.

The above methods used to compute the mass and energy releases following a j
LOCA are documented in Westinghouse Topical Report WCAP-8312A, " Westinghouse l

Mass and Energy Release Data for Containment Design," which was approved by
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the NRC by a letter dated March 12, 1975. Therefore, the applicant's mass
and energy release data for postulated LOCAs are acceptable.

6.2.1.4 Mass and Energy Release Analysis for Postulated Secondary System
Pipe Ruptures

The applicant has computed the peak containment pressure and temperature for a
spectrum of postulated main steamline breaks (MSLB) (SNVPPS FSAR Table 6.2.1-56).
The analysis covered the following plant variables that influence tha release ;

of mass and energy following a steamline break: (1) power level; (2) main '

feedwater system design; (3) auxiliary feedwater system design; (4) postulated
break type, size, and location; (5) availability of offsite power; (6) safety
system failures; and (7) steam generator reverse heat transfer and reactor
coolant system metal heat capacity.

In the applicant's mass and energy release analysis, the unisolated feedwater
line volume between the steam generator and the isolation valve was included t

as a source for additional high-energy fluid to be discharged through the pipe f

break. The addition of auxiliary feedwater to the affected steam generator
was assumed to start at time zero and continue until it was manually stopped
by the plant operator. Various single failures--including loss of offsite
power, loss of one emergency diesel, failure of one main steam isolation
valve, and failure of one main feedwater isolation valve--were considered.

,

1

Mass and energy release for the spectrum of steamline breaks was calculated
using the MARVEL code described in Westinghouse Topical Report WCAP-8822, !

" Mass and Energy Release Following a Main Steam Line Break." This report is :

currently being reviewed by the staf f. On the basis of the review to date,
the staff concludes that there is reasonable assurance that the mass and
energy release rates will not be appreciably altered by completion of the
analytical review.

The MARVEL code describes the primary and secondary systems of a pressurized i
water reactor, including the power excursion which may occur in the core r

following an MSLB. The code calculates heat flow from the core and intact
steam generators into the primary system, and heat flow from the primary
system into the affected steam generator. The primary system heat flow produces
additional steam, which is added to the containment. It is assumed that the
flow from the break contains no liquid entrainment so that the break flow is
all steam. This assumption aermits the secondary liquid to remain in the
steam generator until it is ] oiled by the heat transferred from the primary
system, and maximizes the energy release. The analysis includes additional

Isteam from the intact steam generators before the isolation valves are closed
and from the unisolated steam lines and turbine plant piping. Feedwater flow
is added to the affected steam generator based on the reduction in the discharge
pressure calculated by the MARVEL code. No credit is taken for any feedwater
flow reduction during the valve closure period. The unisolated feedwater mass
is added to the steam generator inventory during the blowdown.

Based on the above, the staff concludes that the MSLB mass and energy release
data are acceptable for the Callaway containment analysis. The mass and
energy release data for the worst case MSLBs are provided in SNUPPS FSAR
Tables 6.2.1-57A and 6.2.1-57B.
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6.2.1.5 Minimum Containment Pressure Analysis for Emergency Core Cooling System
Performance Capability Studies

Appendix K to 10 CFR Part 50 requires that the containment pressure used for
evaluating cooling effectiveness during reactor core reflood and spray cooling
shall not exceed a pressure calculated conservatively for this purpose. The
calculation includes the effect of operation of all installed containment-
pressure-reducing systems and arocesses. The correspondirg reflood rate ini

the core will then be reduced aecause lessened containment pressure reduces
the resistance to steam flow in the reactor coolant loops and increases the
bolloff rate from the core.

The applicant has performed the required minimum-containment pressure calcula-
tion using the C0C0 computer code for the double-ended cold leg guillotine
break (Cn = 0.6), the limiting case (that is, the break found to produce the
peak clatiding temperature). Mass and energy releases for this break (SNUPPS <

FSAR Tables 6.2.1-63 and 6.2.1-64) were calculated using the method described
in Chapter 15 of the FSAR. This method is evaluated separately in Chapter 15
of this report and is acceptable.

The staff has also reviewed the applicant's input parameters used in the
minimum containment pressure analysis, including initial containment conditions,
containment net-free volume, passive heat sinks, heat transfer to passive heat
sinks, containment-active-heat removal, and containment purge system operation,

i and has found them all to be acceptably conservative and in conformance with
BTP CSB 6-1 " Minimum Containment Pressure Model for PWR ECCS Performance
Evaluation.A!

,

Based on the above, the staff finds the applicant's minimum-containment pressure
analysis for ECCS performance studies acceptable.

6.2.1.6 Summary and Conclusions

The staff has evaluated the Callaway containment functional capability with'

respect to GDC 16 and 50 and concludes that it is in compliance with these
criteria. Specifically, the staff has found the applicant's analyses of the
dynamic pressure loads which would act on the containment and subcompartment 1

structures from postulated pipe breaks acceptable and the results to N within
the functional design basis. The applicant's minumum-containment pressure
analysis for performance capability studies on the ECCS required by Appendix K ,

to 10 CFR Part 50 also is acceptable. I
1

| 6.2.2 Containment Heat Removal Systems

The function of the containment heat removal systems is to limit, reduce, and
maintain at acceptably low levels the containment temperature and pressure
following a LOCA or secondary system pipe rupture by removing thermal energy
from the containment atmosphere. The containment heat removal systems include
the residual heat removal system (RHRS), the containment spray system (CSS),
and the containment cooling system (CtCS).

The RHR$ consists of two residual heat exchangers, two residual heat removal
pump:, and associated piping, valves, and instrumentation. In addition to its
role as the low-head portion of the ECCS, tne RHRS also serves as an active
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containment-heat-removal system during the recirculation mode following a
LOCA. Both functions are accomplished when the RHRS is aligned to take fluid
from the containment recirculation sumps, cool it by circulation through the
residual heat exchangers, and supply it to the core from where it spills back
into the containment sump through the pipe break. (For additional description
and evaluation of the RHRS see Chapter 5 of this report.)

The CSS consists of two separate trains of equal capacity, each independently
capable, in conjunction with the RHRS and the CtCS, of maintaining the con-
tainment pressure below the containment design pressure for the full spectrum
of pipe breaks. Each train includes a containment spray pump; spray header
and nozzles; spray additive eductor; valves; and associated piping, instrumen-
tation, flushing connections, and controls. Each of the two containment spray
pumps is rated at 3165 gpm at a head of 464 ft during the injection phase and
3750 gpm at a head of 400 ft during the recirculation phase.

The injection phase begins for the CSS upon receipt of a containment spray
actuation signal (CSAS), which occurs on high containment pressure (Hi-3
setpoint). Upon receipt of a CSAS, both containment spray pumps automatically
start, the motor-operated spray-ring-header isolation valves automatically
open, and borated water from the refueling water storage tank (RWST) flows
into the containment spray headers. The switching of the CSS from the injection
mode to the recirculation mode relies entirely on remote manual operator
action. When a low-low level in the RWST is reached, the operator manually
initiates the cpening of the containment sump recirculation valves. After
verifying that the sump recirculation valves are open, the operator manually
initiates the closing of the RWST isolation valves.

The CtCS consists of four f an coolers and a safety-related post-accident air
distribution system with associated instrumentation and controls. The fan
coolers are arranged in two trains of two fan coolers each with each train
capable of providing 100 percent of the required CtCS cooling capacity.
Cooling water is provided to each redundant CtCS train by one of the redundant
trains of the essential service water system. The fans are designed for
high-speed operation during normal plant operations and for low-speed operation
under post-accident conditions. The post-accident air distribution system is
designed to discharge air from each fan cooler through the opening left by a
fusible link plate. The fusible link plate are steel plates which are hinged
to the ductwork and held in position by the fusible links, which will open at
a temperature of approximately 160 F to leave an unrestricted flowpath. The
applicant has provided a description to demonstrate that the resulting air-flow
patterns will provide adequate circulation and sufficient post-accident mixing
of the containment atmosphere with one redundant train of the containment
coolers and one redundant train of the hydrogen mixing fans (see Section 6.2.5)
in operation. The CtCS, in conjunction with the RHRS and the CSS, is capable
of: (1) removing sufficient heat energy and subsequent decay heat frcn the
containment atmosphere following a LOCA or MSLB to maintain the containment
pressure below the design value and (2) reducing the containment pressure
following a LOCA to 50 percent of its peak value within 24 hours (see
Section 6.2.1). The safety functions can be performed assuming a single-active
component failure coincident with the loss of offsite power. Normally all
four containment fan coolers are operating with the fans at high speed and the
cooling water flow to the coils on low flow to provide containment cooling and
to maintain proper air flow distribution. Within 45 seconds after generation
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of a safety injection signal (SIS), the fans automatically shift to slow speed
(or start in slow speed if they are not already running), and cooling water
flow through the cooling coils is automatically increased.

The containment heat removal systems satisfy the provisions of kegulatory
Guides 1.26, " Quality Group Classification and Standards for Water , Steam ,
and Radioactive-Waste-Containing Components of Nuclear Power Plants;" 1.29,
" Seismic Design Classification;" and 1.82, " Sumps for Emergency Core Cooling
and Containment Spray Systems." They meet or invoke the design, quality
assurance, redundancy, power source, and instrumentation and control require-
ments of engineered safety features. The applicant has also provided single-
failure analyses and other information demonstrating the ability of the
containment heat removal systems to function following postulated single-active
failures. The heat removal capacity of the fan coolers as a function of
containment saturation temperatures is supported by a topical report which
describes the manufacturer's analysis and tests on prototype fan cobler cooling
coils. Performance testing of the CSS spray nozzles has verified that they
will perform satisfactorily during postulated accidents.

The staff has reviewed the applicant's net positive suction heat (NPSH) calcula- |
tions and finds the NPSH available for the CSS pumps during flow from either j
the RWST or the containment recirculation sumps satisfactory. The applicant
has complied with the provisions of Regulatory Guide 1.1, " Net Positive Suction
Head for Emergency Core Cooling and Containment Heat Removal Systems," with
one exception. Regulatory Guide 1.1 states that containment heat removal
systems should be designed so that adequate NPSH is provided to system pumps

.

assuming maximum expected temperatures of pumped fluids and no increase in'

containment pressure from that present before postulated LOCAs. Instead, the
applicant has calculated NPSH available using a saturated sump model (that is,
the containment atmosphere is conservatively assumed to be at the saturation
pressure corresponding to the containment sump temperature). The staff has
previously founo the saturated pump model to be conservative and therefore
acceptable (SRP Section 6.2.2 II.2)

THe staff concludes that the containment heat removal systems satisfy the
requirements of GDC 38, 39, 40, and 50 explicitly, and the provisions of
Regulatory Guides 1.1 and 1.82 either explicitly or on an acceptable alterna-
tive basis, as defined above. Therefore, they are acceptable.

6.2.3 Containment Isolation System

The function of the containment isolation system is to allow the normal or
emergency passage of fluids through the containment boundary while preserving
the ability of the boundary to minimize the release of fission products that
may result from a postulated accident, such as a LOCA or a fuel-handling
accident inside containment. The containment isolation system includes the
portions of all fluid systems penetrating the containment which perform the
isolation function. In general, for each penetration at least two barriers
are required between the containment atmosphere or the reactor coolant system
and the outside atmosphere, so that failure of a single barrier does not
prevent isolation.

Callaway employs a phased containment isolation system. The Phase A containment
isolation signal (CIS-A), which isolates the majority of containment fluid
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line penetrations, is initiated by any one of the following: (1) low steamline
pressure; (2) low pressurizer pressure; (3) high containment pressure Hi-1
setpoint); or (4) manual actuation. The Phase B containment isolatior. 3;gnal
(CIS-B), which isolates the component cooling water lines for the reactor
coolant pump motors and thermal barriers, is actuated by a high-containment-
pressure signal (Hi-3 setpoint) or manually. The containment purge isolation
signal (CPIS) is used to isolate the containment purge valves and is initiated
by a CIS-A or any one of the following: (1) high-containment-atmosphere
gaseous radioactivity; (2) high-containment purge-exhaust gaseous radioactivity;
or (3) manual actuation. The CIS-A, CIS-B, CPIS, and all other actuation
signals with containment isolation functions are summarized in Table 6.1. The
applicant has provided documentation demonstrating that each line having
automatic containment isolation valves--which must be isolated immediately
following an accident--is isolated by one of the signals listed in Table 6.1.
The only lines isolated by the nondiverse CIS-B are the component cooling
water supply and return lines for the reactor coolant pump motors and thermal
barriers. This arrangement is acceptable because these lines are considered
essential and, even if a failure of CIS-B does not isolate these lines, provi-
sions to detect possible leakage outside containment are provided, and the
lines can be remote-manually isolated. The staff concludes that adequate
diversity has been provided with regard to the different monitored parameters
which actuate containment isolation.

| Table 6.1 Containment Isolation Signals and Actuation Parameters.

Safety Injection Signal (SIS)

a. Manual actuation
b. Low-ste ..:line pressure (lead-lag compensated)
c. Low pressurizer pressure
d. High-containment pressure (Hi-1)

Containment Isolation Signal-Phase A (CIS-A)

a. Manual actuation
b. Low-steamline pressure (lead-lag compensated)
c. Low pressurizer pressure
d. High-containment pressure (Hi-1)

Containment Isolation Signal-Phase B (CIS-B)

a. Manual actuation
b. High-containment pressure (Hi-3)

Containment Purge Isolation Signal QPIS

a. Manual actuation
b. Low-steamline pressure (1, 'c compensated)
c. Low pressurizer pressure
d. High-containment pressur. (He 1,
e. High-containment atmosphere gaseous radioactivity
f. High-containment purge-exhaust gaseous radioactivity

6-13

. _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _



_ . . _ - _. _ __.

-Table 6.1 (Continued)

Steam Gene _r.ator Blowdown System Isolation Signal (SGBSIS)
_

a. Manual actuation
b. Low-steamline pressure (lead-lag compensated)
c. Low pressurizer pressure
d. High-containment pressure (Hi-1)
e. Loss of offsite power-

f. Both main feed pumps tripped (sensed by pressure switches)
g. Low-low steam generator level

Steam Line Isolation Signal (SLIS)

a. High-steam pressure rate (rate-lag compensated)
b. Low-steamline pressure (lead-lag compensated)
c. High-containment pressure (Hi-2)

Feedwater Isolation Signal (FWIS)4

,

a. Manual actuation
b. Low-steamline pressure (lead-lag compensated).

c. Low pressurizer pressure-

a. High-containment pressure (Hi-1)
e. High-high steam generator level
f. Low average reactor coolant temperature (TAVG) coincident with reactor

trip signal

t

The staff has reviewed the applicant's containment iscretion system design
information and evaluation and found that (1) there are at least two barriers

: between the atmosphere outside the containment and the reactor coolant system
or the containment atmosphere, (2) automatic isolation valves are provided in i

these lines which must be isolated immediately following an accident, (3) each
line which must remain in service for safety reasons following an accident has
at least one remote-manual valve, (4) each automatically closed isolation
valve is provided with a remote-manual switch in the control room, (5) all
power-operated isolation valves have position indication in the control rec =,
and (6) each air , hydraulic , or electric-solenoid-operated isolation valve

| assumes the position of greater safety in the event of power failure to the
valve operator.,

The staff has also reviewed the closure times for the power-cperated containment
isolation valves. Valve closure will occur within 60 seconds for all power-'

operated containment isolation' valves, except the valves in the residual heat ;

removal system shutdown lines (that is, the inlet lines to the residual heat
remov.il system from the hot legs of loops 1 and 4 of the reactor coolant
system), which have a maximum closure time of 120 seconds. I!awever, the staff
finds this acceptable because each residual heat removal system. shutdown line
contains two motor-operated valves in series inside containment. These are 1

'
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normally closed so they do not have to close to isolate the containment following
an accident. In addition, these valves are independently powered and interlocked
which prevents them from being inadvertently opened. Most of the containment
isolation valves close in 10 seconds or less. The containment shutdown purge
system isolation valves, which are of specific concern, are designed to close
in 10 seconds. This is acceptable because the applicant has stated that these
valves are normally closed and will not be opened during pawer operation,
startup, hot standby, or hot shutdown. The containment minipurge system
isolation valves are designed to close in 3 seconds in compliance with the BTP
CSB 6-4 postion that online purge system isolation valve closure times should
not exceed 5 seconds. The staff concludes that the containment isolation
valve closure times are acceptable.

The staff has reviewed the applicant's designation of essential fluid systems
penetrating the containment. Those systems or portions of systems classified
by the applicant as essential include the auxiliary feedwater system, the
containment spray system, the portions of the residual heat removal system
which serve as part of the emergency core cooling system, the seal water
supply to the reactor coolant pumps, the essential service water supply to and
return from the containment air coolers, the high pressure coolant injection
system, the post-LOCA hydrogen analyzer supply and return lines, the component
cooling water supply to and return from the reactor coolant pump motors and
thermal barriers, and the containment pressure-sensing monitors. The applicant
has also classified the residual heat removal system shutdown lines as essential,
although by design these lines have no post-LOCA safety function. They may,
however, be considered important to safe post accident shutdown and valuable
in accident mitigation particularly in the event of a secondary system pipe,

rupture. Therefore, their classification as essential is acceptable. In
addition, although connected to main steam penetrations (which are classified
as nonessential), the steamlines to the auxiliary feedwater pump turbine are
necessary to support the auxiliary feedwater system and, therefore, are con-
sidered essential. Likewise the main steam atmospheric dump valves are required
to mitigate the consequences of certain design-basis accidents and to ensure
the safe shutdown of the plant; therefore, they are also considered essential.
The staff finds the applicant's designation of essential systems acceptable.

The staff review has confirmed that the containment isolativa system meets the
explicit requirements of GDC 54 and also the explicit requirements of GDC 55,
56, and 57, except in those cases which are discussed below.

Compliance with GDC 55

The containment isolation system meets the explicit requirements of GDC 55
except in cases where remote-manual isolation valves are used instead of
automatic isolation valves and in cases where automatic isolation valves fail
"as is" versus failing closed upon loss of power to the valve operators.

The cases where remote-manual isolation valves are used instead of automatic
isolation valves include the reactor coolant pump seal water supply lines, the
emergency core cooling system (ECCS) lines discharging to the reactor, and the
residual heat removal system (RHRS) shutdown lines. The reactor coolant pump,

(RCP) seal water supply lines and the ECCS lines discharging to the reactor
are classified as essential, and provisions have been made to detect possible
leakage from these lines outside containment, thereby allcwing remote-manual
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instead of automatic isolation valves. Each of the RHRS shutdown lines contains
[ two normally closed, motor-operated valves in series inside containment. The
i valves are independently powered and interlocked to prevent them from being

inadvertently opened. The RHRS shutdown lines have no post-LOCA safety function
{ and consequently remain isolated after a LOCA. The containment isolation

provisions for these lines are considered to be-the normally closed systemi

isolation valve closest to the containment and the closed, ESF grade ECCS to
which they connect outside containment. This design provides adequate assurance

1 that containment integrity will be maintained following an accident; hence use
of remote-manual valves instead of automatic isolation valves is acceptable.

;

I The c es where automatic isolation valves fail "as is" versus failing closed
I inciv.e the reactor coolant pump seal water retur.a line and the chemical and

volume control system charging pump discharge line to the regenerative heat
exchanger. Each of these lines, however, contains either a check valve or an
independently powered automatic isolation salve inside containment in series
with the automatic isolation valve outside containment, so a single active or
passive failure will not result in the loss of both containment isolation
barriers.

The staff finds that the containment isolation provisions for Callaway either
meet the explicit requirements of GDC 55, or, for the specific lines discussed,

above, are acceptable alternatives to the explicit requirements of GDC 55.

Compliance with GDC 56
.

The containment isolation system meets the explicit requirements of GDC 56
except in cases where remote manual isolation valves are used instead of
automatic isolation valves, in cases where automatic isolation va?ves fail "as
is" versus failing closed upon loss of power to the valve operators, and in
cases where fluid lines penetrating the containment vessel do not contain two
isolation valves in series.

The cases where remote-manual isolation valves are used instead of automatic
isolation valves include the RHRS suction lines from the containment recircula-
tion sumps, the containment spray system lines to the spray nozzles, and the
essential service water lines to and from the containment air coolers. The
RHRS suction lines from the containment recirculation sumps are part of the ;

,
ECCS and the containment heat removal systems and therefore are essential !

| lines required to be open following an accident. Likewise, the containment
j spray systems lines to the spray nozzles and the essential service water lines

to and from the containment air coolers are classified as essential and required
to be open following an accident. In addition, in all these cases provisions !;

| have been made to detect possible leakage from these lines outside containment. l
' Based on this, the staff finds the use of remote-manual instead of automatic

isolation valves acceptable. j
,

It should be noted that the esseatial service water lines to and from the
containment air coolers should actually be considered under GDC 57 because

I they are neither part of the reactor coolant boundary nor connected directly
to the containment atmosphere. However, the essential service water system--
because it is designed and constructed to Safety Class 3 instead of Safety

j Class 2--does not meet the precise requirement of a " closed system" inside
containment (SRP Section 6.2.4 11.9) which is necessary, in addition to an4

I
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isolation valve outside containment, to ensure two containment isolation 1

i

barriers. Therefore, the applicant has imposed the GDC 56 requirements for
one isolation valve inside containment and one isolation valve outside contain-

: ment. The isolation valves for each essential service water system penetration
are powered from the same power source to ensure the single-failure proof
design of the essential service water system. The staff has reviewed the
isolation provisions of the essential service water system lines and finds
them acceptable.

The cases where automatic isolation valves fail "as is" versus failing closed
include the containment normal sump pump-discharge line, the fire protection-
water-supply line, and the component cooling water supply and return lines for

i the RCP motors and thermal barriers. In all three cases either check valves
or independently powered automatic isolation valves inside containment in
series with the automatic isolation valves outside containment have been
provided, so a single-active or passive failure will not result in the loss of
both containment isolation barriers. The staff finds this acceptable.

The cases where fluid lines penetrating the containment do not contain two
isolation valves in series include the containment spray system and RHR$
suction lines from the containment recirculation sumps, each of which has a
single isolation valve, and the containment pressure instrument lines, which
contain no isolation valves. The containment spray system and RHRS suction
lines from the containment recirculation sumps must be opened after a LOCA to
satisfy their postaccident functional requirement, which is to permit long-term
cooling of the reactor core and the containment atmosphere. For these lines,
a single isolation valve located outside containment is provided because
system reliability is greater with only one isolation valve in the line and
because it is not practical to locate a second valve inside containment where
it would be submerged after a LOCA. The containment spray system and the

,

ECCS, which are closed ESF grade systems outside containment, serve as the
second containment isolation barrier. In addition, the piping from the con-

i tainment to and including the outside isolation valve is enclosed in a water-
tight compartment. The staff finds the design of these lines with a single
containment isolation valve outside containment acceptable.

The containment pressure instrument lines are required to remain functional
after a LOCA or MSLB. These lines sense the containment atmospheric pressure
on the inside and are connected to pressure transmitters on the outside, which

; provide signals to initiate safety injection and containment isolation on high'

containment pressure. They also provide the signal that automatically initiates
containment spray. Thus, it is essential that these instrument lines remain

: open and not be isolated during an accident. Based on this requirement, no'

isolation valves are provided. Instead, automatic double-barrier containment
isolation is provided in each containment pressure instrument line by the'

diaphragm in the pressure transmitter outside containment and a sealed bellows
inside containment connected by a sealed fluid-filled tube. The applicant has

; - provided information demonstrating that the tubing, transmitter, and bellows
are designed and constructed to meet the requirements of a missile protected,

closed system inside and outside containment.
4

The staff, therefore, finds that the conta % ment isolation provisions for
Callaway either meet the explicit requirements of GDC 56, or, for the specific

' ~

lines described above, are acceptable alternatives to the explicit requirements
of GDC 56.
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Compliance with GDC 57

The containment isolation system meets the explicit requirements of GDC 57,
except in the case where simple check valves are used as automatic isolation
valves outside containment in the auxiliary feeawater pump discharge lines.
GDC 57 does not contain the statement that permits alternate containment
isolation provisions on an "other defined basis." However, Appendix A to
10 CFR Part 50 states, in part, in the introduction that "...there may be
water-cooled nuclear power units for which fulfillment of some of the General
Design Criteria may not be necessary or appropriate. For plants such as
these, departures from the General Design Criteria must be identified and
justified." Although GDC 57 states that a simple check valve is not an accept-
able automatic isolation valve when it is located outside containment,-for
Callaway the check valve is judged to be acceptable for containment isolation
in light of other considerations. These considerations include the high
quality design of the secondary system inside containment, which is the first
isolation barrier, and the availability of other power-operated valves to
provide backup isolation. The staff finds that these containment isolation
provisions are acceptable and that the requirements of GDC 57 have been met.

The containment isolation system meets the provisions of Regulatory Guides 1.26,
1.29, and 1.141. ,

Contingent on the acceptability of the valve operability assurance program,
the containment isolation provisions of the containment atmosphere purge
system conform to the provisions of BTP CSB 6-4, "Cantainment Purging During
Normal Plant Operation," with one exception. The exception is that the size
of the containment online purge (minipurge) system lines is 18 in. in diameter
instead of 8 in. or less. The applicant has provided information detailing
the minipurge system design requirements for an 18-in. line versus a smaller
line and justifying, on a theoretical basis, the need for continuous minipurge

.

'

system operation. The staff finds that the 18-in. minipurge system design is
acceptable. However, the safety-related function of the system and the need
for continuous operation must be demonstrateo by plant operating experience.
Furthermore, as a result of staff study of valve leakage due to seal deteriora-
tion, leakage integrity tests must be conducted periodically. Testing frequency
for the purge valves will be included in the plant Technical Specifications.

The staff concludes that the containment isolation system meets the requirements
of GDCs 54, 55, 56, and 57, satisfies the provisions of Regulatory Guide 1.141;
and conforms to all staff positions and industry codes and standards. It is,

therefore, acceptable.

6.2.4 Combustible Gas Control System |
After a LOCA, hydrogen may accumulate within containment as a result of (1) J
metal water reaction between the zirconium fuel cladding and the reactor '

coolant, (2) radiolytic decomposition of the water in the reactor core and the |
'

containment sump, and (3) corrosion of metals by emergency core cooling and
contaiment spray solutions. The applicant has provided a hydrogen control
system (HCS) to monitor and control the hydrogen concentration and ensure
uniform mixing of the hydrogen in containment after a LOCA. The HCS consists
of redundant hydrogen recombiners, a redundant hydrogen monitoring system, a
redundant hydrogen mixing system, and a hydrogen purge system.

>
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Two redundant and independent electric (thermal) hydrogen recombiners are
permanently located on the operating deck inside containment. The recombiners
are manually actuated from the main control room. The hydrogen recombiners
are designed to seismic Category 1 and Safety Class 2 standards and are powered
from separate Class 1E load centers. Because only one of the two full-capacity
recombiners is required, a single active failure, coincident with the loss of
of f site power, will not prevent the hydrogen recombiners from performing their
intended design function.

Each of the two Westinghouse electric hydrogen recombiners is capable of.

processing 100 scfm of containment atmosphere for post-accident hydrogen
control. The staff has reviewed tests that have been conducted for a full-scale
prototype and a production recombiner. The tests consisted of proof of principle
tests, testing on a prototype recombiner, environmental qualification testing,
and functional tests for a production recombiner. (These tests are described
in Westinghouse Topical Report WCAP-7820 and its supplements.) The results of

"

these tests demonstrate that the recombiners should be capable of controlling
the hydrogen in a post-LOCA containment environment.

The hydrogen monitoring system consists of two identical and independent
hydrogen monitoring trains, each of which contains a hydroge.a analyzer and;

associated sample lines capable of taking samples from two different locations
within containment. The measured hydrogen concentration is recorded and
alarmed in the main control room. The hydrogen monitoring system is designed
to Safety Class 2 and seismic Category 1 standards and meets the redundancy,
power source, and single-active-failure requirements of an ESF.

To help ensure a uniformly mixed containment post-LOCA atmosphere, four two-4

Speed hydrogen mixing fans that draw air out of the steam generator compartments
and discharge it to the upper regions of the containment are provided. The
hydrogen mixing fans are Safety Class 2 and seismic Category 1. During normal
operation, the hydrogen mixing fans operate at high speed as part of the con-
tainment building heating, ventilating, and air-conditioning system. Upon
receipt of a safety injection signal (SIS), all four hydrogen mixing fans
(each pair of which is completely redundant, full capacity, and powered from
independent Class 1E power sources) are automatically started or are switched
to low speed operation. The hydrogen mixing fans, in conjuriction with the
containment fan coolers and the containment spray system, should ensure
essentially uniform hydrogen concentration within containment and should
eliminate potentially stagnant areas where hydrogen pockets could develop.

In accordance with Section 50.44 of 10 CFR Part 50, Regulatory Guide 1.7
(" Control of Combustible Gas Concentration in Containment Following a loss-
of-Coolant Accident)," and BTP CSB 6-2 (" Control of Combustible Gas Concentrr
tion in Containment Following a loss-of-Coolant Accident)," a hydrogen purge
system has been provided in addition to the redundant hydrogen recombiners. '

The hydrogen purge system is simply a dedicated containment penetration which,
when lined up to the fuel / auxiliary building emergency exhaust system (see
Section 9.4), is capable of venting the containment atmosphere at a rate of
100 scfm. Makeup air is supplied through the instrument air penetration, or
can be provided via an air bottle at any of several penetrations.

The applicant has analyzed the production and accumulation of hydrogen within
containment using the guidelines of Regulatory Guide 1.7 and BTP CSB 6-2 and
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shown that one hydrogen recombiner actuated one day after a LOCA is capable of
limiting the hydrogen concentration in containment below 3.0 volume percent

!(compared to the Regulatory Guide lower flammability limit of 4.0 volume
percent). The staff's confirmatory calculations utilizing the COGAP computer
code have verified this hydrogen control capability.

The staff concludes that tne applicant's hydrogen control system satisfies all
the design and performance requirements of 10 CFR 50.44, the provisions of
Regulatory Guide 1.7 (Revision 2) and BTP CSB 6-2, and the requirements of
GDC 41, 42, 43, and 50 concerning the monitoring. control, and uniform mixing
of hydrogen in containment after a LOCA and is, therefore, acceptable.

6.2.5 tontainment Leakage Testing Program

The Callaway containment design includes the provisions and featr,es required
to satisfy the testing requirements of Appendix J to 10 CFR Par' 50. The

design of the containment penetration and isolation valves permits periodic
leakage rate testing at the pressure specified in Appendix J to 10 CFR Part 50.
Included are those penetrations that have resilient seals and expansion bellows
(such as personnel hatches, equipment hatch, fuel transfer tube, and electrical
penetrations).

The proposed reactor containment leakage test program complies with the require-
ments of Appendix J to 10 CFR Part 50. Such compliance providas adequate
assurance that containment leak-tight integrity can be verified periodically
throughout the service lifetime on a timely basis to maintain such leakage
within the limits of the Technical Specifications.

Maintaining containment leakage rates within such limits provides reasonable4

assurance that, in the event of any radioactivity releases within the contain-
ment, the loss of the containment atmosphare through the leak paths will not
be in excess of acceptable limits specified for the site. Compliance with the
requirements of Appendix J conr'.itutes an acceptable basis for satisfying the
requirements of GDC 52, 53, and 54.

6.3 Emergency Core Cooling System

6.3.1 Design Basis

The emergency core cooling system (ECCS) is designed to cool the reactor core
and to provide shutdown capability for accident conditions that result in
significant depressurization of the reactor coolant system (RCS). These
accident conditions include mechanical failure of the RCS piping up to and
including instantaneous circumferential rupture of the largest pipe in the
RCS, ejection of a rod-cluster control assembly, pipe breaks in the steam
system, and steam generator tube rupture.

The design bases for selecting ECCS functional requirements are derived from
Appendix K limits for fuel cladding temperature as delineated in 10 CFR 50.46.
Subsystem functional parameters have been selected so that Appendix K require-1

ments are met over the range of anticipated accidents and single-failure
assumptions. The applicant states that the requirements will be met with
minimum engineered safeguards available, such as loss of one emergency power
bus with loss of offsite power.
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6.3.2 System Design

The ECCS design is based on the availability of a minimum of three cccumulators,
one charging pump, one safety injection pump, and one residual heat remaval
pump, together with associated valves and pi, ping. Following a postulated
LOCA, passive (accumulators) and active (injection pumps and associated valves)
systems will operate. After the inventory in the refueling water storage tank
(RWST) has been depleted, long-term recirculation will be provided by taking
suction from the containment sumps and discharging to the RCS cold and/or hot
legs. The low pressure passive accumulator syitem consists of four pressure
vessels partially filled with borated water anj pressurized with nitrogen gas
to approximately 600 psia. Fluid level, boron concentrations, and nitrogen
pressure can be remotely adjusted in each tank. When RCS pressure is lower
than accumulator tank pressure, borated water is injected through the RCS cold
legs.

The high-head injection system consists of two centrifugal charging pumps
which provide high pressure injection of boric acid solution into the RCS. In
addition to the high-head charging pump system, two intermediate-head safety
injection pumps deliver fluid to the RCS. Both high- and intermediate-head
pumps are aligned to take suction from the RWST for the injection phase of
their operation. Both types of pumps are manually aligned to take suction
from the RHR pump discharge during the recirculation mode. Low-headinjection
is accomplished by RHR pump subsystems taking suction from the RWST during the
short-term ECCS injection phase and from the containant sumps during long-term
ECCS recirculation. RHRS suction switchover from the RWST to the containment
sump is achieved automatically.

6.3.3 Design Evaluation for Single Failures

The staff has reviewed the system description and piping and instrumentation
diagrams to verify that sufficient core cooling will be provided during the
initial injection phase with or without availability of offsite power, assuming
a single failure. The cold-leg accumulators have normally open motor-operated
isolation valves in their discharge lines. One accumulator is attached to
each of the RCS cold legs. These isolation valves will have control power
removed to preclude inadvertent valve movement which could result in isolating
one or mere accumulators, thus degrading the ECCS performance.

Threeactiveinjectionsystemsareavailable,witheachsystemhavingtwo
pumps. As required by GDC 17, the pumps in each system are connected to
separate power buses and are powered from separate diesel generators in the
event of loss of offsite power. Thus, at least one pump in each injection
train would be actuated. The high-head injection system contains parallel
valves in the suction and discharge lines, ensuring operability of one train
even if one valve fails to open. Thelow-andintermediate-headinjection
systems are aligned so that 'alve actuation is not required during the injectionv
phase.

Control power will be locked out from the control room for the following
valves whose spurious movement could cause degradation of ECCS performance:

(1) accumulator discharge isolation valves (locked open--these are the only
ECCS valves that have power lockout feature from the motor control center
and are not controlled from the control room)
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(2) safety injection pumps cold-leg discharge isolation valve (locked open)

(3) safety injection pumps miniflow line isolation valve (locked open)

(4) safety injection pump hot-leg discharge isolation valves (locked closed)

(f) residual heat removal pumps hot-leg discharge isolation valve (locked
closed)

(6) residual head removal pumps cold-leg discharge isolation valves (locked
open)

The control power lockout feature of the above valves has been reviewed by the
staff and found acceptable.

Two manual valves that are connected to the RWST are locked in position with
locks and keys. These two valves are (1) the valve at the discharge from the
RWST that leads to the suction of all the ECCS pumps during the injection mode
(locked open), and (2) the test line valve from the RHR pumps discharge back
to the RWST (locked closed). The above manual valve positions are indicated
in the control room and will cause an alarm if any valve is mispositioned.

The staf f has reviewed the plant's capability for hot-leg injection during the
recirculation phase to preclude excessive buildup of boron concentration in
the pressure vessel. The staff has concluded that there is sufficient redundancy
in injection lines and pumps to ensure adequate hot-leg injection when it is
required.

6.3.3.1 Qualification of the Emergency Core Cooling System

The ECCS is designed to seismic Category I requirements in compliance with
Regulatory Guide 1.29 and is housed in structures designed to withstand a
safe-shutdown earthquake (SSE) and other natural phenomena, as required by
GDC 2. The system is designed to Quality Group B in compliance with Regulatory
Guide 1.26.

The ECCS is protected against dyaamic effects including the effects of missiles,
pipe whip, and discharging fluids that may result from equipment failures
inside and outside containment. The design meets the intent of GDC 4.

The active components of the ECCS have been designed to function under severe
duty loads including an SSE. The ECCS is designed to permit periodic inservice
inspection in accordance with ASME Code, Section XI. The applicant stated an
intent to test the ECCS according to the requirements of GDC 36.

The acceptability of the above features is addressed further in Section 3 of
this report. .

The ECCS incorporates two subsystems which serve dual functions: (1) the RHR
system, which provides decay heat removal during reactor shutdown, and (2) the
centrifugal charging pk ,,s, which are utilized for normal charging to maintain
the required fluid volume in the primary reactor coolant system. On receipt
of an ECCS actuation signal, the system is aligned to ECCS operation with
isolation of the CVCS. The dual function of either subsystem does not impair
its capability to function as an integral part of the ECCS.
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6.3.3.2 Instrumentation and Control

The ECCS is initiated either manually sr automatically on:
pressure,(2)highcontainmentpressure,or(3)lowpressure(1)lowpressurizerin any steamline.
This meets the requirements of GDC.20.

Equipment status indic tion is provided in accordance with the requirements of
Regulatory Guide 1.47, " Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems." Automatic actuation is provided by redundant
signals whose diversity is noted above. The ECCS may also be manually actuated,
monitored, and controlled from the control room, as required by GDC 19.

The ECCS is supplemented by instrumentation that will enable the operator to
monitor and control ECCS equipment following a LOCA so that adequate core
cooling may be maintained.

6.3.3.3 Functional Design

The available NPSH for all the pumps in the ECCS, and the safety injection,
centrifugal charging, and residual heat removal pumps has been shown to pro-
vide adequate margin by calculations performed in accordance with Regulatory
Guide 1.1.

The valve arrangements on the ECCS discharge lines have been reviewed with
respect to adequate isolation between the reactor cooling system and the lower
pressure ECCS. In some lines, this isolation is provided by two check valves
inserieswithaclosedisolationvalve(high-headinjectiondischargetothe
cold leg, intermediate and low-head injection discharge to the hot legs).
Other discharge lines are isolated by two check valves in series. This arrange-
ment is acceptable because periodic leak testing across each check valve is
performed during plant operation. Test lines are provided for periodic checks
of leakage of reactor coolant past the check valves forming the reactor cooling
system pressure boundaries. The acceptability of the leak testing is addressed
in Section 3.9.6 of this report.

The safety injection lines are protected from intersystem leakage by relief
valves in both suction and discharge lines.

Switchover from the injection to the recirculation phase is initiated automatic-
ally and completed manually by operator action from the control room. This
action would align the two RHR pumps to take suction from the containraent sump
and isolate the pump suction from the RWST. The two charging and safety
injection pumps would continue to take suction from the RWST, until manual
operator action is taken to align these pumps to the RHR pump discharge. The
staff has reviewed the timing and actions involved and finds the proposed
switchover procedures acceptable.

6.3.4 Tests and Inspection

6.3.4.1 Testing

The applicant will be required to demonstrate the operability of the ECCS by

subjecting all components to preoperational and periodic testing,l conduct anas required
by Regulatory Guides 1.68 and 1.79 and GDC 37. The applicant wil
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inplant sump test to study the potential for cavitation, vortex formation, and
so forth. All problems identified will be corrected in the plant design. The

applicant will develop a procedure for inspection of the containment and the
containment recirculation sumps to prevent collection of debris and avoid sump
blockage.

a

6.3.4.2 Preoperational Tests

One of these tests is to verify system actuation, namely the operability of
all ECCS valves initiated by the safety-injection signal, the operability of
all safeguard pump circuitry, down through the pump breaker control circuits,
and the proper operation of all valve interlocks. Another test is to check
the cold-leg accumulator system and injection line to verify that the lines
are free of obstructions and that the accumulator check valves and isolation
valves operate correctly. The applicant will perform a low pressure blowdown
of each accumulator to confirm that the lines are clear and will examine the
operation of the check valves.

Operational testing of all the major pumps comprises the last category. These
pumps consist of the high-head injection pumps, the residual heat removat
pumps, and the safety-injection pumps. The applicant will use the results of
these tests to evaluate the hydraulic and mechanical performance of these
pumps delivering through the flow paths for emergency core cooling. The pumps
will be operated under both miniflow (through test lines) and full-flow (through
the actual piping) conditions. By measuring the flow in each pipe, the applicant
will make the djustments necessary to ensure that no one branch has an unaccept-
ably low or high resistance. The applicant will also check the systems to
e1sure that there is sufficient total line resistance to prevent excessive
rJnout of the pumps.

Tre applicant mun show that the maximum flowrate from the test results confirms
the maximum flowrate used in the NPSH calculations uader the most limiting
conditions. Also, the applicant must show that the minitraa icceptable flows
used in the LOCA analysis are met by the measured total pump. flow and a relative
flow between the branch lines. The applicant has committed to implement
Regulatory Guide 1.79, which covers testing of the ECCS. This is acceptable
to the staff. Further discussion of the applicant's progra:n is addressed in >

Chapter 14 of this report.

6.3.4.3 Periodic Component Tests

Routine periodic testing of the ECCS components and all necessary support
systems at power will be performed. Valves which actuate on a safety-injection
signal are operated through a complete cycle, and pumps are operated individually
on their miniflow lines, except the charging pumps which are tested by their.

normal charging f'mction. These tests will be performed in accordance with
ASME Code Section . . .

'

6.3.5 Performance Evaluation

The ECCS has been designed to deliver fluid to the reactor coolant system in
order to limit the fuel-cladding temperature following transients and accidents
that require ECCS actuation. The ECCS is also designed to remove the decay

,

and sensible heat during the recirculation mode.
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Section 50.46 of 10 CFR Part 50 lists the acceptance criteria for an ECCS.
Thes criteria include requirements that

(1) The calculated maximum fuel-element-cladding temperature does not exceed
2200 F.

(2) The calculated total oxidation of the cladding does not exceed 0.17 times
the total cladding thickness before oxidation.

(3) The calculated total amount of hydrogen generated from the chemical
reaction of the cladding with water or steam does not exceed 0.01 times
the hypothetical amount that would be generated if all of the metal in
the cladding cylinders surrounding the fuel, excluding the cladding
surrounding the plenum volume, were to react.

(4) Calculated changes in the core geometry are such that the ccre remains
amenable to cooling.

(5) Following operation of the ECC' e calculated core temperature is
maintained at an ucceptable lov J ue and decay heat is removed for the
extended period of time required by the long-lived radioactivity remaining
in the core.

In addition, 10 CFR 50.46 states:

ECCS cooling performance shall be calculated in accordance with an acceptable
. evaluation mode, and shall be calculated for a number of postulated loss-of-
'

coolant accidents of different sizes, locations, and other pi pties sufficient
to provide assurance that the entire spectrum of possible loss of-coolant
accidents is covered. Appendix K of 10 CFR Part 50, ECCS Evaluation Models,
sets forth certain required and acceptable features of evaluation models.

The applicant has analyzed the performance of the ECCS in accordance with the
criteria set forth in 10 CFR 50.46 and Appendix K of 10 CFR Part 50. The
staff has reviewed the applicant's evaluation model and concludes that it is
acceptable (see further discussion in Section 15.6).

6.3.6 Conclusions

As noted above, the staff has reviewed the CCCS design and functional capability
to ensure that there is suitable redundancy in components and features, as
well as suitable interconnections, leak detection, isolation, and containment
capabilities so that the system will be capable of performing its safety
function assuming a single failure (with or without offsite power), as required
by GDC 35. Based on its review and on conformance with criteria noted above,
the staff concludes that the system is acceptable. The ECCS desinn conforms
with GDC 2, 5, 17, 27, 35, 36, and 37.

6.4 Control Room Habitability

The requirements for the protection of control room personnel under accident
conditions are specified in GDC 19. The applicant has proposed to meet these
requirements by incorporating shielding and emergency ventilation systems in
the control room design and by having an adequate supply of self-contained
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| breathing apparatus in the control room for the emergency team. The ap)1icant j

|
has stated in the SNUPPS FSAR Section 6.4 that there is redundancy in t1e
emergency systems and that the control rooms ventilation systems comply with

!

|
Regulatory Guide 1.52.

The operation of the emergency ventilation. systems is controlled by redundant'

radiation monitors and chlorine gas detectors which are located in the control
room supply air system ductwork. Upon actuation of the control room ventilation
system to the emergency mode of operation, the isolation dampers in the supply
and exhaust ducts close, and the system switches to emergency recirculation.i

The control room envelope can be pressurized by redundant emergency pressurization'

units utilizing 95 percent efficient, ESF grade atmospheric cleanup _ units for
the outside air.;

The staff concludes that, for the protection of control room personnel under'

j accident conditions, the control room design meets the requirements of GDC 4,
with respect to the design of structures, systems and components to accomodate'

the effects of and to be compatible with the environmental conditions associated;

with normal operation, maintanance, testing and postulated accidents.

The staff has evaluatad the control room doses after a LOCA. The resultant
radiation doses are O thin the guidelines of GDC 19, and, based on this finding
and those above, the staf f concludes that the control room habitability systems

,

are appropriately designed.

: 6.5 Enginaered Safety Feature Atmosphere Cleanup System
a

| 6.5.1 ESF Filter System Description and Fvaluation

The engineecad safety feature (ESF) filter systems for the Callaway plant'
include the emergency exhaust system and the control building HVAC systems.
These systems operate after , design-basis accident (DBA) to control the
releases of radioactive matern in gaseous effluents (radiciodine and parti- |

culate matter).

6.5.1.1 Emergency Exhaust System;

,

The emergency exhaust system would operate after a LOCA to limit and reduce
fission product releases from the auxiliary building. The system would also
operate after a fuel-handling accident to control and remove fission product
releases from the fuel building. This system operates to ensure that the
offsite radiation exposures after the above mentioned accidents are within the'

,

guidelines of 10 CFR Part 100.

f The emergency exhaust system is on standby for automatic startup after a
signal indicating fue1~ building isolation or a LOCA condition for the auxiliary? '

building. The system maintains a 1/4-in. (w.g.) negative pressure in the fuel
building to ensure that all leakage is into the building. The emergency-,

'

and each
exhaust filter /adsorber units are lo ated in the fuel building,ilters, andfilter train consists of moderate efficiency prefilters, HEPA f

i
i charcoal adsorption beds.

For the staff evaluation of ESF filter systems in Section 15, the staff has
!

assigned the emergency exhaust system filter /adsorber trains a removal efficiency
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of 95 percent for all forms of radiciodines and 99 percent for particulates,
as recommended for 2-in. deep charcoal beds and high efficiency particulate
filters in Regulatory Guide 1.52.-

The staff review included an evaluation of this system with respect to the
guidelines of Regulatory Guide 1.52. The staff determined that the emergency
exhaust system meets the requirements of Regulatory Guide 1.52 with the following
exception:

Demisters are ncc supplied for the emergency exhaust system. The demisters
-

are not provided because humidity control of the air entering these systems is
proviaeu by safety-related air-conditioM ng systems which have provisions for
both dehumiaifying and heating. Theretare, water droplets will not be entrained
in the air systems. The staff finds this design approach acceptable.

Based on this evaluation, the staff finds the design of the system acceptable.

6.5.1.2 Control Building HVAC System-

Part of ie function of the control building HVAC system is to-isolate the
controi u ilding and provide a filtered supply of fresh air to the control
room in the event of a DBA. The safety-related filter units which are part of
the control building HVAC system are the control room filtration system filter
-adsorber units and the control room pressurization system filter adsorber
units. The control room filtration system filter adsorber units each consist
of moderate efficiency prefilters, HEPA filters, and charcoal adsorption beds.
Each control room pressurization system filter adsorber unit is comprised of a
demister, electric heater, HEPA filters, and charcoal adsorption beds. A
complete description of the system is described in Section 9.4.1 of the SNUPPS.

FSAR. The control room pressurization system will maintain a 1/4-in. (w.g.)
positive pressure in the control room to ensure exfiltration and prevent any

j unprocessed contaminants frcir entering the control room.

For the staff evaluation of ESF filter systems in Sectie.n 6, the staff has
assigned the filter /adsorber trains a removal efficiency'of 95 percent toi all
forms of radiciodine and 99 percent for particulates as recommended for 2-in.
deep charcoal beds and HE As in Regulatory Guide 1.52.

The staff review and evaluation of the control room HVAC systems was conducted
with respect to Regulatory Guide 1.52, and the staff finds that the system
meets the intent of Regulatory Guide 1.52. The area of deviation has been,

reviewed, and the applicant's approach has been found to be acceptable. ~The
deviation is the same as for the emergency exhaust system, namely that demisters
are not supplied because a safety related air conditioning system dehumidifies
the air entering the system. The staff finds the design of this system to be
acceptable based upon this evaluation.

6.5.2 Containment Spray System

The Callaway containment spray system incorporates redundant trains and is
designed to efficiently remove fission products from the containment atmosphere
in the event of a design-basis release. The spray system is actuated either
manually from the control room or automatically on an actuation of two out-of-4

four containment spray actuation signals (CSAS).
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1

i During the injection phase, the spray system takes suction of borated water
(2000 50 ppm boron) from the refueling water storage tank. To enhance the
iodine removal capability, a 30 weight percent sodium hydroxide solution is

j added to the borated water by a jet eductor, thus ensuring a minimum pH of
9.5 for the spray mixture. The sodium hydroxide added during the injection
phase, assuming only one spray train operates, will yield a pH of at least 8.5

,

| in the sump.

The applicant has indicated in the SNUPPS~FSAR that the switchover of the
containment spray system from the refueling water storage tank to the sump is'

j manual. SRP Su ion 6.5.2, item 2.a, states: "The containment spray system
should be designed...and should be capable of continuous operation thereafter
until the design objectives of the system have been achieved. In all cases
the operating period should not be less than two hours." In evaluating the

Callaway manual switchover against this portion of the SRP, the staff has
utilized a draft of American National Standard, AN3 58.8, ANSI N660 Revision 2,
dated March 1981, " Time W ponse Design Criteria for Safety-Related Operator

; Actions." The draft standard sets the minimum time that will allow the operator,

to recove from the initial accident stress and be able to perform manual'

safety act. ions at 20 minutes. The earliest the switchover would have to take'

place to ensure continuous operation into the recirculation phase for Callaway
has been determined by the applict.nt to be about 26 minutes after the initiation'

of the containment spray system. The staff concludes, therefore, that the
Callaway containment spray system meets the SRP acceptance criterion and finds
the manual switchover of the containment spray system acceptable.'

: The applicant estimates that the containment spray provides coverage of 85 percent
i of the containment free volume. The staff has utilized this estimate in the

SNUPPS FSAR Chapter 15 LOCA analysis. Further, the staff has calculated an
elemental spray removal rate of 22.9 hr 1 but has assumed the removal rate _to
be limited to 10 hr 1, and no additional spray attenuation of fission products
was assumed after the dilution factor reached 100 (at approximately 5 hours

j after spray initiation in this case),
s

The staff reviewed the applicant's provision for maintaining the proper pH of
the containment sump water and recirculated containment spray water followingj

; a design-basis accident to reduce the likelihood of stress corrosion cracking
j of austenitic stainless steel.

! During the containment spray injection phase, the system is designed to educt
30 weight percent sodium hydroxide into the containment spray solution which is
supplied from the refueling water storage tank at a concentration of 2000 + 50 PPM!

; boron. A discussion of the injection phase containment spray pH versus time is
4 included in SRP 6.5.2.
i

\

During the containment spray recirculation phase a pH of 7.0 to 9.0 will be-

achieved in the sump once the borated water has thoroughly mixed with the
educted sodium hydroxide.

'

The staff evaluated the pH of the containment sump water following mixture in
the containment sump with the educted sodium hydroxide. The staff verified by

independent calculations that sufficient sodium hydroxide is available to
raise the containment sump water pH to between 7.0 and 9.0. This is consistent
with the minimum pH of > 7.0 required by BTP MTEB 6-1 of SRP Section 6.1.1 to

4
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reduce the probability of stress-corrosion cracking of austenitic stainless
steel components. The staff evaluated the proposed Technical Specifications<

i and found surveillance requirements for verifying that the 30 weight percent ~
sodium hydroxide does not deteriorate.

On the basis of the above evaluation, the staf f concludes that the postaccident
emergency core cooling water chemistry meets the requirements of SRP Section 6.1.1,-

BTP MTEB 6-1, and GDC 14, and is, therefore, acceptable.
*

The staff finds that the Callaway containment spray system reduces the concentra--
: tion and quantity of fission products released to the environment following a-

postulated accident and provides suitable redundancy (as stated above).
Therefore, the spray system is in conformance with GDC 41. In addition, the
applicant has designed the containment spray system to permit periodic testing
and inspection. Such tests are adequate to ensure the operability and function
of components and the system itself. Therefore, the staff concludes that thei

'

spray system meets the requirements of GDC 42 and 43. Thus, the staff finds
the spray system design acceptable.

6.6 Inservice Inspection of Class 2 and 3 Components

GDC 36, 39, 42, and 45 require, in part, that the Class 2 and 3 components be
designed to permit appropriate periodic inspection of important component
parts to ensure system integrity and capability.

Section 50.55a(g) of 10 CFR, Part 50, defines the detailed requirements for,

the preservice inspection programs for light water cooled nuclear power facility
components. Based upon the facility construction permit issuance date of
April 16, 1976 for Callaway this section of the regulations recuires that a
preservice inspction program for Class 2 and 3 components be ceveloped and

'

imalemented to meet the requirements set forth in Section XI editions of the
ASiE CorS and Addenda applied to construction of the particular components.
Also, the initial inservice inspection program must comn'y with the requirements

; of the Edition and Addenda of Section XI of the ASME Code in effect 12 months
prior to the date of issuanct of the operating license, subject to the limita-
tions and modifications listed in Section 50.55a(b) of 10 CFR, Part 50.

6.6.1 Evaluation of Compliance for Callaway Unit No. 1 With 10 CFR 50.55a(g)

A preservice inspection program for Callaway Unit 1 based on the 1977 Edition
through Summer 1978 Addenda of Section XI of the ASME Code was submitted by

4 the applicant in letters dated May 26, 1981, August 28, 1981, and September 9,
1981. We have reviewed the selection of the ASME Code Class 2 and 3 component
welds subject to examination and find the examination sample to be acceptable.

The specific areas where the Code requirements can not be met will be identified
after the examinations are performed. Our evaluation of the 3reservice examina-
tion program will be presented in a supplement to the Safety Evaluation Report
after the applicant identifies all plant specific areas where the Code require-
ments cannot .ke met and provides a supporting technical justification. We
anticipate that the requests for relief will be similar to other plants and we
consider this evaluation to be a confirmatory issue.
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The ir,,,ial inservice inspection program for Callaway Unit 1 has not been
submitted by the applicant. We will evaluate the program after the applicable
ASME Code Edition and Addenta can be determined based on Section 50.55a(b) of
10 CFR Part 50 and before the first refueling outage when inservice inspections
will be performed.

6.6.2 Conclusions

Compliance with the preservice and inservice inspections required by the ASME
Code and 10 CFR Part 50 constitutes an acceptable basis for satisfying applicable
requirements of GDC 36, 39, 42, and 45.

6.7 Fracture Prevention of Containment Pressure Boundary

The staff safety evaluation review assessed the ferritic materials in the
Callaway Unit 1 containment system that constitute the containment pressure
boundary to determine if the materials fracture toughness is in compliance
with the requirements of GDC 51.

GDC 51 requires that under operating, maintenance, testing and postulated
accident conditions (1) the ferritic materials of the containment pressure
boundary behave in a nonbrittle manner and (2) the probability of rapidly
propagating fracture is minimized.

The Callway Unit 1 containment is a reinfo ued concrete structure with a thin
steel liner on the inside surfa:e which serves as a leaktight membrane. The
ferritic materials of tre cont;inment pressure boundary which were considered

+Nse which have been applied in the fabricationin the -taff assessment ai o

of the equipment hatch, personnel lock, penetrations, and fluid system components
inc% ding the valves required to isolate the system. These components are the
parts of the containment system which are not backed by concrete and must
sustain loads during the performance of the containment function.

The Callaway Unit 1 containment pressure boundary is comprised of ASME Code
Class 1, Class 2, and Class MC components. In late 1979, the staff reviewed
the fracture toughness requirements of the ferritic materials of Class MC,
Class 1, and Class 2 components which typically constitute the containment
pressure boundary. Based on this review, the staff determined that the fracture
toughness requirements contained in ASME Code editions and addenda typical of
those used in the design of the Callaway Unit 1 containment may not ensure
compliance with GDC 51 for all areas of the containment pressure boundary.
THe staff initiated a program to review fracture toughness requirements for
containment pressure boundary materials for the purpose of defining those
fracture toughness criteria that most appropriately address the requirements
of GDC 51. Prior to completion of this study, the staff elected to apply in
its licensing reviews of ferritic containment pressure boundary materials the
criteria for Class 2 components identified in the Summer 1977 Addenda of ASME
Code Section III. Because the fracture toughness criteria that have been

~

applied in construction typically differ in Code classification and Code
edition and addenda, the staff has chosen the criteria in the Summer 1977
Addenda to provide a uniform review, censistent with the safety function of
the containment pressure boundary materials. Therefore, the staff has reviewed
the Class 1, Class 2, and MC components of the Callaway Unit 1 containment
pressure boundary according to the fracture toughness requirements of the
Summer 1977 Addenda of Section III for Class 2 components.
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Considered in the staff review are components of the containment system which
are load bearing and provide a pressure boundary in the performance of the
containment function under operating, maintenance, testing, and postulated
accident conditions, as addressed in GDC 51. These components are the equipment
hatch, personnel airlock, penetrations, and elements of the main steam and
main feedwater systems.

In some cases, materials were inappropriately tested or were not fracture-
toughness tested because the ASME Code edition and addenda in effect at the
time the components were ordered did not require that they be tested. The
staff assessment of the fracture toughness of materials that were not fracture-
toughness tested or that were inappropriately tested is based on the metallurgical
characterization of these materials and fracture toughness data presented ir
NUREG-0577, " Potential for Low Fracture Toughness and Lamellar Tearing on PWR
Steam Generator and Reactor Coolant Pump Supports," and ASME Code Section III,
Summer 1977 Addenda, Subsection NC.

.

The metallurgical characterization of these materials, with respect to their
fracture toughness, was developed from a review of how these materials were
faoricated and their thermal history during fabrication. The metallurgical
characterization of these materials, when correlated with the data presented
in NUREG-0577 and the Summer 1977 Addenda of ASME Code Section III, provided
the technical basis for the staff evaluation of compliance with the Code
requirements for materials that were not fracture-toughness tested or that
were inappropriately tested.

Based on the staff review of the available fracture-toughness data and material
fabrication histories, and on correlations between metallurgical characteristics.

and material fracture toughness, the staff concludes that the ferritic components
in the Ja11away Unit 1 containment pressure boundary meet the fracture-toughness
requirements that are specified for Class 2 components by the 1977 Addendum of
Section III of the ASME Code. Compliance with these Code requirements provides
reasonable assurance that the materials of the Callaway Unit 1 reactor contain-
ment pressure boundary will behave in a nonbrittle manner, that the probability
of rapidly propagating fracture will be minimized, and that the requirements
of GDC 51 are satisfied.

4

b
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7 INSTRUMENTATION AND CONTROLS

'

7.1 General
!

7.1.1 Acceptance Criteria
,

The instrumentation and control systems.for Callaway Unit 1 have been reviewed
on the basis of the criteria in SRP Table 7.1, " Acceptance Criteria for
Instrumentation and Control Systems." .These criteria {nclude the' applicable
General Design Criteria and IEEE Standard 279, " Criteria for Protection Systems
for Nuclear Power Generating Stations (10 CFR Part 50.55 a(h)). Guidelines
for implementation of the requirements of the criteria are provided in the
IEEE Standards, Regulatory Guides, and Branch Technical Positions identified,

in SRP Section 7.1. Conformance to the acceptance criteria provides the basis-
,

for concluding that the instrumentation and control systems meet the requirements
of 10 CFR Part 50.

7.1.2 Conformance to Criteria and Guidelines

The applicant has identified the instrumentation and control systems important
to safety. The acceptance criteria, consisting of the General Design Criteria
(60C) and IEEE Standard 279, are included in the Commission's regulations and
are applicable to the systems as identified in the SRP. In addition, the'

applicant has identified the guidelines (consisting of the Regulatory Guides
and the industry codes and standards) which are applicable to the systems.
These are listed in Table 7.1-2 of the SNUPPS FSAR.

Based on the review of Section 7.1 of the SNUPJS FSAR, the staff concludes
that the implementation of the identified acceptance c-iteria and guidelines
satisfies the requirements of GDC 1, with respect to the design, fabrication,
erection, and testing to quality standards commensurate with the importance of
the safety functions to be performed. The instrumentation and control systems
important to safety (addressed in Section 7.1 of the FSAR) satisfy the require-'

ments of GDC 1 and, therefore, are acceptable.

7.1. 3 Specific Findings

7.1.3.1 Open Itsis
.

I The staff's conclusions noted herein are applicable to the instrumentation and
control systems important to safety with the exception of TMI Action Plan'

Item II.F.2, " Instrumentation for Detection of Inadequate Core Cooling" which
is covered in Section 22 of this report, and with the exception of the open
item entitled " Level Measurement Errors Due to Environmental Temperature

4

Effects on Level Instrument Reference legs" (Section 7.3.2.3). The resolution
; of this open item will be addressed in a supplement to this report.
:
)

N
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7.1.3.2 Confirmatory Items

In a number of areas the applicant has committed to make design changes or to
provide additonal documentation to address concerns raised by the staff during
its review. Based on information provided during meetings and discussions
with the applicant, the staff has concluded that the technical issues have
been resolved in an acceptable manner. However, the applicant must formally
provide final documentation of these items. The staff will confirm that final
documentation is provided before the operating license is issued. These
Confirmatory Items are addressed in the following sections of this report.

(1) Steam Generator Level Control and Protection (7.3.2.8)

(2) Capability for Safe Shutdown Following Loss of a Bus Supplying Power to
Instruments and Controls (7.4.3.1)

(3) Operator Actions Required to Maintain Safe Shutdown from Outside the
Control Room (7.4.3.2)

(4) Reactor Coolant Temperature Indicators on the Auxiliary Shutdown Panel
(7.5.2.1)

(5) Volume Control Tank Level Control and Protection Interaction (7.6.7.2)

(6) Baron Dilution Control (7.6.7.3)

(7) Environmental Oualification of Control Systems (7.7.11.3)

The Confirmatory Items will not be addressed in supplements to this report
unless an unanticipated problem is found when the documentation to be provided
by the applicant is reviewed.

7.1.3.3 Licensing Conditions

Items to be included as licensing conditions are discussed in the following
sections of this report:

(1) Sensor Time Response Testing (7.2.2.1)

(2) Test of Engineered Safeguards P-4 Interlock (7.3.2.2)

(3) Automatic Indication of Block of Signals Initiating Auxiliary Feedwater
Following Trip of the Main Feedwater Pumps (7.3.2.7)

(4) Steam Generator Level Control and Protection (7.3.2.8)

(5) Indicator, Alarm, and Test Features Provided for Instrumentation Used for
,

Safety Functions (7.3.2.9) I

1

(6) Reactor Coolant Temperature Indicators on the Auxiliary Shutdown Panel i

(7.5.2.1) |
1

|
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4

(7) Actuation of Valve Component Level Windows on the Bypassed and Inoperable.
Status. Panel (7.5.2.2)

,

| (8) Post-Accident Monitoring (7.5.2.3)

: (9) Interlocks for Reactor Coolant System (RCS) Pressure Control During Low
Temperature Operation (7.6.7.1)

i

(10) Volume Control Tank Level Control and Protection Interaction (7.6.7.2)

! (11) Boron Dilution Control (7.6.7.3)

| Items (2), (3), (4), (5), (6), (7), (9), (10), and (11) involve specific
' designs and/or design changes which, during the course of the staff's review,

the applicant committed to include in the plant. These designs or design
changes should be installed before fuel loading. The schedules for items (1)
and (8) are included in the sections of the SER which discuss these items.

7.1.3.4 Site Visit

A site review will be performed to confirm that the physical arrangements and
installation of electrical equipment are in accordance with the design criteria
and descriptive information reviewed by the staff. The site review will be
completed before issuance of the license, and any problems found will be
addressed in a supplement to this report.

7.1.3.5 Fire Protection Review

The review of the auxiliary shutdown panel discussed in Section 7.4 of this
report covered the compliance of this panel with GDC 19. The aspects of the
auxiliary shutdown panel related to fire protection (10 CFR Part 50, Appendix R)
are discussed in Section 9.5.1 of this report.

7.2 Reactor Trip System

7.2.1 Description

The reactor trip system (RTS) is designed to automatically limit reactor
operation within the limits established in the SNUPPS FSAR safety analysis.
This function is accomplished by tripping the reactor when predetermined
safety limits are approached or reached. The RTS monitors variables that are

i dire tly related to system limitations or calculated from process variables.
; When a variable exceeds a setpoint, the reactor is tripped by inserting control

rods. The RTS initiates a turbine trip when a reactor trip occurs. The RTS
consists of sensors and analog and digital circuitry arranged in coincidence
logic for monitoring plant parameters. Signals from the analog channels are
used in redundant logic trains. Each of the two trains opens a separate and
independent reactor trip breaker. During normal power operation, a dc under-
voltage coil on each reactor trip breaker holds the breaker closed. For a-

reactor trip, the removal of power to the undervoltage coils opens the breakers.
Opening either of two series-connected breakers interrupts the power from the
rod-drive motor generator sets and the control rods fall, by gravity, into.the
core. The rods cannot be. withdrawn until the trip breakers are manually
reset. The trip breakers cannot be manually reset until the abnormal condition

i
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that initiated the trip is corrected. Bypass breakers are provided to permit
the testing of the primary breakers.

The following reactor trips are provided in the Callaway Unit 1 design (the
numbers in parentheses after each trip function indicate the coincident logic
as, for example (2/4) indicates two-out-of-four):

(1) Nuclear power trips

(a) Power-range-high-neutron-flux trip (2/4)
(b) Intermediate-range-high-neutron flux trip (1/2)
(c) Source-range-high-neutron-flux trip (1/2)
(d) Power-range-high positive-neutron-flux-rate trip (2/4)
(d) Power-range-high-negative-neutron-flux rate trip (2/4)

(2) Core thermal power trips

(a) Overtemperature AT trip (2/4)
(b) Overpower AT trip (2/4)

(3) Reactor coolant system pressurizer pressure-and-water-level trips

(a) Pressurizer-low pressure trip (2/4)
(b) Pressurizer-high pressure trip (2/4)
(c) Pressurizer-high-water-level trip (2/3)

(4) Reactor coolant system low flow trips

(a) Low-reactor-coolant flow (2/3 in any loop)
(b) Reactor-coolant pump-undervoltage trip (1/2 pumps per bus)
(c) Reactor-coolant pump-undt.r'requency trip (1/2 pumps per bus)

(5) Steam generator low-water-level trip (2/4 in any loop)

(6) Turbine trip (anticipatory) (2/3 low trip fluid pressure or 4/4 turbine
stop valves closed)

(7) Safety injection actuation

(8) General warning alarm (in both solid state protection system trains)

(9) Manual trip (1/2)

The power-range high-neutron-flux trip has two bistables in each channel for
two separate trip settings. The high trip setting is active during all modes
of operation. The lower trip setting is active only during reactor startup
and shutdown when the reactor is below approximately 10 percent power (P-10
i nterl ock) . *

*Unless otherwise indicated, setpoint values discussed in this Safety Evaluation
Report are not final values. Final setpoints will be determined at the time
the plant Technical Specifications are issur.d
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; An intermediate-range trip provides diverse protection to the lower power
range trip during reactor startup and shutdown when the reactor is below

,

approximately 10 percent power (P-10 interlock).-

A source-range trip provides protection during reactor startup and shutdown
when the neutron flux is below a preset value in the intermediate range (P-6
interlock).

A power-range high positive-neutron-flux rate trip occurs when a sudden abnormal
increase in nuclear power is detected. This trip provides departure from
nucleate boiling (DNB) protection against certain rod ejection accidents and
is active during all modes of operation.

A power-range high-negative-neutron-flux rate trip occurs when.a sudden abnormal
decrease in nuclear power is detected. This trip provides protection against
two or more dropped rods and is active during all modes of operation.

The overtemperature AT trip protects the core against DNB. The setpoint for
this trip is continuously calculated by analog circuits to compensate for the
effects of temperature, pressure, and axial neutron flux differences on DNB
limits.

The overpower AT trip protects against excessive power (fuel-rod-rating4

protection). The setpoint for this trip is continuously calculated by analog,

circuits to compensate for the effects of temperature and axial neutron flux
difference.

The pressurizerlow pressure trip is used to protect against low pressure that
could lead to DNB. The reactor is tripped when the pressurizer pressure

! (compensated for rate of change) falls below a preset limit. This trip is
i blocked below approximately 10 percent power (P-7 interlock) to allow startup

and controlled shutdown.

'

The pressurizer-high pressure trip is used to protect the reactor coolant4

system against system overpressure. The same sensors used for the pressurizer-
low pressure trip are used for the high pressure trip.

The pressurizer-high-water-level trip is provided as a diverse trip to the
high pressurizer pressure trip and serves to prevent water relief through thei

pressurizer' safety valves. This trip is blocked below approximately 10 percent
power (P-7 interlock) to allow startup and controlled shutdown.

Low reactor-coolant flow is sensed by transmitters connected to elbow taps in
each coolant loop. The reactor is tripped on low flow in one loop above the
power setting of interlock P-8 or in two loops between the power settings of
interlocks P-7 and P-8. The low-flow trip is blocked below the power setting
of interlock P-7 (approximately 10 percent power). This trip protects the
core from low DNB for a loss of primary coolant flow.

The reactor coolant pump undervoltage trip is provided to protect'against low-
flow that can result from loss of voltage to the reactor coolant pump motors.
One undervoltage sensing relay is provided for each pump at the motor side of
each reactor coolant pump breaker. The relay provides an output signal when
the pump voltage goes below approzimately 70 percent of rated voltage. Signals.

7-5

. - -_ -- . , _ - -- _ .. - \



-- -. _ - _ - _ . ._

from these relays are time delayed to prevent spurious trips. The trip is
bypassed if the power level is below approximately 10 percent power (P-7
interlock). |

|

The reactor coolant pump underfrequency trip protects against low flow result-
ing from underfrequency. One underfrequency sensing relay is provided for
each reactor coolant pump motor. Signals from these relays are time delayed
to prevent spurious trips. The trip is bypassed if the power level is below,

! approximately 10 percent power (P-7 interlock).

The steam generator low-water-level trip protects the reactor from loss of
heat sink.

A reactor trip on a turbine trip is actuated from emergency trip fluid pressure
signals or by all closed signals from the turbine steam stop valves. A turbine
trip causes a reactor trip above approximately 50 percent power (P-9 interlock).

.

A safety injection signal initiates a reactor trip. This trip protects the
core in case of a loss of reator coolant or a steamline rupture..

A general warning alarm in both solidstate protection system trains initiates
a reactor trip. The general warning alarm is activated for each train of the
solid-state protection system when the train is being testea or is otherwise
inoperable. The general warning alarm trip provides protection for conditions
under which both trains of the protection system may be rendered inoperable.

The manual trip consists of two switches. Operttion of either switch deener-
gizes the reactor trip breaker undervoltage coils in each logic train. At the
same time, the shunt coils in these breakers are energized, which provides a
diverse means to ensure that the breakers are tripped.

The analog portion of the RTS consists of a portion of the process instru-
mentation system (PIS) and the nuclear instrumentai. ion system (NIS). The PIS
includes those devices that measure temperature, pressure, fluid flow, and'

level. The PIS also includes the power supplies, signal conditioning, and
bistables that provide initiation of protective functions. The NIS includes
the neutron-flux monitoring instruments, including power supplies, signal

; conditioning, and bistables that provide initiation of protective functions.
|

! The digital portion of the RTS consists of the solid state logic protection
' system (SSLPS). The SSLPS takes binary inputs (voltage /no voltage) from the

PIS and NIS channels corresponding to normal / trip conditions for plant parameters.
The SSLPS utilizes these signals in the required logic combinations and generates
trip signals (no voltage) to the undervoltage coils of the reactor trip circuit

'

breakers. The system also provides annunciator, status light, and computeri

input signals that indicate the condition of the bistable input signals,
partial and full trip functions, and the status of various blocking, permissive,

! and actuation functions. In addition, the SSLPS includes the logic circuits
for testing.

! Analog signals derived from protection channels are used for nonprotective
functions such as control, remote indication, and computer monitoring and are
provided by isolation amplifiers located in the protective system cabinets.
The isolation amplifiers are designed so that a short circuit, open circuit,

! 7-6
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or the application of credible fault voltages on the isolated output portions -

of the circuit (nonprctective side) will not affect the protection systemi

! circuits. The signals obtained from the isolation amplifiers are not returned
to the protective system cabinets.

: The reactor trip system is the standard Westinghouse system used on plants
i previously reviewed and approved by the staff, such as the W. B. McGuire
! Station (Docket No. 50-369).
!
,

7.2.2 Resolution of Issues
|

7.2.2.1 Sensor Time Response Testing
i

i

The applicant intends to use a computer-based system which utilizes process
i noise with the plant at power for sensor time response testing. Although
y staff review during meetings with the applicant indicates that the method is

satisfactory, there is only limited experience to date with this method on4

j operating plants.
4

j The applicant will be required to submit a summary of the results from and
experience with this method of time response testing within three months
following the testing done at the time of initial plant startup. A similar
summary will be required within 3 months following the testing done at each of
the first three plant refuelings. Each summary will contain conclusions on
the adequacy of the test method and the adequacy of the sensor time response
values measured. This will allow a confirmatory review of the adequacy of the
time response testing method to be obtained and applies only to the first of<

the SNUPPS units going into operation (either Callaway Unit 1 or Wolf Creek
Generating Staion Unit 1).

The license will be conditioned to require the submittal of the above infor-
mation on response time testing and evaluation for the first SNUPPS unit to go
into operation.

7.2.2.2 Protection System Temperature Detector Flow Bypass Loops

The reactor coolant system hot- and cold-leg resistance temperature detectors
used for reactor protection are located in reactor coolant bypass loops. A
bypass loop from upstream of the steam generator to downstream of the steam
generator is used for the hot-leg resistance-temperature detector, and a,

bypass loop from downstream of the reactor coolant pump to upstream of the
pump is used for the cold-leg resistance-temperature detector. The flowrate
affects the overall time response of the temperature signals provided for

< reactor protection, and thus should be monitored at appropriate intervals.
) ihe staff will require that the magnitude of the RTD bypass loop flowrate be

verified to be within required limits at each refueling. This requirement
will be incorporated in the plant Technical Specifications.

7.2.2.3 Design Criteria for Circuits and Equipment Used To Trip the Turbine-

Following a Reactor Trip

It was not cle v from the drawings provided and the description of the turbine
trip circuits lh the SNUPPS FSAR if the circuits used to trip the turbine.

following a reactor trip meet the criteria applicable to equipment performing
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a safety function. The applicant was asked to verify that the circuits used
to trip the turbine following a reactor trip meet these criteria with the
exception of the fact that the circuits are routed through nonseismic qualified
structures and that the turbine itself is not seismically qualified.

The applicant responded that the equipment employed to trip the turbine is the
turbine protection system, which is part of the turbine electro-hydraulic
control system. Each of the redundant circuits used to trip the turbine
following a reactor trip is independently routed to and processed within the
turbine protection system to provide two independent means of tripping the
turbine. The circuits which traverse nonseismic qualified structures are
isolated from the circuits of the solid state protection system. The circuits
are fully testable during full power operation. The staff finds this design
to be consistent with the function's importance to safety and, therefore,
acceptable.

7.2.2.4 Trip of Reactor Coolant Pump Breakers on Underfrequency

The staff asked the applicant to provide justification that tripping the
reactor coolant pump breakers on underfrequency is not a safety function and,
thus, that the reactor coolant pump breakers do not have to be designed and
qualified to meet the criteria applicable to equipment performing a safety.

function. The applicant has stated that analyses have been performed to
demonstrate that pump breaker trip is not required to maintain acceptable core
design limits for frequency decay rates less than 5 Hz/sec. Grid stability
studies have shown credible frequency decay rates to be less than 5 Hz/sec.
The staff finds the applicant's justification for the design basis of the
reactor coolant pump breakers acceptable.

7.2.2.5 Testing of Diverse Reactor Trip Feature

Operation of either of two manual reactor trip switches deenergizes the reactor
trip breaker undervoltage coils and, at the same time, energizes the breaker
shunt coils for the breakers associated with both protection logic trains.
The use of both the undervoltage and shunt trips provides diversity for ensuring
that the reactor trip breakers open.

The staff will include in the plant Technical Specifications a requirement
that the applicant periodically independently verify the operability of the
undervoltage and shunt trip functions.

7.2.2.6 Lead, Lag, and Rate Time Constant Setpoints Used in Safety System
Channels

Several safety system channels make use of lead, lag, or rate signal compensation
to provide signal time responses consistent with assumptions in the analyses
in Chapter 15 of the SNUPPS FSAR. The time constants for these signal compensa-
tions are adjustable setpoints within the analog portion of the safety system.
The time constant setpoints will be incorporated into the plant Technical
Specifications.
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7.2.2.7 Separation Within NSSS-Supplied Cabinets

Within Westinghouse-supplied safety, system racks and cabinets, field-run
nonsafety grade shielded cables having a signal level of 100 volts or less are
routed in common wireways with safety grade shielded cables. The cables are
routed without physical separation. The staff's position was that the nonsafety-
grade cables should be treated as asscciated circuits unless it can be demon-
strated by some other method that the safety grade circuits will not be degraded
below an acceptable level by faults in the nonsafety grade cables. The applicant
has stated in the GNUPPS FSAR that generic testing has been performed to
verify that credible faults in the nonsafety grade cables described above will
not degrade the safety grade circuits below an acceptable level. The applicant
has referenced WCAP-8892-A, " Westinghouse 7300 Series Process Control System
Noise Tests," for justificai, ion of the cable routing of the nonsafety grade
circuits terminating in the 7300 series process control system cabinets. The
staff finds the tests to provide sufficient justification for the routing and,
thus, concludes that the routing is acceptable."

7.2.3 Evaluation Findings

The staff has conducted an audit review of the reactor trip system (RTS) for
conformance to the applicable Regulatory Guides and industry codes and standards.
In Section 7.1 of this SER, the staff concluded that the applicant has adequately
identified the guidelines applicable to these systems. Based on its audit
review of the design for conformance to the guidelines, the staff finds that
there is reasonable assurance that the systems will conform to the applicable
guidelines.<

The, staff review has included the identification of those systems and components
for the RTS which are designed to survive the effects of earthquakes, other
natural phenomena, abnormal environments, and missiles. Based upon the review,

i the staff concludes that the applicant has identified the systems and components
consistent with the design bases for the RTS. Sections 3.10 and 3.11 of this

: SER address the qualification programs to demonstrate the capability of these
systems ar.d components to survive applicable events. Therafere the staff
findsthattheidentificationofthesystemsandcomponentssatisfiesthis
aspect of the GDC 2 and GDC 4.

Based on its review, the staff concludes that the RTS conforms to the design
bases requirements of IEEE-Standard 279. The RTS includes the provision to
sense accident conditions and anticipated operational occurrences and initiate
reactor shutdown consistent with the analysis presented in Chapter 15 of the
SNUPPS FSAR. Therefore, the staff finds that the RTS satisfies the requirements
of GDC 20.;

The RTS adequately conforms to the guidance for periodic testing in Regulatory
Guide 1.22 and IEEE-Standard 338, as supplemented by Regulatory Guide 1.118.
The bypassed and inoperable status indication adequately conforms to the
guidance of Regulatory Guide 1.47. The RTS adequately conforms to the guidance
on the application of the single-failure criterion in IEEE-379, as supplemented
by Regulatory Guide 1.53. Based on its review, the staff concludes that the
RTS satisfies the requirements of IEEE-Standard 279 with regard to system
reliability and testability. Therefore, the staff finds that the RTS satisfies
the requirement of GDC 21. The RTS adequately conforms to the guidance in

,,
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IEEE-Standard 384, as supplemented by Regulatory Guide 1.75, for protection
system independence. Based on its review, the staff concludes that the RTS

,

satisfies the requirement of IEEE-Standard 279 with regard to the independence
of systems. Therefore, the staff finds that the RTS satisfies the requirement
of GDC 22.

Based on its review of failure modes and effects for the RTS, th staff con-
cludes that the system is designed to fail into a safe mode if conditions such
as disconnection of the ;ystem, loss of energy, or a postulated adverse environ-
ment are experienced. Therefore, the staff finds that the RTS satisfies the
requirements of GDC 23.

Based on its review of the interfaces between an RTS and plant operating ,

control systems, the staff concludes that the system satisfies the requirements I

of IEEE-Standard 279 with regard to control and protection system interaction.
Therefore, the staff finds that the RYS satisfies the requirements of GDC 24.

,

Based on its review of the RTS, the staff concludes that the system satisfies
the protection system requirements for malfunctions of the reactivity contro
system, such as accidental withdrawal of control rods. Section 15 of the
SNUPPS FSAR addresses the capability of the system to ensure that fuel-design
limits are not exceeded for such events. Therefore, the staff finds that the
RTS satisfies the rf *irements of GDC 25.

;

The conclusions noted above are based on the requirements of IEEE-Standard 279
with respect to the design of the RTS. Therefore, the staff finds that the
RTS satisfies the requirement of 10 CFR 50.55a(h) with regard to IEEE-
Standard 279.

The staff review of the RTS has examined the dependence of this system on the
availability of essential auxiliary support (EAS) systems. Based on its
review, the staff concludes that the design of the RTS is compatible with the
functional performance requirements of EAS systems. Therefore, the staff
finds the interfaces between the RTS design and the design of the EAS systems
acceptable.

In summary, the staff concludes that the design of the RTS and the design of
the EAS system are acceptable and meet the relevant requirements of GPC 2, 4,
20, 21, 22, 23, 24, and 25, and 10 CFR 50.55a(h).

7.3 Engineered Safety Features Actuation System

7. 3. . Description

! This Section describes the review of the portion of the protection system used
to initiate the operation of the engineered safety features systems and essentiali

auxiliary supporting systems. The engineered safety features actuation systemi

(ESFAS) includes both automatic and manual initiation of these systems. This
Section also includes the review of control systems which regulate the operation

| of the ESFSs following their initiation by the protection system.
i

I

|
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The ESFAS consists of

process instrumentation
solid-state and relay logic
ESF test circuits
manual actuation circuits

The ESFAS inclubs twa discrete types of circuitry: (1) an analog portion
consisting of two to four redundant channels per parameter or variable to i

monitor various plant parameters such as the reactor coolant system and steam
system pressures, temperatures and flows, and containment pressures; and (2) a
digital portion consisting of redundant logic trains which receive inputs from
the analog protection channels and perform the logic to actuate the ESFs. |

The ESFAS is composed of an NSSS portion designed by Westinghouse and a balance-
of plant (B0P) portion designed by Bechtel. The NSSS portion is the standard
Westinghouse system used on plants previously reviewed and approved by the
staff, such . the W. B. McGuire Station (Docket No. 50-369).

There are 10 ESFA5 functions in the Callaway design. The following actuation
functions have been provided and the numbers in parentheses after eacn function
indicate the coincident logic as, for example, (2/3) indicates two out of
three. *

(1) Safety injection actuation (emergency core cooling)*

(a) Low pressurizer pressure (2/4)
(b) Low J aamline pressure (2/3 in any line)
(c) High containment pressure (HI-1) (2/3)

-(d) Manual actuation (1/2)

(2) Containment isolation phase A actuation *

(a) Safety injection

(b) Manual actuation (1/2)
'(?) Lontainment spray system actuation and containment isolation phase B

actuation *

(a) High containment pressure (HI-3) (2/4)
(b) Manual actuation (2/4)

(4) Main steamline isolation actuation *

(a) Low steamline pressure (2/3 in any line)
(b) High containment pressure (HI-2) (2/3)
(c) High steam pressure rate (2/3 in any iine)
-(d) Manual actuation (1/2 for all lines or 1/1 for each valve)

(5) Feedwater line isolation actuation *

(a) Safety injection
(b) Steam generator high level (2/4 or any generator)
(c) Low T,yg (2/4) coincident with reactor trip
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i

; (6) Containment combustible gas control actuation **

| (a) Manual (1/2)

(7) Containment purge isolation actuation **

; (a) Containment isolation phase A
| (b) High containment atmosphere radiation (1/2)
' (c) High containment purge exhaust radiation (1/2)

(d) Manual actuation (1/2);

(8) Fuel building ventilation isolation actuation **'

(a) High fuel building radiation (1/2)
(b) Manual actuation (from fuel building) (1/2)
(c) Hanual actuation (from main control room) (1/2)

(9) Control. room ventilation isolation actuation **
*

(a) Containment isolation phase A
(b) Fuel building ventilation isolation
(c) Control room ventilation isolation (other unit)

) (d) High containment atmosphere radiation (1/2)
' (e) High containment purge exhaust radiation (1/2)

(f) High control room air intake gaseous radiation (1/2)
j (g) High chlorine concentration (1/2)
! (h) Manual actuation (1/2)

(10) Auxiliary feedwater system actuation ***.

'

(a) Safety injection
(b) Loss of offsite power

i (c) Steam generator low level (2/4 on any generator)
(d) Both main feedvater pumps tripped (2/2)

| (e) Manual actuation (1/3)

7.3.1.1 Safety Injection (Emergency Core Cooling) Actuation
i

i The safety injection (Emergency Core Cooling) system (ECCS) cools the reactor
! core and provides shutdown capability for pipe breaks in the reactor coolant

system (RCF) which cause a loss of primary coolant greater than that which can
be made up by the normal makeup system, for rod cluster control assembly
ejection, for pipe breaks in the steam system, and for a steam generator tube

l failure. The primary function of the ECCS is to remove the stored and fission-
product decay heat from the reactor core during accident conditions. The ECCS
consists of the centrifugal charging, safety injection, and residual heat!

removal pumps; accumulators; recidual heat removal heat exchangers; refueling,

| water storage tank (RWST); boros. injection tank; boron injection surge tank;
,

and boron injection recirculation pumps, with the associated piping, valves'

and instrumentation.'

,

f "Westinghoust-designed portion of ESFAS performs function.
**Bechtel-designed portion of ESFAS performs function.

***Both Bechtel and Westinghouse portions of ESFAS used in performing function.
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Tte ECCS provides shutdown capability for the accidents described above by
injecting borated water into the reactor coolant system. The system safety
function can be performed with a single active failure (short term) or passive
failure (long term). The emergency diesel generators supply power in the
event that a loss of offsit? power occurs.4

;

A safety injection signal initiates a reactor trip and turbine trip, isolates
the essential service water system from the nonseismically qualified service
water system, starts essential service water pumps, starts a component cooling
water pump in a second train, aligns the containment cooling system, and
starts emergency diesel generators. Safety injection initiates the following
ECCS actions:

(1) Start centrifugal charging pumps
(2) Open RWST suction valves to charging pumps
(3) Open boron injection tank suction and discharge parallel isolation valves '

(4) Close normal charging path valves
(5) Close charging pump miniflow valves
(6) Close boron injection tank recirculation valves
(7) Load-shed boron injection tank recirculation pumps from the Class 1E

buses
(8) Start safety injection pumps
(9) Start residual heat removal pumps
(10) Close volume control tank outlet isolation valves
(11) Close RWST discharge isolation valves to the spent fuel pool cooling and

cleanup system

Switchover from the injection mode to recirculation involves the following
interlocks: The suction valves in the line from the sump to the.RHR pumps
open when two out of four level transmitters indicate a low level in the RWST
in conjunction with an SIS. The valves from the RWST to the RHR suction will
close automatically after the sump suction valves are open. .The safety injection
pump and charging pump recirculation suction isolation valves can be opened,
provided that the safety injection pump miniflow lines have been isolated.

7.3.1.2 Containment Isolation Systems Actuation

The function of the containment isolation system (CIS) is to isolate nonessential
lines which pass through the containment boundary to limit the escape of
fission products from postulated accidents. The containment isolati<n system
is designed to limit radioactive emission from the containment during abnormal
events and accidents.

The CIS is automatically actuated by signals developed by the ESFAS in two
phases: Phase A containment isolation and Phase B containment isolation.
Phase A containment isolation isolates all nonessential process lines penetra-
ting the containment. Phase B containment isolation isolates all process
lines not included in Phase A containment isolation, except safety injection
lines and containment spray lines.

Containment isolation valves that are equipped with power operators and are
automatically actuated may also be controlled individually by positioning hand
switches in the control room. Containment isolation valves with power operators
are provided with an open/ closed indication, which is displayed in the control
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. room. The valve mechanism also provides a local, mechanical indication of
! valve position. All power supplies and equipment necessary for containment
' isolation are Class 1E.
:

| 7. 3.1. 3 Containment Spray System Actuation

I The two redundant trains of containment spray provide a spray of cold borated
water, containing sodium hydroxide (Na0H), from the upper regions of the

3

containment to reduce the containment pressure and temperature and to remove'

fission products following a LOCA, an MSLB, or a feedwater line break.i

}
The containment spray system (CSS) has two phases of operation, which are
initiated sequentially following system actuation; they are the injection
phase and the recirculation phase. Once the CSS actuation signal is initiated,
isolation valves open to begin the injection phase and the valves associated
with the spray additive tank open to allow NaOH to mix with the spray. For
the recirculation phase, spray pump suction is manually switched from the RWST
to the containment recirculation sump when a low level in the RWST is reached.,

The system includes features for periodic testing to confirm proper functioning.
1

7.3.1.4 Main Steamline Isolation Actuation'

The main steamline isolation signal is generated on low-steamline pressure or
on high-containment pressure. A manual block permissive is provided for the
low-steamline pressure signal for use during normal plant cooldowns and heatups.
A high rate of steamlira pressure decrease is used in lieu of low-steamline-

; pressure for main steamline isolation actuation during normal plant cooldowns
| and heatups. The block of the low-steamline pressure signal is automatically

removed and the high-rate signal is automatically blocked when the pressurizer4

pressure is above a preset value. Stored energy for closing the main steamline
isolation valves is supplied by pneumatic / hydraulic accumulators. For emergency
closure, solenoids are energized. This causes high pressure hydraulic fluid,

to be admitted to the top of the valve driving piston and also causes the'

! fluid stored below the piston to be dumped in to a fluid reservoir. Two
separate pneumatic / hydraulic trains are provided for each valve. Electrical
solenoids for the separate pneumatic / hydraulic power trains are energized from

,

; seperate Class 1E power sources. The vdves are designed to close in within
' 1.5 to 5 seconds against the flows associated with 1.ine breaks on either side

of the valve, assuming the most limiting normal operating conditions before
i the break occurs. The redundant actuator trains of the main steamline isolation
i valves are tested periodically by exercising the valve to approximately
| 90 percent of full open. The closure time of the valves is checked at each
; refueling.

7.3.1.5 Feedwater Line Isolation Actuation
i

Feedwater line isolation is provided to terminate main feedwater following a
,

| pipe rupture or excessive feedwater event. The feedwater line isolation
| signal is generated on safety injection, high-steam generator water level, or

low reactor coolant temperat4re coincident with reactor trip. Upon receipt of l

this signal, the main feedwate'r isolation valves and other valves associated
with the main feedwater lines are closed. Two complete actuation systems are
provided for each valve operator, corresponding to the two redundant ESFAS

l
; trains. The valves are designed and constructed with provisions for periodic

inservice testing by partial valve stroke tests.
,

!t
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4

7.3.1.6 Containment Combustible Gas Control Actuation
,

,

Hydrogen gas may be generated inside the containment following an accident.
To ansure that the hydrogen concentration is maintained below the minimum
amount capable of combustion, redundant hydrogen recombiners, a redundant'

hydrogen mixing system, a redundant hydrogen monitoring system, and a backup
hydrogen purge subsystem are provided. Operation of the recombiners is per- i

i formed manually from either local controls, located on a motor control center
' in an accessible area outside the containment, or from the main control room

panels. Controls are provided on a one-to-one basis with the mechanical<

equipment so that the controls preserve the redundancy of the mechanical
equipment.

;

j 7.3.1.7 Containment Purge Isolation Actuation
i
i The containment purge isolation system detects an abnormal level of radio-
; activity in the containment atmosphere or in the containment purge effluent
; and automatically closes the containment purge isolation valves to ensure that

the release of radioactivity to the environs is limited. The containment>

purge isolation system is also actua'_d by containment isolation actuation.
1

7.3.1.8 Fuel B,uilding Ventilation Isolation Actuation
' The fuel building ventilation isolation system detects an abnormal level of

radioactivity in the fuel building exhaust effluent, automatically isolates
normal ventilation, and initiates the emergency exhaust system, which filters;

the exhaust air before it is discharged to the atmosphere.

7.3.1.9 Control Room Ventilation Isolation Actuation
i

The control room ventilation. isolation system detects an abnormal level of
radioactivity or chlorine in'the air provided to the main control room, auto- '

matically terminates the normal supply of outside air to the control room,
recycles and filters the air in the control room, and provides a small supply1

| of fresh makeup air. '

,

7.3.1.10 Auxiliary Feedwater System Actuation

The auxiliary feedwater supply system provides feedwater to maintain sufficient
'.

steam generator level to ensure heat removal from the reactor coolant system
in order to achieve safe shutdown following a main feedwater line break, a
main steamline break, or other abnormal plant situation requiring shutdown
when main feedwater may not be available. The motor-driven auxiliary feedwater
pumps start automatically on low water level in any steam generator, a trip of4

both main feedwater pumps, or a safeguards sequencer signal (safety injection4

or loss of offsite power). The turbine-driven pump is autcmatically initiated,

on either low water level in any two steam generators or on loss of offsite'

power. Upon receipt of two out of three auxiliary feed pump suction low pressure
signals, the water supply to the auxiliary feedwater pumps automatically

j trcnsfers from the condensate storage tank to the essential service water
system.

!

!
'

|
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b

7.3.2 Resolution of Issues'

i

! 7.3.2.1 Loss of Safety Function After Reset
i

As was done for operating reactors through IE Bulletin 80-06, the staff asked4

that the applicant review all safety equipment to determine which, if any,;

i safety functions might be unavailable af ter reset and what changes would be
4 implemented to correct any problems. The applicants provided a response

stating that a review has been conducted to determine whether or not all'

safety-related equipment will remain in its emergency mode following reset of4

an ESF actuation. signal. The review revealed that certain equipment would
change state upon ESF reset. The control circuits for this equipment were
redesigned to provide seal-in features so that an ESF reset would not change
the safeguards state of the equipment. Preoperational tests will verify that
the installed controls are consistent with schematic diagrams reviewed and
that all equipment remains in its emergency mode upon ESF reset. The staff-

finds this acceptable.
,

1

7.3.2.2 Test of Engineered Safeguards P-4 Interlock'

T

On November 7, 1979, Westinghouse notified the Commission of a potential
undetectable failure which could exist in the engineered safeguards P-4 inter-
locks. Test procedures were developed to detect failures which might occur.
The procedures require the use of voltage measurements at the terminal blocks
of the reactor trip breaker cabinets. To minimize the possibility of accidental
shorting or grounding of safety system circuits during testing, the staff<

position was that suitable test jacks must be provided to facilitate testing
of the P-4 inter! Mks. The applicant has committed to provide the test jacks.
The staff concludes that the applicant's commitment is an acceptable resolution
of this item and will make provision of the test jacks a condition of the
license.

,

7.3.2.3 Level Measurement Errors Due to Environmental Temperature Effects on *

Level Instrument Reference Legs

The staff asked the applicant to evaluate the effects of high temperature in
reference legs of water level measuring instruments on the measurement errors
following high-energy-line breaks. This issue was addressed for operating
reactors through IE Bulletin 79-21.

Although the applicant submitted a response on this item, the response was not
received in time to be reviewed before the issuance of this report. Hence,
the resolution of this item will be addressed in a supplement to this report.

7.3.2.4 Failure Modes and Effects Analysis (FMEA) Interface Requirementt

The applicant has referred to the Westinghouse Topical Report WCAP-8584,
- " Failure Mode and Effects Analysis (FMEA) of the Engineered Safety Features

. Actuation System," as the supporting document of FMEA for ESFAS equipment '

I within the Westinghouse scope of supply. The staff has reviewed WCAP-8584 and- i

finds the methodology and the general conclusions acceptable. However in |
Appendices B and C of the report, Westinghouse specifies interface require- J
ments for electrical circuit and instrument impulse line separation involving i

systems included in the balance of plant. The conformance to these requirements
i

!
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was not addressed in the SNUPPS FSAR. The staff asked the applicant to identify
any difference between the SNUPPS design and the Westinghouse specified interface
requirements as described in WCAP-8584. In response, the applicant stated
that the interface criteria have been met. The staff finds the applicant's
response acceptable.

7.3.2.5 Safety System Set Point Methodology

The staff has aswd that the applicant document the following information
concerning safety system setpoint methodology and setpoint error allowances:

(1) the setpoint methodology or reference to the methodology to be used for
the Callaway plant

(2) the method of inc kJing the effect of test equipment accuracy on setpoint
errors

(3) the sensor environmental error allowance used for each reactor trip and
engineered safeguards setpoint

(4) the list of protection channels where the Technical Specification setpoint
with adjustment for all assumed errors falls within a 5 percent span of
an instrument range limit or within a 5 percent span of a level tap. In
these cases, the re,naining margin to the range I'mit or tap is to be
provided.

The applicant has not yet compiled all of this information. Because the
primary function of this information is to confirm the adequacy of setpoints
specified in the plant Technical Specifications, the staff will audit this
information when the Technical Specifications are available for review.

7.3.2.6 Isolation Devices in the Balance of Plant Engineered Safeguards
Features Actuation System

The balance of plant engineered safeguards features actuation system (80P
ESFAS) is used to provide actuation signals for

(1) auxiliary feedwater
(2) containment purge isolation
(3) control room ventilation isolation
(4) fuel building ventilation isolation

The hardware consists of solid state bistables and logic elements, with electro-
mechanical relays as the final output devices. The system is divided into
three input-logic output separation groups, with the separation groups designed
to meet the independence and separation criteria applicable to systems perform-
ing safety functions. Interconnection of differing separation groups within
the BOP ESFAS is by means of digital signal isolation modules. Analog signal
isolation modules ara included to provide isolated analog signals to the 80P
computer.

The staff asked the applicant to document the design criteria for the isolation
modules and the testing performed to verify that the design criteria are met.
In response, the applicant stated that the digital signal isolation modules
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l

i

utilize optical isolators and that there are no connections between the input
and output circuits except for the optical coupling. The analog isolation
modules utilize transformers as the isolation devices and there are no connec-
tions between the input and output circuits except for the magnetic coupling!

in the transformers. Both the analog and the digital isolation modules are L

tested to ensure a minimum isolation potential of 1500-vac RMS between the.
input terminals and the output terminals and between the terminals and ground.;

The staff finds the applicant's design and test criteria for the isolation
| modules to be satisfactory.

7.3.2.7 Automatic Indication of Block of Signals Initiating Auxiliary
Feedwater Following Trip of the Main Feedwater Pumps

,

J

The signal which initiates auxiliary feedwater when the main feedwater pumps
are tripped is manually blocked on normal shutdown of the main feedwateri

The design is such that the block is not automatically removed wheni pumps.
the plant is returned to an operating mode where auxiliary feedwater initiation

j on loss of main feedwater is needed. Even though the signal to initiate,

|
auxiliary feedwater when the main feedwater pumps are tripped is considered to
be an " anticipatory signal," for which no credit is taken in the analyses in'

SNUPPS FSAR Chapter 15, the staff position was that the design should include
| appropriate features to ensure that the block is removed when the plant is

returned to an operating mode where auxiliary feedwater initiation on loss of
! main feedwater is needed. The applicant has committed to provide automatic,

! indication of the block of the signals which initiate auxiliary feedwater on
loss of both main feedwater pumps on the bypassed and inoperable status panel. ,

| Operating procedures will limit the operating modes during which the block can
be in effect. Blocking will be permitted just before shutdown of the last
operating main feedwater pump and removed just after the first main feedwater
pump is put into service. The staff concludes that the applicant's design and
operating procedures will provide adequate assurance that the auxiliary feedwater

,

start signal on loss of both main feedwater pumps will not be blocked during
,
'

operating modes when the diversity of this signal is desirable. The applicant'si

design is, therefore, acceptable. The license will be conditioned to require
the bypassed and inoperable status panel indication described above.

,

j 7.3,2.8 Steam Generator Level Control and Protection
!

|
In its review, the staff noted that three steam generator level channels were
used in two-out-of-three logic for isolation of feedwater on high steam generator

!

level and that one of the three level channels was also used for control.
|

This design for actuation of feedwater isolation does not meet the requirements
,

| Paragraph 4.7 of IEEE Standard 279. The staff asked the applicant to submit
analy9s justifying the position that isolation of feedwater on high steam

|

! generator level is not a safety function. In lieu of submitting such analyses,
the applicant has committed to using fcur level channels in two-out-of-four;

logic to actuate feedwater isolation. This design satisfies Paragraph 4.7 of
IEEE Standard 279. The staff finds that the applicant's modified design
negates the need for additional analyses ar.d is acceptable. The license willi

be conditioned to require the modified design.'

| As a confirmatory item, the applicant will modify the FSAR to indicate that
|

four channels with two-out-of-four logic will be used to actuate feedwater
! isolation on high steam generator level.
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7.3.2.9 Indicator, Alarm, and Test Features Provided for Instrumentation Used
for Safety Functions

:

Instrumentation for process measurements used for safety functions such as
reactor trip or emergency core cooling typically are provided with the
following:

(1) an indicator in the control room to provide the operator information on
the process variable being monitored

(2) an alarm to indicate to the operator that a specific safety function has
been a-tuated

(3) indicator lights or other means to inform the operator which specific
instrument channel has actuated the safety function

(4) rod positions, pump flows, or valve positions to verify that the actuated
safety equipment has taken the action required for the safety function.

(5) design features to allow test of the instrument channel without interfering
with normal plant operations and without lifting instrument leads or
using jury rigs

During review of the applicant's design, the staff found that one or more of
the features above were not provided for certain instrumentation used to
initiate safety functions. Examples included instrumentation used to isolate
essential service water to the air compressors and instrumentation used to
isolate the nonsafety-related portion of the component cooling water system.
The applicant was asked to provide the staff with a list of all instrument
channels which perform a safety function where one or more of the features
listed in (1) through (5) above were not provided. The staff position was
that the applicEnt should, at a minimum, provide features (2) through (5) or
provide a justification applicable to the specific safety function i:1volved
where any of the features would not be provided. The applicants provided the
requested list of instrument channels and an evaluation of the alarms,
indicators, and capability of testing for each. For all of these safety
functions, the applicant has verified that the instrument channels can be
tested without interferring with normal plant operations and without lifting
instrument leads or using jury rigs. The applicant has further committed to
provide additional indicators and alarms on the plant computer for specific
functions as a result of the evaluations. The staff has reviewed the indica-
tions and alarms to be provided and found them acceptable. The additional
indications and alarms to be provided by the applicant will be a condition of
the license. The staff will provide requirements in the plant Technical
Specifications for testing these safety functions.

7.3.3 Evaluation Findings

The review of the instrumentation and control aspects of the ESF systems
| included the engineered safety features actuation system (ESFAS) and the ESF
' control systems. The ESFAS detects a plant condition requiring the operation

of an ESF system and/or essential auxiliary support (EAS) system and initiates
operation of these systems. The ESF control system regulates the operation of
the ESF system following automatic initiation by the protection system or
manual initiation by the plant operator.
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The staff has conducted an audit review of these systems for conformance to
guidelines of the applicable Regulatory Guides and industry codes and standards.i

In Section 7.1 of this SER, the staff concluded that the applicant had adequately j'

identified the guidelines applicable to these systems. Based upon the audit
review of the system design for conformance to the guidelines, the staff finds

: that upon satisfactory resolution of the open item ide*tified in Section 7.3.2: of this report, there is reasonable assurance that the systems conform to thej

| applicable guidelines.

The staff review has included the identification of those systems and components
for the ESFAS and ESF control systems which are designed to survive the effects
of earthquakes, other natural phenomena, abnormal environments, and missiles.a

Based upon the review, the staff concludes that the applicant has identified |
those systems and components consistent with the design bases for the systems. '

J: Sections 3.10 and 3.11 of this SER address the qualification programs to
demonstrate the capability of these systems and components to survive applicable
events. Therefore, the staff finds that the identification of the systems and
components satisfies this aspect of GDC 2 and 4.

|
Based on its review, the staff concludes that the ESFAS conforms to the design
bases requirements of IEEE Standard 279. The system includes the provisions
to sense accident conditions and anticipated operational occurrences to initiate

4

| the operation of ESF and EAS systems consistent with the analyses presented in
! Chapter 15 of the SNUPPS FSAR. Therefore, the staff finds that the ESEAS
l satisfies the requirements of GDC 20.

The ESEAS adequately conforms to the guidance for periodic testing in Regulatory
Guide 1.22 and IEEE Standard 338, as supplemented by Regulatory Guide 1.118.
The bypassed and inoperable status indication adequately conforms to the
guidance of Regulatory Guide 1.47. The ESFAS adequately conforms to the
guidance on the application of the single-failure criterion in IEEE Standard 379,
as supplemented by Regulatory Guide 1.53. Based on its review, the staff

f

concludes that the ESFAS satisfies the requirments of IEEE Standard 279 with
; regard to system reliability and testability. Therefore, the staff finds that

the ESFAS satisfies the requirement of GDC-21.

The ESFAS adequately conforms to the guidance in IEEE Standard 384, as supple-
mented by Regulatory Guide 1.75 for protection system independence. Based on
its review, the staff concludes that the ESFAS satisfies the requirement of
IEEE Standard 279 with regard to system independence. Therefore, the staff

,

finds that the ESFAS satisfies the requirement of GDC 22.'

f Based on its review of the ESFAS, the staff concludes that the system is
designed with due consideration of safe failure modes if conditions such as'

disconnection of the system, loss of energy, or a postulated adverse environment
: are experienced. Therefore, the staff finds that the ESFAS satisfies the

requirements of GDC 23.

Based on its review of the interfaces between the ESFAS and plant operating'

| control systems, the staff concludes that the system satisfies tne requirements
of IEEE Standard 279 with regard to control and protection system interactions.
Therefore, the staff finds that the ESFAS satisfies the requirement of GDC 24.

!
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The conclusions noted above are based upon the requirements of IEEE Standard 279
with respect to the design of the ESFAS. Therefore, the staff finds that the
ESFAS satisfies the requirement of 10 CFR 50.55a(h) with regard to IEEE
Standard 279.

The staff review of the ESFAS and ESF control systems has examined the dependence
of these systems on the availability of essential auxiliary supporting (EAS)
systems. Based on this review and the review of the EAS systems, the staff
concludes that the design of the ESFAS and ESF control systems is compatible
with the functional performance requirements of EAS systems. Therefore, the
staff finds the interfaces between the ESFAS and ESF control systems and the
EAS systems acceptable.

The staff review of the ESF control systems included conformance to the require- !

ments for testability, operability with onsite and offsite electrical power,
and single-failures consistent with the General Design Criteria applicable to
these ESF systems. The staff concludes that the ESF control systems are
testable and are operable on either onsite or offsite power (assuming only one
source is available) and that the controls associated with redundant ESF
systems are independent and satisfy the requirement of the single-failure
criterion. Therefore, the staff finds that the ESF control systems meet the,

relevant requirements of GDC 34, 35, 38, and 41.

In summary, the staff concludes that, with the satisfactory resolution of the
open item identified in Section 7.3.2.3 of this report, the ESFAS and the ESF
control systems will be acceptable and meet the relevant requirements of
GDC 2, 4, 20-24, 34, 35, 38, and 41 and 10 CFR 50 50.55a(h).

7.4 Systems Required for Safe Shutdown

7.4.1 Description

The systems required for safe shutdown are those required to control the
reactor coolant system temperature and pressure, to borate the reactor coolant,
and to provide adequate residual heat removal. The plant design is such that
the plant can be placed in a safe shutdown condition using only safety grade
systems. The systems used for safe shutdown are

(1) reactor coolant system (RCS)
(2) main steam system
(3) auxiliary feedwater system
(4) chemical and volume control system
(5) borated refueling water system
(6) residual heat removal system (RHR)
(7) component cooling water system
(8) essential service water system
(9) supportive HVAC systems
(10) emergency diesel generators
(11) spent fuel pool cooling system
(12) supportive portions of instrument air systems

The reactor coolant system (RCS) transfers core residual heat to the steam
generators. The reactor core is at a lawer elevation than the steam generators,
ensuring that heat can be transported from the reactor core to the steam
generators via natural circulation.
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The main steam system consists of main steam pipinn, power-operated atmospheric
steam relief valves, safety valves, and main steam isolation valves. The

j system is used for maintaining a hot standby condition and for plant cooldown
to the temperature and pressure at which the residual heat removal (RHR)1

system can be placed in operation. Core residual heat and reactor coolant
system sensible heat can be removed by use of the power-operated atmospheric !

steam relief valves if the main condensor is not in service. The power-operated;

atmospheric steam relief valves are safety grade air-operated valves with
independent controls for each steam generator.

;
~ i

I The auxiliary feedwater system is used to maintain water inventory in the
steam generators when the main feedwater system is not available. The auxiliary
feedwater system is used following a reactor shutdown, in conjunction with the'

j condenser dump valves (if available) or atmospheric steam relief valves, to
cool the RCS to the temperature and pressure at which the RHR system can be

i brought into operation.
!

The chemical and volume control system (CVCS) is used for reactor coolant
boration and inventory control. If normal charging and letdown paths are not

|i available, boration and inventory control functions can be accomplished by
utilizing redundant safety grade paths. The refueling water storage tank willi
be used as the source of borated makeup water to the RCS if the boric acid
transfer pumps are not available.

1 The RHRS transfers heat from the RCS to the component cooling water system
(CCWS) to reduce the temperature of the reactor coolant to the cold shutdown

; temperature at a controlled rate during the second part of a plant cooldown.
!- The RHRS also maintains this temperature until the plant is started up. Parts

,

of the RHR system also serve as parts of the ECCS during the injection and
! recirculation phases of a LOCA.
i

The component cooling water system (CCWS) provides cooling water to selected
: auxiliary components during normal plant operation and during shutdown. It
,

also provides cooling water to several engineered safety feature systems'

; following an accident. The system is a closed-loop system which serves as an
intermediate barrier between the service water system or essential servicei

water system and potentially radioactive systems to eliminate the possibility
| of an uncontrolled release of radioactivity.

| The essential service water system (ESWS) removes heat from plant components

|
which require cooling for safe shutdown of the reactor or following an accident.
The ESWS diso provides emergency makeup to the spent fuel pool and the CCWS;
it also is the backup water supply to the auxiliary feedwater system. The,

! ESWS consists of two redundant cooling water trains.

Portions of the plant HVAC systems are required to function following an
accident and to maintain the plant in a safe-shutdown condition. These pcrtions
of the HVAC systems are safety grade. ;

The onsite power system is provided with preferred power from the offsite
system through two independent and redundant sources of power. The Class 1E
ac. system loads required to maintain the plant at. safe shutdown or to mitigate
the consequences of an accident are separated into two load groups. These are
powered from separate EST transformers when offsite power is available or from
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two independent diesel generators (one per load group) when offsite power is
not available.

The fuel pool cooling system consists of two 100 percent-capacity cooling
trains for the removal of decay heat generated by irradiated fuel stored in

' the spent fuel pool. The fuel pool cooling heat exchangers are serviced by
the component cooling water system on the shell side, with remote manual-
operated isolation valves provided.

The compressed air system (CAS) provides a safety grade backup ccr.. pressed gas
supply for the auxiliary feedwater control valves and main rteam atmospheric
relief valves.

To effect a unit shutdown, the unit will be brought to, r,d maintained at, a,

safe-shutdown condition under control fron the main control room or the auxi-
lia y shutdown control panel. Controls for the systems discussed above are
required to maintain a safe shutdown under non-accident conditions. The

; applicant has identified the following monitoring indicators as essential to
maintaining safe shutdown:

(1) water level for each steam generator
(2) pressure for each steam generator
(3) pressurizer water level

(4) reactor coolant system pressure
(5) suct. ion pressure for each auxiliary feedwater pump
(6) boric acid tank level '

(7) emergency letdown flow
(8) reactor coolant pump seal water flow
(9) boron injection flow
(10) refueling water storage tank level
(11) component cooling water system flow to components inside containment

In addition, the applicant Ms committed to provide safety grade reactor
coolant temperature indication and safety grade auxiliary feedwater flow
indication.

7.4.2 Remote Shutdown Capability

If te.nporary evacuation of the control room is required because of some abnormal
3

station condition, the operators can establish and maintain the station in a
hot standby condition from outside the control room through the use of controls
and indicators located at the auxiliary shutdown control panel, switchgear,
and motor control centers, and by control of individual equipment items at
their location. The auxiliary shutdown panel is located in a locked room to
restrict access. The auxiliary shutdown panel is designed to seismic Category I
requirements, and essential . aort-term controls and indicators (those required
to maintain hot standby for the first 24 hours following shutdown) are designed
to comply with applicable portions of IEEE Standard 279-1971. Although the
prime intent of the auxiliary shutdown control panel is maintaining hot standby
from outside the control room, this panel can also be used for certain functions
when cold shutdown is being implemented from outside the control room. The
plant design includes the capability of attaining cold shutdown from outside
the control room. For this, instrumentation and ccntrols may require some
special adjustment.
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7.4.3 Resolutio of Issues'

7.4.3.1 Capability for Safe Shutdown Following loss of a Bus Supplying Power4

to Instruments and Controls

The staff asked the applicant to review the adequacy of the emergency aperating
procedures to be used to obtain safe shutdown upon the loss of any Class IE or
non-Class IE bus supplying power to safety- or nonsafety-related instruments ,

and control,. This issue was addressed for operating reactors through IE
! Bulletin 79-27. ;

The applicant has conducted a review using the guidelines of Bulletin 79-27
and has concluded that no design modifications are required. However, because
the preparation of plant procedures has not been completed, not all the actions
requested in the Bulletin have been done.

The applicant has been asked to provide the staff with the following confirmatory:

information when the plant procedures are complete:
,

(1) Confirm that all at and dc instrument buses that could affect the ability
to achieve a cold shutdown condition were reviewed. Identify these

! buses.
.

I (2) Confirm that all instrumentation and controls required by emergency
shutdown procedures were considered in the review. Identify these instru-i

|
ments and controls at the system level of detail.

|
(3) Confirm that clear, simple, unarnbiguous annunciation of loss of power is

provided in the control room for each bus addressed in Item (1) above.
Identify any exceptions.

onfirm that the effect of loss of power to each load on each bus identified(4) cin Item (1) above, includina ability to reach cold shutdown, was considered
in the review.

(5) Confirm that the rereview of IE Circular 79-02 (which is required by
Action Item 3 of Bulletin 79-27) was extended to include both Class 1E

|
and non-Class 1E inverter-supplied instrument or control buses. Identify,

these buses or confirm Nat they are included in the listing required by
I

i Item (1) above.

7.4.3.2 Operator Actions Required to Maintain Safe Shutdown from Outside the
Control Rocm

In Revision 5 to the SNUPPS FSAR the applicant included descriptive information
on controls used to maintair. safe shutdown from outside the control room which;

indicated that special adjustment of controls may be required after the first
'

24 hours. In discussions witn the staff, the applicant has stated that the,

"

description in Revision 5 was misleading. Only local control of specific'

valves and pumps is required. The staff finds this acceptable.

As a confirmatory item, the applicant has committed to correct the SNUPPS FSAR
.

and to provide a description of the specific local actions required after
: 24 hours. The information to be incorporated in the FSAR will include the

location of the equipinent involved and the available redundancy.
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7.4.4 Evaluation Findings

The review of systems required for safe shutdown included the sensors, circuitry,
redundancy features, and actuation devices that provide the instrumentation
and control functions that prevent the reactor from returning to criticality
and that provide means for adequate residual heat removal.

The staff has conducted an audit review of these systems for conformance to
guidelines of the applicable Regulatory Guides and industry codes and standards.
In Section 7.1 of this SER, the staff concluded that the applicant had adequately
identified the guidelines applicable to these systems. Based upon its audit
review of the systems designs for conformance to the guidelines the staff
finds that there is reasonable assurance that the systems conform to the
applicable guidelines.

The staff review has included the identification of those systems and components
required for safe shutdown which are designed to survive the effects of earth-
quakes, other natural phenomena, abnormal environments, and missiles. Based
upon its review, th? staff concludes that the applicant has identified those
systems and components consistent with the design bases for the systems.
Sections 3.10 and 3.11 of this report address the qualification programs to
demonstrate the capability of these systems and components to survive applicable
events. Therefore, the staff finds that the identification of these systems
and components satisfies this espect of the GDC 2 and 4.

Based on its review, the staff concludes that instrumentation and controls
have been provided to maintain variables and systems which can affect the
fission process, the integrity of the reactor core, the RCPB, and the contain-
ment and its associated systems within prescribed operating ranges during
plant shutdown. Therefore, the staff finds that the systems required for safe
shutdown satisfy the requirements of GDC 13.

Instrumentation and controls have been provided within the control room to
allow actions to be taken to maintain the nuclear power unit in a safe condition
during shutdown, including a shutdown following an accident. Equipment at
appropriate locations outside the control room has been provided (1) with a
design capability for prompt hot shutdown of the reactor, including necessary
instrumentation and controls to mantain the unit in a safe condition during
hot shutdown and (2) with a potential capability for subsequent cold shutdown
of the reactor through the use of suitable procedures. Therefore, the staff
concludes that the systems required for safe shutdown satisfy the requirements
of GDC 19.

The staff review of the ir.strumentation and controls required for safe shutdown ;

has examined the dependence of these systems on the availability of essential
auxiliary support (EAS) systems. Based on its review and coordination with
.those having primary review responsibility for the EAS systems, the staff
concludes that the design of EAS systems is compatible with the functional
performance requirenwnts of the systems reviewed in this section. lherefore,
the staff finds the interfaces between the design of safe shutdown systems and
the design of EAS systems to be acceptable.

The staff review of the instrumentation and control systems required for safe
shutdown included conformance to the requirements for testability, operability
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with onsite and offsite electrical power, and single failures consistent with ;

the GDC applicable to safe-shutdown systems. The staff concludes that these
systems are testable and are operable on either onsite or offsite electrical
power, and that the controls associated with redundant safe-shutdown systems

;

are independent and satisfy the requirements of the single-failure criterion.
Therefore, the staff finds that these systems meet the relevant requirements
of GDC 34, 35, and 38.

In sumary, the staff concludes that the systems required for safe shutdown
are acceptable and meet the relevant requirements of GDC 2, 4, 13, 19, 34, 35,
and 38.

7.5 Information Systems Important to Safety

7.5.1 Description'

The information systems important to safety are composed of display instru-
ments which provide information to enable the operator (1) to assess reactor
status, the onset and severity of accident conditions, and ESFS status and
performance, and (2) to enable the operator to intelligently perform vital

.

manual actions such as s.fe shutdown and initiation of manual ESFSs. The"

systems consist of both safety grade and nonsafety grade instruments and cover
i the following functions:

i (1) reactor trip
(2) engineered safety features
(3) safe shutdown

The protective system provides the operator with information pertinent to
system status and safety. All transmitted signals (flow, pressure, tempera-
ture, and so forth ) which can cause a reactor trip are either indicated or
recorded for each channel, including all neutron flux power range signals (top
detector, bottom detector, algebraic difference, and average of bottom and top
detector signals). Parameters associated with automatic actuation as well as
those required to enable the operator to manually initiate ESFS are displayed.
The indicators provided for the actuating parameters display the same analog

i signals monitored by the ESFAS. Any reactor trip will actuate an alarm and an
annunciator. Such protective actions are indicated and identified down to the
channel level.

i Alarms and annuciators are also used to alert the operator of deviations from
normal operating conditions so that the operator may take appropriate corrective
action to avoid a reactor trip. Actuation of any rod stop or trip of any
reactor trip channel will actuate an alarm.

,

| ESF status panel displays are provided to meet the requirements of Regulatory
Guide 1.47 on a' separation group basis. Inputs are isolated fron annunciation ;'

and locic circuitry via IEEE Standard 323 qualified isolators. Under normal
plant conditions, component level windows are either dark or lit white in a

! prescribed manner. If a component is norrially in its safeguards state, its j
I

| window is lit white. If a compartment is not normally in its safeguards
! state, its window is dark. System level windows are dark under full power )

conditions with no components bypassed. Upon an ESF actuation, all component-"
,

level windows within the associated actuation system will be lit white, l
1
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provided all components have correctly responded to the actuation signal. In
this case, the system-level window also goes into a white mode. However, if
one or more components do not respond correctly to the actuation signal, the
system-level window would remain dark.

'Jhen a bypass or inoperable condition exists on any component (breaker racked
out, loss of control voltage, handswitch in a pull to lock mode), its component-
level window is lit amber. Simultaneou:,1y the associated system-level window
is also lit amber, actuating an audible alarm and alerting the operator of a
bypassed or inoperable condition. On certain critical valves (for example,
the auxiliary feedwater discharge valves), an amber light and/or audio annun-
ciation provides bypassed / inoperable status upon valve misalignment. Automatic
system-level indication of bypass and inoperable status applies to automatically
initiated components, including those components which directly support the
automatically initiated components but which themselves may not be automatically
initiated because they are normally in the operating mode.

The shutdown control display instruments are required for manual operations to
safely maintain the plant in a shutdown condition. These instruments are pro-
vided on the main control board in the main control room and on the auxiliary
shutdown control panel outside the main control room. Two or more separate
and redundant channels of display information are provided for each required
process variable.

The following safety grade readouts are provided in the control room to maintain
the plant in a safe-shutdown condition or to take the correct action during
the course of an event or during postaccident recovery.

Nuclear steam supply system (NSSS) indicators

(1) wide range T and Thot cold
(2) pressurizer water level
(3) steam generator pressures
(4) steam generator water levels (narrow range and wide range)
(5) containment pressure (narrow range and wide range)
(6) reactor coolant system-wide range pressure
(7) boric acid water level
(8) refueling water storage tank water level
(9) safety injection flow
(10) reactor coolant system excess letdown heat exchanger temperature

Balance of plant indicators

(1) auxiliary feedwater flow
(2) condensate storage tank pressure
(3) auxiliary feedwater pump suction pressure
(4) control room air intake chlorine
(5) control room air intake gaseous radioactivity
(6) containment gaseous radioactivity
(7) containment hydrogen
(8) containment sump / containment level
(9) containment purge gaseous radioactivity
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(10) containment spray additive tank level
(11) fuel building gaseous radioactivity
(12) containment air temperature
(13) containment post-accident radiation
(14) control building sump level
(15) diesel generator building sump level
(16) RfiR pump room sump level
(17) auxiliary building sump level

The parameters indicated on the auxiliary shutdown panel are as follows (those I

which are safety grade are designated with an "s"): ;

(1) pressurizer pressure .

(2) pressurizer water level (s) l
!(3) RCS pressure (s)

(4) steam generator pressure (s)
(5) steam generator water levels (s) j

*

(6) auxiliary feedwater flow (s)
(7) auxiliary feedwater pump suction pressures (s) |
(8) auxiliary feedwater pump discharge pressures
(9) condensate storage tank level
(10) RCS cold-leg temperature
(11) source-range nuclear instruments
(12) intermediate-range nuclear instruments

In addition to the indicators for the above systems, position indication
lights are provided for the associated remote control valves.J

7.5.2 Resolution of Issues
;

7.5.2.1 Reactor Coolant Temperature Indicators on the Auxiliary Shutdown Panel

During the staff review, the applicant was asked to clarify the design criteria
for wide-range reactor coolant temperature indication at the auxiliary shutdown

; panel. The staff also expressed concern that only cold-leg temperature indica-
tors were provided but hot-leg indicators might be required in order to ensure

,

that subcooled conditions are maintained in the reactor coolant system. The
applicant has stated that both hot-leg and cold-leg reactor coolant temperatures
will be indicated on the auxiliary shutdown panel. Two hot-leg temperature
indicators powered from separate protection sets and two cold-leg temperature
indicators powered from separate protection sets will be provided. The cir-
cuitry for the redundant indicators will be routed in different nonsafety grade
separation groups. The staff has reviewed the applicant's design criteria for
reactor coolant temperature indication at the auxiliary shutdown panel and
finds it acceptable. The license will be conditioned to require temperature
indication es described above.

As a confirmatory item, the staff requires the FSAR to be revised to describe'

the above reactor coolant temperature indication at the auxiliary shutdown
panel. The applicant will also verify in the FSAR revision that even with a
single failure, reactor coolant hot-leg and cold-leg temperature indication
will be available at the auxiliary. shutdown panel for a loop having an operable
steam generator (that is, a steam generator receiving auxiliary feedwater and
having an operable power-operated relief valve).
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,

7.5.2.2 Actuation of Valve Component Level Windows on the Bypassed and
Inoperable Status Panel

| The original design for actuation of the accumulator valve component-level
i windows on the bypassed and inoperable status panel was such that the bypass
i indication was not actuated until the valve reached the fully closed position
{ rather than when the valve left the fully open position. The staff position

was that bypass indication should be actuated when a valve leaves the position,

; required for it to accomplish its safety function. The applicant has changed
'

the design for the accumulator valve position switches such that the bypass is
i indicated when a valve is not fully open. The applicant has also stated that
i for other valves where valve misalignment is indicated on the bypassed and.
' inoperable status panel, the bypass indication occurs when the valve leaves

the position required for it to accomplish its safety function. The staff |
,

j finds the applicant's response adequate. The license will be conditioned to
require the accumulator valve position switches to be changed as discussed
above.

; 7.5.2.3 Postaccident Monitoring
i ,

Revision 2 to Regulatory Guide 1.97, " Instrumentation for Light-Water-Cooled
Nuclear Power Plants To Assess Plant and Environs Conditons During and Follow-
ing an Accident," was issued in December 1980. The operating license will be
conditioned to require that the applicant comply by June 1983 with Regulatoryi

Guiae 1.97, Revision 2 or provide justification for any alternatives.;

7.5.3 Evaluation Findings
.

] The information systems important to safety provide the operator with infor-
j mation on the status of the plant to allow manual safety actions to be performed

when necessary. The scope of review included tables of system variables and
component states to be indicated, functional diagrams, electric and physical3

layout drawings, and descriptive information. The review has included the
j applicable acceptance criteria, guidelines, and design bases, including those

for indication of bypassed or inoperable safety systems. The review has also
included the applicant's analyses of the manner in which the design of infor-
mation systems conforms to the acceptance criteria and guidelines which are
applicable to these systems as noted in the staff's Standard Review Plan.

1 The staff has conducted an audit review of these systees for conformance to
guidelines of the applicable regulatory guides and industry codes and standards.
In Section 7.1 of this report, the staff concluded that the applicant had

i adequately identified the guidelines applicable to these systems. Based upon
the staff audit review of the systems designs for conformance to the guidelines,
the staff finds that there is reasonable assurance that the systems conform to
the guidelines applicable to them.

The staff review has included the identification of those systems and components
of the information systems which are designed to survive the effects of earth-
quakes, other natural phenomena, abnormal environments, and missiles. Based
on its review, the staff concludes that the applicant has identified those
systems and components consistent with the design bases for the systems.!

! Sections 3.10 and 3.11 of this SER address the qualification programs to

|
,
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|demonstrate the capability of these systems and components to survive appli-
cable events. Therefore, the staff finds that the identification of these
systems and components satisfies this aspect of GDC 2 and 4.

The redundant safety grade information systems adequately conform to the
j guidance for the physical independence of electrical systems provided in
i Regulatory Guide 1.75.

The staff concludes that the information systems important to safety include*

j appropriate variables and that their range and accuracy are consistent with
the plant safety analysis. Therefore, the staff finds that the informationi

,

systems satisfy the requirements of GDC 13 for monitoring variables and'

; systems over their anticipated ranges for normal operation, for' anticipated
i operational occurrences, and for accident conditions. Further, the staff-

,

! finds that conformance to GDC 13 and the applicable guidelines satisfies the
| requirements of GDC 19 with respect to information syster provided in the

,

control room from which actions can be taken to operate tne unit safely under
normal conditions and to maintain it in a safe condition under accident

j conditions.
|

In summary, the staff concludes that the information systems important to'

safety are acceptable and meet the requirements of GDC 2, 4,'13, and 19.

7.6 Interlock Systems Important to Safety

The group of instrumentation systems included in this section are those' required
for safety but not discussed in Sections 7.2 through 7.5.

i 7.6.1 Residual Heat Removal System Isolation Valves

The residual heat removal system (RHRS) isolation valves are normally closed.
They are opened only for RHRS operation after system pressure is reduced to
approximately 425 psig and system temperature has been reduced to approximately)
350 F.

There are two motor-operated valves in series in each of the two RHR pump
| suction lines from the RCS hot legs. The two valves nearest the RCS are

designated as the inner isolation valves, the two valves nearest the RHR pumps-

j are designated as the outer isolation valves. The interlock features provided
i for the outer isolation valves are identical to those provided for the inner
i isolation valves; there is equipment diversity because a different manufacturer

is used for the pressure transmitters for the two sets of valves.

Each valve is interlocked so that it cannot be opened unless the RCS pressure
is below a preset level. Tnis interlock prevents the valve from being opened
when the RCS pressure and the RHR pump head are above the RHRS design pressure.

,

; A second pressure interlock is provided to close the valve automatically if
1 the RCS pressure subsequently increases to a preset value.

In addition, the valves cannot be opened unless the isolation valves in the
following lines are closed:,

(1) recirculation line from the residual heat exchanger outlet to the suction,

of the high head safety injection pumps
t

0
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(2) RHR pump suction line from the refueling water storage tank

(3) RHR pump suction line from the containment sump

7.6.2 Accumulator Motor-0perated Valves

The safety injection system (SIS) accumulator discharge isolation valves are
motor-operated, normally open valves which are controlled from the main control
board. These valves are interlocked so that

(1) They open automatically on receipt of an SIS with the main control board
switch in either the "AUT0" or "CLOSE" position.

(2) They open automatically whenever the RCS pressure is above the safety
injection unblock pressure (P-11 interlock) when the main control board
switch is in the "AUT0" position.

(3) They cannot be closed as long as a safety injection signal is present.

During plant shutdown, the accumulator valves are closed. To prevent an inad-
vertent opening of these valves during that period, the accumulator valve
motor circuit breakers will be opened or withdrawn. Administrative control is
required to ensure that these valve circuit breakers are closed during the
pre-startup procedures.

An alarm will sound for any accumulator isolation valve under the following
conditions, when the RCS pressure is above tne safety injection unblocking
pressure (P-11 interlock):

(1) Valve motor operated limit switch indicates the valve is not open.

(2) Valve stem-operated limit switch indicates the valve is not open. The
alarm on this switch will repeat itself at given intervals.

7.6.3 Interlocks for RCS Pressure Control During Low Temperature Operation

The RCS pressure control includes automatic actuation logit for two pressurizer
power-operated relief valves (PORVs). The function of this actuation logic is
to continuously monitor RCS temperature and pressure conditions, with the
actuation logic unblocked only when plant operation is below a preset tempera-
ture and manual action has beca taken to unblock the logic. The monitored
system temperature signals are processed to generate the reference pressure
limit program, which is compared to the actual monitored RCS pressure. This
comparison provides automatic actuation signals to open the PORVs to prevent
pressure conditions from exceeding allowable limits. The generating station
variables required for the RCS pressure control interlock are channelized with
a different protection train used for each pressurizer PORV.

7.6.4 Switchover from Injection to Recirculation

The section valves in the line from the containment sump to the RHR pumps open
when two-out-of-four level transmitters indicate a low level in the refueling
water storage tank (RWST) in conjunction with a safety injection signal. The
valves from the RWST to the RHR suction will close automatically after the
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sump suction valves are open. The safety injection pumps and charging pumps
are manually realigned for the recirculation mode.

The low RWST level signal is alarmed to inform the operator to initiate the
manual action required to realign the pumps for the recirculation mode.

7.6.5 Isolation of Essential Service Water to the Air Compressors

For each train of essential service water (ESW), a differential pressure
transmitter and bistable is provided to sense flow to the non-safety-related
air compressors. On high flow (indicative of gross leakage in the nonseismic
portion of the system), an isolation valve in that ESW train is automatically
closed. The isolation valve will remain in the closed position until the
valve is manually reset by the operator in the control room. A means of
remote manual isolation and indication of valve positions are provided in the
control room. The isolation valves are air operated and are designed to fail
closed on the loss of air or electrical power.

7.6.6 Isolation of the Nonsafety-Related Portion of the Component Cooling
i Water (CCW) System

The nonseismic portion of the component cooling water (CCW) system is isolated
by two isolation valves in series provided in both the supply and return
lines. These valves are air-operated, designed to fail closed on loss of air
or electrical power, and automatically close upon low CCW surge tank level,
SIS, or high flow. The non-seismic portion of the CCW system can also be
isolated by remote manual means.

Two independent flow transmitters in the supply line sense flow through the
isolation valves. On high flow (indicative of gross leakage in the nonseismic
portion of the system), the isolation valves are automatically closed and will
remain in the closed position until the valves are manually reset by the
operator in the control room. Each flow transmitter and its associted bistable

iprovides isolation signals to one valve in the supply line and one valve in
the return line.

Two independent level transmitters (one per surge tank) are provided. On low
surge tank level, the isolation valves are automatically closed and will
remain in the closed position until the valves are manually reset by the

: operator in the control room. Each level transmitter and its associated
i bistable provides isolation signals to one valve in the supply line and one

valve in the return line.

: 7.6.7 Resolution of Issues

7.6.7.1 Interlocks for Reactor Coolant System Pressure Cer, trol During
Low-Temperature Operation

.

To minimize the potential of reactor coolant system (RCS) overpressurization
during low temperature operation, an automatic system (which is manually
enabled during low-temperature cperation) is provided to maintain pressure
within allowable limits. The original design described by the applicant in
the SNUPPS FSAR included two RCS temperature auctioneers. The design was such
that the failure of either auctioneer could defeat the overpressure protection
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at low temperatures. During the course of the staff review, the applicant
redesigned this system. In the modified design, the generating station varia-

i bles required for RCS pressure protection during low temperature operation are
channelized with a different protection train used for each of the two pressu-
rizer PORVs. The modified design eliminates the potential for a single failure<

to defeat overpressure protection at low temperatures. The staff has reviewed
the modified design and ficds it acceptable. The license will be conditioned
to require this modified design.

.

7.6.7.2 Volume Control Tank Level Control and Protection Interaction

On May 21, 1981, Westinghouse notified the Commission of a potentially adverse
control and protection system interaction whereby a single random failure in
the volume control tank level control system could lead to a loss of redundancy
in the high head safety injection system for certain Westinghouse-designed
plants. The applicant was asked to determine whether the ge,'cric problem
identified by Westinghouse exists on the Callaway Unit 1 plar.t.

The applicant has stated that the level control function will be separated
from the charging pump protection function on the Callaway Unit 1 plant so
that the problem identified by Westinghouse cannot occur. The staff finds the
applicant's response acceptable and will condition the license to require the
design described above.

As a confirmatory item, a formal revision to the FSAR will be required to
describe the above design.

7.6.7.3 Boron Dilution Control

In response to questions from the staff on design features provided for
mitigating the consequences of an inadvertent boron dilution, the applicant
has committed to incorporate the same design for terminating boron dilution as
provided for the Comanche Peak plant (Docket No. 50-445). The source-range
and intermediate-range nuclear instrumentation will be seismically and environ-
mentally qualified. The staff finds this commitment to be acceptable and will-
condition the license to require these design features.

The applicant will include the description of the boron dilution control
instrumentation in the FSAR.

7.6.8 Evaluation Findings

The staff concludes that the designs of the interlock systems important to
safety are acceptable and meet the relevant requirements of GDC 2 and 4. This
conclusion is based on the following:

The review of the interlock systems important to safety included the interlocks
to prevent overpressurization of low pressure systems when connected to the
primary coolant system. The staff position with regard to this interlock
system is set forth in Branch Technical Position ICSB-3, " Isolation of Low
Pressure Systems from the High Pressure Reactor Coolant System." Based on its
review, the staff concludes that the design of this system adequately complies
with the staff's guidance.
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The staff review included the interlock provided to prevent overpressurization ,

of the primary coolant system during low-temperature operation. The staff's |
position with regard to this interlock system is set forth in Branch Technical '

Position RSBS-2, "Jverpressurization Protection of Pressurized Water Reactors |
,

; While Operating At Low Temperatures." Based on its review, the staff concludes |
2 that the design of this system adequately complies with this position.
i

The staff review also included the interlocks for the ECCS accumulator valves.i

: The staff's position with regard to this interlock system is set forth in
i Branch Technical Position ICSB-4, " Requirements of Motor-0perated Valves in

the ECCS Accumulator Lines." Based on its review, the staff concludes that,

: these interlocks adequately comply with this position. .

!

| Based on its review of the interlock systems important to safety, the staff
j concludes that their design bases are consistent with the plant safety analysis !

i and the systems' importance to safety. Further, the staff concludes that the
i aspects of the design of these systems with respect to single failures, redun-
i dancy, independence, qualification, and testability are adequate to ensure

that the functional performance requirements will be met.

The staff review has included the identification of those systems and components
of interlock systems important to safety which are designed to survive the
effects of earthquakes, other natural phenomena, abnormal environments, and
missiles. Based upon the review, the staff concludes that the applicant has
identified the systems and components consistent with the design bases for the
interlock systems. Sections 3.10 and 3.11 of this SER address the qualification
programs to demonstrate the capability of these systems and components to i

survive applicable events. Therefore, the staff finds that the identification t

of the systems and components satisfies this aspect of GDC 2 and 4.

7.7 Control Systems !

The plant control systems described in this section include the following:

| (1) reactor control i
i (2) rod control
( (3) pressurizer pressure control ;

I (4) pressurizer water level control !

(5) steam generator water level control !l

(6) steam dump control
(7) plant control system interlocks

'

(8) incore instrumentation
(9) boron concentration monitoring system
(10) plant control signals for monitoring and indicating

7.7.1 Reactor Control

The reactor control system enables the nuclear plant to follow load changes
automatically, including the acceptance of step-load increases or d-creases of
10 percent and ramp increases or decreases of 5 percent per minute within the
load range of 15 percent to 100 percent, without reactor trip, steam dump, or
pressure relief (subject to possible transient xenon limitations). The system
is also capable of restoring coolant average temperature to within the programmed
temperature deadband following a change in load. Manual control rod operation
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may be performed at any time within the range of defined control rod insertion
limits.

7.7.2 Rod Control

The rod control system receives rod speed and directior signals from the
reactor control system. The rod speed demand signal varies over the range of
3.75 in. to 45 in./ min (6 to 72 steps / min), depending en the magnitude of the
input singal. Manual control is provided to move a control bank in or out at
a prescribed fixed speed. A permissive interlock (C-5) derived from measure-
ments of turbine impulse chamber pressure prevents automatic control when the
turbine load is below 15 percent.

The five shutdown banks are always in the fully withdrawn position during
normal operation and are moved to this position at a constant speed by manual
control before criticality. The control banks are the only rods that can be
manipulated under automatic control. Each control bank is divided into two
groups to obtain smaller incremental reactivity changes per step. All rod
cluster control assemblies (RCCAs) in a group are electrically paralleled to
move simultaneously. There is individual position indication for each RCCA.
A reactor trip signal causes all the rods to fall by gravity into the core
and, thus, totally overrides the control system.

7.7.3 Pressurizer Pressure Control

The RCS pressure is controlled by using either the heaters (in the water
region) or the spray (in the steam region) of the pressurizer plus steam
relief for large transients.

The electrical immersion heaters are located near the bottom of the pressurizer.
A portion of the heater group is proportionally controlled to correct for
small pressure variations. These variations are caused by heat losses, including
heat losses due to a small continuous spray. The remaining (back-up) heaters

! are turned on when the pressurizer pressure control signal demands approximately
100 percent proportional heater power.

The spray nozzle is located on the top of the pressurizer. Spray is initiated
when the pressure controller spray demand signal is above a given setpoint.
The spray rate increases proportionally with increasing spray demand signal
until it reaches a maximum value. Steam condensed by the spray reduces the
pressurizer pressure. A small continuous spray is normally maintained to
reduce thermal stresses and thermal shock and to help maintain uniform water
chemistry and temperature in the pressurizer.

Power relief valves limit system pressure for large positive pressure transients
and reduce the possibility of actuating the pressurizer safety valves.

7.7.4 Pressurizer Water Level Control

The pressurizer operates by maintaining a steam cushion over the reactor
coolant. As the density of the reactor coolant varies with* temperature, the
steam water interface is adjusted to compensate for the density variations
with relatively small pressure disturbances. The water inventory in the
reactor coolant system in maintained by the chemical and volume control system.
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During normal plant operation, the charging flow is varied to automatically
produce the flow demanded by the pressurizer water level controller. The
pressurizer water level is programmed as a function of coolant average temper-
ature, with the highest measured average temperature (auctioneered) being
used. The pressurizer water level decreases as the load is reduced from full
load. This is a result of coolant contraction following programmed coolant
temperature reduction from full power to low power. The programmed level is
designed to match as nearly as possible the level changes resulting from the
coolant temperature changes.

7.7.5 Steam Generator Water Level Control

Each steam generator is equipped with a three-element feedwater flow controller
which maintains a programmed water level which is a function of turbine load.
The three-element feedwater controller regulates the feedwater valve by conti-
nuously comparing the feedwater flow signal, the water level signal, the pro-
grammed level, and the pressure-compensated steam flow signal. The feedwater
pump speed is varied to maintain a programmed pressure differential between
the steam header and the feedwater pump discharge header. The speed controller
continuously compares the measured AP with a programmud AP which is a

ref

linear function of steam ffow. Manual override of the feedwater control
system is available at all times.

7.7.6 Steam Dump Control

The steam dump system, together with control rod movement, is designed to
accept a 50 percent loss of net load without tripping the reactor. The auto-
matic steam dump system is able to accommodate this abnormal load rejection
and to reduce the effects of the transient imposed on the reactor coolant
system. By bypassing main steam directly to the condenser, an artifical load
is maintained on the primary system. The rod control system can then reduce
the reactor temperature to a new equilibrium value without causing overtemper-
ature and/or overpressure conditions. The steam dump steam flow capacity is
40 percent of full-load steam flow at full-load steam pressure.

,

7.7.6.1 Load Rejection Steam Dump Controller

This mode of control prevents a large increase in reactor coolant temperature
following a large, sudden load decrease. The error signal is the difference
between the lead-lag-compensated auctioneered reactor coolant T and the

avg
reference T based on turbine impulse chamber pressure.

avg

7.7.6.2 Plant Trip Steam Dump Controller

The plant trip controller modulates the steam duma valves to regulate the rate
of removal of decay heat and thus gradually establish the equilibrium hot
standby condition after a reactor turbine trip.

I 7.7.6.3 Steam Header Pressure Controller

Residual heat re.movel during shutdown is accomplished by the steam pressure
controller, which controls the amount of steam flow to the condensers based on
measured steam pressure. This controller operates a portion of the same staam

| dump valves to the condensers which are used during the transient following
load rejection or plant trip.
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7.7.7 Plant Control System Interlocks

7.7.7.1 Rod Stops

Rod stops are provided to prevent abnormal plant conditions which could result
from excessive control rod withdrawal initiated by either a control system
malfunction or operator violation of administrative procedures.

7.7.7.2 Automatic Turbine Load Runback

Automatic turbine load runback is initiated by an approach to an overpower or
overtemperature condition. The runback prevents high power operation that
might lead to an undesirable condition which, if reached, would be protected
by reactor trip. Turbine load reference reduction is initiated by either an
overtemperature or overpower AT signal.

7.7.7.3 Turbine Loading Stop

An interlock (C-16) is provided to limit turbine loading during a rapid-return-
to power transient when a reduction in reactor coolant temperature is used to
increase reactor power through the negative moderator coefficient. This
interlock limits the reduction in coolant temperature so that it does not
reach cooldown accident limits and preserves satisfactory steam generator
operating conditions. Subsequent automatic turbine loading can begin after
the interlock setpoint has been cleared by an increase in coolant temperature,
which is accomplished by reducing the boren concentration in the coolant.

7.7.8 Incore Instrumentation

The incore instrumentation system consists of chromel-alumel thermocouples at
fixed core-outlet positions and movable miniature neutron detectors which can
be positioned at the center of selected fuel assemblies, anywhere along the
length of the fuel assembly vertical axis. The thermocouple readings are
monitored by the computer. A control and readout system provides means for
inserting the miniature neutron detectors into the reactor core and withdrawing
the detectors while neutron flux versus detector pv.:ition is being plotted.
The equipment for control, position indication, and flux recording for each
detector is located in the control room.

7.7.9 Boron Concentration Monitoring System

The boron concentration monitoring system utilizes a sampler assembly unit
which contains a neutron source and neutron detector located in a shield tank.
Piping within the shield tank is arranged to provide coolant sample flow
between the neutron source and the neutron detector. Neutrons originating at
the source are thermalized in the sample and surrounding moderator and pass
through the sample and impinge upon the detector. The boron corcentration is
calculated by monitoring the neutron count rate. The neutron cross-section of
the boron in the sample is a function of the sample temperature. Therefore,
the sample temperature is also monitored and the neutron count rate to boron
concentration modified to compensate for the variance of temperature. The
boron concentration monitoring system is designed for use as an advisory
system. It is not used for fundamental operating decisions but, rather,
provides information as to when additional check analyses are warranted.
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7.7.10 Plant Control Signals for Monitoring and Indicating

Plant control system signals are used to provide indications for monitoring
plant conditions to ensure that variables are maintained with;.1 operating
limits. The paragraphs below discuss those systems used to monitor the
operating status of the reactor.

The power-range nuclear instrume'ntation channels are used to monitor core
power level, axial flux imbalance, and radial flux imbalance. These channels
are capable of recording overpower excursions up to 200 percent of full power.
The following alarms are provided:

(1) deviation of indicated nuclear power from the four channels

(2) upper core power radial tilt from the upper sections of the detectors for
the f0ur channels

(3) lower core power radial tilt from the lower sections of the detectors for
the four channels

(4) axial flux difference imbalance (this alarm is derived from the plent-
concuter)

j Two separate systems are provided to sense and display centrol rod position.
.The digital position indication system measures the actual po;;ition of each

i rod. The control board display unit contains a column of light-emitting-diodes,

(LEDs) for each rod. At any given time, the one LED illuminated in each
; column shows the position for that particular rod. The demand position system

counts pulses generated in the rod drive control system to provide a digital
.

display of the demanded (not actual) bank position. Operating procedures
require the reactor operator to compare the demanded position to the position"

indicated by the digital rod position indication system to verify correct
operation of the rod control system.

An alarm is generated by the digital rod position indication system if a
preset limit is exceeded as a result of a cortparision of any rod in a control <

1 bank with the other rods in the bank. The deviation alarm for a shutdown rod
is actuated when a preset insertion limit is exceeded. The demanded and
measured rod position signals are also monitored by the plant computer, which

! provides a visual printout and an audible alarm whenever an individual rod
position signal deviates from the other rods in the bank by a preset limit.
The alarm can be set with appropriate allowance for instrument error, within

-sufficiently narrow limits to' preclude exceeding the corc design hot channel
factors. A rod-bottom signal from the digital rod position system is used to j

generate a " Rod-Bottom Rod Drop" alarm.

When the reactor is critical, the normal indication of the status of reactivity l
in the core is the position of the control rod bank in relatio'n to reactor |,

) power (as indicated by the RCS loop AT) and tne coolant average temperature. l
IThese parameters are used to calculate insertion limits for the control banks.*

Two alarms are provided for each control bank. The " low" alarm alerts the
operator to an approach to the rod insertion limits which will reouire boron ;

addition by following normal procedures with the chemical and volume control 1

system. The " low-low" alarm alerts the operator to take immedian action to
add boron to the RCS by any one of several alternate methods. !
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7.7.11 Resolution of Issues

7.7.11.1 Effects of Control System Failures

The staff. requested that the applicant identify any power sources, sensors, or
sensor impulse lines which provide power or signals to two or more control
systems and demonstrate that failures of these power sources, sensors, or
sensor impulse lines will not result in consequences outside the bounds of the
SNUPPS FSAR Chapter 15 analyses or beyond the capability of operators or
safety systems.

The applicant has submitted a response describing the results of a study to
determine the effect on the plant of the following: '

(1) loss of power to all control systems powered by a single power supply

(2) failure of each instrument sensor which provides a signal to two or more
control systems

(3) break of any sensor impulse line which is used for sensors providing
signals to two or more control systems

The applicant has provided a summary of the events resulting from each postulated
failure and identified the specific SNUPPS FSAR Chapter 15 analysis which
delineates the bounding consequences of the failure.

The staff has reviewed the bases for the applicant's study and concludes that,
with reasonable assurance, the consequences of single failures within the
control systems are bounded by analyses in Chapter 15 of the SNUPPS FSAR.
Unresolved Safety Issue A-47, " Safety Implications of Control Systems," will4

i address control system designs gnd the need for any control system design
modifications. The applicant will be required to address stafi guidance which

; may result from the resolution of the unresolved niety issue.
1

7.7.11.2 Design Features Limiting the Consequences of Single Failures in the
Rod Control System

The staff asked the applicant to provide information describing design features
used in the rod control system to (1) limit reactivity insertion rates resulting
from single failures within the system and (2) limit incorrect sequencing or
positioning of control rods.

The applicant submitted information discussing design features which limit rod
speeds and rod malpositionings. The applicant stated that (1) even in the
unlikely event of simultaneous multiple failure in the rod control system, the
rod speed is limited to 100 steps per minute by mechanical limitations on the
drive mechanism and (2) this speed has been verified by tests. The consequences
of positive reactivity insertion rates, which include the rod speed of 100 steps
per minute, are bounded by analyses contained in Chapter 15 of the SNUPPS
FSAR. The applicant has further stated that r.o single failure within the-rod
control system can cause either reactivity insertions or malpositioning of the
control rods resulting in core thermal conditions not bounded by analyses
contained in Chapter 15 of the SNUPPS FSAR. The staff finds the applicant's
response satisfactory.
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7.7.11.3 Environuental Qualification of Control Systems

Operating reactor licensees were i.: formed by IE Information Notice 79-22,
issued September 19, 1979, that certain nonsafety grade or control equipment,
it subjected to the adverse environment of a high-energy line break, could
impact the adequacy of the protection functions performed to mitigate the
consequences of the high-energy line break. The applicant was asked to review
the Callcway designs to determine whether the harsh environments associated
with high energy line breaks might cause control system malfunctions resulting
in consequences more severe than those analyzed in SNUPPS FSAR Chapter 15 or
beyond the capability of operators or safety systems. The applicant performed
the requested review and submitted the results to the staff. Staff review of
the applicant's initial response resulted in the staff asking the applicant
for additional information concerning the effects of a high-energy line break
on rod control system equipment outside the containment. In response, the
applicant stated tnat a typical bounding analysis of the steamline rupture
accident of concern has been performed assuming consequential failure of the
rod control system and the results of this analysi sere found acceptable. As
a confirmatory item, the applicant has committcJ to submit a plant-specific
analysis of the transient before January 1, 1982. The staff finds the applicant's
response acceptable.

7.7.12 Evaluation Findings

The control systems used for normal operation that are not relied upon to
perform safety functions, but which control plant processes having a significant
impact on plant safety, have been reviewed. These control systems include the
reactivity control systems and ti:e control systems for the primary and secondary
coolant systems. The staff concitdes that the control systems are acceptable
and meet the relevant requirements of GDC 13 and 19. The basis for this
conclusion is discussed in the following paragraphs.

Based on its review of the applicant's design bases, functional diagrams, and
discussion of the control systems in the SNUPPS FSAR, the staff concludes that
the control systems are capable of maintaining system variables within prescribed
operating limits. Therefore, the staff finds that the control systems sati3fy
this aspect of GDC 13.

The staff review of control systems included the features of these systems for
both manual and automatic control of the process systems. The staff finds
that the control systems permit actions which can be taken to operate the
plant safely during normal coeration, including anticipated operational occur-
rences; therefore, the control systems satisfy GDC 19 with regard to normal
plant operations. The conclusions of the analysis of anticipated operational
occurrences and accidents as presented in Chapter 15 of the SNUPPS FSAR have
been used to confirm that plant safety is not dependent on the response of the
control systems. The staff concludes that failure of the systems of themselves
or as a failure of supporting systems (such as power sources) uoes not result
in plant conditions more severe than those bounded by the analysis of antici-
pated operational occurrences.

!

Finally, the staff has concluded that the consequential effects of anticipated'

operational occurrences and accidents do not result in control system failures
j that would cause plant conditions more severe than those bounded by the analysis

i
'
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of these events. The staff finds that the control systems are not relied on
to ensure plant safety and are, therefore, acceptable.

F

$
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8 ELECTRIC POWER SYSTEMS

8.1 General Considerations

The bases for the staff evaluation of the applicant's designs, design criteria,
and design bases for the Callaway electric power systems are set forth in SRP,
Table 8-1, " Acceptance Criteria and Guidelines for Electric Power Systems."
These acceptance criteria and guidelines include the applicable GDC and the
guidelines of branch technical positions, regulatory guides, and NUREG reports.
The staff has determined that conformance to the applicable GDC and guidelines
cited above provides a sufficient basis for acceptance of the electric power
systems.

The following subsections provide the staff evaluation of the offsite and onsite
electric power system design and show how it meets the requirements of the cited
acceptance criteria. The staff will also review confirmatory electric drawings,
verify test results, and visit the site to view the installation and arrange-

; ment of electrical equipment and cables to verify that the design criteria are
being properly implemented. The confirmatory site visit will be completed before
issuance of the license; if any significant problems.are found, they will be,

'

addressed in a supplement to this report.

Theconclusionsinthefollowingsubsectionsaresubjecttoacceptableimple-
mentation of design changes that may be required as a result of the drawing,

review and site visit.

.

8.2 Offsite Power System
!

I The safety function of the offsite power system (assuming the onsite power
system is not functioning) is to provide sufficient capacity and capability tor

ensure that the structures, systems, and components important to safety, performr

as intended. Theobjectiveofthestaffreviewistodeterminethattheoffsite
power system satisfies the requirements of CDC 5, 17, and 18 and will perform -

its design function during all plant operating and accident conditions.'

8.2.1 Compliance with GDC 5

The applicant has met the requirements of GCC 5, " Sharing of Structures, Systems,
| and Components," with respect to sharing of circuits of the preferred power

system. The Callaway design permits sharing of offsite circuits between Units 1
,

and 2. The evaluation of the sharing will be included with the Unit 2 safety
evaluation report.

8.2.2 Compliance with GDC 17

The applicant has met the requirements of GDC 17, with respect to the of fsite
power systems' (1) capacity and capability to permit functioning of structures,
systems, and components important to safety, (2) provisions to minimize the
probability of losing electric power from any of the remaining supplies as a,

result of, or coincident with, the loss of power generated by the nuclear power
4

unit or loss of power from the onsite electric power supplies, (3) physical'

independence of circuits, and (4) availability of circuits. The Callaway plant,

!
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will be interconnected to the electrical grid system through three 345-kV over-
head transmission lines terminating at the Callaway 345-kV switchyard. The
345-kV lines enter the switch yard by way of two physically separate and inde-
pendent rights-of-way.

*

The 345-kV switchyard consists of circuit breakers, disconnect switches, trans-
formers, buses, and associated equipment arranged in a modified breaker-and-a-
half configuration for Unit 1. Power for circuit breaker control is designed
with duplicate and redundant systems, (that is, two independent battery system
that include a 125-v de battery, battery charger, and distribution systems;;

' two trip coils per breaker; and two independent protective relay schemes).

Offsite power to the facility is from two ind' pendent, immediate access circuitse

emanating from the 345-kV switchyard. One of the two circuits is routed from
the switchyard through a 345/13.8-kV safeguard transformer, disconnect switch,

; and cable routed in underground duct to one of the two independent 13.8/4.16-kv
ESF transformers. The other offsite circuit is routed from the switchyard
through a 345-kV overhead transmission line, a 345/13.8-kV startup transformer,
and a circuit breaker to the other ESF transformer.

The onsite Class IE ac distributin system consists, in part, of two redundant
and independent 4.16-kV Class IE buses, each capable of being fed from either
of the offsite circuits through the ESF transformers. Each 13.8-kV/4.16-kV
ESF transformer is normally connected to one of the two redundant Class 1E buses.

'

On loss of one of the ESF transformers or offsite circuits, power to the affected
bus can be reestablished manually through the other ESF transformer.

The results of the ap)licant's grid stability analysis indicated that loss of
the largest capacity ]eing supplied to the grid, loss of the largest load from
the grid, loss of the most critical transmission line, or loss of both units
themselves will not cause grid instability.

The following items addressed the problem areas revealed during the staff review
and their resolution.

8.2.2.1 Capacity and Capability of Offsite Circuits

The Callaway offsite power system circuits from and including the ESF trans-
formers and from and including the startup transformer through the ESF trans-
former to the onsite Class 1E ac power distribution system is part of (and is
evaluated with) the SNUPPS standardized design. In regard to these circuits,
a system description and an analysis sufficient to demonstrate compliance with
10 CFR Part 50 had not been provided in Section 8.2 of the SNUPPS FSAR. This
item was discussed with the applicant and was addressed on page 179 of the
December 10, 1980, transcript of the Independent Design Review (IDR) meeting.'

Similarly, a system description and analysis sufficient to demonstrate compli-
ance with 10 CFR Part 50 had not been provided in Section 8.2 of the Callaway

,

|
Site Addendum FSAR for the offsite power circuits from the switchyard to the
startup transformer and to the ESF transformers. The applicant stated at a
July 16, 1981 design review meeting that the FSAR Site Addendum for Callaway
and the SNUPPS FSAR will be revised to provide a description and the results

.of analyses of the circuits from the switchyard to the Class 1E power system.
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Subsequently, by letter dated August 24, 1981, the ap)licant provided a descrip-
tion of the analysis and its results used in sizing t1e circuits from the switch-
yard to the interface with the SNUPPS standardized power block. Based on the
August 24, 1981, letter and information provided in the Callaway Site Addendum,
the staff concludes that the offsite circuits to the interface with the SNUPPS
standardized design have been adequately described; meet the requirements of
GDC 5, 17, and 18; and, are, therefore, acceptable pending documentation of
the August 24, 1981, letter in the FSAR.

In regard to the offsite circuits within the SNUPPS standardized power block
from the interface to the Class 1E busses, additional information requested (a
description of how design complies with GDC 5, 17, and 18) was provided in a
letter dated September 22, 1981. The letter provided a proposed change to the
FSAR that describes the subject offsite power system circuits compliance to
the general design criteria. Based on the proposed change, the staff concludes
that the offsite system is adequately described, meets the requirements of
GDC 5, 17, and 18 and is, therefore, acceptable pending documentation of the
proposed change in the FSAR.

8.2.2.2 Surveillance

The switchyard battery system is monitored in the control room by alarms. These
alarms include a battery charger alarm and battery voltage alarm. Additional
monitoring of the offsite system that may be available to ensure that the system
is ready to perform its intended function in accordance with Section 5.2.3(S)
of IEEE Standard 308-1974 had not been described in the FSAR.

This itee was discussed with the applicant at a July 16, 1981 design review
meeting, and, as a result, the applicant stated that the Callaway Site Addendum
F5AR (Section 8.2) will be revised to describe the additional monitoring of
those offsite circuits from the switchyard to the onsite distribution system
as well as the switchyard itself.

Additicnal information on the surveillance of the offsite power system was pro-
vided by letter dated August 24, 1981, and in Revision 6 of the SNUPPS FSAR.
Based on this additional information, the staff concludes that the design meets
the requirements of Section 5.2.3(5) of IEEE Standard 308-1974, and is, there-
fore, acceptable, pending documentation of the August 24, 1981, letter in the
Callaway Site Addendum.

8.2.2.3 Sequencing of Loads on the Offsite Power System

It is the staff's position that the offsite power system should have suf ficient
capacity to supply all required loads without sequencing of loads. This posi-
tion was discussed with the applicant at the July 16, 1981, design review meet-
ing and, as a result, in a telephone conversation on July 17, 1981, the appli-
cant provided the following justification cf the Callaway/SNUPPS design that
permits sequencing of loads on the offsite power systems:

The SNUPPS design utilizes a load sequencer for connecting each load
group of safety-related loads onto their associated bus regardless
of the source of power to that bus. This sequencing feature mini-
mizes the system disturbance and provides the most stable means of
starting the safety loads. The ESF transformers have each been
sized to carry both safety-related load groups simultaneously. This
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sizing criterion does not provide a capacity sufficient to start
all safety related loads simultaneously.

This design feature is well within the bounds of the NSSS accident
analysis. When safety-related loade onto the bus are sequenced,
whether onto the diesel or onto the offsite network, the starting
times of all loads are less than those required by the analysis.
If offsite power is available, the sequencing of loads commences
immediately with the SIS cccident signal. No time delay associated
with diesel generator start would be encountered in this case.'

Basedontheabovejustification,thestaffconcludesthattheproposeddesign
meets the capacity requirements of GDC 17 and is acceptable. However, sequenc-

p ing of loads on the offsite power system represents an additional source of
unreliability. And, because the same sequencer is used for both onsite and
offsite power sources, independence between sources may be compromised. There-

.

fore, it is the staff position that the applicant must perform an analysis,
with the results documented in the FSAR, to demonstrate (1) that there are no
credible sneak circuits or common failure modes in the sequencer design that
could render both the onsite and offsite power sources unavailable and,
(2) that the reliability of the offsite power source has not been compromised.
Subsequently, the applicant, by letter dated September 22, 1981, documented
the information that failure modes and effects analysis and a reliability study
have been performed, and that these analyses demonstrate that no failure within-

a single load shedder and emergency load sequencer can result in the failure
of both sources of offsite power. In addition, the applicant informally stated
that adequate reliability was also demonstrated by the study. This addresses
the staff's concern and is acceptable. Theadequacyoftheanalysisandreli-
ability study will be verified as part of the staff s confirmatory site visit.

8.2.2.4 Availability of Offsite Power Circuits

Assuming a fault on one of the offsite power transmission lines and the follow-
ing single failures, the staff asked the applicant to describe the effects,
for each single failure, on the availability of offsite power to the Class 1E.

busses.

(1) single failure that causes loss of all switchyard primary protective
relaying (such as one of the two switchyard batteries)

(2) single failure of primary protective relaying to any one breaker

(3) single failure of any one breaker to operate

The applicant responded at the July 16, 1981, design review meeting as follows:
,

For cases (1) and (2), the primary and backup protection would both trip at
the same time; thus, power to the Class 1E buses would not be lost. For
case (3), if safeguard transformer B were out of service at the time of the

j breaker failure, all offsite power would be lost to the Class 1E buses. The
applicant stated that power could be recovered in about 20 minutes for a case
(?.) occurrence. Based on our review of this item, we conclude that the design
meets the availability requirements of GDC 17 and is acceptable.

i
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8.2.3 Compliance with GDC 18

The applicant has met the requirements of GDC 18 with respect to the capability
to test systems and associated components during normal plant operation and
the ctpability to test the transfer of power from the nuclear power unit, the
offsite preferrea power system, and the onsite power system.

8.2.4 Evaluation Findings

The review of the offsite power system for the Callaway ple.nt covered single-
line diagrams, station layout drawings, schematic diagrams, and descriptive
information. The basis for acceptance of the offsite power system in the staff
review was conformance of the design criteria and bases to GDC. The staff con-
cludes that the plant design meets the requirements of GDC 5, 17, and 18, and
conforms to applicable guidelines of Regulatory Guides and BTPs and is accept-
able as described in preceding sections.

8.3 Onsite Emergency Power Systems

The safety function of the onsite power system (assuming the offsite power
system is not functioning) is to provide sufficient capacity and capability to4

ensure that the structures, systems, and components important to safety perform
as intended. The objective of the review is to determine that the onsite power
system satisfies the requirements of GDC 2, 4, 5, 17, 18, and 50 and will per-
form its intended function during all plant operating and accident conditions.

The onsite power system consists of an ac power system and a dc power system.

8.3.1 Onsite AC Power System's Compliance with GDC 17

The applicant has met the requirements of GDC 17 with respect to the onsite ac
system s (1) capacity and capability to permit functioning of structures,
systems, and components important to safety, (2) the independence, redundancy,
and testability to perform their safety function assuming a single failure,
and (3) provisions to minimize the probability of losing electric power from
any of the remaining supplies as a result of, or coincident with, the loss of
power generated by the nuclear power unit or the loss of power from the trans-
.11ssion network.

The onsite ac power system for each SNUPPS unit is comprised of two redundant
and independent distribution system divisions, each powered by one of two
redundant standby diesel generators or by one of two offsite circuits. Each
distribution system division includes 4.16-kv switchgear, 480 v unit load
centers, 480-v motor control centers, and di:tribution syttem cables to accom-
modate the voltage requirements of the safety loads. The safety loads for each
unit are distributed among these two electrical divisions in such a manner that
the operation of any one of the two is all that is required to r.eet minimum
safety requirements.

\

Each of the diesel generators has a continuous rating, 7-day rating, 2000-hr
rating, and 30-min. rating of 6201, 6821, 6635, and 7441 kW, respectively.
Each diesel generator will be automatically started by a loss of or degraded
voltage sigal from its respective 4160 v Class 1E bus or a safety injection
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signal. Upon loss of offsite power, the 4160-v Class 1E buses will be auto-
matically isolated from all offsite power sources and selected loads will be
tripped. Further, all diesel generator sets will be connected automatically
to their respective Class 1E bus and the safety loads will be automatically
connected in a predetermined sequence to their respective diesel generator.

The following items address the problem areas revealed during the staff review
and their resolution or status.

8.3.1.1 Compliance with the Guidelines of Regulatory Guide 1.9, Revision 1

a. Load Rejection Tests

In accordance with position 5 of Regulatory Guide 1.9, Revision 1 and Sections
5.6.1.3 and 6.3.1(3) of IEEE 387-1977, the diesel generators continuous rating
load rejection test should demonstrate that the speed of the diesel does not
exceed 75 percent of the difference between nominal speed and the overspeed
trip setpoint, or 15 percent above nominal, whichever is lower. Sections
8.3.1.1.3 and 8.1.4.3 of the SNUPPS FSAR, however, could have been interpreted
to mean that a speed that does not cause damage to moving parts is acceptable.
This interpretation does not meet the guidelines of Regulatory Guide 1.9.

It is the staff position that an explicit statement of compliance must be
documented in the FSAR or that deviations from Regulatory Guide 1.9 and IEEE
Standard 387-1977 must be documented, with justification in Section 3A of the
FSAR. This item was discussed with the applicant as indicated on page 68 and
69 of the transcript of the December 10, 1980, Independent Design Review meeting
and at the July 16, 1981 Design Review meeting. As a result, the applicant
has stated that the Callaway design complies with the Regulatory Guide, on the
basis of information in SNUPPS FSAR Section 8.1.4.3 item b, under Regulatory
Guide 1.9. Based on this statement and the FSAR, the staff concludes that this
aspect of diesel generator testing is in compliance with Regulatory Guide 1.9
and is acceptable.

b. Automatic Transfer of Diesel from Test to Automatic-Control Mode

In accordance with Section 5.6.2.2 of IEEE Standard 387-1977, it is required
that the start-diesel signal return control of the diesel generator unit to
the automatic-control system except in modes such as the repair and maintenance
manual-operating mode. It appeared, based on Section 8.1.4.3 of the SNUPPS
FSAR and pages 80 through 82 of the transcript of the December 10, 1980,

i

Independent Design Review meeting, that the Callaway diesel generator control|

did not meet this requirement of IEEE Standard 387. It is the staff position

that an explicit statement of compliance must be documented in the FSAR or the
deviation from Section 5.6.2.2 of IEEE Standard 387-1977 must be documented
withjustificationinSection3AoftheFSAR. Subsequently, at a July 16, 1981,
Design Review meeting, the applicant stated that the Callaway design complies
with IEEE 387 because the diesel will return to automatic control if a start
signal is received (as a result of an accident, for example) while the diesel
is in test.

i
|
!
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Based on this statement of compliance and ir. formation in the SNUPPS FSAR, the
staf f concludes that this aspect of the design is in compliance with the guide-
lines of Regulatory Guide 1.9 and is acceptable. This aspect of the design
will be verified during the confirmatory site visit.

c. Light-Load Testing

In accordance with Sections 5.1.2(3) and 6.3.1(4) of IEEE Standard 387-1977,
it is required that the deisel generator units have the capability of accepting
design load following operation at light load or no load for an acceptable time.

Sections 8.1.4.3 and 8.3.1.1.3 of the SNUPPS FSAR did not address light-load
or no-load operation of the diesel generator. As indicated on page 96 of the
December 10, 1980, Independent Design Review meeting transcr pt, no-load tests
have been performed and are to be addressed in response to NUREG/CR-0660.
NUREG/CR-0660 addresses no-load and light-load operation for diesel generators
during periodic testing and emergency operations. The NUREG/CR does not address
the capability of diesel generators to carry no loads. Subsequently, the
applicant documented in Revision 6 to the SNUPPS FSAR that a no-load test has
been conducted for 4 hours. This test meets the guidelines of IEEE Standard 387
and is, therefore, acceptable.

d. Diesel Generator Reliability Qualification Testing

In accordance with Sections 6.3.2(1) and 6.3.2(2) of IEEE Standard 387-1977 it
is required, as part of the 300 valid start and-load tests, that the diesel
generator be capable of accelerating to specified frequency and voltage within
the required time after a start signal and that immediately following it be
capable of accepting a step load equal to or greater than 50 percent of the
continuous rating, with voltage and frequency stabilized to within specified
limits within the required time. Section 8.3.1.1.3 of the SNUPPS FSAR defines
a valid start-and-load test to be a start with 50 percent loading within the
required time. This FSAR definition was not consistent with IEEE Standard
387-1977. It is the staff position that an explicit statement of com
must be documented in the FSAR or the deviation from Section 6.3.2(2)plianceof IEEE
Standard 387-1977 must be documented with justification in Section 3A of the
FSAR.

This item was dicussed with the applicant at a July 16, 1981, Design Review
meeting. The FSAR was subsequently revised. This item is, thus, considered
acceptably resolved.

The staff will also require that the 300 start-and-load-test results, as well
as the test results for the other tests recommended by IEEE 387, be provided
for staff audit verification. The staff will verify the test results.
e. Margin Tests

In accordance with Section 6.3.3 of IEEE Standard 387-1977, the margin test
load should be at least 10 percent greater than the most severe single step
load.

.
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This item was identified to the applicant at a July 16, 1981 Design Review meeting.
The SNUPPS FSAR has been revised to state that the margin is at least 10 percent
greater than the most severe single step load. Thus, this item is considered
resolved.

f. Load Capability Qualification Test

In accordance with Section 6.3.1(1) of IEEE Standard 387-1977, the time required
to reach engine temperature equilibrium plus 22 hours should be used to demon-
strate the capability of the diesel generator to carry rated loads. Sec-
tion 8.3.1.1.3 of the SNUPPS FSAR indicated only 22 hours for the rated-load
tests. It is the staff position that the rated-load test must include the time
for the diesel generator to reach temperature equilibrium plus 22 hours.

This item was discussed with the applicant at the July 16, 1981, Design Review
meeting. The FSAR has been revised to state that the 22-hour test was conducted

.

after equilibrium was established. This item is considered resolved.
t

g. Diesel Generator Protective Trips

A number of tripping devices have been provided for each diesel generator, as
indicated in Section 8.3.1.1.3 of the SNUPPS FSAR. The majority of tripping
devices are either bypassed during accident conditions or actuated by two-out-
of-three logic. These devices meet position 8 of Regulatory Guide 1.9, Revi-
sion 1; are acceptable; and periodic testing requirenents for the two-out-of-
three logic will be included in the technical specifications. Three protective
devices, however, are acutated by one-out-of-one logic, are not bypassed during
accident conditions, and are not in compliance with position 8 of Regulatory;

' Guide 1.9, Revision 1. In justification of this noncompliance, the applicant
documented in the SNUPPS FSAR that should if one diesel generator is tripped
by a protective device, the redundant load grrap will function as a backup.
Thestafffindsthisjustifica~ionunacceptable. The staff is concerned that
these protective devices could interfere with the successful functioning of
the diesel generators when they are most needed, that is, during an accident
condition. The criterion should be to provide standby power when it is needed
to mitigate the effects of an accident condition rather than to protect the

!

diesel generators from possible damage. Thus, it is the staff position that!

these protective devices be bypassed during accider.t conditions. This item
was addressed on pages 69, 70, 71, and 72 of the transcript of the December 10,
1980, Independent Design Review meeting.

This item was also discussed with the applicant at the July 16, 1981, Design
Review meeting. As a result, the applicant indicated that additional justifica-
tion would be provided in the FSAR. Subsequently, the applicant, in Revision 6
to the FSAR, provided additional justification for two of the three protective
devices (generator ground overcurrent and generator voltage restrained over-
current). However, on the basis of the additional justification, the staff is
unable to conclude that the reliability of the single protective trips is such
that they will not interfere with the successful functioning of the diesel
generators when the generators are most needed, (that is, during an accident
condition). Therefore, the staff requires either bypass of the protective
trip or two out-of-three logic in accordance with the guidelines of position 8
of Regulatory Guide 1.9, Rev. 1, and tha staff will condition the license to

|
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require this. With the imposition of this requirement, this item is considered
resolved for two-of-the-three protective devices. In regard to the third device
(start failure trip), the applicant provided additional justification in a letter
dated September 11, 1981. The start failure trip is provided to interrupt the
starting of the diesel generator if a predetermined speed is not attained within
a predetermined time period from receipt of a start signal. Theobjectiveof
the trip is to conserve air in the diesel generator air starting system so that
once the diesel malfunction is corrected the diesel can be started with the
remaining air available. The staff agrees with the applicant's justification,
that if tne diesel does not start within the predetermined time period, it is
indicative of some fundamental malfunction of the diesel generator so no matter
how many start attempts are made, the diesel will most likely not start; thus,
it is preferrable and acceptable to conserve air versus bypassing the trip on
an accident signal and running the diesel start system until the air is depleted.
This item is, thus, considered resolved.

Protective trip circuits that are bypassed and two out-of-three logic circuits
that have been implemented in accordance with the staff position will be verified
during the staff confirmatory site visit.

h. Test Capability

In accortace with Position 7 of Regulatory Guide 1.9, Revision 1, design provi-
sions should exist so that testing of the diesel generators will simulate the
parameters of operation outlined in Regulatory Guide 1.108. Section 8.1.4.3
of the FSAR indicates that inservice tests will comply with the requirements
of Regulatory Guide 1.108 but does not specifically indicate that the Callaway
design is such that all paramd.ers of operation outlined in Regulatory
Guide 1.108 can be simulated.

At the July 16, 1981, Design Review meeting, the applicant stated that all
parameters of operation outlined in Regulatory Guide 1.108 can and will be
simulated during inservice tests. The staff finds this statement acceptable.
The, staff will verify this aspect of the design during its confirmatory site
visit.

8.3.1.2 Low anu/or Degraded Grid Voltage Condition

The Millstone, Unit 2 (Docket No. 50-336) low grid-voltage occurrence brought
ir.to focus the potential common-mode fai1ure of redundant safety related elec-
trical equipment that could result from degraded grid-voltage condition.
This occurrence prompted the staff to develop various positions to ensure that
the requirements of GDC 17 will be satisfied with regard to making provisions
to minimize the probability of losing electric power from any of the remaining
supplies as a result of, or coincident with, the loss of power generated by
the nuclear power unit, the lost of power from the transmission network, or
the loss of power from the onsite electrical power supplies. These provisions
for maintaining the independence between the offsite and onsite emergency power
systems are emphasized in IEEE Standard 308-1974, which states that preferred
offsite and the standby onsite emergency power supplies shall not have a common
mode failure between them.
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The following staff positions are being used in the evaluation of electrical

'

ower designs for operating plants and construction permit and operating license
. applications.

The design of the undervoltage trip system was discussed on pages 17 through
22, and 74, 75, and 76 of the transcripi cf the December 10, 1980, Independent
Design Review meeting.

(1) In addition to the undervoltage scheme provided to detect loss of onsite
power at the Class 1E buses, a second level of undervoltage protection
with time dealy should al:,o be provided to protect the Class 1E equipment;
this second level of undervoltage protection shall satisfy the following
criteria:'

(a) The selection of undervoltage and time delay setpoints shall be deter-
mined from an analysis of the voltage requirements of the Class 1E
loads at all onsite system distribution levels.

(b) Two separate time delays shall be selected for the second level of
undervoltage protection based on the folloing conditions:

1) The first time delay should be of a duration that establishes
the existence af a sustained degraded voltage condition (that
is, longer than a motor-starting transient). Following this -

delay, an alarm in the control room should alert the operator
to the degraded condition. The subsequent occurrence of a safety
injection actuation signal (SIAS) should immediately separate
the Class IE distribution system from the offsite power system.

2) The second time delay should be of c limited duration so that
the permanently connected Class IE loads will not be damaged.
Following this delay, if the operator has failed to restore
adequate voltages, the Class 1E distribution system should be
automatically separated from the offsite power system. Bases
and justifica' )n must be provided in support of the actual-
delay chosen.

(c) The voltage sensors sP til be designed to satisfy the following
- applicable requirement- derived from IEEE Standard 279-1971,": Criteria
l for Protection Systems for Nuclear Power Generating Stations

! 1) Class 1E equipment shall be used and shall be physically located
at and electrically connected to the Class IE switchgear.

2) An independent scheme shall be provided for each division of
the Class 1E power system.

3) ine undervoltage, protection shall include coincidence logic
( on a per-bus basis 7.c preclude spurious trips of the off-

site power source.
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The voltage sensors shall automatically initiate the dis-
connection of offsite power sources whenever the voltage
set point and time delay limits (cited in item 1.b.2 above)
have been exceeded.

5) Capability for test and calibration during power operation
shall be provided.

6) Annunciation must be provided in the control room for any
bypasses incorporated in the design.

(d) The Technical Specifications shall include limiting conditicns for
operation, surveillance requirements, trip setpoints with minimum
and maximum limits and allowable values for the second-level voltage
protection sensors,and associated time delay devices.

(2) The staff requires that the system design automatically prevent load
shedding of the emergency buses once the onsite sources are supplying power
to loads on the emergency buses. The design shall also include the cap-
ability of the load-shedding feature to be automatically reinstated if
the onsite source supply breakers are tripped. The automatic b
reinstate feature shall be verified during the period testing. ypass and

In the event an adequate basis can be provided for retaining the load-
shed feature during the above transient conditions, the setpoint value in
the Technical Specifications for the first and second level of under-
voltage protection (loss of offsite power) must specify a value having
maximum and minimum limits. The basis for the setpoints and limits
selected must be documented. ~

(3) The voltage levels at the safety-related buses should be optimized for
the maximum and minimum load conditions that are expected throughout the
anticipated range of voltage variations of the offsite lower sources by
appropriate adjustment of the voltage tap settings of tie intervening
trarsformers. The tap settings selected should be based on an analysis
of the voltage at the terminals of th] Class IE loads. The analyses per-
formed to determine minimum operating voltages should typically consider
maximum unit steady-state and transient loads for events such as a unit
trip, LOCA, startup, or shutdown, with the offsite power supply (grid) at
minimum anticipated voltage and only the offsite source being considered
available. Maximum voltages should be analyzed with the offsite power
supply (grid) at maximum expected voltage concurrent with minimum unit
loads (for example, cold shutdown, refueling). A separate set of the
above analyses should be performed for each available connection to the
offsite power supply.

(4) The analytical techniques and assumptions used in the voltage analyses
cited in item 3 above must be verified by actual measurcment. The veri-
fication and test should be periormed before initial full power reactor
operation on all sources of offsite power by:
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!

(a) Loading ~the station distribution buses, including all Class 1E buses
! down to the 120/208-v level, to.at least 30 percent.
'

(b) recording the existing grid and Class 1E bus voltages and bus loading
down to the 120/208-v level at steady-state conditions and during
the starting of both a large Class 1E and non-Class 1E motor (not
concurrently).*

J

(c) Using tno analytical techniques and assumptions of the previous volt-
age analyses cited in item 3 above, as well as the measured existing
grid-voltage and bus-loading conditions recorded during conduct of
the test, to calculate a new set of voltages for all the Class 1E

.

buses-down'to the 120/208-v level.

(d) Comparing the analytically derived voltage values against tb. test
results.

With good correlation between the analytical results and the test results, the
i test verification requirement will be met. That is, the validity of the rath-

ematical model used in performance of the analyses of item (3) will have beeni

established; therefore, the validity of the results of the analyses is also'

established. In general, the test results should not be more than 3 percent
lower than the analytical results; however, the difference between the two,
when subtracted from the voltage levels determined in the original analyses,
should never be less than the Class 1E equipment rated voltages.

The applicant stated his intent to meet these staff positions in a meeting held

Design Review meeting.pplicant reaffirmed this intentonthissubject. The aDecember 9 and 10, 1980<

during the July 16, 1981
>

The second level of undervoltage protection, as described in Section 8.3.1.1.2
of the SNUPPS FSAR, consists of two-out-of-four logic in series with a one-out-
of-one logic. Based on a review of the FSAR as it relates to the positions 1
and 2 aescribed above, the staff review indicated:

i (1) Voltage Setpoints

f The logic voltage setpoints are set above the minimum motor-starting voltage
|

during normal operation. Minimum motor-starting voltage is 70 percent; thus,
the setpoint need be only above 70 percent voltage. This did not meet positioni

|
1.a described above.

I (2) Time Delay Setpoints

The trip setpoint includes a time delay set to prevent unwanted trip)ing. The

duration and objective of the time delay had not been addressed in tie FSAR in>

accordance with positions 1.a and 1.b.1.
!

"Io minimize the number of instrumented locations (recorders)-during the motor-
starting transient tests, the bus voltages and loading need only be recorded.

on that string of buses which previously showed the lowest analyzed voltages
from item (3) above.

|

|
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(3) Alarms

Alarm indication in the control room of the degraded condition had not been
provided in accordance with position 1.b.1.

(4) Bypass of Time Delay

Positions 1.b.1 and 1.b.2 require two time delays with the second delay
bypassed on safety injection signal. This bypass had not been addressed in
the FSAR.

(5) Automatic Bypass of Undervoltage Protection

Position 2 requires automatic bypass of undervoltage protection when the diesel
generator is supplying or sequencing loads on the Class IF buses. The FSAR
implied that this automatic bypass has not been provided in the design.

(6) Technical Specification Limits

Trip setpoints with minimum and maximum limits and allowable values for the
second-level voltage protection sensors and associated time delay devices had
not been documented in the FSAR for the purpose of establishing TechnicalSpecification limits.

(7) Test and Calibration

The single one out-of-one logic did not have the capability for test and cali-
bration during power operation in accordance with position 1.c.5 above.

Subsequently, by letter dated September 22, 1981, the applicant documented a
proposed change to the FSAR describing a new design for meeting the staff
degraded grid-voltage positions. Based on the proposed change to the FSAR,
the staff concludes that the new design as described meets the staff Josition
and is, therefore, acceptable pending documentation of the proposed clange in
the FSAP and verification of design implementation during the staff confirma-
tory site visit.

In regard to positions 3 and 4, the applicant has documented that the voltage
levels are optimized by analysis and that the analysis is verified by testing.
This meets the staff positions and is acceptable pending verification of the
analyses by testing. The staff will verify the test re:ults that substantiate
the analysis.

8.3.1.3 Nonsafety Loads Powered From the Class 1E AC Distribution System

Present regulatory practices for operating license applications allow the con-
nection of nonsafety loads in addition to the required safety loads to the Class
1E distribution system if it can be shown that the connection of the nonsafety
loads will not degrade the Class 1E power system below ai ceptable level.

The Callaway design permits a number of non-Class 1E loads to be connected to
Class 1E power sources, as indicated in Section 8.1.4.3 of the FSAR. The
majority of these circuits are isolated by a circuit breaker that opens on an
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SIS signal. The circuits beyond the isolation device (circuit breaker) are
treated as non-Class 1E circuits and, as such, are routed in non-Class IE
cable raceways. It is the staff's concern that these non-Class 1E circuits
may unnecessarily ci,311enge and degrade redundant standby power supplies below.

an acceptable level on the loss of offsite power when there is no SIS signal.
Thus, the staff's position is that the non-1E circuits also be automatically.

disconnected (so that they will not be automatically sequenced on the loss ofi

offsite power) or the circuits must be analyzed to demonstrate that the standby
power supplies will not degrade Class 1E systems below an acceptable level.

This item was discussed with tha applicant at the July 16, 1981 Design Review
meeting. As a result, the applicant provided the following justification of
the Callaway design as documented in the meeting summary dated August 13, 1981:

The emergency busses are capable of supplying power to selected
'

non-class IE loads during nonaccident conditions, with and with-
out offsite power. These loads are supplied through qualified
isolation devices that are opened upon an SIS signal. Upon
loss of offsite power, most of these nonsafety-related loads
are dropped from the safety-ralated busses by the load shedder
or as a consequence of the power loss, and must be manually
reloaded if required. The isolation devices used are fully
qualified, environmentally and seismically, and will function
to separate any connected nonsafety-related load from the safety
busses upon a fault on the nonsafety portion of the circuit
when no accident is present. The diesel generators h've suffi-
cient capacity to supply all connected safety- and nonsafety-
related loads continuously. Thus no credit need be taken for
load shedding of non-Class 1E loads for the purpose of generator
loading. Since the Class 1E load groups are fully redundant
and independent, no sinale failure will prevent the Class 1E
system from performing its safety function.

,

Based on this justification, the staff concludes that the proposed design
meets the guidelines of position 1 of Regulatory Guide 1.75 and is acceptable.

Theabovediscussionaddressesthemajorityofcases. The following discussion
addresses the remaining non-Class 1E circuits connected to Class 1E sources.

| The remaining circuits include ac instrumentation loads. These loads, as indi-
type transformers. The

cated in the SNUPPS FSAR, are isolated by regulatingll not cause an unaccep-FSAR states that a short circuit on the secondary wi
table influence on the Class 1E system. At the July 16, 1981, Design Review
meeting, the applicant was asked to provide the results of tests that demon-
strate that the Class 1E system will not be degraded below an acceptable level.

In response, by letter dated August 20, 1981, the applicant provided test report
"10466-E-077-0011-02, Solidstate Controls, Inc., Electrical Test Report," dated
February 22, 1978.

|The tests performed on the transformer to demonstrate its isolation capability
consisted of a short circuit test, a 277-v reverse-voltage test, and a 480-v
reverse-voltage test. The time duration of each test appeared to be less than
1 second, with the test results showing no or little effect on the input power
supply.

.
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! For a transient fault', the tests demonstrated the isolation capability of the
regulating type transformer and are acceptable. However, for long-duration
faults, the test report is unacceptable. Thus, the staff is still concerned-
that this regulating-type transformer will-not provide the-needed isolation to
preclude Class 1E systems from being degraded below an acceptable level. Sub-
sequently, the applicant, in regard to long-duration faults, committed by a-
letter dated September 22, 1981 to perform additional analysis substantiated
by test. If the analysis is found unacceptable as determined by-the staff,
the applicant has further committed to make the necessary desi
astripthesubjectnon-Class 1Eloadsonanaccidentsignal)gnchanges(suchso that his-
design will be in compliance with the guidelines of Regulatory Guide 1.75.
With the implementation of these commitments, the staff considers this item
resolved.

! 8.3.1.4 Diesel Generator Reliability
,

This' item is addressed in Section 9.5.4.1 of this report.1

8.3.1.5 Physical Inder- oce

Physical independence of the onsite ac power system is the same for the onsite,

dc system; it is addressed in Section 8.3.3 of this report.

8.3.1.6 Electrical Independence Between Local and Control Room Panels4

1

The SNUPPS FSAR indicates that equipment is provided; locally at each diesel
generator for manual starting of the diesel in case of a control room evacua -
tion. The staff's position is that the diesel generator's local instruments
and controls be electrically isolatable from the instruments and controls

: located in the control room so that any failure of the circuitry in the con-
trol room or between the local station and the control room will not affect

; the capability of starting and loading the diesel generator from the local
: station.
I

This position was. discussed with the applicant at the July 16, 1981 Design
Review meeting. The applicant stated that the diesel generator local instru-
ments and controls are isolable from those in the control room, and no fault
(short or open) in the control room could degrade the. isolation.,

The isolation of circuits will be verified during the staff confirmatory site
visit.

8.3.1.7 Application of the Single Failure Criterion to Manually Controlled
Electrically Operated Valves

At the July 16, 1981, Design Review meeting, the staff asked the applicant to
describe his method for locking out the power-oparated valves required to meet
the ECCS single-failure criterion.

In response, the applicant provided a control cir;uit diagram showing the
~

method used for locking out rower. The method used consisted primarily of*

redundant switch contacts being wired before and after each opening or closing
coil.
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Based on the information provided by the applicant, the staff concluded that
the above provisions were in accordance with Branch Technical Position ICSB 18
(PSB), " Application of the Single-Failure Criterion to Manually Controlled,
Electrically Operated Valves," (SRP Appendix 8-A), with the exception of valve
position indication and documentation of method useu for locking out power.

The staff's position is that redundant valve position indication must be pro-
vided and that the method for electrically locking out power must be clearly
documented in the FSAR. Subsequently, the applicant indicated that the method
of locking out power with the required redundant instrumentation is shown as
an example, on E?ectrical Drawings E03EJ09A and B. Based on a review of these
drawings, the staff concludes that the design meets the staff position and is,>

therefore, acceptable.
.

8.3.2 Onsite DC System Compliance with GDC 17

The applicant has met the requirements of GDC 17 regarding (1) the capacity
and capability to permit functioning of structures, systems, and components
important to safety; (2) the independence, redundancy, and testability to per-
form their safety function assuming a single failure; and (3) provisions to
minimize the probability of losing electric power from any of the remaining,

supplies as a result of, or coincident with, the loss of power generated by
the nuclear power unit or the loss of power from the transmission network.

The dc power system for each unit is comprised of four independent distribu-
tion systems, each powered by a 125-v battery and a battery charger. Each dis-
tribution system division includes a 125-v dc distribution bus and system cables
to accommodate the dc control power requirements of the safety loads. The four
distribution systems are arranged so that they supply the four redundant vital
instrumentation and control inverter loads and the two redundant ESF and dis-
tribution system control power loads.

The following items address the problem areas revealed during the staff review
and their resolution.

8.3.2.1 DC Monitoring and Annunciation

The specific requirements for dc power system monitoring derive from the generic
requirements embodied in IEEE Standard 308-1974 Sections 5.3.2(4),5.3.3(5),
and 5.?.4(5) and in Regulatory Guide 1.47. In summary, these general require-
ments simply state that the dc system (batteries, distribution systems, and
chargers) shall be monitored to the extent that it is shown to be ready to per-

,

i

; form its intended function. Accordingly, the guidelines used in the licensing
review of the direct current power system designs are as follows:I

These indications and alarms of the Class IE dc power system status shall be
provided in the control rooin:

(1) battery current (ammeter-charge / discharge)
(2) battery charger output cuirent (ammeter)
(3) dc bus voltage (voltmeter)
(4) battery high discharge rate alarm
(5) dc bus undervoltage and overvoltage alarms
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(6)~ dc bus ground alarm (for ungrounded system)
-(7) battery breaker (s) or Fuse (s) open alarm
(8) battery charger output breaker (s) or fuse (s) open alarm
(9) battery charger trouble alarm (one alarm for a number of abnormal

conditions which are usually indicated locally)

The staff concludes that the monitoring cited above, augmented by the periodic
test and surveillance requirements included in the Technical Specifications,
provides reasonable assurance that the Class 1E dc power system is ready to
perform its intended safety function. '

At the Caliaway plant, the following local and control room instrumentation
(as discussed in the SNUPPS FSAR arid at the July 16, 1981 Design Review meeting)
is provided for the 125-v dc systems to monitor status of the batteries, dis-
tribution systems, and the battery chargers'to ensure the continual operability
of the Class 1E dc power system.

,

DC Instrumenta- Control
Instrumentation tion panel Room

Batt( y Instrumentation

Battet; current (ammeter-charge) X X

Batter) current (ammeter-discharge) X X

Bdite j high-discharge rate alarm
Battery fuse-open alarn X X

Distribution System Instrumentation

dcbusvoltage(voltmeter) X X

dc bus undervoltage voltage (alarm) X X

dc bus overvoltage voltage (alarm) X X

dc bus ground alarm X X

Battery Charger Instrumentation

Battery charger output current (ammeter) X X

Battery charger output breaker open alarm X X

Battery charger trouble alarm X X

! The staff reviewed the monitoring provided at Callaway and concluded that the
battery high-discharge rate alarm called for by the guidelines cited above has-

: not been provided in the control room. The applicant was informed at the July
| 16, 1981 design review meeting that this alarm must be provided in the control
t- room. Subsequently, the applicant, by letter dated September 11, 1981, pro-

vided additional justification for his existing battery system monitoring
design that does not have a high rate discharge alarm. Monitoring of battery,

discharge is indicated by an ampere meter located in the control room or a low-
'

voltage alarm. The control room operator is alerted to a discharging battery
r
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Ionlywhenheperiodicallychecksthedischargemeterorwhenthebatteryhas
sufficiently discharged to trip the low voltage alarm. It is the staff s |

judgement that making the control room operator immediately aware of a dis-
charging battery with a battery discharge alarm is preferable to a system
where the operator is not alerted until the battery is partially discharged.
It is, thus, the staff requirement that a battery discharge alarm be provided
and the staf f will condition the license to require this. With the imposition
of this requirement, the staff considers this item resolved.

8.3.2.2 Battery Capacity

Section 8.3.2.1.2 of the SNUPPS FSAR indicated that the initial battery capacity
is 25 percent greater than required and that this margin is consistent with
the battery replacement criterion of 80 percent rated capacity given in IEEE
Standard 450-1975. Usually initial battery capacity is 50 percent greater than
required due to temperature, voltage, and specific gravity fluctuation, as well
as the replacement criterion of 80 percent. The Technical Specifications are
written assuming a 50 percent greater-than-required capacity. This item was .

discussed with the applicant at the July 16, 1981 Design Review meeting. As a
result, the applicant indicated that he would provide analyses and additional
justification for the battery size. The staff maintained that a battery size
50 percent greater than required capacity is needed. Subsequently, the appli-
cant documented in Revision 6 to the FSAR that the batteries are sized in excess
of the 50 percent required. This sizing meets IEEE Standards for battery sizing
and is acceptable.

8.3.2.3 DC System Reliability

Recommendations for improvement of de system reliability have been presented
in NUREG-0666, "A Probabilistic Safety Analysis of DC Power Supply Requirements
for Nuclear Power Plants." Compliance of the Callaway dc system with NUREG-
0666 recommendations was discussed with the applicant at the July 16, 1981,
Design Review meeting. The applicant submitted a letter dated September 11,
1981, describing the degree of compliance with the recommendations of
NUREG-0666.

8.3.2.4 Battery Availability

! Section 5.3.3(3) of IEEE Standard 308-1974 requires that the battery be imme-
diately available during normal operation and following the loss of power from
the ac systen . At the July 16, 1981, Design Review meeting, the applicant

,

I stated that vitcl instrumentation and control loads are normally supplied from
the dc bus, are immediately available, and that their design is in compliance
with IEEE 308-1974. Based on these statements and information documented in
the SNUPPS FSAR, the staff concludes that the design meets the requirements of
Section 5.3.3(3) of IEEE Standard 308-1974 and is acceptable.

8.3.2.5 DC System Loading

Class 1E dc system loads are listed in Table 8.3.1 of the SNUPPS FSAR. At the
July 16, 1981, DesignReviewmeeting,theapplicantwasaskedtojustifythe
differences of loads between dc subsystem 1 and 4 and between dc subsystem 2
and 3. As a result, the applicant indicated that the FSAR would be revised to
correct Table 8.3-1. The FSAR was subsequently revised, and this item is con-
sidered acceptably resolved.
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8.3.2.6 Phy.cical Independence

Physical independence of the onsite de power system is the san;e for the onsite
ac system; it is addressed in Section 8.3.3.3 of this report.

8.3.3 Common Electrical Features and Requirements

'This section presents common electrical features and requirements of the onsite
ac and dc power system which deal with distinct aspects of the onsite ac and
dc power systems.

8.3.3.1 Compliance with GDC 2 and 4,

The applicant has met the nquirements of GDC 2 and 4 wil.h respect to structures,
systems, and components of the onsite ac and dc power system being capable of,

'

withstanding the effects of natural phenomena (such as earthquakes, tornadoes, '

hurricanes, and floods), missiles and environmental conditions associated with
normal operation and postulated accidents. The onsite power system and compo-

'

nents (1) are located in seismic Category I structures which provide protection
from the effects of tornadoes, tornado missiles, turbine missiles, and external
floods; (2) have been given a quality assurance designation Class 1E; (3) have
been designated to be seismically and environmentally qualified; and (4) are
to be designed to accommodate or are to be )rotected from the effects of missiles
and environmental conditions associated wit 1 normal operation and postulated
accidents.

The following items address the problem areas revealed during the staff review
and their resolution.

,

8.3.3.1.1 Submer..d Electrical Equipment as a Result of a LOCAz

|

The staff has been concerned that,iiieTge~ncy core c~oo1I~ng systems'(ECCST may
after a LOCA,, fluid:from the reactor coolant

^

system and from operation of the'e1
' collect in the primary containment and reach a level that may cause certain

electrical equipment located inside the containment to become submerged, thereby
rendering it inoperable. Both safety- and nonsafety related electrical equip-
ment is of concern, because its failure may cause electrical faults that could
compromise the operability of redundant Class 1E power sources or the integrity
of containment electrical penetrations. The safety related electrical equipment
that may be submerged is also of concern if this equipment is required to miti-
gate the consequences of the accident for both the short-term and long-term
ECCS functions and for containment isolation.

At the July 16, 1981, Design Review meeting, the applicant was asked to confirm
Callaway's com)1iance with staff requirements regarding submerged equipment.
In response, t1e applicant stated that only one piece of Class 1E equipment
that is required to operate would be submerged and that it is qualified for
submerged operation. Based on the applicant's response, the staff concludes
that Class 1E equipment required to operate during or after a LOCA is located
above the maximum flood level, with the exception of one piece of equipment
that is qualified for submerged operation. This meets the staff's requirements
and is acceptable for equipment required to operate. However, for equipment
that is not required to operate, the applicant's response is unacceptable. The

.

4

8-19

. _ _



1

staff's position is that all electrical equipment (Class 1E and non-Class 1E)--
versusonlyjustthatequipmentrequiredtooperate--belocatedabovethemaxi-
mum possible flood level or be qualified for submerged operation, or the lack
ofqualificationmustbejustified. Subsequently, the applicant, by letter
dated September 22, 1981, identified and provided justification for a number
of components located below the maximum possible f'ood level. Based on the
justification provided, the staff concludes that there is reasonable assurance
that the submerged equipment will not compromise the operability of redundant
Class 1E power sources, integrity of containment electrical penetrations, miti-
gation of the consequences of the accident, or containment isolation and is,
therefore, acceptable. In regard to submerged solenoid operated isolation
valves, the applicant has stated that submergence (due to control circuit
design) cannot cause the valve to spuriously open. This aspect of the design
will be verified during the staff confirmatory site visit.

8.3.3.1.2 Thermal-0verload Protective Bypass

Motor-operated valves with thermal overload protection devices for the valve
motors are used in safety systems and their auxiliary supporting systems.
Operating experience has shown that indiscriminate application of thermal rver-
load protection devices to the motors associated with these valves could result
in needless hindrance to successful completion of safety functions. Regulatory
Guide 1.106, " Thermal Overload Protection for Electric Motors on Motor-0perated
Valves," recommends bypassing during accident conditions or properly selecting
the setpoints for the thermal overloads supplemented with periodic testing of
these devices as acceptable methods to be implemented in the design of motor-
operated valves.

Section 8.3.1.1.2 of the SNUPPS FSAR states: "For Class 1E valves which are
required to operate during normal plant operation, overload protection is
included. In these cases, the calibration of the overload relays will be
checked during each refueling period to ensure an adequate setpoint margin."

The setpoints for the thermal overload protection, their required margin, and
the frequency for periodic tests will be included in the Technical Specifica-
tions.

G.1.3.2 Compliance with GDC 5

The appliwt has met the requirements of GDC 5 with respect to structures,
systems, and ccmponents of the ac and dc onsite power system. The onsite power
system and components associated with Units 1 and 2 are housed in physically
separate seismic Cai.cgory I structures and are not shared, and there are no
electrical ties between units. Sharing of systems will also be evaluated and
reported in the Unit 2 safety evaluation report.

8.3.3.3 Physical Independence (Compliance with GDC 17)

Separation of Class 1E and Non-Class 1E Cables Located in Panels

Section 4.6.1 of IEEE Standard 384-1974 requires non-Class 1E circuits to be
separated from Class 1E circuits, in part, by the minimum separation require-
ments specified in Section 5.6. Section 8.1.4.3 of the SNUPPS FSAR indicates
that the Callaway design meets Section 5.6.2 versus 5.6. At the July 16, 1981,
Design Review meeting the applicant was asked to justify this noncompliance to
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Section 5.6 of IEEE Standard 384-1974. As a result the applicant revised the
FSAR to specify that 6 in. is the the separation distance required between
Class 1E and non-Class 1E circuits. In addition, FSAR Section 8.1.4.3 has been
revised to note that Section 5.6 (not just 5.6.2) of IEEE 384-1974 is complied
with. This item is considered acceptably resolved.

Separation Between Class 1E and Non-Class 1E Cables

Section 8.3.1.3 of the SNUPPS FSAR indicated that nonsafety-related cables are
uniquely identified and separately routed. The applicant was asked at the
July 16, 1981, Design Review meeting to describe in Section 8.3.1.3 of the FSAR
how non-Class 1E cables are uniqualynidentif.ied:andcseparately+ outed .from
Class IE cables. The staff also asked that the description include--but not
be limited to- electric penetrations, control boards and panels, cable spreading
area, and general plant areas. As a result FSAR Section 8.3.1.3 was revised
to state that non-Class 1E cables are separated from Class 1E cables using the
same minimum distance separation requirements as are used between redundant
Class 1E circuits. This item is thus considered to be resolved.

Color Coding for Cables

Section 8.3.1.3 of the FSAR indicated that there are four separation groups,
with each group having its distinguishing color code. The applicant was asked
at the July 16, 1981, Design Review meeting to define these colors specifically.
Section 8.3.1.3 of the FSAR has been revised to indicate color definitions are
in Section 7.1.2.3 of the FSAR. This item is considered acceptably resolved.

Marking of Cables Prior to Installation

In accordance with Section 5.1.2 of IEEE Standard 384-1974, Class 1E raceways
and cables are required to be marked prior to the installation of cables. The
SNUPPS FSAR is not clear as to how this requirement is met. At the July 16,
1981, Design Review meeting, tha applicant stated that cables and raceways were
marked (color coded) before the cables were installed. Based on this statement,
the staff concludes that this aspect of the design is acceptable.

Interval for Marking Cables

Position 10 of Regulatory Guide 1.75 recommends that cables be color coded at
intervals not to exceed 5 ft throughout'the entire cable length. The SNUPPS
FSAR is not clear as to the interval of color coded markings. At the July 16,
'1981, Design Review meeting, the applicant stated that Callaway complies with
position 10 of Regulatory Guide 1.75. Based on this statement, the staff finds
this item acceptable.

Color Coding Within Panels

Section 8.3.1.3 of the FSAR indicates that within a cabinet or panel which is
associated and identified with a single separation group, the internal wiring
is exclusively associated wit.i the same separation group; therefore, no further
identification is required. For the cabinet or panel associated with a single
separation group, the applicant was asked (at the July 16, 1981, Design Review
meeting) to describe how non-Class 1E cables are uniquely identified. In
response, the applicant indicated that color coded-tags would be added to
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clearly differentiate between either redundant divisions or between Class 1E
and non-Class 1E cables. Based on this commitment to install additional tags,
the staff considers this item resolved.

Separation for Cables Inside and Approaching Panels

Section 8.3.1.4.1.1 of the SNUPPS FSAR indicated that there is a separation of
less than 3-f t horizontal or S-f t vertical between redundant cables when the
cables approach the same or adjacent control panels, provided one of the cables
is installed in an enclosed raceway or conduit. Similar separation is allowed
in control boards and panels. This separation does not meet IEEE Standard 384-
1974 requirements. Ihis item was discussed with the applicant at the July 16,
1981 Design Review meeting. As a result, the applicant stated that Callaway
complies with IEEE 384-1974 when cables approach control panels. The FSAR was
subsequently revised to show how the cables comply. The staff now concurs that
the design is in compliance with IEEE Standard 384-1974 and is acceptable. In
the case of control boards and panels, the applicants state Callaway complies
with IEEE 384-1974. However, the staff feels more space may be required between

stated that where 6 in. is not practical (y letter dated Septem-
As a result the applicant bthe cable and the conduit.

between redundant safety-ber 11, 1981
related cables or between safety-related and nonsafety-related cables inside
control boards or panels) a barrier such as a conduit, steel plate, fire
resistant material or other material that provides an equivalent 6 in. of free
space separation is used. The installation of a barrier to obtain an equivalent
6 in of free space meets IEEE Standard 384-1974 and is acceptable. However,
it is also the staff's ccncern that the conduit, steel plate, and other material
proposed as possible barriers may not provide the equivalent 6 in. of free space.
Thus, the staff requires the adequacy of each type of barrier used be substanti-
ated by tests. With the imposition of this requirement, the staff considers
this item resolved. The staff will verify the adequacy of the barrier installa-
tion.

Routing of Associated Circuits Beyond the Associated Isolation Device

Section 8.3.1.4.1.1 of the FSAR states that nonsafety-related cables are not
routed through safety-related raceways. However, if a nonsafety-related cable
is fed from a safety-related power service, it may be routed through safety-,

related raceways of the same separation group as that of the power service.
The above statement appears to disagree with Section 8.1.4.3 of the SNUPPS FSAR,
which indicates that circuits beyond an isolation device are treated according
to non-Class 1E and nonassociated criteria. At the July 16, 1981 Design Review

,

meeting, the applicant was requested to clarify this apparent disagreement.'

The applicant stated that circuits beyond isolation devices are not treated as,

Class 1E and will not be again routed in Class 1E raceways. Based on this'

statement, the staff concludes that this aspect of the design is acceptable.

Separation Within NSSS-Supplied Cabinets

Section 8.3.1.4.1 of the SNUPPS FSAR indicates that within NSSS-sup) lied safety-
related racks and cabinets, field-run nonsafety-related shielded caales having
a signal level of 100 v or less are routed in common wireways with safety-
related shielded cables, with no Injustificationofthis
method of routing, WCAP 8892-A, " physical separation. Westinghouse 7300 Series Process Control System
Noise Tests," has been referenced in the FSAR.
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At the July 16, 1981 Design Review meeting, the staff agreed that WCAP 8892-A
is applicable to SNUPPS plants and should be adequate justification. However,
in accordance with IEEE Standard 384-1974, it is the staff position that non-
Class IE cables terminating in NSSS-supplied cabinets be treated as associated
circuits unless it can be demonstrated by some other method that Class 1E cir-
cuits will not be degraded below an acceptable level. The resolution of this
item is covered in Section 7.c.2.7 of this report.

Fire Protection

The fire protection system is evaluated in Section 9.5.1 of this report.

8.3.3.4 Compliance with the Guidelines of NUREG-0737, " Clarification of TMI
Action Plan Requirements",

Two TMI items relating to GDC 17 are identified in NUREG-0737. These items
are II.E.3.1, Emergency Power Supply for Pressurizer Heaters, and II.G.1, Emer-
gency Power for Pressurizer Equipment. The background, the NUREG position,
clarification of the positions, and the applicant's description of compliance
for Item II.E.3.1 is provided in Section 18.2.9 of the SNUPPS FSAR and in Sec-
tion 18.2.14 for Item II.G.I. The staff's evaluation of each of these items
follows:

Emergency Power Supply for Pressurizer Hmters (TMI Item II.E.3.1)

Based on the information provided in the FSAR, the staff concludes that the
Callaway design meets the guidelines of NUREG-0737 and is acceptable.

Emergency Power for Pressurizer Equipment (TMI Item II.G.1)

Based on the information provided in the FSAR, the staff concludes that the
Callaway design meets the guidelines of NUREG-0737 and is acceptable except
for clarification 2 of the NRC position. In accordance with clarification 2,
the staff requires that the motive and control power for the block valve be
supplied from a Class IE source different fiom the source supplying the PORV.
In addition, the motive and control power from the power sources to the valves
themselves must be electrically and physically independent. Verification of
the indepencence will be confirmed during the confirmatory site visit. With
the imposition of this requirement, the staff considers this item resolved. 4

8.3.3.5 Compliance with GDC 18

The applicant has met the requirements of GDC 18 with respect to the onsite ac
and dc power system. The onsite power system is designed to be testable during
station operation as well as when the station is shut down.

8.3.3.6 Compliance with GDC 50

Except where noted, the applicant has met the requirements of GDC 50 with
* respect to electrical penetrations containing circuits of the safety and non-

safety onsite power system.
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Compliance with Position 4 of Regulatory Guide 1.63

The applicant indicated in SNUPPS FSAR Appendix 3A that the electrical penetra-
tions for the Callaway plant meet the recommendations of Regulatory Guide 1.63,
Revision 2, with the exception of position 4. The medium voltage penetration
. assemblies are not designed to withstand the impulse test described in posi-
tion 4 of the. Guide. This item was discussed with the applicant at the July 16,
1981 Design Review meeting. Subsequently, the applicant stated that his design
complies with position 4, and the FSAR has been revised to indicate this compli-
ance. Thus, this item is considered to be resolved.

Compliance With Position 1 of Regulatory Guide 1.63

GDC 50 requires, in part, that the reactor containment structures, including
electrical penetrations, be designed so that the containment structure and its
internal compartments- can accommodate, without failure, the pressure and temper-
ature conditions resulting from any LOCA. Therefore, electrical penetration
assemblies are designed to withstand, without the loss of mechanical integrity,
the maximum ava~ilable fault-current versus-time conditions that could occur
given single random failures of circuit overload protective devices, as recom-
mended by Regulatory Guide 1.63, Revision 2.

The ap?licant has indicated in Section 8.1.4.3 of the FSAR and on pages 117
througl 145' of the transcript of the December 9,1980, Independent Design

P Review meeting that the electrical penetrations for the Callaway plant conform
with IEEE Standard 317-1976 and meet the recommendations of Regulatory
Guide 1.63. Revision 2, with respect to the capability of electrical penetra-
tion assemblies to withstand maximum possible fault-current-versus-time condi-
tions. To verify' compliance in this area, at tl'e July-16,1981 Design Review
meeting the staf f asked the ' applicant provide coordinated fault-current-versus-
time curves for each representstive type cable. For each ca' ole, the curves
must show the relationship of the fault carrying capability between the' electric
penetration, the prinary overcurrent arotective device, and the backup over-
current protective device. Also, Tecinical Specification requirements for
locking out power to eguipment that is not required to be operational during
normal operation, physical indep_endence of 3rimary and backu) protective devices,
and testability of protective devices must se addressed in tie FSAR.

In response, by letter dated August 20, 1981 (and also by letter dated Octo-
ber 2,1981), the applicant provMed fault-current-versus-time curves as part
of Report 123-2222, DesignQualificationReportforElectricalPenetration

Based ' n a review of ' eport and curves provided, the staffAssemblies." o
concludes (1) that for me t cases the uackup protective device does not provide
the required protection of the containment aenetrations, (2) that for some cases
the primary protective' device, as well as t' e backup device, does not provide1

the required protection of ile containeent penetration, and (3) the penetration
curves rated and maximum duration are based on only one test point and are not
plotted beyond 10 sec durations. The applicant was informed that the above-
referenced report %2s found unacceptable. As a result, the applicant, by letter
dated September 22,.1981, stated that all electrical penetration assembly pro-
tective device settings and capabilities are being reviewed to verify that they
can withstand, without seal. failure, the total range of available time-current
characteristics assuming a' single failure of any overcurrent protective device.
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The staff finds the reevaluation being performed by the applicant to be accept-
able. The results of the applicant's reevaluation will be verified as part of
the staff confirmatory site visit. If th'e results are found unacceptable, the
staff will requi.e additional protective devices to be installed so that posi-
tion 1 of Regulatory Guide 1.63 will be met. With the imposition of this
requirement, the staff considers this item resolved.

8.3.4 Evaluation Findings

The review of the onsite ac and dc power system for the Callaway plant covered
single-line diagrams, station layout drawings, schematic diagrams, and descrip-
tive information. The basis for acceptance of the onsite power systems was
conformance with the General Design Criteria. The staff concludes that the
plant design is acceptable; meets the requiremcats of GDC 2, 4, 5, 17, 18, and
50; and conforms to applicable guidelines of Regulatory Guides, Branch Technical
Positions, NUREG reports, and is acceptable as described in preceding paragraphs
of this report.

,

I
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9 AUXILIARY SYSTEMS

The staff has reviewed the design of the auxiliary systems necessary for safe
reactor operation, shutdown, fuel storage, or whose failure might affect plant
safetv, including their safety-related objectives and the manner in which
these objectives are achieved.

The auxiliary systems necessary for safe reactor ope;otion or shutdown include
essential service water system, component cooling water system, the ultimate
heat sink, the HVAC systems for the control room, essential portions of the
auxiliary building and ESF rooms, the essential portions of the compressed-air
system, and the aud liary feedwater system.

The auxiliary systems necessary to ensure the safety of the fuel storage
facility include new-fuel storage, spent fuel storage, the fuel pool cooling
and cleanup system, fuel-handling systems, and the fuel building HVAC system.

The staff has also reviewed other auxiliary system to ver'.3 ' hat their failure
will not prevent safe shutdown of the plant or result in unac.aptable release
of radioactivity to the environment. These systems include: the service water
system, potable water and sanitary systems, demineralized water system, condensate
storage facilities, plant heating system, nonessential portions of the compressed
air system, and HVAC systems for nonessential portions of the auxiliary building,
radwaste building, and the turbine building.

9.1 Fuel Storage and Handling

9.1.1 New-Fuel Storage

The new-fuel-storage and unloading facility has sufficient storage capacity
for 66 new fuel elements, approximately one-third of a full core. Hinged
covers over each fuel-storage position and the fuel racks are sized to prevent
insertion of a fuel assembly in other than its prescribed location. The
seismic Category I storage rack array when flooded with unborated water has an

ef fective multiplication factor, K'$$, parameters chosen to maximize K
below 0.95. The effective multiplication

factor does not exceed 0.98, based eff (suchas aqueous foam or mist).

The storage racks are anchored to the seismic Category I flocr and walls of
the new-fuel-storage facility located in the fuel building. This building is
designed to withstand the effects of earthquakes, tornadoes, floods, external
missiles, and other natural phenomena in accordance with the requirements of
GDC 2, " Design Bases for Protection Against Natural Phenomena," and tha guidance
of Regulatory Guide 1.29, " Seismic Design Classification."

The new-fuel-storage rack vault is not located in the vicinity of any hic
moderate-energy lines or rotating machinery. Therefore physical protection ,

means of separation is provided for the new fuel from internally generated
missiles and pipe breaks. Thus the requirements of GDC 4, " Environmental and
Missile Design Bases," are satisfied.
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GDC 5, " Sharing of Structures, Systems, and Components,"y independent; therefore,
The new-fuel-storage facility for each unit is completel

as it relates to
shared systemsNs met. -<

The new-fuel-stcrage facility is accessible to plant personnel for inspection
and testing, requires no shielding, and is adequate with respect to capacity,;

reliability, and testability. Therefore, the design meets t1e requirements of ,

GDC 61, " Fuel Storage and Handling and Radioactivity Control." !

The storage rack spacing provides for sufficient margin against criticality,
even under conditions which assume possible sources of moderation; thus, it
meets the requirements of GDC 62, " Prevention of Criticality in Fuel Storage

,

and Handling.

An area radiation monitoring system near the new-fuel-storage-facility is
i provided and is evaluated in Section 12 of thic repurt. This satisfies the

requirements of GDC 63, " Monitoring Fuel and Waste Storage."
J

Based on its review, the staff concludes that the new-fuel-storage-facility

conforms to the requirements of GDC 2, 4, 61, 62,is acceptable.
and 63 and meets the recommen-

i dations of Regulatory Guide 1.29. Therefore, it

9.1.2 Spent-Fuel Storage

The speni.-fuel-storage facility is located within the fuel building and pro-
vides onsite storage for spent-fuel elements. Spent-fuel-storage racks are
located in the spent-fuel pool, which is constructed of reinforced concrete

) with a stainless steel lining and is an integral part of the fuel building.

The s;ent-fuel-storage f acility provides storage capacity for 1344 spent-fuel
ascemalies (approximately 7 cores). Two storage regions are provided in thei

spent-fuel pool with a small region of lower density fuel-assembly-spacing
(200 assemblies) reserved for core offloading, while a larger region (1144

i assemblies) with denser spacing is provided for the balance of the storage
locations. The smaller low-density region (Region 1) is conservatively designed

1 and could accommcdate unirradiated, fully enriched fuel in a storage rack
| utilit.ing 50 percent of the rack density. The higher density region (Region

2) is reserved for irradiated fuel that has sustained at least 85 percent of '

,

design burnup in a storage rack utilizing 75 percent of the rack density. The-

criterion for placement of spent fuel into Region 2 is determined by a calcula-
tion based on a combination of initial enrichment and subsequent burnup.
During refueling, the fuel assemblies which have been removed from the reactor<

are ) laced in Region 1, regardless of apparent burnup, where they are inventoried.
The listory of each fuel assembly is reviewed, and ci.lculations are performed i

to determine the burnup of each assembly. Once it has been determined that a
fuel assembly has attained the required burnup, it is added to the list of
assemblies designated for movement to Region 2; otherwise it remains in Region 1.:

|Region 1 Design

The Region 1 racks consists of a honeycomb structure of stainiass steel boxes
of 0.12-in. wall thickness. Each box has a 9.14-in. outside oimension and is
welded to its neighbors to form storage locations on a 9.14-in. center-to-center j

|
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spacing. Every other storage location is blocked off so that the effective
center-to-center spacing of the remaining storage locations is 12.93 in. The
criticality analysis of the racks is performed with the state-of-the-art
LEOPARD /PDQ-7 code package. These codes have been benchmarked against critical
experiments in the range of pellet diameters, water-to-feel ratios and enrich-
ments that encompasses the SNUPPS design. This benchmarking led to the con-
clusion that the calculational model is capable of deternining the multiplica-
tion factor of the Region 1 racks to within 1 percent reactivity cnange with a
95 percent probability at the 95 percent confidence level.

The effects of various mechanical and thermal uncertainties have been analyzed.
These include pool-water temperature, placement of assemblies in storage
boxes, stainless steel thickness variation, and UO2 pellet density. Combining
these uncertainties with the calculational uncertainty yield a value of 0.92
for the multiplication factor of the Region 1 racks when loaded with fuel
assemblies of 3.5 weight percent U-235 enrichment, including all uncertainties.
This meets the staff acceptance criterion of less than or equal to 0.95 for
this quantity, thus meeting the requirements of GDC 62, " Prevention of Criticality
in Fuel Storage and Handling." The staff, therefore, concludes that any
number of fuel assemblies of the Westinghouse 17x17 design having enrichments
no greater than 3.5 weight percent U-235 may be stored in Region 1 of the racks.

Region 2 Desion

The Region 2 racks are constructed in the same manner as those of Region 1 and
have the same dimensions. However, Region 2 fuel is stored in three boxes out
of every group of four, yielding an effective center-to-center spacing of
10.55 in. The same code package was used for the multiplication factor
calculations as was used in the Region 1 analysis. However, direct verifica-
tion of the codes was not possible because no critical experiments have been
done with assemblies having large burnups. Rather, verification of various
aspects of the calculation was undertaken. For example, the ability to calcu-
late the isotopic composition of burned luel was verified by comparing the
LEOPARD / CINDER calculation to the measured results of irradiations performed
on UO2 fuel in the Yankee-Rowe reactor and on mixed oxide fuel in Saxton.

Similar evidence was used to assess the fission product buildup uncertainty
and its reactivity effect and the reactivity effect of the transuranium iso-
tapes. The various uncertainties are summed to obtain a total calculational
uncertainty of 2.63 percent reactivity change. In addition, sensitivity
studies were performed to obtain the thermal and mechanical uncertainties. A
value of 0.8 percent reactivity change was obtained which, when conservatively
added to the calculational uncertainty, produces a total uncertainty of
3.43 percent reactivitv change.

A criterion of 0.90, not including uncertainties, is used by the applicant for
the multiplication factor for Region 2. This is equivalent to 0.934, including
unce,tainties and meets the staff's acceptance criterion of 0.95, thereby
meeting the requirements of GDC 62.

In order to establish burnup criteria for storage in Region 2, the infinite
multiplication factor (at 68 F with minimum postshutdown fission product
inventory) of a fuel assembly as a function of burnup is obtained for a number
of initial enrichments. The multiplication factor of the storage racks is
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next calculated as a function of the infinite multiplication factor of the
stored assemblies for the various initial enrichments. The assembly infinit:.
multiplication factor which produces a rack multiplication factor of 0.90 is
obtained from these curves as a function of initial enrichment. It is observed

(4.07 weight percent U-235, higher than any anticipated initial enrichment)yzed
that the lowest value of this number occurs for the highest enrichment anal

.

This lowest value (1.11) is chosen for use at all enrichments, a conservative
procedure. Finally a curve is drawn of the burnup required to reduce the rack
multiplication factor of 0.90 as a function of initial enrichment. This
curve, presented in the SNUPPS FSAR as Figure 9.1A-25, is approximately linear
and yields required burnups of 6100 megawatt-days per metric ton for a 1.6
weight percent U-235 enrichment and 29,600 megawatt-days per metric ton for a
3.5 weight percent U-235 cnrichment.

Based on this review, as summarized above, the staff concludes that any number
of Westinghouse-design 17x17 fuel cssemblies with burnups in the acceptable
region of FSAR Figure 9.1A-25 may be stored in Region 2 of the Callaway spent-
fuel storage racks. The staff conclusion is based on the following:

(1) The criticality calculations were performed with state-of-the-art models
and methods.

(2) Uncertainties have been accounted for.

(3) The multiplication factor, including uncertainties, meets tne staff
acceptance criterion for this quantity.

The decision as to whether a particular assembly is to be placeu in Region 2
of the racks is proposed to be made under administrative control. After the
assemblies to be discharged ~have been transferred to Region 1 of the racks
from the core and the reactor is operating, an analysis of the burnup of each
assembly will be made. This analysis will make use of (1) the records which
show the location of each assembly at all times since its arrival on site and
(2) core operating histories and power distributions while the assembly was in
the reactor. The records of fuel assembly location are generated by following
written, previously-approved.prpcedures. The burnup history of each assembly
is integrated to arrive at its total burnup. The burnup value is then compared
to the storage acceptance criterion (Figure E.1A-25 of the SNUPPS FSAR or
Figure 5.6-1 of the Technical Specificatians) in order to permit or deny
storage in Region 2.

The staff requires (via Technical Specifications) that the procedures include
(a) an independent check of the analysis which permits storage in Region 2, and
(b) that the records of the analysis be kept for as long as the assemblies
remain in the pool.

With the above requirements, the staff finds the use of the administrad ve
control to select assemblies for storage in Region 2 of the racks acceptable.
In order to implement these requirements, the staff suggests that the following
or similar Technical Specifications be established for the SNUPPS reactors. In ;

any case, the Technical Specification should include all the elements in the
following statement:
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The spent fuel racks are designed and shall be maintained so that
the calculated effective multiplication factor is no greater than
0.95 (including all known uncertainties) when the pool is flooded
with unborated water. The boron concentration in the pool shall be

parts per million. Storage in Region
maintained at greater than _icted to fuel assemblies having initial1 of the racks shall be restr
enrichment less than or equal to 3.5 w/o U-235. Storage in Region 2
shall be restricted to those assemblies in the " acceptable" domain
of Figure 5.6-1. Strict administrative controls with previously

,

approved written procedures will be employed in the selection of
these assemblies. The procedures shall require an independent check
of the analysis of suitability for storaga. A complete record of
the analyses employed in making the selections wil be kept so long
as the assemblies remain in the Region 2 racks.

The structure housing the facility (the fuel building) is designed to seismic
Category I criteria as are the storage racks and storage pool, fuel-transfer
canal, and cask-handling areas. The spent-fut.1 pool liner plate is designed
to stay in place in an SSE, thus precluding potential mechanical damage to the
spent fuel or damage resulting from overheating as a result of blocking of
cooling-water flow paths. The fuel building is also designed against flooding
and tornado missiles (see Sections 3.4.1 and 3.5.2 of this SER). Thus, the
requirements of GDC 2 and the guidelines of Regulatory Guides 1.13, 1.29,
1.102, and 1.117, are satisfied for the facility.

The fuel pool is not located in the vicinity of any high-energy lines or
rotating machinery. Therefore, physical - itection by means of separation is
provic'ed for the spent fuel from internal y generated missiles and the effects
of pipe breaks (see Sections 3.5.1.1 and 3.6 of this report). Thus, the
requirements of GDC 4 are satisfied.

Each SNUPPS reactor unit has its own spent-fuel-storage facility, thus elimi-
nating sharing. Therefore the requirements of GDC 5 are satisfied.

The concrete pool containing the spent-fuel assemblies and storage racks has
no penetrations which can result in an unacceptable loss of water. The design
meets the appropriate sections of GDC 61, " Fuel Storage and Handling and Radioac-
tivity Control," for periodic inspection, shielding for radiation protection,
containment, and methods to prevent loss of coolant inventory and is acceptable.
The staff has reviewed the compatibility and chemical stability of the materials
(except the fuel assemblies) wetted by the pool water.

The pool liner, rack lattice structure, and fuel storage tubes are stainless
steel which is comnatible with '.he storage pool environment. The pool con-
tains oxygen-saturated demineralized water containing approximately 2000 ppm
of boric acid.

In this environment of oxygen-saturated borated water, the corrosive deteriora-
tion of the type 304 stainless steel should not exceed a depth of 6.00 x 10 5
in. in 100 years, which is negligible relative to the initial thickness.
Dissimilar metal contact corrosion (galvanic attack) between the stainless
steel'of the pool liner, rack lattice structure, fuel storage tubes, and the
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Inconel and the Zircaloy in the spent-fuel assemblies will not be significant
because all of th e materials are protected by highly passivating oxide films
and are, therefore, at similar potentials.

From the evaluation as discussed above, the staff concludes that the corrosion
that will occur in the spent-fuel-storage pool environment should be of little
significance during the 40 yr life of the plant. Components in the spent-fuel-
storage pool are constructed of alloys which have a low differential galvanic
potential between them and have a high resistance to general corrosion, localized
corrosion, and galvanic corrosion.

Therefore, the staff concludes that the environmental compatibility and stability
of the materials used in the spent-fuel-storage pool are adequate based on
test data and actual service experience in operating reactors. The staff
finds that the selection of appropriate materials of construction by the
licensee meets the requirements of GDC 61, by having a capability to permit
periodic inspection and testing of components, and GDC 62, by preventing
criticality by maintaining structural integrity of components. It is, therefore,
acceptable.

,

The design includes alarmed leakage detection systems and radiation monitoring
systems, thus meeting the requirements of GDC 63.

Based on its review, the staff concludes that the spent fuel storage facility'

is in conformance with the requirements of GDC 2, 4, 5, 61, 62, and 63, and
the guidelines of Regulatory Guides 1.13 and 1.29. With the addition of the
Technical Specification change identified above regarding Region 2 storage,
the spent fuel storage facility is acceptable.

9.1. 3 Spent-Fuel-Pool Cooling and Cleanup System

The spent-fuel pool cooling and cleanup system is designed to maintain the
spent-fuel pcol water temperature below prescribed limits by removing decay
heat generated by stored spent-fuel assemblies and to remove impurities from
the refueling pool water, the spent-fuel pool water, the transfer-canal water,
and the water in the cask-loading pool.

The spent-fuel pool cleanup system is designed to

remove halides and both soluble and insoluble radioactive species for the
purpose of maintaining area radiation levels as low as is reasonably
achievable during fuel handling and other maintenance operations, and

remove corrosion products and debris to maintain water clarity for the
purpose of facilitating fuel bunale movement

The spent-fuel pool cleanup system services the spent-fuel pool, refueling
pool, and fuel-transfer canal. The system consists of two full-design-flow
purification loops and one surface skimmer. Each purification loop consists
of a suction strainer, pump, filter, mixed bed ion exchanger, and wye strainer

i with associated piping valves and fittings.

The fuel pool cleanup system will be used continuously during refueling opera-
tions to reduce radioactivity and maintain clarity of the refueling pool.
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After refueling,ity and reduce the radioactivity of the spent-fuel pool areathe cleanup system will be manually operated intermittentlyto maintain clar
to <2.5 mrem /hr. Manual intermittent use of the fuel pool cleanup system will
usually be initiated concurrent with the fuel pool cooling system but can be
initiated (1) by the need for spent-fuel pool clarity or (2) as a result of
high radiation (<2.5 mrem /hr) in the area.

During operation of the fuel pool cleanup system, samples will be taken for
chemical analysis of boron, chloride, fluoride, pH, and radioactivity on an
intermittent basis. Additionally, the system decontamination factor and
differential pressure for the filters and ion exchangers will be monitored to
determine the need for filter or resin replacement. The specific sampling and
monitoring frequency will be based on the frequency which the system is in
use.

The staff review determined that the spent fuel pool cleanup system

(1) provides the capability of and capacity for removing radioactive materials,,

corrosion products, and impurities from the pool water, and thus meets
; the requirements of GDC 61 as it relates to appropriate filtering systems

for fuel stroage;

(2) is capable of reducing occupational exposure to radiation by removing
radioactive products from the pool water, and thus meets the requirements
of Section 20.1(c) of 10 CFR Part 20, as it relates to maintaining radia-
tion exposures as low as is reasonably achievable;

(3) confines radioactive materials in the pool water to the demineralizer and
filters, and thus meets Regulatory Positon C.2.f(2) of Regulatory Guide
8.8, as it relates to reducing the spread of contaminants from the source;
and

(4) removes suspended impurities from the pool water by filters, and thus
meets Regulatory Position C.2.f(3) of Regulatory Guide 8.8, as it relates
to removing cruds through physical action.

On the basis of the above evaluation, the staff concludes that the spent-fuel pool
cleanup system meets GDC 61, Section 20.1(c) of 10 CFR Part 20 and the appropr-
iate sections of Regulatory Guide 8.8 and, is, therefore, acceptable.

The components and equipment associated with the spent fuel pool cooling
systems are classified as seismic Category I, Quality Group C. The system,
therefore, meets the recommendations of Regulatory Guides 1.26 and 1.29.

The safety-related portions of the spent-fuel pool cooling systems are located
in the reactor, auxiliary, and fuel buildings. These buildings are designed
to withstand the effects of earthquakes, tornadoes, floods, external missiles,
and other natural phenomena and, therefore, meet the requirements of GDC 2.

The various components of the system are located in an area of the tornado-
missile protected fuel building which is separated from potential internally
generated missile sources and from moderate- and high-energy piping systems
(refer to Sections 3.5.1.1 and 3.6 of this report). Thus, the requirtaents of
GDC 4 and the guidelines of BTP ASB 3-1 are satisfied.
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; The spent-fuel pool cooling and cleanup systems are duplicated in each SNUPPS |
reactor unit and, therefore, meet the requirements of GDC 5 as it relates to<

systems shared betaeen multiple unit plants.
:

There is complete redundancy of the safety-related portions, including the*

inlet and outlet piping headers to and from the fuel pool cooling pumps and,

heat exchangers, and a single active component failure coincident with the
loss of all offsite power will not prevent the performance of safety functions.

,

The valving is such that the transfer of heat loads and isolation can be
readily accomplished between redundant subsystems, thus meetinp the require-
ments of GDC 44.

IThe design includes the capability for routine visual inspection of the system
components. The fuel pool cooling pumps are operated either continuously or
intermittently during normal plant operation, thus ensuring their operability.
Thus, the requirements of GDC 45 and 46 are satisfied.

With one of the two fuel pool cooling trains operating, the fuel pool system
maintains the fuel pool water temperature at 135 F or less, with a heat load
based on decay heat generation from one-third of a core that has undergone
3 year irradiation, placed in the pool 175 hours after reactor shutdown, plus
18 previous annual one-third-core refueling batches. This " normal" heat load
temperature is below the staff acceptance criterion of 140 F. With one fuel pool
cooling train operating, the fuel pool water tempe.7tcre is maintained at or

.'

below 160 F, with a heat load based on decay heat pr3 ration from one full
core placed in the pool 196 hours after reactor shutdown (emergency core
offload). This " abnormal" heat load temperature is within acceptable limits

< and assumes that the emergency core offload has occurred and the spent fuel
storage racks are full (maximum storace condition).

,

Adequate instrumentation in the form of water temperature measurement, dif-
ferential pressure measurement on cooling and cleanup system pumps, flow
measurement of the cooling and cleanup systems, and water level measurement of
the spent-fuel pool is provided to meet the requirements of GDC 63.

| The normal primary source of makeup water to the spent-fuel pool is from the
nonsafety-related reactor water makeup system. An alternate source of water
is the refueling water storage tank via the nonsafety-related spent-fuel pool
cleanup system pumps. All pipe connections to the pool are arranged so that,

the pool cannot be drained as a result of pipe failure. A backup, redundant,
safety-related source of makeup water is supplied to the spent-fuel pool by
the essential service water system, as recommended by Regulatory Guide 1.13.
This source of makeup is to be used only when nonsafety related makeup sources
are not available. These makeup sources ensure that adequate shielding is
provided by the pool water, as required by GDC 61.

Based on its review, the staff concludes that the fuel pool cooling and cleanup
system is in conformance with the requirements of GDC 2, 4, 44, 45, 46, 61,
and 63 relating to protection against natural phenomena, missiles and environ-
mental effects, cooling water capability, inservice inspection, functional
testing, fuel cooling and radiation protection, and monitoring provisions and
with tne guidelines of Regulatory Guides 1.13, 1.26, 1.29, and BTP ASB 3-1
relating to the systems design, seismic and quality group classification, and
the protection against the effects of high- and moderate-energy line breaks.
It is, therefore, acceptable.
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9.1.4 Fuel Handling System
e

The fuel-handling system, in conjunction with the fuel-storage area, provides
ithe means of transnorting, handling, and storing fuel (both new and spent
|,

fuel). The fuel-handling system consists of equipment necessary for the safe
handling of the spent-fuel cask and for safe disassembly, handling, and reas-
sembly of the reactor vessel head and internals during refueling operations.
The system also includes equipment designed to facilitate the periodic refueling
of the reactor. The handling of fuel during refueling is controlled by a
serie: of interlocks to ensure that fuel-handling procedures are maintained.
The d: sign ensures that no failure will result in release of radioactivity in
excess of that assumed in the design basis fuel-handling accident. The fuel-
handlina system includes the spent-fuel pool bridge crane, cask-handling

< crane, stainment polar crane, and the refueling machine.
.

The entire system is housed within the fuel building and containment, which
are seismic Category I, flood- and tornado protected structures (see Sections
3.4.1 and 3.5.2 of this SER). Although fuel-handling-system components are
not required to function after an SSE, critical components are designed to,

seismic Category I requirements so that they will not fail in a manner which
results in unacceptable consequences (such as fuel damage or damage to safety-

: related equipment). The 150-ton fuel-building cask crane i; used for handling
the spent-fuel shipping cask and is designed to seismic Category I requirements.
The 260-ton containment polar crane is used to move the reactor vessel closure
head and is designed to seismic Category I requirements. The 2-ton spent-fuel
pool bridge crane is the only crane which may travel over the spent-fuel
storage racks; it is des:gned to seismic Category I requirements. The design
thus satisfies the requirements of GDC 2 and the guidelines of Regulatory
Guide 1.29.

.
The spent-fuel-cask storage area is located beside the spent-fuel pool, separ-

! ated from the pool by a reinforced concrete wall to the top of the fuel-storage
racks and a removable bulkhead gate above the racks. .The cask-handling-crane
rails are equipped with mechanical stops to prevent the crane hook from carrying
the cask over the spent-fuel pool and new-fuel-storage areas. The cask is
transported along a prescribed path parallel to the spent-fuel pool, and
interlocks allow the cask to be lifted no more than 30 ft above any structural'

m face to minimize the possibility of damage to spent fuel in the event the
cask is dropped. The cask travel path precludes damage to safety-related
equipment in the event of a cask drop accident; therefore, the cask is not
considered a critical load as defined in BTP ASB 9-1. Thus, the recocaendations
of Regulatory Guide !.13 and the requirements of GDC 61, as they relate to
fuel handling, are met,

fhe containment polar crane is used to lift the reactor vessel head and other
equipment during the refueling procedure and during maintenance. The applicant
provided an analysis of a reactor vessel head drop accident. The results of
the analysis for the worst case drop show that core cooling capability and the
integrity of the fuel cladding will be maintained.

The applicant has submitted a response to NUREG-0612, " Control of Heavy Loads
at Nuclear Power Plants," which was transmitted to the applicant for action by

'

generic NRC letters dated December 22, 1980 and February 3, 1981. NUREG-0612

4
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resolved Generic Task A-36 and provides guidelines for necessary changes to
ensure safe handling of heavy loads when the plant becomes operational. The

applicant's response includes a commitment to implement the interim actions
,

identified in Enclosure 2 to the December 22, 1980 generic letter before final
implementation of the NUREG-0612 guidelines and before the Callaway operating
licens is received. These interim measures deal with safe load paths, proce-.

dures, operator training, and crane inspections, testing, and maintenance.
With the implementation of the interim actions required by NUREG-0612, the
staff concludes that heavy load handling system is acceptable for licensing
without completion of the staff's evaluation of the applicant's response to
NUREG-0612.

'

The applicant has also committed to administrative controls and procedures for
the handling of loads lighter than a fuel assembly and its handling mechanism,
which, if dropped, may impact on spent fuel with a gnater kinetic energy than
the kinetic energy of a fuel assembly and its handHrg device. These adminis-
trative proced e- and controls will not allow loads lighter than a fuel
assembly to be lifted over spent fuel to a height from which a drop would
result in a higher kinetic energy than that which has already been analyzed.
The staff concludes that the administrative procedures and controls are an
acceptable method of preventing fuel damage from such an event.

Based on its review, the staff concludes that the fuel-handling systems are in
conformance with the requirements of GDC 2 as they relate to protection against
natural phenomena and the guiN1in% of Roqulatory Guides 1.13 ar.d 1.29 with'

respect to overhead-crane interlocks and maintaining plant safety in a seismic
event. The staff further concludes that implementation of the interin. actions
of NUREG-0612 prior to final implementation of the NUREG-0612 guidelines and
prior to receipt of the operating license provides reasonable assurance of.

safe handling of heavy loads until NUREG-0612 can be fully implemented. The
staff also concludes that the design meets the requirements of GDC / and 61,
and is, therefore acceptable.

9.2 Watar Systems .

9.2.1 5tation Service Water System;

The station service water system consists of the service water system and the
essential service water system. The service water system is a nonsafety-related
system which provides a source of heat rejection for plant auxiliaries whicn
require cooling during normal plant operation. This system also supplies

| cooling water to the safety-related essential service water system during
,

normal operation. The nonsafety-related service water system draw, water!

| through pumps at the cooling tower basin. Three one-half-capacity pumps are
used. The service water system is not required for the safe shutdown of the
plant, and its interfaces with the safety-related essential service water

|
system do not prevent the essential service water system frou performing its
safety functions. .The nonsafety-related portion of the station service water
system is, therefore, acceptable. Because there are separate service water
systems for each unit, the requirements of GDC 5 are met.

The safety-related essential service water system consists of two 100 percent
| redundant trains per SNUPPS reactor unit, with one pump supplying cooling
i
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water to each train and locked-closed isolation valves between trains. The
essential service water pus.ps are located in a seismic Category I pump nouse,

at the ultimate heat sink retention pond. (The ultimate heat sink is discussed
in Section 9.2.5 of this SER.) The system supplies essential water for the
auxiliary feedwater system, the spent-fuel pool standby makeup, and makeup to
the component cooling water system.

Although each train of the essential service water system is interconnected
with the nonsafety-related servict water system, after a safety-injection
signal, auxiliary feedwater low suction pressure, or loss of offsite power,,

the essential service water system is automatically isolated from the service
water system by motor-operated isolation valves. Both essential service water
pumps are then automatically started by the emergency diesel load sequencer,
drawing and returning cooling water from the ultimate heat sink.;

The safety-related portions of the station service water system are housed in
seismic Category I, flood-and-tornado protected strLctures. Underground 1,

piping of the system is also protected from these naturd phenomena. The
separate and redundant cooling loops for safety-related equipment are designed
to Quality Group C, seismic Ca;2 gory I requirements. Thus, the requirements
of GDC 2 and the guidelines of Regulatory Guides 1.26, 1.29, and 1.102 are
met.

The essential service water system is separated from the effects of internally
genersted missiles and high fnd moderate-energy pipe breaks; it i: located in
tornado missile protected structures. Thus, the requirements of GDC 4 and the
guidelines of Regulatory Guide 1.117 and BTP ASB 3-1 are satisfied.

The design of the essential service water system as described above ensures
that system function is not lost, assuming a single active component failure
coincident with loss of offsite power. Thus, the requirements of GDC 44 are
met.

The essential service water system components are tested and inspected periodi-
cally to ensure their availability in accordance with plant Technical Specifica-
tions. The system is located in accessible areas to permit inservice inspection,
as required. Thus, the requirements of GDC 45 and 46 are met.

Based on its review, the staff concludes that the essential service water
system meets the requirements of GDC 2, 4, 5, 44, 45, and 46 with respect to,

protection against natural phenomena, missiles and environmental effects,
sharing, decay heat removal capability, and inservice inspection and functional
testing, and the guidelines of Regulatory Guides 1.26,1. 29,1.102, and L 117
and BTP ASB 3-1 with respect to the system quality group and seismic classifica-
tion and flood, tornado-missile, and pipe-break effect protection. It is,
therefore, accertable.

9.2.2 Component Cooling Water System

The component cooling water system serves as a closed intermediate system
between heat exchangers associated with components being cooled and heat
exchangers transferring heat to the essential service water system at the
component cooling water heat exchangers. The cooled components are both

4
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safety-related and nonsafety-related. All nonsafety-related cooled components
are giouped on common supply-and-return pipe headers and provided with adequate
valves to isolate these nonsafety-related p rtions of the system during emergency |

conditions. A nonsafety-related chemical Jdition tank and a nonsafety-related
demineralized makeup water source are similarly isolated from the safety-related
portions of the system by adequate valving.

Redundant safety-related components cooled by the component cooling water
system are the residual heat removal heat exchangers, residual heat removal
pump seal coolers, centrifugal charging pump bearing oil coolers, safety
injection pump bearing-oil coolers, and the fuel pool cooling heat exchangers.
Four component-cooling-water pumps in two redunda s cooling loops are provided, '

with one pump in one loop providing adequate post-LOCA heat removal capacity. )

Other nonredundant components cooled by the component-cooling-water-system
which are not required for post-LOCA heat removal cc are nonsafety-related are
cooled through a single common header. All cooling for the reactor coolant

pumps is supplied through this header. Loss of flow in this header as a
result of a single failure would not result in unacceptable damage to the
reactor coolant pumps because safety-related flow indication instruments would
alarm and allow corrective operator action to be taken before unacceptable
damage occurred. Because there are separate cc 40nent cooling water systems
for each unit, the requirements of GDC 5 are met.

The safety-related portions of the component cooling water system are located
in the reactor, auxiliary, and fuel buildings. These buildings are designed
to withstand the effects of natural phenomena. The safety-related portions
are designed to Quality Group C, seismic Category I requirements. Thus, the
requirements of GCT 2 and the guidelines of Regulatory Guides 1.26 and 1.29
are satisfied.

Adequate provision for redundancy and isolation has been shown. This allows
the transfer of heat loads to the heat sink under accident conditions, thereby
meeting the requirements of GDC 44.

The pumps, valves, heat exchangers, and piping of the system, to the extent
practicable, are designed and located to facilitate periodic inspection as
required by GDC 45. This is accomplished by providing adequate accessability
to conduct the required examinations in accordance with the ASME Code, Section
XI.

To meet the requirements of GDC 46, the emergency service water system is
designed to include the capability for testing through the full operational
sequence that brings the system into operation for reactor shutdown and for
LOCAs, including operation of applicable portions of the protection system and
the transfer between normal and emergency power supplies.

I The safety-related portions of the system are separated from the effects of
internally generated missiles and high- and moderate-energy pipe breaks, and

|
they are located in tornado-missile protected structures, t.nus meeting the

| requirements of GDC 4 and the guidelines of BTP ASB 3-1.
1

Based on the abote, the staff concludes that the component cooling water
system meets the recommendations of Regulatory Guides 1.26 and 1.29 and the
requirements of 69C 2, 4, 5, 44, 45, and 46, and is, therefore, acceptable.
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9.2.3 Demineralized Water Makeup System

The demineralized water makeup system consists of a site-specific portion
involved with water treatment and a standard (SNUPPS) portion involved with
the storage and transfer of the treated demineralized water. No part of
either portion is safety related. The only safety-related systems with which
the demineralized water makeup system interfaces are the component cooling
water and the standby diesel generator cooling water systems. In the first
case, the interface is made in a nonsafety related portion of the component
cooling water system associated with its chemical addition tank; in the second
case, the interface is made at the jacket water expansion tar.k, which is
safety ralated but permanently vented to the atmosphere. Therefore, a failure
in the ded neralized water makeup system will not adversely affect the
functioning of any safety-related system, and the design meets the recommenda-
tion', of Regulatory Guide 1.29, Position C.2. The systen, is capable of
performing normal operating requirements with adequate component redundancy.
Water quality is monitored, and a common trouble alarm in the main control
room is energized upon system malfunction.

The site-specific portiun of the demineralized water makeup system ends at the
point where treated demineralized water is transferred to the demineralized
water storage tank and has not interfaced with safety-related equipment. The
source of water for the Callaway plant is the Missouri River. This water is
clarified, chlorinated, sand and carbon filtered before it enters the deminerali-
zation section where it is trea'.ed in two parallel trains.

The staff finds that operation of the demineralized water makeup system is not
required for the safe shutdown of the plant, that a failure in the system will
not adversely affect any safety related system, and that the pipe routing of
the system is physically separated from essential systems. The applicant's
design for the demineralized water makeup system conform to Posi',fon C.2 of
Regulatory Guide 1.29 and thus meets the requirements of GDC 2 regarding the
protection of safety related systems from the effects of earthquakes. The
staff, therefore, concludes that the system design is acceptable.

9.2.4 Potable and Sanitary Water Systems

The potable and sanitary water system is not safety related; it includes all
components and piping from its connection at two points in the demineralized
m ter makeup system to the point of discharge to the main plant discharge pipe
to the Missouri River. The water supply to the potable water system is taken
froc two points in the demineralized water makeup system, one after it has
rcceived chlorination and csrbon filtering only, and the second after it has
been demineralized. By mixing these two sources in the ratio of one to one,
adequate softening of the potable water is achieved. The equipment consists
of a mixing chamber, storage tank, three constant pressure supply pumps, and a
chlorination system. The potable and sanitary water system is designed so
that there are no interconnections with systems which might contain radio-
activity. In addition, the branches with outlets in areas where radioactivity
exists are designed with backflow prevention capability to ensure that radio-
active contamination cannot enter tne system. A failure of the potable and
sanitary water system will not affect equipment necessary for safe shutdown in
accordance with position C.2 of Regulatory Guide 1.29, thereby meeting the
requirements of GDC 2.

r
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Based on its review, the staff finds the potable and sanitary water systems
have acceptable design provisic.ns to prevent the inadvertent contamination of
the system with radioactive material, and meet the guidelines of Regulatory
Guide 1,29 and the requirements of GDC 2 and are therefore acceptable.

9.2.5 Ultimate Heat Sink

The ultimate heat sink for each Callaway unit consists of one four-cell seismic
Category I mechanical draft cooling tower of 200 percent capacity and a single |

Icommon seismic Category I retention pond to serve both units. Each pair of
cells is aligned to one train of the essential service water system. The
retention pond is not relied on for normal cooling and serves only as a safety-
related water source sufficient for 30 dtp after an emergency shutdown without
replenishment. Normal cooling of the safety-related equipment is by the
service water system described in Section 9.2.1 of this SER. The cooling
tower piping is drained and the discharge lines to the retention pond are
stagnant during normal o,r.eration. When the essential service water system is
put into operation during an emergency, water is drawn from the retention pond
by the essential service water pumps, pumped through the various heat exchangers
and components, cooled in the ultimate heat sink cooling tower, and returned
by gravity to the retention pond. The gravity head is provided by the water
level in the cooling tower basin. There is an adequate elevation difference
between the cooling tower fill area and the basin water level to provide this
gravity head. Makeup water is normally supplied from the Missouri River via
the water treatment system. If the normal water supply can not be supplied
within 30 days, tank trucks and portable pumps will be used to refill the
retention pond.

The staff evaluation shows that the storage capacity of the rutention pond
(55.35 acre-ft) is reliable and adequate for a 30-day supply of makeup water,
assuming a safe shutdown and cooldown of a two-unit plant within the design-
basis temperature limitations of the safety-related equipment. The design is
based conservatively on 25 years of meteorological data. Although a single
source of cooling water is provided by the retention pond, redundant inlet and
outlet lines to the cooling tower are provided. Therefore, the design meets
the guidelines of Regulatory Guide 1.27 with respect to capacity and redun-

| dancy.

| The ultimate heat sink (VHS) is shared between Units 1 and 2 and meets the
requirements GDC 5, regarding sharing of safety-related systems because no
postulated single failure will impair the capability of the UHS to dissipate

!

! the heat loads of ter a LOCA ir, one unit and an orderly shutdown and cooldown

|
cf the other unit.

The UHS is designed to seismic Category I requirements in accordance with
Regulatory Guide 1.29 and, therefore, meets the requirements of GDC 2, with

;

respect to protection against the effects of earthquakes. The UHS will alsoi

l be available after floods, tornadoes, and other natural phenomena, as required
by GDC 2. To meet the requirements of GDC 4, reinforced concrete missile
shields are installed to protect against the effects of vertical tornado
missiles, and the cooling towers, pond, and the pumphouse structure are designed
to withstand the effects of tornado missiles. The UHS is also protected
against the effects of pipe break by virtue of its location away from any
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high-energy fluid system. The protection afforded against the effects of
natural phenomena allows the UHS to be made up of one source because it meets '

positions C.2 and C.3 of Regulatory Guide 1.27.

Based on the review as described above, the staff has determined that the UHS
meets the guidelines of positions C.1, C.2, and C.3 of Regulatory Guide 1.27
and meets the requirements of GDC, 2, 4, and 5. The staff, therefore, concludes
that the UHS is acceptable.

9.2.6 Condens6: 5torage Faclities4

The nonsafety-related (nonseismic Category I) condensate storage facilities'

consist of one outdoor condensate storage tank and associated valves, piping,
and instrumentation. The purpose of the system is to provide surge capability
for the main condensate system and demineralized water for the normal operation
and startup of the auxiliary fecdwater system. The system was evaluated and
found to have no functions necessary for achieving safe shutdown conditions or
for accident prevention or mitigation. Although the system normally serves as
a water source for the safety related auxiliary feedwater system, it is not
relied on for emergency supply to tSe auxiliary feedwater system because there
is an automatic switchover to the essential service water system in the event
of a loss of the condensate storage tank. Failure of the condensate storage
facilities will not compromise any safety related component or system. The
system design, therefore, meets position C.2 of Regulatory Guide 1.29 regarding
failure of nenseismic Category I systems.

Based on the staff review, the staff concludes that the system meets the
guidelines of Regulatory Guide 1.29 and the requirements of GDC 2 in that the
system was evaluated and found to have no functions necessary for achieving
safe reactor shutdown conditions or for accident prevention or accident
mitigation and its failure will not affect safety systems. The staff therefore
conclmies that the condensate storage facilities are acceptable.

9.3 Pru:nes Auxiliaries

9.3.1 Compressed Air System

The compressed air system consists of a nonsafety-related portion which provides
air for instrument and control operations and station air for pneumatic tools.
It also consists of a nonsafety related subsystem which provides a compressed
nitrogen gas backup supply for the main feedwater control valves and a safety-
related compressed nitrogen gas backup supply to the operators for the auxiliary
feedwater control valves and the the main steam ctmospheric relief valves.
The compressed air system containment isolation valves are also safety related.
The only interconnections between the safety- and nonsafety-related portions
of the system occur where the nonsafety-related normal air and safety-related
backup nitrogen supply lines join to a common line to individual pneumatic
valve operators and where the nonsafety-related source of nitrogen gas connects
to the safety-related backup nitrogen accumulators. A single failure in any
of the safety-related interconnecting nitrogen lines will not result in an
unacceptable condition because individual redundant nitrogen accumulators are
used for each of the auxiliary feedwater and main steamline trains.
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|' The safety-related portions of the compressed air system are located in the ,

'

reactor and auxiliary buildings. These buildings are designed to withstand
the effccts of earthquakes, tornadoes, floods, and external missiles, thereby

,

satisfying the-requirements of GDC 2. The safety-related portions of the
system are redrndant and designed to remain functional after an SSE. All'

vital power can be supplied from either cnsite or offsite power systcms and no
; single failure will compromise the system's safety functions. Therefore, the,

|system meets the requirements of GDC 4.

J The capacity of the nitrogen gas accumulators is adequate to provide the
j safety related valves actuated by this subsystem with an operating life
- sufficient for a safe shutdown.
,

The safety-related portions of the conpressed air system are Quality Group C
and seismic Crtegory I in accordance with the guidelines of-Regulatory Guides

i 1.26 and 1.29. Because each unit has complete independence, the requirements
of GDC 5 relating to shared systems between units are satisfied.4

.

Based on the review as described above, the staff concludes that the compressed
; air syttem conforms to the guidelines of Regulatory Guides 1.26 and 1.29 and
; meets the requirements of GDC 2, 4, and 5, and is, therefore, acceptable.
' 9.3.2 Process Sampling System

Process sampling i's accomplisned by a primary sampling system and a secondaryi

j sampling system. The primary sampling system is designec to collect water and
i

gaceous samples contained in the reactor coolant system and associated auxili-
; ary system process streams during all normal modes of operation. The secondary
i sampling system is designed to collect water and steam from the tecondary
I cycle. Continuous secondary samples are analyzed automatically for pH conduc-

tivity, dissolved oxygen, residual hydrazine, and sodium. Additionally, grab
samples are obtained for confirmatory analysis of these and other chemical
species. Provisions are made to ensure that representative samples are obtained
from well-mixed streams or volumes of effluent by the selection of proper
sampling equipment and location of sampling points as well as proper sampling
procedures. The primary sample lines penetrating the containment are each
equipped with two normally closed pneumatically operated isolation valves,
which if open, close on a containment isolation actuation signal.

The process sampling system includes piping, valves, heat exchangers, and
other components associated with the system from the point af sample with-
drawal from a fluid system up to the analyzing station, sampling station, or

! local sampling point. The staff review included the provisions proposed to
sample all principal fluid process streams associated with plant operation and
the applicant's proposed design of these systems, including the location of
sampling points, as shown on piping and instrumentation diagrams in the SNVPPS
FSAR.

The staff determined that the proposed process sampling system meets (1) the
requirements of GDC 13 by sampling the reactor coolant, the safety injection

,

i tanks, the refueling water storage tank,-the boric acid mix tank, and the
boron injection tank for boron concentration which can affect the fission
process for normal operation, articipated operational occurrences, and accident

i
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l

: conditions; (2) the requirements of GDC 14, by sampling the reactor coolant i
i and the secondary coolant for chemical inpurities to ensure that the reactor
; coolant pressure boundary will have a low probability of abnormal leakage,
i rapidly propagating failure, and gross rupture; (3) the requirements of GDC 26
; by sampling the reactor coolant, the refueling water storage tank, and the

,

boric acid mix tank for boron concentrations for controlling the rate of
reactivity changes; (4) the requirements of GDC 63 by sampling the spert fuel
pool and the gaseous radwaste storage tank for radioactivity to detect con-
ditions that may result in excessive radiation levels; and (5) the requirements
of GDC 64 by sampling the reactor coolant, the pressurizer, the steam generator
blowdown, the sump inside containment, the containment atmosphere, and the
gaseous radwaste storage tank for radioactivity that may be released from
normal operations, including anticipated operational occurrences and from

; postulated accidents.

The staff further dei.vned that the proposed process sampling system meets;

the following: (1) the standards of ANSI N13.1-1969 for obtaining airborne>

radioactive samples; (2) the requirements of 10 CFR Part 20.1(c) and Regulatory
Positions 2.d(2), 2.f(3), 2.f.(8), and 2.i(6) of Regulatory Guide 8.8, Revision
3, to maintain rad ition exposures to as low as is reaso ably achievable by
providing (a) ventilation systems and gaseous radwaste treatment system to
contain airborne radioactive materials; (b) a liquid radwaste treatment system
to contain radioactive material in fluids; (c) a spent-fuel pocl cleanup
system to remove radioactive contaminants in the spent-fuel pool water; and
(d) remotely operated containment isolation valves to limit reactor coolant
loss in the event of rupture of a sampling line; (3) the requirements of
GDC 60 to control the release of radioactive materials to the environment by '

providing isolation valves that will fail in the closed position; and (4) the
requirements of regulatory positions C.1, C.2, and C.3 of Regulatory Guide
1.26, Revision 3, and C.1, C.3, and C.4 of Regulatory Guide 1.29, Revision 3,
by designing the sampling lines and components of the process sampling system
to conform to the classification of the system up to and including the first
isolation valves to which each sampling line and component is connected. Thus
the system also meets the quality standards requirements of GDC 1 and the
seismic requirements of GDC 2.

'

Based on the above evaluation, the staff finds the proposed process sampling
syste'n acceptable.

9.3.3 Equipment and Floor Drainage System

The equipment and floor drainage system collects and transports waste from
potentially radioactive and nonpotentially radioactive sources through separatei

: subsystems. The potentially radioactive subsystem collects waste from equipment
and floor drains and leakage from leak detection subsystems. The radioactive
subsystem serves the auxiliary, fuel, containment, radwaste, and control
buildings. These wastes are discharged to the liquid radwaste system. (The
liquid radwaste system is discussed in Section 11.2 of this report.) Wastes
from nonsetentially radioactive systems such as sanitary wastes, roof drains,
and oily wastes are collected, treated appropriately, and ultimately discharged
to the Missouri River.

.
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i

l The equipment and floor drainage system is classified as nonseismic Category I
except for containment penetration lines and isolation valves, which are;

seismic Category I and Quality Group B in accordance with Regulatory Guides
1.26 and 1 * Sump pump di; charge isolation valves and level instrumentation
for ECCS ainment spray pump areas which are required after a LOCA are
seismic Ce and Quality Group C. High-level alarms with control room
annunciati- ce provided for all sumps. Those sumps serving nonsafety-related.
equipment are provided with common annunciators for buildings or common subsystems.
Sumps serving safety-related equipment have level indication units designed to,

!

provide the control room with an analog indication of level.

The staff evaluated those safety systems needed for safe plant shutdown relative
to their potential for inplant flooding, emphasizing those systems and equipment,

; at the lowest elevation in the auxiliary building. Each train of ECCS equip-
ment is housed in a separata watertight room. Cross-flooding by back flow
through the drainage system is prevented by check valves inside and outside
each room. The staff concludes that adequate provision has been made to
prevent ECCS leakage after a LOCA from beir.g released outside the auxiliary-
building.

Based on its review, the staff concludes that adequate indication of leakage
into safety-related sumps is provided, as is protection against the inadvertent'

release of potentially radioactive liquids to the environment through plant'

drainage paths. The staff also concludes that the system meets the guidelines
of Regulatory Guides 1.26 and 1.29 with respect to seismic and quality group !i

classification, therchy meeting the requirements of GDC 2. It is, therefore,

acceptable.
*

9.3.4 Chemical and Volume Control System

The chemical and volume control system (CVCS) is designed to control and
maintain reactor coolant inventory and to control the reactor coolant boron
concentration through the process of charging (makeup) and letdown (drawing
off). The CVCS purifies the primary coolant by passing letdown flow through
heat exchangers and purification ion exchangers. The CVCS is also desioned to>

provide reactor coolant seal injection flow and to collect the controlled
bleedoff from the seals. Three charging pumps--one positive displacement'and
two centrifugal--supply high pressure injection (charging) of borated water
into the reactor coolant for normal end emergency boration. The volume control
tank serves as a surge for the reactor coolanc system to provide for control

! of hydrogen concentration .n the reactor con ant and to provide a reservoir of
makeup for the charging pumps. The boric acid makeup system, in conjunction
with the boron thermal rrgeneration system, provides for boron additions to'

compensate for reactivity thanges and to provide shutdown margin for main--i

tenance and refueling operations oc emergencies. (The charging portion of the
.

! CVCS is an integral part of the E CS which is reviewed in Section 6.3 of this
report.) Tne chargina and letdown port;ons of the system are designed to
seismic Category I requirements and contain redundar.t active components and an
alternate flow path in order to meet (N: siagle-failure criteria.!

The CVCS (including boron recovery system) includes components and piping
associated with the system, from the letdown line of the primary system to the

; charging lines that provide makeup to the primary system and the reactor
|

coolant pamp seal water system.

!
,
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The basis for acceptance in.the staff review has been conformance of the<

applicant's design of the CVCS system with the following regulations and
regulatory guides: (1) the requirements of GDC 1 and the guidelines of
Regulatory Guide 1.26 by assigning quality group classifications to system
components in accordance with the importance of the safety function to be-
performed; (2) the requirements of GDC 2 and the guidclines of Regulatory
Guide 1.29 by designing safety related portions of the system to seismic
Category 1 requirements; (3) the requirements of GDC 14 by maintaining reactor
coolant purity and material compatibility to reduce corrosion and thus reduce
the probability of abnormal leakage, rapid propagating failure, or gross
rupture of the RCP8; (4) the requirements of GDC 29 as related to the reliability
of the CVCS to provide negative reactivity to the reactor by supplying borated
water to the reactor coolant system in the event of anticipated operational
occurrences; (5) the requirements of GDC 33 and 35 by designing the CVCS with
the capability to supply reactor coolant makeup in the event of small breaks
or leaks in the RCPB and to function as part of the ECCS assuming a single
failure coincident with loss of offsite power; and (6) the requirements of,

GDC SD and 61 with respect to confining redioactivity by venting and collecting
drainage from the CVCS components through closed systems.

Based on the review of the applicant's proposed system, design bases, and
safety classification for the CVCS, and the requirements for system performance
of necessary functions during normal, abnormal, and accident conditions, the
staff concludes that the design of the CVCS and its supporting system is
acceptable and meets the requirements of GDC 1, 2, 14, P.9, 33, 35, 60, and 61.
It is, therefore, acceptable.

9.4 Air Conditioning, Heating, Cooling, and Ventilation Systems

9.a.1 Control Room Area Ventilation System (Control Building HVAC System)
:
'

The control room area ventilation system consists of the control building
supply and exhaust, the control room air conditioning unit, the Class 1E
electrical equipment air conditioning unit, tN access control air condi-
tioning and e/haust unit, and the counting room recirculation system. Only
the control room air conditioning systein, the Class 1E electrical equipment
air conditioning system, and HVAC penetrations of the control building boundaries
are safety related.

'

In normal operation, the entire control building is serviced by an outside air
supply system which provides fresh cooled or heated air to all the buildirg
areas and subsystems, including both safety-related and nonsafety related

Two exhaust systems normally service the control building. the controlareas.
building exhaust system, and the access control exhaust system. fhe first,

takes suction from the clean areas of the building, and the sccond from the>

potentially contaminated areas of the access control floor and the basement
below. The control building exhaust system discharges directly to the atmos-
phere while the access control exhaust system processes the exhaust air through
a charcoal adsorber train before discharging it through the unit vent.
Cooling sater for the non:afety subsystems is supplied by the central chilled
water system and by the essential service water system for the safety-related'

portions. The chilled water is used directly in the nonsafety-related control
building air supply unit, and the essential service water is used indirectly
as a heat sink for the redundant self-contained control room air conditioning
unit.
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Upon receipt of the control building isolation signal, isolation dampers close
isolating the control building from all adjacent buildings and outside air. A

portion of the recirculating control room air is bypassed through particulate
filters, and the control room is pressurized to 1/4-in. (w.g.) by drawing
outside air in through a particulate filter charcoal adsorber train, thus
preventing unprocessed contaminants from entering the control room.

The control room area ventilation system is designed to maintain the control
room within the environmental limits required for operation of plant controls
and uninterrupted safe occupancy of the areas required to be manned during all

.

operating modes including LOCA conditions. Redundant radiation, chlorine, and
smoke detectors are located in the intake duct downstream of the normal control
building air supply unit, and automatically isolate the system. The radiation

' and chlorine detectors are seismic category I. The redundant control room and
Class 1E electrical equipment air conditioning systems are powered from2

independent Class 1E sources. Isolation of the normal supply and exhaust
takes place when high radiation, chlorine, or smoke is detected; therefore,
the guidelines of Regulatory Guide 1.95 are met.

The essential HVAC equipment necessary for the safety functions of the control
area HVAC system are self-contained units and are located in areas which
themselves are maintained at acceptable environmental conditions. Thus the
requirements of GDC 19 are satisfied. Redundancy of safety-related HVAC units
is evidenced except at the common supply and return ducts from the control
room air conditioning unit. This is acceptable as no active components are'

used in these ducts. Because each SNUPPS plant unit has completely independent
and separate control rooms isolated from each other, the requirements of GDC 5'

relating to shared systems between units are satisfied.

The control area ventilation system incorporates provisions for purging smoke
and other contaminants with no recirculation by bringing in outside air and,

exhausting the contaminated air to the outside.

All essential portions of the system a'e located in the control building,
which is seismic Category I, flood and tornado protected. Thus the requirements
of GCC 2 are satisfied.

The system is physically separated from high-energy systems and is thus pro-'

tected from the effects of postulated pipe failures in high-energy systems.
Each equipment train of the safety-related portions is located in separate'

missile protected enclosures. All outside air intakes--both essential and
nonessential--are provided with missile barriers. The barriers are designed
to withstand and absoris impacts and to prevent the propagation of a missile
trajectory in line with essential equipment. Thus, the requirements of GDC 4
and the guidelines of Regulatory Guide 1.117 and BTP ASB 3-1 are satisfied.

The essential control room and Class 1E electrical equipment air conditioning
systems, isolation dampers, and radiation and chlorine detectors are designed
to seismic Category I requirements, thereby meeting the guidelines of Regulatory
Guide 1.29. Essential portions of the system are quality group C. Thus, the,

;

guidelines of Regulatory Guide 1.26 are met..

Based on the abow , the staff concludes, that the control room area ventilation
,

j
system is in conformance with the requirements of GDC 2, 4, 5, and 19 as

|

|
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related to protection against natural phenomena, missiles, and pipe breaks;
the sharing of systems; i.nd the capability to maintain the control room environ-
mental conditions. The guidelines of Regulatory Guides 1.26, 1.29, 1.95, and
1.117 and BTP ASB 3-1 are met as they relate to the system's seismic and
quality group classification, protection against chlorine gas release, protection
against the effects of tornado missiles, and protection against high- and
moderate-energy pipe breaks. The staff, therefore, concludes that the system
design is acceptable.

9.4.2 Fuel Pool Area Ventilation System (Fuel Building HVAC System)

The fuel building ventilation system consists of the fuel building supply
system, the emergency exhaust system, the auxiliary / fuel building normal
exhaust system, and the spent-fuel pool cooling pump room coolers. The emergency
exhaust system, the spent-fuel pool cooling pump room coolers, and tho;e
portions of the systems which are required to provide isolation from the
auxiliary building are safety related. ,

The fuel building and the auxiliary building share commin ventilation exhaust
systems for normal operations, for emergencies other than fuel handling accidents,
and for normal fuel handling operations. Following a radioactive release such
as from a fuel handling accident, the fuel building air supply paths from
nonsafety-related portions of the system are isolated and the building exhausted
to ensure that all fission products and particulate matter are collected and
processed. The fuel building intake and exhaust systems are provided with twos

motor-operated dampers in series _in each system, each powered from a separate
Class 1E source to ensure closure and isolation from nonsafety-related portions.
Normally, fuel handling operations are conducted with the emergency exhaust
system manually actuated. This is done to eliminate the response and reaction
times associated with the automatic transfer from normal to emergency operations,
should a fuel handling accident occur. The actuation of the emergency exhaust
will be automatic upon receipt of a fuel building isolation or high-radiation
signal. The emergency exhaust system maintains a negative pressure of 1/4-in.
(w.g.) to ensure that all leakage is into the building. Each spent-fuel pool
cooling pump room is provided with a local independent cooling unit. These
cooling units use the essential service water system as the heat sink and are
powered by the same Class IE power supply as the associated pump to be cooled.

The staff review has determined that the system is capable of fulfilling the
requirements of the facility for providing a fuel handling area environment
with controlled temperature and humidity to ensure the comfort and safety of
personnel and the integrity of fuel handling equipment during normal operation
and during fuel nandling operations. The staff finds that the provisions
cited above adequately meet the guidelines of Regulatory Guide 1.13 for
preventing the release of radioactive contaminants to the environment.

All essential portions of the system are located in the fuel building or the
auxiliary building. These buildings are designed to withstand the effects of
earthquakes, tornadoes, floods, and external missiles. Thus, the requirements
of GDC 2 are satisfied.

The fue! building vents to equalize pressure differentials that could occur
during a tornado or extreme wind conditions. Missile protection is provided
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i

I to prevent a tornado missile from damaging HVAC equipment required during safe i

shutdown. The safety-related portions of the system are physically separated
from high- and moderate' energy systems and are thus protected from the effects
of postulated pipe failures. Each equipment train of the safety-related

,

portions is located in a separate missile-protected enclosure. Under emergency2
,

operation, the safety related portions of the system are physically separated
,

from high- and moderate-energy systems and are thus protected from the effects
.of postulated pipe failures. Each equipment train of the safety-related ,

;

.
portions is located in separate missile protected enclosure. Under emergency

! operation, the safety-related port. ions do not interface directly wih outside
intakes or vents which are subject to tornado missiles. Therefore, the system3

i meets the requirements of GDC 4 and the guidelines of Regulatory Guide 1.117
j. and BTP ASB 3-1.

The safety-related portions (that is, the emergency exhaust system, the spent-
fuel pool cooling pump room coolers, and the HVAC penetrations of the fueli

{ building boundaries) are designed to meet Quality Group C requirements, where
applicable, as recommended by Regulatory Guide 1.26, and to meet seismici
Category I requirements as recommended by Regulatory Guide 1.29. Because each
unit has completely independent and separate fell buildings isolated from each
other, the requirements of GDC 5 relati ) to shared systems between units arei

satisfied..

! Based on the above, the staff concludes that the safety related portions of
! the fuel pool-area ventilation system are in conformance with the requirements
: of GDC 2, 4, and 5 as they relate to protection against seismic events, floods

and tornadoes, missiles and pipe-break effects, and the sharing of safety-related
systems. The system design also meets the guidelines of Regulatory Guides 1.13,

} 1.26, 1.29, and 1.117 and BTP ASB-3-1, as they relate to protection against !
,

! radioactive releases, seismic and quality group classification, protection
against tornado missiles, and high- and moderate-energy pipe breaks. The

i staff, therefore, concludes that the system is acceptable.

9.4.3 Auxiliary Building and Radwaste Area Ventilation System

The applicant has not combined the auxiliary and radwaste ventilation systems;
therefore the staff evaluation considers each independently.

;

Auxiliary Building Ventilation System

j The auxiliary building ventilation system consists of the auxiliary building
i supply system, the auxiliary / fuel building normal exhaust system, the emergency
I exhaust system, the main steam tunnel supply and exhaust systems, and a series
! of local area fan coil units and local room coolers. The emergency exhaust

system is largely common with the fuel pool area ventilation system and is
safety related. Other specific safety-related subsystems are the local r u.i
coolers serving the safety injection pump rooms, the component cooling water.
pump rooms, the RHR pump rooms, the centrifugal charging pump rooms, the:

! containment spray pump rooms, the auxiliary feedwater motor-driven pump rooms,
and the electrical penetration rooms. Those portion of systems which are'

required to provide isolation of the auxiliary building also are safety related
and are required to function after a DBA and to achieve and maintain the plant
in a safe-shutdown condition.

:
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In the event of a LOCA, those portions of the ventilation system which penetrate
the auxiliary building boundaries--except the emergency exhaust system--are
automatically isolated, and the emergency exhaust system is automatically
started. The safety-related emergency exhaust system ta M suction from all
levels of the auxiliary building through redundant ductwork. The exhaust air
is directed to the emergency exhaust adsorption train for cleanup and monitoring,
through exhaust fans, and discharged to the unit vent. This latter equipment
is located in the fuel building and is shared with the fuel pool-area ventilation
system, as described in Section 9.4.2 of this SER.

The safety-related portions of the auxiliary building ventilation system also
include the essential room coolers. Each of the redundant pump rooms is
provided with an individual cooler, and each penetration room cooler serves
one electrical penetration room. The pump room and penetration room coolers
are completely contained within their respective spaces and form closed-loop
systems. These coolers use the essential service water system as their heat
sink. The pump room coolers may be operated manually during occupation of the
room but normally they operate only when the pump motors are energized.
Operation of the penetration room coolers is controlled manually or automatically
by a safety injection signal (SIS).

All essential portions of the system are designed to seismic Category I and
Quality Group C (where applicable) requirements and are located in the fuel
building or the auxiliary building. These buildings are designed to withstand
the effects of earthquakes, tornadoes, floods, and external missiles. Thus
the requirements of GDC 2 and the guidelines of Regulatory Guides 1.26 and
1.29 are satisfied.

Tornado dampers are used which close as a result of the air flow produced by
the differential pressure associated with a tornado or high winds. Missile
barriers are prcvided external to the isolation system to prevent propagation
of a tornado missile. The design of the auxiliary building HVAC system provides
complete redundancy of the safety-related portion of the system. No single
failure will compromise the system's safety functions. All vital power can be
provided by either onsite or offsite power. Each equipment train of the
safety-related portions is located in a separate missile protected enclosure.
During emergency operation, the safety-related portions do not interface
directly with cutside intakes or vents which are subject to tornado missiles.
Therefore, the system meets the requirements of GDC 4, and the guidelines of
Regulatory Guide 1.117 and BTP ASB 3-1.

BecausE each plant unit has completely independent and separate auxiliary
buildings isolated from each other, the requirements of 3DC S relating to
syttems shared between units are satisfied.

Based on the above, the staff corcludes that the safety-related portions of
the auxiliary buiso|ng ventilation system are in conformance with the require-
ments of GDC 2,-4, and 5 as they relate to protection against seismic events,
floods, tornadoes, missiles, pipe-break effects, and shared system functions,
and with the guidelines of Regulatory Guides 1.26, 1.29, and 1.117 and BTP ASB 3-1.
The staff, therefore, concludes that the system design is acceptable.
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Radwaste Building Ventilation System

The radwaste building ventilation system is classified as nonsafety related
and is physically independent of safety-related ventilation systems. Therefore,
the guidelines of position C.2 of Regulatory Guide 1.29 with respect to
protection of safety-related systems from failure of nonsafety-related systems
are met.

The air supply unit draws in outside air, filters it through low efficiency
particulate filters, either cooling with a chilled-water coil or heating with
a hot-water coil, and distributes the conditioned air to the various floors of
the radwaste building. Fan-coil units are used for cooling the evaporator
rooms, control rooms, and sample laboratry. Local fan-coil units are used to
provide supplemental cooling in the basement and on the ground floors. Space
heating is provided by the outside air unit and local unit heaters.

The radwaste building exhaust system takes suction from all levels of the
radwaste building, processes the exhaust through the filter adsorber train,
and discharges it through the building vent. The building vent extends 10 ft
above the roof of the radwaste building. Radiation monitors are provided to
sample effluents. All exhaust air from the radwaste building is tnrough the
radwaste building exhaust system.

The radwaste building ventilation system is capable of fulfilling the require-
ments of the facility for providing an environment with controlled temperature
and air-flow patterns to ensure both the comfort and safety of plant personnel
and the integrity of the nonessential equipment and components served. Equipment
and instrumentation have been provided with suitable redundancy to ensure
normal operation and to prevent release of radioactivity to the envircament.

Based on its review, the staff concludes that the radwaste building ventilation
system satisfies the guidelines of Regulatory Guide 1.29 relating to its
seismic classification, thereby meeting the requirements of GDC 2, and is therefore
acceptable.

9.4.4 Turbine Area Ventilation System (Turbine Building HVAC)

The turbine building ventilation system provides the turbine building air-flow
requirements and is classified as nonsafety related. The ventilation system
is capable of adequately maintaining an acceptable environment for personnel
and the nonessential equipment served during normal plant operation. Failure
of the system will not compromise the operation of any essential plant systems
or result in an unacceptable release of radioactivity. Therefore, the require-
ments of GDC 2 and the guidelines of Regulatory Guide 1.29 position C.2 are
satisfied.

Based on its review, the staff concludes that the turbine t,uilding ventilation
system meets the requirements of GDC 2 with respect to protection against
natural phenomena and meets the guidelines of Regulatory Guide 1.29 concerning
its seismic classification. It is, therefore, acceptable.

I

!
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9.4.5 Engineered Safety Feature Ventilation (Diesel Generator Building
Ventilation and Essential Service Water Pumphouse Ventilation

4

*

The applicant has not presented an FSAR section specifically relating to
engineered safety feature ventilation. The ventilation systems for the safety,

injection pump rooms, centrifugal charging pump rooms, component cooling water
pump rooms, auxiliary feedwater pump rooms, RHR pump rooms, and containment

' spray pump rooms are discussed in Section 9.4.3 of this SER. The remaining
| ESF ventilation systems are the diesel generator building system and the i

1 essential service water pumphouse system.

] Diesel Generator Building Ventilation System

The diesel building ventilation system consists of four identical independent,

subsystems, one for each SNUPPS reactor unit's diesel generator room. Each
, subsystem provides cooling using outside air as the cooling medium. Air is
i drawn into each room through missile- and tornado protected enclosures on the
J diesel generator building roof. To reduce the winter heating load, recirculation

of building air is provided to temper the low temperature outside air. The i,

air supply subsystem also serves ss the source for combustion air used by the4

diesel generators and introduces a minimum flowrate of fresh outside air
regardless of the degree of recirculation. This ininimum quantity of air is
based on the maximum amount of combustion air required by the diesel. Ther

exhaust flowpath is direct from the diesel generator room through normally
closed dampers to the outside. Air flow to the outside is a result of the
slight pressurization of the diesel generator building because of the air
supply fan.

'

The diesel generator ventilation system is located in the diesel generator .

building which is designed to withstand the effects of earthquakes, tornadoes,
floods, and external missiles, thereby satisfying the requirements of GDC 2.

Tornado dampers are used. These dampers close by the air flow produced by the
differential pressure associated with tornadoes or high winds. Missile
protection is urovided at the intake and exhaust openings to prevent, propagation
of tornado misiiles. The completely redundant desigr, of the entire diesel,

generator system, including the ventilation system, provides assurance that no
single failure will compromise the Pstem's safety function. All vital power:

can be provided by either onsite or off site power. Each ventilation system is
located within its associatad diesel generator's uissile protected enclosure.
The system is separated fron. high- and moderate-energy piping systems and from
internally generated missiles. Therefore, the system meets the requirements
of GDC 4 and the guidelines of Regulatory Guide 1.117 and BTP ASB 3-1.

The diesel generator ventilation system b sWpd and fabricated to seismic
Category I requirements in accordance with the recommendations of Regulatory'

Guide 1.29. Because each plant unit has completely independent and separate '

'

diesel generator buildings isolated from each other, the requirements of GDC 5
relating to shared systems between units are satisfied.

Essential Service Water Pumphouse Ventilation System

The essential service water pumphouse ventilation system is similar to the
diesel generator building ventilation system, operating in precisely tne same
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!

!

mode with the same features. The system is located inside the essential '

service water pumphouse and consists of identical independent subsystems, one
for each redundant pump room. Each system provides cooling using outside air
as the cooling medium Air is drawn into each pump roorr through missile- ands

tornado protected enclosures on the pumphouse roof. Winter heating loads are
reduced by recirculating pumphouse air to temper the low temperature outside
air. The exhaust flowpath is direct from the pumphouse through normally,

i closed dampers to the outside. Air flow to the outside is the result of the
slight pressurization of the diesel generator building because of the air'

supply fan.
,

| The essential service water pumphouse ventilation system is located in a-
building which is designed to withstand the effects of earthquakes, tornadoes,

j floods, and external missiles, thereby satisfying the requirements of GDC 2.

Tornado dampers are used. The damper * are closed by the air flow produced by
the differential pressure associated with tornadoes or high winds. Missile,

protection is provided at the intake and exhaust openings to prevent propagationt

of a tornado missile. The redundant design of the ESW pumphouse ventilation
system p rovides assurance that no ;'.ngle failure will copromise the system's

,

! safety functions. All vital electrical power is Class 1E. Each ventilation
| system is located in its associated pump's missile protected enclosure. The
. system is separated from high- and moderate >..nergy piping systems and from
| internally generated missiles. Therefore, the system meets the requirements ,

of GDC 4 and the guidelines of Regulatory Guide 1.117, and BTP ~B 3-1. .>
,

l'he ESW pumphouse ventilation system is designed and fabricated to seismic
Category I requirements in accordance with the recommendations of Regulatory
Guide 1.29. Because each pump room has completely independent and separate-

ventilation systems the requirements of GDC 5 relating to systems shared
between units are satisfied.

! Based on the above, the staff concludes that the diesel generator building and
essential service water pumphouse ventilation systems are in conformance with
the requirements of GDC 2, 4, and 5, and the guidelines of Regulatory Guides 1.29

! and 1.117 and BTP ASB 3-1. Therefore, they are acceptable.

! 9.5 Other Auxiliary Systems

9.5.1 Fire Protection Review
|

The staff has reviewed the Callaway Plant Unit 1 fire protection program
reevaluation submitted by the applicant by letter dated April 15, 1977, and

| the revised fire hazards analysis dated June 29, 1981. The submittal was in
| response to the staff request to evaluate their fire protection program against

the guidelines of Appendix A to BTP ASB 9.5-1, " Guidelines for Fire Protectiont

for Nuclear Power Plants," and Appendix R to 10 CFR Part 50. The staff has
not yet made the site visit because the construction of the plant has not
progressed to the level where such a visit would be meaningful. As part ofi

| its review, the staff will visit the plant site to examine the relationship of i

| safety-related components, systems, and structures in specific plant areas to
both combustible materials and to associated fire detection and soppression1

systems. The objective of the staff review is to ensure that in the event of :
'

,
a fire at Callaway Unit 1, personnel and plant equipment would be adequate to

| ,

I |

9-26

-. - - . - -_.- -_ .- . -. - -- . _ _ _ _ . .



. - _ _ - _ - - - -=_ - _- - -- _ . _ - - . _ . - .-

safely shutdown the reactor, to maintain the plant in a safe-shutdown condition,
and to minimize the release of radio & tive material to the environment.-

.

The ,taff review included an evaluation of the automatic and manually operated
water and gas fire suppression systems, the fire detection systems, fire
barriers, fire doors and dampert, fire p otection administrative controls, and
the fire brigade size and training.

i
'

The staff consultants, Gage Babcock and Associates, Inc., participated in the
review of the fire protection program and in the prgaration of this raport,'

and concur with the findings discussed below.

9.5.1.1 Fire Protection Systems Description and Evaluation
'

Water Supply System

The water supply system consists of three fire pumps separately connected to a
i buried, 14-in pipe loop around the plant. There are three 50 percent capacity

fire pumps, each rate at 1500 gpm at 347-ft head. One p op is electric motor
driven and two are diesel engine driven. The fire pumps are located in a
separate firo pump house with the electric-fire pumps separated by a fire-rated
wall trom the diesel pump. The fire pump and controllers and Underwriter's
Laboratory listed. Controllers and pumps will be installed and tested in
accordance with National Fire Protection Standard (NFPA) Standard.

A separate jockey pump maintains the yard fire main pressure. If the fire
main pressure drops, the electric motor driven fire pump will automatically
start. The first diesel engine driven fire pump will start automatically if
tie pressure drops to below the .ettings of the electric pump, and the other

i dicoel pump will start automatically if the pressure continues to fall.
Separate audible and visual alarms are provided in the control room for each
pump to monitor pump operation, prime mover availability, power failure, and
failure of a fire pump t) start.

All valves in the fire protection water supply system are electrically super-
vised with alarms in the control room or locked open and under a management
supervisor program, with start key control and periodic visual check of the
valves.

The pumps take suction from two 300,000 gal vertical ground level water storage
tanks, arranged so that all fire pumps can take suction from either or both
tanks.

The greatest water demand for the fixed fire suppression systems is 1300 gpm1

and, coupled with 500 gpm for hose streams, creates a total water demand of
1800 gpm at the residual pressure of 80 psig. The staff finds that the water
supply system can deliver the required water demand with one pump out of
service.

Based on this evaluation, the staff concludes that the water supply system is
adequate, meets the guidelines of Section E.2 of Appendix A to BTP ASB 9.5-1,
and is, therefore, acceptable.
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Sprinkler and Standpipe System

The automatic sprinkler systems and standpipe risers are connected to separate
interior water supply headers. The interior headers are fed from each end
through separate supply connections to the looped yard system with appropriate
valves so that sections can be isolated to perform maintenance or to prevent a
single break from im airing the entire distribution system. In addition, ther
header and divisio'nal valve arrangement is such that no single failure can
impair both the primary and backup fire protection systems ,n stecting a single
fire area. The water supply valves to the suppression systems are electrically
supervised with alarms in the control room. In addition, the sprinkler systems
have water flow alarms which alarm in the control room.

The automatic sprinkler systems (wet pipe sprinkler systems, pre-action sprinkler
systems, and water spray systems) will be designed to meet the recommendations
of NFPA Standards 13, " Standard for the Installation of Sprinkler Systems,"
and No. 15, " Standard for Water Spray Fixed Systems."

The areas that are equipped with automatic water suppression systems include
the following:

System Area

Automatic wet pipe sprinkler Turbine lube oil storage tank room
system

Auxiliary boiler room

Condenser pit (area beneath the main
condensers)

Dry waste compactor (radwaste building)

A~ cess control area (con *rol building)

Cable area above access control area

System Area

( Vertical cable chases (auxiliary and
control buildings)

Fire pump house

|
Automatic water spray system Hydrogen seal oil unit

Main transformer

Auxiliary transformer

Station service transformer

! ESF transformer
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Automatic pre-action sprinkler Fuel building railroad bay

Lower cable spreading room

Upper cable spreading room

Cable trays at El. 1974 ft 0 in.,
2000 ft - 0 in., and 2026 ft -
0 in. of the auxiiiary building

Diesel generator rooms

Area below turbine generator operating
floor and mezzanine floor

Manual hose stations are located throughout the plant to ensure that an effective
hose stream can be directed to any safety-related area in the plant. The
standpipes are consistent with the requirements of NFPA 14, " Standard for the
Installation of Standpipe and Hose Systems." Standpipes are 4- and 2-1/2-in.
niameter pipe for mJltiple and single hose station supplies, respectively,
Based on this evaluation, the staff concludes that the sprinkler and standpipe
systems are adequate, meet the guidelines of Appendix A, Sections C.3.a and
C.3.d, and are, therefore acceptable.

,

Gaseous Fire Suppression Systems

A Halon total flooding system is used as the primary extinguishing agent in
the ESF switchgear rooms, nonvital switchgear and transformer rooms, and
switchgear rooms. The system is designed to produce a 5- to 10 percent Halon
concentration with a soaking time of 10 min. The system is activated by
cross-zoned ionization detectors. The concentration and soak time are adequate
to extinguish potential fires in there areas.

The Halon suppression system is installed in accordance with the requirements
of NFPA 12A, " Standard on Halogenated Fire Extinguishing Agent Systems - Halon
1301."

The staff has reviewed the concentration, soak times, and design criteria for
the Halon fire suppression system. Based on this evaluation, the staff concludes
that the gaseous fire suppression systems are adequcte, meet the guidelines of

-Appendix A to BTP ASB 9.5-1, and are in accordance with-the applicable portions
of NFPA Standard 12A. They are, therefore, acceptable.

Fire Detection Systems

The fire detection systems consist of ionization detectors, alarm control units,
associated electrical circuitry, electrical power supplies and fire annunciator
panels. There are 259 zones divided into four alarm control units. The detec-
tion system operates on 24-V dc power. The power supply to the alarm control
units is 120-V ac power, with 120-V dc nonclass IE backup. The dc power system
is backed by a battery supply. Automatic switchover to the dc power syste:n is
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backed by a battery supply. Automatic switchover to de power is provided in
each alarm control unit in the event of an ac power supply failure. All'

automatic suppression systems operate on 125-V dc power, and the alarm control'

units serves as a distribution panel.
,

'

For area detection and alarm systems and for all detection'for actuation of
extinguishing systems, the signal is received by the alarm control units.
Alarm and control functions are then initiated by the alarm control units with

,

the appropriate annunciation in the control room. For valve Lprevision,
extinguishing system discharge, and all other alarm and trouble signals generated
by the local extinguishing system control panels, the signals feed through the

| alarm control unit multiplexer to the control-room panel.

Multiplex transmitter / receiver units are installed with each alarm control
unit. The four alarm control units are connected to a multiplex controller
located in the fire protection control panel in the control room. The wiring

; between each transmitter / receiver and the controller consists of two data
i loops. In safety-r'eTated areas, the fire detection and alarm system meets the

requirements of NFPA 72D, Class A. All other initiating device circuits are
Class B.

,

The fire detection systems are installed according to NFPA 72D, " Standard for4

the Installation, Maintenance and Use of Proprietary Protective Signaling,

i Systems."

i The staff has reviewed the fire detection systems to ensure that fire detectors
' are adequate to provide detection and alarm of fires that could occur. The

staff has also reviewed the design criteria of the fire detection system to
ensure that they conform to the applicable sections of NFPA 720.

9. 5.1. 2 Other Items Related to Fire Protection Programs

Fire Barrier and Fire Barrier Penetrations
1

Where safe-shutdown equipment is enclosed by a fire barrier, all walls, ceilings,
. floors, and associated penetrations which enclose the equipment have a minimum
' fire rating of 3 hours with the following exceptions: 1-1/2 hr-elevator

doors; pressure, watertight, an't missile-resistant doors; and equipment batches
in the auxiliary building. For fire areas that do not have a 3-hr fire-rated
assembly, because of the installation of these doors, each individual area was
evaluated with respect to its fuel load, fire suppression and detection systems,
proximity to safe-shutdown equipment, and whether fire-rated assemblies provided3

; are adequate for the areas affected and meet the guidelines in Section D.1.j.
of Appendix A to BTP ASB 9.5-1. Based on this evaluation, the staff found the
1-1/2-hr fire barriers for these areas acceptable.

The applicant has agreed to provide 3-hr Underwriters Laboratory (UL) desi;;n
! for all fire penetration seals used in the penetration cable trays, conduits,

and piping which pass the penetration qualification tests, including the'

time-temperature exposure fire curve specified by ASTM E-119, " Fire Test of
Building Construction and Materials.".

j The staff has not completed its review of the penetration seals. Thus, the
staff will include the penetration seals in its report on Appendix R in a
subsequent safety evaluation report.;

i
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i In FSAR Revision 4 the applicant has agreed to provide 1-hr fire-rated barriers
that will maintain circuit integrity for 1 hr for conduit and/or cable trays
of one of two redundant divisions that are within 20 ft of each other, as well

' as an area automatic sprinkler system. The staff is concerned that the
i structural supports of these cable trays may collapse before the 1 hr fire
~

rating of the cable trays. The staff will require that the cable tray supports
be protected to achieve the same : ire rating as the cable tray or conduit

,

itself and will confirm the adequacy of the protection during a site visit.
The staff will include this item in its report on Appendix R in a subsequent
safety evaluation report.

! Fire Doors and Dampers

Fire doors in HVAC ducting penetrating the fire barriers have a 3-br fire
resistance rating and are fusible-link operated. Personnel doors have the '

' same rating as the barriers except as noted above. In addition, the equipment
hatchway in the auxiliary building is protected by an automatic sprinkler system.

water curtain. The test method and acceptance criteria for the fire doors and
dampers was ASTM-152. The devices will carry the UL label with fire dampers

'

installed in sleeves which are attached to the ductwork and supported by the
walls.

Based on its review, the staff concludes that the fire doors and dampers are
i provided in accordance with the guidelines of Appendix A to BTP ASB 9.5-1,
' Section D.1.j, and are, therefore acceptable.

9.5.1.3 Emergency Lighting

The applicant has installed an 8-hr battery pack emergency lighting unit ini

all areas of the plant needed for operation of safe-shutdown equipment and in
access and egress routes. The staff concludes that the emergency lighting
meets the requirements of Appendix A to BTP ASB 9.5-1, and the provisions of
Section III.J. of Appendix R to 10 CFR Part 50, and is therefore, acceptable.

9.5.1.4 Fire Protection for Specific Areas

Control Room

The control room complex is separated from all other areas of the plant by
3-hr fire rated walls, ceiling / floors assemblies, floors and doors. All
ventilation ducts penetrating these barriers have 3-hr fire-rated dampers.
The control room complex peripheral rooms are constructed to provide a minimum
fire rating of 1 hr. Smoke detectors are installed in these rooms which will
alarm and annunciate in the control room.

All cabinets (which contain both trains of redundant safety-related conduit,
cable, or wire required for safe shutdown), consoles, and the ventilation
exhaust system within the control room have ionization fire detectors installed.
Automatic smoke detectors are provided in the ceiling of the control room.
The main control room ventilation system can be remote manually isolated from
the main control room as it has capability of being used as a smoke removal
system. Automatic smoke detection is provided for the outside air intakes to
the control room ventilation system.
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Manual fire fighting is provided through the use of portable extinguishers and I
'

water hose reels.

Carpeting is to be installed in the control room with a f'ame spread reating
i of 50 and a smoke density of 180 when tested accordi~ng to ASTM E-84. The

staff concludes that the carpeting meets the staff guidelines, and is, therefore,.

i acceptable.

The floor of the control room contains nine cable trenches (3 in. deep), which
i continue up the height of_the west wall in the control room. The trenches are

covered by steel plates, with the vertical chases faced with sheet rock (not
rated). A 3-hr rated barrier is provided between each vertical cable chase.
Access panels are provided for each chase, and the steel covers on the trenches
are removable. The vertical wall trays and the underfloor trenches containing
cable from the upper cable spreading room to the control psnels are provided
with an automatically activated Halon-1301 fire protection system.

By letter dated June 15, 1981, the applicant stated that an alternate shutdown
system would be provided for the control room.

Based on its review and commitments, the staff concludes, that the fire protec-
tion for the control room meets the guidelines of Appendix A to BTP ASB 9.5-1
and is, therefore, acceptable.

Cable Spreading Room

' Tha upper and lower cable spreading rooms are separated from the balance of
,

the plant by 3-hr fire-rated walls and floor / ceiling assemblies. Each room
! contains the cables from only one division. Three-hr fire rated fire dampers

are provided for all ventilation ducts that pierce the walls. All cable and
'

piping penetrations through the fire-rated barriers are fitted with 3-hr
penetration seals. Exits are provided at each end of the room.3

; Automatic ionization type detection systems will annunciate in.the rvin control
rooQ.

Manual pull fire alarm stations are located near the exit doorways from this,

area. Hose stations and portable extinguishers are provided for protection of
; this fire area. Each room is also provided with an automatic preaction sprinkler

system with closed head' nozzles. The system is designed according to NFPA-13 ,

2with a design flow rate of 0.3 gpm/ft . Total system flow is based on actuation
of all heads over the most remote 3000 ft2 floor area.

The floor penetrations in this area have watertight seals to prevent water
damage in the control room below during firefighting operations.

Based on its evaluation, the staff concludes that, the fire protection for the
cable spreading room meets the guidelines of Appendix A, Section D.3, to BTP
ASB'9.5-1 and is, therefore, acceptable. j

Containment and Reactor Building 1

The fire hazard potential associated with the reactor coolant pumps is discussed !
below.
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The reactor building is separated from adjacent buildings by 3-hr fire barriers.
There are no physical boundaries enclosing localized fire hazards within the
reactor building.'

An automatic detector is installed above aach reactor coolant pump. Line type
thermal detectors are also installed in all areas where cable trays are con-
centrated and ionization type detectors are installed in the containment cooler
ducts. The automatic detection system alarms are zoned in the control room.

Portable extinguishers and manual hose stations are permanently installed
inside containment. At the request of the staff, the applicant agreed to
install two additional hose stations so that every hose station will be spaced
no more than 100 ft from an adjacent hose station.

A fixed, manually charged closed head sprinkler system is provided over the two-

2cable tray penetration areas. The design density for the system is 0.3 gpm/ft ,
2The pressure and flow rate are based on all heads open in the most remote 1000 ft ,

Based on its review, the staff concludes that the fire protection for the contain-
ment meets the guidelines of Appendix A to BTP ASB 9.5-1 and is, therefore,
acceptable.

Reactor Coolant Pumps

The system is designed to collect and contain lubricating oil for each. reactor
coolant pump. The oil collection tanks and piping are being designed to
maintain their integrity following a safe-shutdown earthquake. The applicant
is evaluating the system for conformance to Appendix R requirements and will
provide an engineered oil-collection system that will meet the requirements of
paragraph C.2 of Regulatory Guide 1.29. The results of this evaluation will
be documented in a future FSAR revision.

Emergency Diesel Generator Rooms

Each of the emergency diesel generators is in its own protected room separated-

by walls, floors, ceiling, and doors which have a minimum fire rating of 3 iirs.

All cable and piping penetrations through the fire-rated barriers are fitted
with 3-hr rated penetration seals.

The 550 gal diesel fuel oil day tank is contained by a dike around the base of
,

the tank, which will hold 110 percent of the contents of the day tank with [,

! drainage to a safe location.

Early warning fire detection is provided by infrared detectors. The detection
system alarms locally and in the control room. Manual pull fire alarms stations*

are located near the exit doorways.

An automatic preaction sprinkler system is provided for each area and is auto-
matically charged by detector actuation.

Heat vents in the roof are spring loadea to open when a thermal link is activated
by the heat of the fire.

.
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Based on its evaluation, the staff concludes, that the fire protection for the
diesel generator rooms nieets the guidelines of Appendix A to BTP ASB 9.5-1 and
is, therefore, acceptable.

Other Plant Areas-

The applicant's Fire Hazards Analysis addresses other plant areas not specifically
discussed in this report. The staff finds that the fire protection for these
areas is in accordance with the guidelines of Appendix A to BTP ASB 9.5-1, and
is, therefore, acceptable.

9. 5.1. 5 Alternate Shutdown

By letter dated June 15, 1981 and in SNUPPS FSAR Revision 4, the applicant
stated that the design includes an alternate shutdown system for the control
room as a means of achieving and maintaining hot standby. Cold shutdown can
be achieved and maintained from outside the control room by additional manual
operator actions at local control sites. The staff is presently evaluating
the applicant's program to identify shutdown systems, the separation of such
systems for fire protection, and the alternate shtudown system.

9.5.1.6 Adminsitrative Controls, Fire Brigade, Technical Specifications,
and Training

The administrative controls for fire protection consist of the fire protection
organization, the fire brigade training, the controls over combustibles and
ignition source, the prefire plans and procedures for fighting fires, and quality
assurance. The fire brigade will be comprised of five members per shift. To

~

have proper coverage during all phases of operation, members of each shift crew
,

will be trained in fire pro'ection in accordance with staff guidance, includingt'

Regulatory Guide 1.101." The applicant, by letter dated June 17, 1981, has
agreed to implement the fire protection program contained in the staff supplement
guidance " Nuclear Plant Fire Protection Functional Responsibilities, Adminis-
trative Controls and Quality Assurance," dated August 29, 1977, including
(1) fire brigade training, (2) control of combustibles, (3) control of ignition

' sources, (4) fire fighting procedures, and (5) quality assurance.

The applicant will implement the plant administrative controls and procedures
before fuel loading.

The staff concludes, that, with the commitments, the size of the fire br:gade,
the fire brigade equipment, and the training will conform to the recommenda-
tions of the National Fire Protection Association, to Appendix A to BTP AiB 9.5-1,
and to supplemental staff guidelines. Therefore, they are acceptable.

1
i The applicant has committed to follow the staff Standard Technical Specifications.

The staff finds this acceptable.

In a letter dated June 17, 1981, the applicant provided a table which addressed
10 CFR 50, Appendix R, for the site related portions. The table shows the-

| applicant to be in conformance with 10 CFR 50, Appendix R with regard to
training. In Revision 3 of the FSAR, the applicant makes a point-by point
comparison to BTP APCSB 9.5-1. The staff has revicwed this docmentation, with
regard to training aspects, and finds it acceptable.
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9. 5.1. 7 Appendix R Statement

On February 19, 1981, the Commission approved a rule concerning fire protection.
Although this rule and its Appendix R are not uirectly applicable to Callaway
Unit 1, the requirements set forth in Appendix R are being used as guidelines
in licensing plants after January 1, 1979. On April 27, 1981, the Commission
required that operating licenses issued after January 1,1979, contain a
condition requiring compliance with commitments made by an applicant and
agreed to by the staff after differences between the applicant's program and
the guidelines set forth in Appendix A to BTP 9.5-1 and Appendix R to 10 CFR
50 have been identified and evaluated.

The applicant has provided in the FSAR an evaluation of how he treets Appendix R
and identified any exceptions. The staff is continuing to review the information.
The staff will condition the operating license to require the applicant to
meet the technical requirements of Appendix R to 10 CFR Part 50, or provide
equivalent protection.

,

9.5.1.8 Conclusions

The staff review of the fire protection program has identified certain findings
and conclusions. The staff site visit has not yet been made and the staff
must confirm the applicant's program to identify shutdown systems and the
separation ' such systems for fire protection. The applicant has not yet
verified the fire rating of penetration seals, certain cable tray and conduit
supports, and the seismic design of the reactor coolant pump oil collection
system. All of these items are included in the technical requirements of
Appendix R to 10 CFR Part 50 which will be a license condition. Also, the
applicant has not provided his approach to protecting the alternate shutdown
system, which the staff regards as an outstanding issue.

9.5.2 Communication System

The communication system is designed to provide reliable intraplant and interplant
(or plant-to-offsite) communications, under both normal plant operation and
accident conditions.

9.5.2.1 Intraplant System:.

The intraplant communication system provides sufficient equipment of various
types so that the plant has adequate communications to start up, continue safe
operation, or safely shut down. The intraplant system includes:

(1) Public Address System

The public address (PA) system consists of handset stations and loudsper.ker
; assemblies, each having its own plug-in amplifier. The PA system provides six

separate communication channels, one page and five party lines. The party-line
channels tre normally used after the page is completed as several of the party
lines may communicate simultaneously. The portion of the PA system connecting
the fuel area and new-fuel-handling area in the fuel building and the control
room can be isolated from the remainder of the PA system. This permits extended
use of the fuel-handling communications system without disruption to the
remainder of the system.

:
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The PA system is supplied power from two separate 208/120-V instrument busses
through a transfer switch. In case of failure of the normal power source, an
automatic transfer is made to the alternate source. Each instrument bus is
fed through an isolation transformer and can be supplied power by one of the
emergency diesel generators in case offsite power is'los+.. ,

l

Special microphones and loudspeakers are to be provided in areas with high |
noise levels.

'

(2) Telephone Communication

An outside automatic dial-type telephone system is provided. This system is )
discussed in Section 9.5.2.2 of this report. |

(3) Maintenance Jack System

Communication between the control room and equipment being maintained, calibrated,
or tested is provided by a five-channel maintenance system consisting of a
series of permanently interconnected jack stations. Two-way communication
betwoen multiple stations is accomplished by use of plug-in handsets on
preselected channels at the jack stations. Power for the system is provided
through the same sources as the PA system, but is completely independent of
the PA system.

(4) Evacuation Alarm System

An audible evacuation alarm system is provided by means of a multitone generator
whose output is broadcast throughout the plant via the public address system.
The evacuation alarm tone is discernible from that of the fire alarm. A
volume control bypass relay provides maximum sound. The audible alarm system
is supplemented by visual alarms in higt noise arees. Manual activation of
the system is from the main control room.

(5) Two-Way Radios

Two-way radios are provided for use in the event of failure of the PA and
maintenance jack systems. This system is discussed in Section 9.5.2.2 of this
report.

|

| 9.5.2.2 Plant-to-Offsite Communication Systems
|
' The design basis for plant-to-offsite communications is to provide dependable

communications for reliable operation. The system consists of:

(1) Commercial Telephone System

| lhe commercial telephone system consists of electronic automat'ic switchboard
(EPABX) equipment and telephone stations supplied by the local public telephone

; company (Kingdom Telephone Company). The telephone stations are located
l throughout the power block and in the main control room, security building,

service building, and various other buildings around the site. The system has
10 combination direct inward/ outward dial trunks to the local telephone system.

|
In addition there are eight tie trunks to the applicant's St. Louis office
switchboard via the microwave system.!

t
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The power to the telephone (EPABX) equipment is 120 V-ac, obtained from non-Class
IE power system. The bus which serves the telephone power feeder is backed up
by the security diesel generator.

For emergency use, four telephone lines (unlisted numbers) are provided for
direct access to the outside local public telephone system. These four telephone
lines are direct from the local public telephone system exchange and do not
interface with the plant EPABX. Each of the four lines serves one of the
following areas:

o Plant Superintendent's Office
o Operating Supervisor's Office, Unit 1
o Operating Supervisor's Office, Unit 2
o Security Officer

(2) Microwave Radio System

The microwave radio system consists of total solid-state battery powered
equipment, designed and engineered for normal-system voice communications,
telemetering, computer interface, and protective relaying. The microwave
system at the plant handles the supervisory control to the intake structure,
the telephone circuit and public system circuits between the power block and
the intake structure, and the plant UHF radio system for the radio communication
in the plant area.

The microwave radio system also provides the following offsite communications:

0 the telephone trunks from the applicant's St. Louis office switchboard to
the EPABX switchboard

o the offpremise telephone station from the applicant's St. Louis office
switchboard to the Callaway Plant superintendent

o a direct telephone circuit between the load dispatch office and the
control room

o the applicant's ViiF radio system connection to the applicant's St. Louis
office

.

The battery charger for the plant microwave equipment is fed from a normal
plant non-Class 1E bus which is backed up by the security diesel generator.

(3) Radio Systems

o Plant UHF Radio System

A plant UHF radio system is provided for overall plant site area coverage as
far as the intake structure. This two-way radio system provides communications
for operating purposes with plant radio-equipped vehicles and plant hand-held
portable radios. This system is for use during normal operation or during a
plant emergency. This radio system is available on the control room radio
console and on the security radio console. Encode equipment is provided on
each console for use to signal the radio-equipped vehicles.
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o Applicant's VHF Racio System

The applicant maintains plant access to this existing VHF radio system via the
microwave system. This two-way radio system is used to reach the emergency
duty officer (EDO) through its wide-area coverage of the applicant's system.

-This system provides communications with the radio-equipped vehicle provided
for the EDO. The vehicle is equipped with encode and decode equipment for
signalling. Also a hand-held portable radio (plant UHF radio systen) is
provided for use by the EDO. The applicant's VHF radio system is available on
the control room radio console and on certain security radio consoles. Encode
and decode equipment is provided on each console for two-way signalling.

o Security Radio System

ihn security radio system is discussed in Section 13.6 of this report.

(4) National Warning System (NAWAS) Telephone

An extension on the National Warning System (NAWAS) telephone system is installed
in the Operating Supervisor's office in the control room. This extension--
consisting of a separate wall-mounted, push-to-talk handset and a monitor
speaker- provides two-way telephone ccmmunications with the Defense Civil
Preparedness Agency by a telephone circuit to the Missouri State Highway
Patrol Headquarters in Jefferson City, Missouri. The NAWAS extension is used
primarily to receive warning at the plant site of impending emergencies, such
as natural disasters. It is also used to warn state and Federal agencies of
any serious problems at the plant.

One basis for acceptance in the staff review was conformance of the design
criteria and bases and design of the installed communication systems to the
acceptance criteria in Section II of SRP Section 9.5.2. Another basis for
acceptance was conformance to industry standards and the ability of the systems
to provide effective communications from diverse means within the Callaway plant
during normal and emergency conditions under maximum potential noise level.

Based on its review, the staff concludes that the installed communication systems
at Callaway conform to the above-cited standards, criteria, and design bases, and
that they can perform their design functions. They are, therefore, acceptable.

| Special requirements needed for the communication systems to satisfy Appendix A
! to BTP APCSB 9.5-1 will be reviewed separately during the Callaway fire

protection review. Additional requirements may be imposed to further improve
the capability of the communication system after the fire protection review.

9.5.3 Lighting System

The lighting system for Callaway is designed to provide adequate lighting in
all areas of the station. It consists of normal and normal / emergency ac
lighting systems and an emergency de lighting system. The design is based on
illumination levels that equal or exceed those recommended by the Illuminating
Engineering Society for central stations.
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Normal ac lighting for the plant is supplied by the non-Class IE auxiliary
power system. It provides adequate illumination for normal plant-cperating
and service conditions in all areas of the plant.

The standby ac lighting system consists of selected fixtures of the normal
lighting systen in the auxiliary, ' control, reactor, and turbine buildings.
Power for this system is supplied for the Class 1E emergency bus. Upon loss
of offsite power, these fixtures are supplied power from the emergency diesel-
generator. The standby ac lighting system is isolated from the Class 1E power
sources on occurrence of an SI signal. These circuits are designated
non-Class 1E, nonassociated. Failure of either or both ac supplies results
in autometic energization of the dc lighting system, which provides sufficient
illumination for plant shutdawn and other essential services. In general, all

ac lighting at the plant is mercury vapor or fluorescent, except in areas such
as the containment where such lighting is prohibited. There incandescent
lighting is used.

The emergency lighting system consists of individual sealed-heam, self-contained,
battery units to provide silhouette lighting. Eight-hour battery units are
located in all plant areas required to be manned for safe shutdown (including
the auxiliary shutdown panel) and in those areas necessary for accees and e gress.
One-and-one-half-hour battery units are used in the turbine building. Each unit
is connected to the normal lighting ac source for maintaining the charge and is
automatically transferred to its internal batteries upon '9ss of ac power.

In the area above the main control board ana operator's console, the emergency
lighting system consists of fixtures supplied from a Class IE battery through
a normally deenergized contactor. The contactor control circuit monitors the
normal ac lighting feed and automatically energizes the fixtures from the
Class IE battery upon loss of ac power.

The plant lighting systems are designed so that a single failure cannot degrade
the essential lighting below a safe level.

The plant lighting systems are tested at installation. The dc emergency
lighting is inspected and tested periodically to ensure the operability of the
automatic switches and other components in the system.

The scope of the lighting system for Callaway included assessment of all
components necessary to provide adequate lighting during both normal and
emergency operating conditions, the adequacy of the power sources for the
normal and emergency lighting systems, and verification of the functional
capability of the lighting system under all conditions of operation.

The basis for acceptance in the staff review was conformance of the design
bases and criteria and the design of the lighting systems and necessary-
auxiliary supporting systems to the acceptance criteria in-Section II of SRP
Section 9.5.3. Other bases for acceptance were conformance to industry standards
and the systems' ability to provide effective lighting in all areas of the
Callaway plant under all conditions of operations.

1

Based on its review, the staff concludes that the various lighting systems
provided at the Callaway plant are in conformance with the above-cited standards,<

a
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criteria, and design basis and that they can perform their design function.
They are, therefore, acceptable.

Special requirements needed for the emergency lighting system to satisfy
Appendix A to BTP APCSB 9.5-1 will be reviewed separately during the fire
protection review of the Callaway Plant. Additional requirements may be
imposed to further improve the capability of the lighting system as a result,

I of the fire protection review.

9.5.4 Emergency Diesel Engine Fuel Oil Storage and Transfer System

9.5.4.1 Emergency Diesel Engine Auxiliary Support Systems (General)

There are two emergency diesel generators for Callaway Unit 1, and each diesel
engine has the following auxiliary systems (addressed in detail in the SER
sections indicated):

o fuel oil storage and transfer (Section 9.5.4.2)
o cooling water (Section 9.5.5)
o starting system (Section 9.5.5)
o lubrication (Section 9.5.7)
o combustion intake and exhaust (Section 9.5.8)

This section of the SER applies to all of the above systems.

The diesel generator and its auxiliary support systems--except for the buried
fuel oil storage tanks, a portion of the connecting fuel transfer piping up to
the diesel generator building wall, and the diesel generator exhaust stacks--are
housed in a seismic Category I diesel generator building which provides protec-
tion from the effects of tornadoes, tornado missiles, and floods. The buried
portions of the fuel oil storage and transfer system are also protected from
tornadoes, tornado missiles, and floods. Tornado-missile protection of the
diesel generator exhaust stacks is discussed in Sections 3.5.1 and 9.5.8 of
this report. Therefore, the requirements of GDC 2, and and the recommendations
and guidance of Regulatory Guides 1.115 and 1.117 are met. Protection from

i the effects of tornadoes, tornado missiles, and floods are evlauated in Section 3
of this report.

Because Callaway Unit 1 is a single unit, the requirements of GDC 5 are not
applicable.

The diesel engine and the engine-mounted and separately skid mounted portions
of the auxiliary support systems piping and components normally furnished with,

"

the diesel generator package are designed to seismic Category I requirements
and follow the guidelines o' the Diesel Engine Manufacturers Association
(DEMA) standards. The diesel engine and its mounted auxiliary support systems
piping and components also conform to the requirements of IEEE Standard 387-1977,
" Standard Criteria for Ciesel-Generator Units Applied as Standby Power Supplies
for Nuclear Power Generating Stations," which endorses the DEMA standards, and

|also Regulatory Guide 1.9. The diesel engine and its auxiliary support systems ;

meet the quality control requirements of 10 CFR 50 Appendix B. The quality Iassurance program is evaluated in Section 17 of this report. 1

!

:
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Accumulation of dust--including dust generated from concrete floors and walls--
on the electrical equipment associated with starting of the diesel generators

-(such as auxiliary relay contacts and control switches) is minimized by the
diesel generator building ventilation system design, and operation, plant
design, and administrative procedures.

The applicant will perform preoperational and startup tests of the diesel
engine auxiliary support systems in accordance with recommendations and guide-
lines of Regulatory Guide 1.68. The adequacy of the test program is evaluated
in Section 14.1 of this report.

The design of the diesel engine auxiliary support systems is evaluated with
respect to the recommendations and guidelines BTPs ASB 3-1 and MEB 3-1.
Evaluation of protection against dynamic effects associated with the postulated
pipe system failures is covered in Section 3.6 of this report.

The adequacy of the fire protection for the emergency diesel generator and
associated auxiliary support systems with respect to the recommendations and
guidelines of BTP ASB 9.5-1 is evaluated in Section 9.5.1 of this report.

The designs of the diesel generator auxiliary support systems also have been
evaluated with respect to the recommendations of NUREG/CR-0660, "Enchanca..ent
of Onsite Emergency Diesel Generator Reliability." This report made specific
recommendations on increasing the reliability of nuclear power plant emergency
diesel generators. Information requests concerning these recommendations were
transmitted to the applicant during the review process. The applicant responded
in the amendments to the FSAR stating how Callaway meets or will meet the
recommendations of NUREG/CR-0660.

The staff has reviewed these responses and has determined that conformance to
the recommendations is as follows:

Recommendation Conformance SER Section

Moisture in air starting system Yes 9.5.6
Dust and dirt in diesel generator Yes 9.5.4.1

room
Turbocharger gear drive problem NA -

Personnel training Yes 9.5.4.1
Automatic prelube Yes 9.5.7
Testing, test loading, and Yes 9.5.4.1

preventive maintenance
Improving the identification Yes 9.5.4.1

of root cause of failures
Diesel generator, ventilation and Yes 9.5.8

combustion air systems
Fuel storage and handling Yes 9.5.4.2
High temperature insulation for * 9.5.4.1

Generator
Engine cooling water Yes 9.5.5
Concrete dust control Yes 9.5.4.1
Vibration of instruments Yes 9.5.4.1

*The staff considers explicit conformance unnecessary in view of
the equivalent reliability provided by the design, margin, and
qualification testing requirements that are normally applied to
emergency standby diesel generators.
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The present diesel generator design meets the requirements of GDC 17,18, and
| 21 and is in conformance with recommendations of NUREG/CR-0660. The staff,

therefore, concludes that this will provide reasonable assurance of diesel
generator reliability through the~ design life of the plant.

9.5.4.2 Emergency Diesel Engine Fuel Oil Storage and Tranefer System

The design function of the emergency diesel engine fuel oil storage and transfer
system is to provide a separate and independent fuel oil supply train for each
diesel generator, and to permit operation of the diesel generator at ESF load
requirements for a minimum of 7 days without replenishment of fuel. The
system is designed to meet the requirements of GDC 2, 4, 5, and 17. The
meeting of the requirements of GDC 2, 4, and 5 is discussed in Section 9.5.4.1
above.

There are two emergency diesel generators for Callaway. Each diesel engine
fuel oil storage and transfer system consists of a 550 gal day tank sufficient
to power the diesel engine at rated load for approximately 1.2 hr., a 95,000
gal storage tank sufficient to power the diesel engine at maximum continuous
load conditions for 7 days; an ac motor-driven transfer pump powered from the
associated diesel; and the associated piping, valves, and instrumentation and
controls.

Each diese, engine fuel oil storage and transfer system is independent and
physically separate (except for a cross-connect in the fuel oil transfer
system) from the system supplying the redundant diesel generator. The cross-
connect is isolated from the systems by two locked-closed valves; thus, a
single failure within any one of the two systems will affect only the asso-
ciated diesel generator. Theiefore, the requirements of GDC 17, as related to
the capability of the fuel oil system to meet independen':e and redundancy
criteria, are met.

Except for the diesel oil storage tank fill and vent lines and the fuel oil
day tank vent lines, the diesel engine fuel oil storage and transfer system
piping and components, up to the diesel engine interface and including auxiliary
skid-mounted piping, are designed to seismic Category I, ASME Section III,
Class 3 (Quality Group C) requirements. They conform to the guidelines of
Regulatory Guides 1.26 and 1.29. The engine-mounted piping and components,;

from the engine bluc( to the engine interface, are considered part of the
engina assembly and are seismically qualified to Category I requirements as
part of the diesel engine interface. They are' considered part of the engine
assembly and are siesmically qualified to Category I requirements as part of
the diesel engine package. This piping and the associated components--such as

j valves, fabricated headers, fabricated special fittings, and the like--are
designed, manufactured, and inspected in accordance with the guidelines and!

requirements of ANSI Standards B31.1 (" Code for Pressure Piping") and N45.2
(" Quality Assurance Program Requirements for Nuclear Facilities") and 10 CFR 50
Appendix B. The engine-mounted fuel oil piping and associated components are
intentionally over designed (subjected to low working stresses) for the applica-
tion, thereby resulting in high operational reliability. The engine-mounted
fuel oil piping and components designed according to the cited design philosphy

! and standards is considered equivalent to a system designed to meet ASME
Section III Class 3 requirements with regard to system functional operability
and inservice reliability.

i
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The diesel oil storage tank fill and vent lines and the fuel oil day tank vent
.

lines are designed, manufactured, inspected in accordance with the guidelir.es )and requriements of ANSI Standard B31.1. The buried portions of the vent ;

lines are designed as seismic Category I, and the portions of the vent lines
in the diesel generator building are seismically supported. This fuel oil
piping is intentionally overdesigned (subjected to low working stresses) for
the application, thereby resulting in high operational reliability. In addition
if either the fill or vent or both lines are damaged, the fuel oil storage
tank can be filled and vented through the manholes in the tank. The design of
this fuel oil piping to the cited design philosophy and standards is considered
acceptable with regard to system functional operability and inservice reliability.

The design of the emergency diesel engine fuel oil storage and transfer system
conforms to ASNI-N195 (" Fuel Oil Systems for Diesel Generators"). In addition,
the fuel oil quality and tests will conform with the guidelines of positions C.2a
through C.2h of Regulatory Guide 1.,137.

The scope of review of the diesel engine fuel oil storage and transfer system
included layout drawings, piping and instrumentation diagrams, and descriptive
information in Section 9.5.4 of the FSAR for the system and auxiliary support
systems essential to its operation.

The basis for acceptance in the review was conformance of the design criteria
and bases and the design of the diesel engine fuel oil storage and transfer
system to the requirements of GDC 17 with respect to redundancy and physical
independence, and conformance with the guidance of the cited regulatory guides
and with the recommendations on NUREG/CR-0660 and industry codes and standards.

Based on its review, the staff concludes that the emergency diesel engine fuel
oil storage and transfer system meets the requirements of GDC 2, 4, 5, and 17,
meets the guidance of the cited Regulatory Guides, that it can perform its
design safety function, and that it meets the recommendations of NUREG/CR-0660
and industry codes and standards. It is, therefore, acceptable.

9.5.5 Emerency Die el Engine Cooling Water System

The design function of the emergency diesel engine cooling water system is to
maintain the temperature of the diesel engine within a safe operating range
under all load conditions and to maintain the engine coolant preheated during
standby conditions to improve starting reliability. The system is designed to
meet the requirements of General Design Criteria 2, 4, 5, 17, 44, 45, and 46.
The meeting of the requirements of GDC 2, 4 and 5 is discussed in Section 9.5.4.1
of this report.

The emergency diesel engine cooling water system is a closed-loop system and
cools the cylinder liners, cylinder header, and turbocharger combustion inner
coolers. The system consists of three separate but interconnected subsystems:
the engine jacket cooling water system, the inner cooler system, and the preheat
circulating system. The major components of the engine jacket cooling water
system for each diesel engine includes a jacket water cooler, an engine-driven
jacket water coolant pump, an expansion tank (standpipe) (common to all three
subsystems), a thermostatic three-way valve, required instrumentation, controls
and alarms, and the associated piping and valves. The major components for
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the inner cooler system include an inner cooler heat exchanger, an engine-driven
inner cooler pump, a thermostatic three-way valve, inner cooler, required
instrumentation, controls, and alarms, and the associated piping and valves.
The major camponents of the preheat circulating system includes an immersion
heater, a motor-driven standby coolant circulating pump, required instrumenta-
tion, controls, and alarms, and the associated piping and valves. When the
diasel engine is operating, the heat generated is rejet.ted to the essentiol
service water system by means of the jacket water cooler and the inner cooler
heat exchanger.

During operation of the diesel engine, temperature regulation of the diesel
engine coolant is accomplished automatically through the action of temperature
sensing three-way thermostatic valves. When the engine is idle, the engine
coolant is heated to a temperature of approximately 130 F by an electric
heater and continuously circulated through the engine. The temperature is
controlled by a thermostat to keep the engine warm and ready to accept loads
within the prescribed time interval. The diesel generator is capable of
operating fully loaded without secondary cooling for a minimum of 3 min.
Sufficient water is contained in the engine and standpipe to absorb the heat
generated during chis period. This time is in excess of the time needed to
restore essential service water to the diesels in the event of a loss of
offsite power. Alarms have been provided to enable the control room operator
to monitor the diesel generator cooling while the unit is in the standby mode
or in operation.

There are two emergency diesel generators for Callaway Unit 1 and each has a
physically separate and independent cooling water system. Therefore, the

requirements of General Design Criteria 17 and 44, as related to redundancy
and single failure criteria are met.

The diesel engine cooling water system and piping and components up to the
diesel engine interface, including au.iliary skid-mounted piping, are designed
to seismic Category I, ASME Section III, Class 3 (Quality Group C) requirements
and meet the recommenda'. ions of Regulatory Guides 1.26 and 1.29. The engine-
mounted piping and components, from the engine block to the engine interface,
are considered part of the engine assembly and are seismically qualified to
Category I requirements as part of the diesel engine package. This piping and
the associated components, such as valves, fabricated headers, fabricated
special fittings, and the like are designed, manufact ved, and inspected in
accordance with the guidelines and requirements of ANSI Standards 831.1 (or its
equivalent) and N45.2 and 10 CFR 50 Appendix B. The engine-mounted cooling water
piping and associated components are intentionally overdesigned (subjected to
low working stresses) for the application, thereby resulting in high operational
reliability. The design of the engine-mounted cooling water piping and components
to the cited design philosophy and standards is considered equivalent to a system
designed to ASME Section III Class 3 requirements with regard to system
functional operability and inservice reliability.

The diesel engine cooling water system conforms with BTP ICSB-17 (PSB), as it
relates to engine cooling water protective interlocks. The diesel generator
system protective interlocks are discussed in Section 8.3 of this report.
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Ti diesel engine cooling water system has provisions to permit periodic
inspection and functional testing during standby and normal modes of power
plant operation as required by GDC 45 and 46.

The scope of review of the emergency diesel engine cooling water system included
layout drawings, piping and instrumentation diagrams, and descriptive information
in Section 9.5.5 of the FSAR for the system and auxiliary support systems
essential to its operation.

The basis for the acceptance in the staff review was conformance of the design
criteria and bases and the design of the diesel engine cooling water system to
the requirements of GtlC 17 and 44 with respect to redundancy and physical
independence, GDC 45 and 46 with respect to inspection and testability of the,

system, the guidance of the cited Regulatory Guides, the recommendations of
NUREG/CR-0660, and industry codes and standards, as well as the ability of the
system to maintain stable diesel engine cooling water temperature under all
load conditions.

Based on its review, the staff conclude that the emergency diesel engine
cooling water system meets the requirements of GDC 2, 4, 5, 17, 44, 45, and
46; meets the guidance of the cited Regulatory Guides; can perform its design
safety function; and meets the recommendations of NUREG/CR-0660 and industry
codes and standards. It is, therefore, acceptable.

9.5.6 Emergency Diesel Engine Starting Systems

The design function of the emergency diesel engine starting system is to
provide a reliable method for automatically starting each diesel generator
such that the rated frequency and voltage is achieved and the unit is ready to
accept required loads within 10 secs. The system is designed to meet the
requirements of GDC 2, 4, 5, and 17. The meeting of the requirements of
GDC 2, 4, and 5 is discused in Section 9.5.4.1 of this report.

There are two emergency diesel generators. Each emergency diesel generator
has an independent and redundant air starting system consisting of two separate
full capacity air starting subsystems, each with sufficient air capacity to
provide a minimum of five consecutive cold engine starts. Redundancy in the
starting systems is provided by two diesel generators so that a malfunction or
failure in one system does not impair the ability of the other system to start
its diesel engine. This meets the requirements of GDC 17.

Each subsystem includes an air compressor, an after cooler, an air dryer, a
receiver tank, air filters, injection lines and valves, an air-to-cylinder
distributor and starting valves, instrumentation, controls, alarms, and the
associated piping to connect the equipment. Alarms annuciate on the local
panel and in the main control room to enable the operators to monitor the air
pressure of the diesel generator starting air system.

The diesel engine air starting system piping and components from the isolation
valves befnre the receivers to the diesel engine interface, including auxiliary
skid mounted piping, are designed to seismic Category I, ASME Section III,
Class 3 (Quality Group C) requirements and meet the recommendations of Regulatory
Guides 1.26 and 1.29. The compressors and air dryers which are not required
during the starting cycle of the diesel generator are designed to Military

,
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Standard requirements. The engine-mounted piping and components, from the
engine block to the engine interface, are considered part of the engine assecbly-

and are seismically qualified to Categor- 1 requirements as part af the diesel
engine package. This piping and the associated components--such as valves,i

fabricated headers, fabricated special fittings, and the like--are designed,
manufactured, and inspected in accordance with the guidelines and requirements
of ANSI Standards B31.1 (or its aquivalent) and N45.2 and 10 CFR 50 Appendix B.
The engine-mounted air starting piping and associated components are intentionally
overdesigned (subjected te low working stresses) for the application, thereby
resulting in high operational reliability. The design of the engine-mounted
air starting piping and componentt to the cited design philosphy and standards
is considered equivalent to a system designed to ASME Section III Class 3
requirements with regard to system functional operability and inservice
reliability.

The scope of review of the emergency diesel engine starting system ir.cluded
layout drawings, piping and instrumentation diagrams, and descriptive informa-
tion in Section 9.5.6 of the SNUPPS FSAR for the system and auxiliary support
system essential to its operation.

~

The basis for acceptance in the staff review was conformance of the design
criteria and bases and the design of the diesel engine air starting system to
the requirements of GDC 17 with respect to redundancy and physical independence,

; the guidance of the cited Regulatory Guides, the additional guidance in
Section II of SRP Section 9.5.6, the recommendations of NUREG/CR-0660, and
industry codes and standards, as well as the ability of the system to start
the diesel generator Within a specified time period.,

Based on its review the staff concludes, that the emergency diesel engine air
starting system meets the requirements of GDC 2, 4, 5, and 17; meats the

! guidance of the cited Regulatory Guides and SRP Section 9.5.6; can perform its
design safety function; and meets the recommendations of NUREG/CR-0660 and
industry codes and standards. It is, therefore, acceptable.

9.5.7 Emergency Diesel Engine Lubricating Oil System;

The design safety function of the emergency diesel engine lubricating oil,

i system is to provide a supply of filtered lubrication oil to the various
j moving parts of the diesel engine including positions and bearings. The

system is designed to meet the requirements of GDC 2, 4, 5, and 17. The
meeting of the requirements of GDC 2, 4, and 5 is discussed in Section 9.5.4.1
of this report.

The emergency diesel engine lubricating oil system consists of two separate
systems:

o the main lube oil system.
o the rocker lube oil system. '

I
The main oil system supplies lubricating oil to the main bearings, pistons, i
camshaft bearings, cam followers, fuel injection pumps, camshaft, and accessory |
drive gears. The major components of the main lube oil system include an l
engine-driven pump, motor-driven lube oil prelube keepwarm pump, a lube oil '

collection sump, strainers and filters, lube oil coolers, an electric heater

1
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and thermostatic three-way valve, an auxiliary lubricating oil makeup tank,
instrumentation, and controls, alarms. and associated piping and valves to

.

connect the equipment. Crankcase pressure relief valves are not provided for
protection from crankcase explosion because the engine has a vented crankcase.
Alarms and protective devices are provided to enable the control room operator
to monitor the diesel generator lube oil system during standby, startup or in
operation.

The prelube/keepwarm system operates when the engine is running in order to
provide a path for the bypass filtration of the oil in the sump.

To protect the crankcase oil from contamination by cooling water and fuel
leaks at the cylinder heat upper deck level, the valve rockers are lubricated
and drained by a separate rocker lubricating oil system. The system consists
of an engine-driven pump, filter, reservoir, electric motor-driven prelube
pump, piping, valves, controls, and instrumentation. The engine-driven pump
draws oil from an engine-mounted reservoir and discharges it under pressure
through a filter to a header. The header feeds lubriceting oil to each cylinder
head rocker assembly. A drain header returns the oil to the reservoir. The
electric motor-driven prelube pump serves as a backup to the engine-driven
pump. When the engine is on standby, the prelube pump is used to lubricate
the rocker arm assembly prior to test starts.

The emergency diesel generator system for the plant consists of Fairbank Morse
(FM) diesels. The FM diesel is provided with a keep warm lubrication system
which operates continuously then the engine is on standby service to prelubri-
cate the engine wear parts. This system does not lubricate the rocker arm
assembly. Therefore, when the engine is on standby service for a prolonged
period of time, lubricating oil drains from the rocker arm assembly and the
engine is subject to a dry start. This is not acceptable. Dry starting of
these diesel generator parts under emergency conditions will result in momentary
lack of lubrication at the various moving parts. This can eventually lead to
failures, with resultant equipment unavailability.

The applicant was informed of the staff concern and proposed the following
procedure: The rocker arm prelube pump will be operated once every week for a
period of 5 to 30 mins. (The amount of time can be adjusted between 5 and 30
mins by means of a built-in timer.) After operating for the' preset period,
the pump will automatically shut off.

In addition, it should be noted that the engine manufacturer does not consider
it detrimental for the rocker arms to operate with reduced oil pressure for
the short period of time during which the engine is coming up to speed in an
emergency start situation. Because of this reason and the fact that the
weekly prelubrication will result in a film of lubrication on the rocker arm
assemblies, the staff finds the procedure acceptable as a means of minimizing
dry engine starts.

No cooling during operation or standby preheating is provided to the rocker
arm lubricating oil system. The applicant provided an explanation as to why
cooling was not required during operation of this system. The staff found
this unacceptable. In a letter dated August 31, 1981, from Nicholas A. Petrick
to Harold R. Denton, the applicant committed to monitor the rocker arm lube
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oil system temperature during the initial test program to confirm that the
system operates properly within the manufacturer's recommended temperature
limits. The staff finds this acceptable provided:

! (1) The test results are submitted to the staff for review and evaluation.

(2) If the manufacturers temperature's limits are exceeded, a cooling system
for the rocker arm lube oil system shall be provided.

The same letter stated that the diesel generator building would be maintained
at a minimum temperature of 50 F, which the applicant deems sufficient to
prevent excessive cooling of the rocker arm lube oil. Because the room
temperature will be kept at or above the minimum stated and the system will be
prelubricated weekly as described above, the staff finds that preheating of
the rocker lube oil system will not be necessary.

Except for the rocker arm lubricating oil system, the diesel engine lubricating
oil system piping and components up to the diese! engine interface, including
auxiliary skid mounted piping are designed to seismic Category I, ASME
Section III, Class 3 (Quality Group C) requirements and meet the recommendations
of Regulatory Guides 1.26 and 1.29. The rocker arm lubricating oil system and
the engine-mounted piping and components, from the engine block to the engine
interface, are considered part of the engine assembly and are seismically
qualified to Category I requirements as part of the diesel engine package.
This piping and the associated components, such as valves, fabricated headers,
fabricated special fittings, and the like are designed, manufactured, andi

inspected in accordance with the guidelines and requirements of ANSI
Standards B31.1 (or its equivalent) and No5.2 and 10 CFR 50 Appendix B. The
rocker arm and engine-mounted lubricating oil piping and associated components
are intentionally over designed (subjected to low working stresses) for the
application, thereby resulting in high operational reliability. The design of

i the rocker arm and engine-mounted lubricating oil piping and components to the
cited design philosophy and standards is considered equivalent to a system'

designed tc ASME Section III Class 3 requirements with regard to system
functional operability and inservice reliability.

The diesel generator lubricating oil system conforms with BTP ICSB-17 (PSB),
| as it relates to diesel engine lubrication system protective interlocks. The
I diesel generator system protective interlocks are discussed in Section 8.3 of

this report.

! The scope of review of the diesel generator lubricating oil system included
piping and instrumentation diagrams and descriptive infor' ation in Section 9.5.7
of the SNUPPS FSAR for the system and the auxiliary support systems essential
to its operation.

The basis for acceptance in the staff review was conformance of the design
criteria and bases and the design of the diesel engine lubricating oil system
to the requirements of GOC 17 with respect to redundancy and physical independence,
the guidance of the cited Regulatory Guides, the additional guidance in
Section II of SRP Section 9.5.7, the recommendations of NUREG/CR-0660, and
industry codes and standards.
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Based on its review, the staff concludes that the emergency diesel engine
lubricating oil system meets the requirements of GDC 2, 4, 5, and 17; meets
the guidence of the cited Regulatory Guides and Standard Review Plan 9.5.7;
can perf]rm its design safety function; and meets the recommendations of
NUREG/CR-0660 and industry codes and standards. It is, therefore, acceptable.

9.5.8 Emergency Diesel Engine combustion Air Intake and Exhaust System

The design function of the emergency diesel engine combustion air intake and
exhaust system is to supply filtered air for combustion to the engine and to
dispose of the engine exhaust to atmosphere.

A separate source of combustion air for each diesel engine is taken from the
diesel generator building air intakes through an air filter, intake silencer,
turbo-charger compressor, and intercoolers. The path of the exhaust gas dis-
charge is through the turbo-charger, exhaust silencer, and exhaust ducting to
the outside of the building. This meets the requirement of GDC 17 with regard
to system independence, redundancy and single failure criteria.

The exhaust system is separate from the air intake system to reduce the
possibility of contamination of the intake air with recirculated exhaust
gases. The location of the air intake structure and its design preclude the
intake of fire extinghishing agents, noxious gases, and dust and other
deleterious material that could affect diesel generator operation.

Except for those sections of the combustion air intake and exhaust system
external to the diesel generator building, the system piping and components up
to the diesel engine interface are designed to seismic Category I, ASME
Section III, Class 3 (Quality Group C) requirements and meet the recommenda*
tions of Regulatory Guides 1.26 and 1.29.

The diesel engine combustion air intake and exhaust system external to the
diesel generator building is designed to seismic Category I requirements and
conforms with the guidelines of Regulatory Guide 1.29. The engine-mounted
piping and components, from the engine block to the engine interface, are
considered part of the engine assembly and are seismically qualified to
Category I reqirements as part of the diesel engine package. The portions of
the system external to the diesel generator building and the engine-mounted
piping and the associated components--such as fabricated headers, fabricated
special fittings, and the like--are designed, manufactured, and inspected in
accordance with the guidelines and requirements of ANSI Standards B31.1 (or
its equivalent) and N45.2 and 10 CFR 50 Appendix B. The intake and exhaust
piping and associated components are intentionally over designed (subjected to
low working stresses) for the application, thereby resulting in high opera-
tional reliability. The design of the air inake and exhaust piping and com-
ponents to the cited design philosophy and standards is considered equivalent
to a system designed to ASME Section III Class 3 requirements with regard to
system functional operability and inservice reliability.

The diesel generator combustion exhaust stacks extend above the diesel generator
building and are partially protected by the surrounding seismic Category I
structures from tornado missiles. The applicant was asked to provide tornado-
missile protection for the diesel exhaust stacks. In Revision 5 to the SNUPPS
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FSAR, the applicant provided the results of a probabilistic analysis that*

showed that damage to both exhaust stacks from tornado missiles was insignificant.
The staff found this acceptable. The analysis is evaluated in Section 3.5.1

,

of this report.

The scope of review of the diesel generator intake and exhaust system included )
layout drawings, piping and instrumentation diagrams, and descriptive information'

in Section 9.5.8 of the FSAR for the system and auxiliary support systems
essential to its operation.

The basis for the acceptance in the staff review was conformance of the design
criteria and bases and the design of the diesel engine air intake and exhaust
system to the GDC 17 with respect to redundancy and physical independence, the '

guidance of the cited Regulatory Guides; the additional guidance in Section II
of SRP Section 9.5.8; and the recommendations of NUREG/CR-0660, and industry
codes and standards, as well as the ability of the system to provide sufficient
combustion air and release of axhaust gases to enable the emergency diesel
generator to perforn on demand.

Based on its review, the staff concludes that the emergency diesel engine
intake and exhaust system meets the requirements of GDC 2, 4, 5, and 17; meets
the guidance of the cited Regulatory Guides and Standard Review Plan 9.5.8;
can perform its design safety function; meets the recommendation of NUREG/CR-0660
and industry codes and standards; and is, therefore, acceptable.

i

.

|
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10 STEAM AND POWER-CONVERSION SYSTEM

10.1 Summary Description

The steam and power-conversion system is designed to remove heat energy from
the primary reactor coolant loop via four steam generators and to generate -

electric power in the turbine generator. After the steam passes through the
high- r.nd low pressure turbines, the main condensers deaerate the condensate
and transfer the rejected heat to the closed cycle circulating water system
(which uses a cooling tower to dissipate the rejected heat to the atmosphere
by evaporation, radiation, and convection). The condensate is reheated and
returned as feedwater to the steam generator. The entire system is designed
for the maximum expectea energy from the nuclear steam supply system (NSSS).

A turbine steam bypass system is provided to discharge, directly to the condenser,
up to 40 percent of the main steam flow around the turbine during transient
conditions. This bypass capacity, together with a 10 percent reactor automatic
step load reduction capability, is sufficient to withstand a 50 percent generator
load loss without tripping the turbine or tripping the reactor.

10.2 Turbine Generator

The turbine generator converts steam power into electrical power; it has a
turbine ccntrol and overspeed protection system. The design functions of the
turbine control and overspeed protection system are (1) to control turbine
action under all normal or abnormal conditions, (2) to ensure that a full-load
turbine trip will not cause the turbine to overspeed beyond acceptable limits,
and (3) to minimize the probability of the generation of turbine missiles in
accordance with the requirements of GDC 4. The turbine control and overspeed
protection system is, therefore, essential to the overall safe operation of
the plant.

The turbine generator is manufactured by the Ger.eral Electric Company (GE) and
is a tandem-compound type (single shaft) with one double-flow high pressure
turbine and three double-flow low pressure turbines. The rotational speed is
1800 rpm; it is designed for a gross generator output of 1186 MWe at a nominal
plant exhaust pressure of 2.61 in, mercury (absolute).

I 10.2.1 Overspeed Protection System

The turbine generator is equipped with an electrohydraulic control (EHC) system.
i The EHC system consists of an electronic governor using solid state control

techniques in combination with a high pressure hydraulic actuating system.
The system includes electrical control circuits for steam pressure control,
speed control, load control, and steam control valve positioning.

Overspeed protection is accomplished by three independent systems; that is,
normal speed governor, mechanical overspeed, and electric backup overspeed
control systems. The normal speed governor modulates the turbine control

10 .
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valves to maintain desired speed load characteristics; it will close the inter-
cept valves and cuatrol valves at 103 percent of rated speed. The mechanical
overspeed sensor trips the turbine stop, control, and combined intermediate

j valves by deenergizing the hydraulic fluid systems when 110 percent of rated
speed is reached. The turbine steam stop valves close in 0.19 sec, after the

| overspeed condition is detected; the control valves and combined intermediate
| valves close in 0.2 sec. These valves are designed to fail closed on loss of
'

hydraulic system pressures. The electrical backup overspeed sensor will trip
these same valves when 111 percent of rated speed is reached by independently
deenergizing the hydraulic fluid system. Both of these actions independently

: trip the energizing trip fluid system. The overspeed trip systems can be tested
! while the unit is on line. Therefore, the requirements of GOC 4 are met.

'

To protect the turbine generator, the following signals will shut down the
turbine: (1) manual emergency trip in the control room, (2) low bearing-oil
pressure, (3) condenser vacuum loss, (4) excessive rotor vibration, (5) loss

<

of stator cooling, (6) manual trip at front standard, (7) low hydraulic fluid'

pressure, (8) high exhaust hood temperature, (9) reactor trip, (10) excessive
,

thrust bearing wear, (11) turbine overspeed at 110 percent of rated speed,
(12) turbine overspeed c 111 percent of rated speed, (13) high level moisture
separator, (14) any gent.ator trip, and (15) EHC-loss of electric power.

An inservice inspection program for the main steam stop and control valves and
.

reheat valves is provided; it includes: (1) dismantling and inspection of all
i turbine steam valves at approximately 3-1/3 year intervals during refueling or
| maintenance shutdowns coinciding with the inservice inspection schedule, and
; (2) exercising and observing at least once a week the main steam stop and con-

trol, reheat stop, and intercept valves.'

,

The applicant will include preoperational and startup tests of the turbine gene-i

i rator in accordance with Regulatory Guide 1.68. The adequacy of the test program
j is evaluated in Section 14 of this report.

The turbine generator system meets the recommendai. ions of BTP ASB 3-1 and MEB 3-1.
Evaluation of protection against dynamic effects associated with the postulated
pipe system failure is covered in Section 3.6 of this report. <

The scope of review of the turbine generator included descriptive information
in Section 10.2 of the SNUPPS FSAR, flow charts, and diagrams. The basis for
acceptance by the staff was conformance of the design criteria and bases and
the design of the turbire generator system to GDC 4 with respect to the preven-
tion of the generation of turbine missiles, the additional guidance in Section II
of SRP 10.2, and industry codes and standards. 1

Based on its review, the staff concludes that the turbine generator overspeed
protection system meets the requirements of GDC 4 and the guidance of SRP 10.2;
can perform its designed safety functions; and is, therefore, acceptable.

|

10.2.2 Turbine Disc Integrity J

|

The staff reviewed Section 10.2.3 of the SNUPPS FSAR and concludes (1) that i

!the integrity of the turbine will be adequate and (2) that adequate assurance
is provided that the applicable parts of GDC 4 will be met if the in-service )
inspection requirements are expanded to include ultrasonic inspection (UT) of
the bore and keyway areas of the low pressure turbine discs.
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The turbines for Callaway Unit 1 were designed and manufactured by GE. Turbines
of this design, using the same materials and constructicn, have operated satis-
factorily in many nuclear power plants. The turbine wheels and rotors are forged
from vacuum-degassed steel by processes that minimize flaws and provide adequate
fracture toughness. These materials have the lowest fracture appearance tran-
sition temperatures and the highest Charpy V-notch energies obtainable on a
consistent basis. The FSAR stated that the maximum tangential stress in wheels
and rotors resulting from centrifugal forces, interference fit, and thermal
gradients does not exceed 0.75 of the yield strength of the materials at 115
percent of the rated speed.

The preservice inspection program calls for 100 percent UT of each rotor and
disc forging before finish machining, and magnetic particle (MT) and visual
inspection after finish machining. No MT flaw indications are permissible in
bores, holes, keyways, and other highly stressed regions.

The inservice-inspection (ISI) program for the turbire assembly includes the
disassembly of the turbine and complete inspection of all normally inaccessible
parts, such as couplings, coupling bolts, turbine shafts, low pressure turbine
buckets, low pressure discs, and high pressure rotors. During plant shutdown,
coinciding with the ISI schedule for ASME Section III components as required
by SecU on XI of the ASME Code, turbine inspection is done in sections so that
in 10 years there has been at least one total inspection.

This inspection consists of

visual examination of all accessible surfaces of rotors and discs-

visual and surface examination of all low pressure buckets-

100 percent visual examination of couplings and coupling bolts-

UT of bolting 2 in. and larger-

The turbine meets the staff criteria regarding the use of materials with accept-
able fracture toughness and adequate design. Preservice and inservice inspec-
tion criteria are in accordance with current staff guidelines (aside from the
exception noted in the first paragraph above). The materials, processes, and
designs used by the applicant have proven satisfactory in a large number of
plants of the same type and are, therefore, considered acceptable in this case.
The staff concludes that these provision; give reasonable assurance that the
probability of disc failure with missile generation is low during normal opera-
tion, including transients up to design overspeed.

10.3 Main Steam Supply System

The function of the main steam supply system is to convey steam from the steam
generators to the high pressure turbine and other auxiliary equipment for power
generation. 3ection 10.3.1 evaluates the safety-related portion of the main
steam systems, including the main steam isolation valves (MSIVs). Section 10.3.2
evaluates the nonsafety-related portion of the main steam system downstream of
the main steam isolation valves (MSIVs), up to and including the turbine stop
valves.
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'10.3.1 Main Steam Supply System (up to and Including the Main Steam Isolation
Valves) -

The steam generated in the four steam generators is routed to the high pressure
turbine by means of four main steamlines. Each main steamline contains one
power-operated atmospheric relief valve, five spring-loaded safety valves, one
main steam isolation valve and associated bypass isolation valve, and one. low-
point drain. The power-operated atmospheric relief valve provides a means of
dumping steam to the atmosphere when the main condenser is not available. The
safety valves meet the code requirement" for pressure relief of the steam gen-
erators. Thus, the requirements of GDC 34 are satisfied.

The MSIVs separate the nr.nsafety-related portions from the safety-related por--

tions of the system. The main steam isolation valves (MSIVs) are installed to
i; prevent uncontrolled blowdown from more than one steam generator in the event

of a main steamline break. The valves are bidirectional gate valves with
pneumatic-hydraulic operators that can c!cce the valves in 1.5 to 5 sec. Energy:
for closure is stored as compressed nitrogen gas in two separate (for each valve)' v

seismic Category I pneumatic-hydraulic power trains. Electrical. solenoids for
,

actuation cf the separate power trains are energized from separate Class 1E '
,

sources. Xi

The main steamlines and associated components are designed to seismic Category I,,
Quality Group B requirements from the steam generator nozzles to the first
torsional restraint downstream of the MSIVs. The lines are located in the con-
tainment and auxiliary buildings which are seismic Category I, flood and tornado
protected. Thus, the requirement of GDC 2 and the guidelines of Regulatory
Guides 1.26, 1.29, and 1.102 are satisfied for these portions of the main steam
supply system.

,

The equipment required to function to ensure main steamline isolation as required
is protected against the effects of high-energy pipe breaks and internally gen;
erated missiles (as evaluated in Sections 3.5.1.1 and 3.6 of this SER) and isi

qualified to function in the expected steam environment (320 F for 30 min.)
resulting from a main steamline break. This equipment is located in tornado ,
missile protected structures and is separated from the effects of internally
generated missiles. Thus the requirements of GDC 4 and the guidelines.of.

-

Regulatory Guide 1.117 and BTP ASB 3-1 are met.

Based on the above, the staff concludes that the main steam supply system'from
the steam generators to the turbine building wall meets the requirements of '

GDC 2 and 4 with respect ~to protection against seismic events, floods, torna-
does, missiles and pipe break effects, GDC 34 with respect to decay heat removal,
and the guidelines of Regulatory Guides 1.26, 1.29, 1.102, and 1.117 and BTP .
ASB 3-1 relating to the system's seismic and quality group classification, and
protection against floods, tornado missiles, and high- and moderate-energy: pipe'

breaks. It is, therefore, acceptable.

10.3.2 Main Steam Supply System (Downstream of Main Steam Isolation Valves)

This portion of the main steam system is not required co effect or support safe
shutdown of the reactor.'

:

|
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The main steam system is designed to deliver steam from the steam generators
to the high pressure turbine. The main steam and turbine steam systems provide
steam to the feedwater pump turbines, emergency feedwater pump turbine, auxiliary
; eam reboiler, process sampling system, turbine gland seal systc..., condenser
spargers, turbine bypass system, and the steam supply to the moisture separator
reheaters. The main steam system, from the MSIV to the turbine stop valves,
and all branch lines are designed to the requirements of ANSI B31.1 and are
nonseismic, except the piping from the MSIV to the torsional restraint down-
stream of the MSIV, which is designed as seismic Category I, Quality Group B.

The scop 3 of review of the main steam supply system (between the main steam
isolation valve and up to and including the turbine stop valves) included i

descriptive informatic; in Section 10.3 of the FSAR, and flow charts and dia-
grams. The basis for acceptance in the staff review was conformance of the
design criteria and bases-and design of main steam supply system to the accept-

T ance criteria in-Section II of Standard Review Plan 10.3.
-

Based on our review, we conclude the main steam supply system between that main
steem isolatit n valves and up to and including the turbine stop valves is inv

conformance with the above cited criteria and design bases, it can perform its
designed functions, and is, therefore, acceptable.

10.3.3 Steam and Feedwater Syste.ms Materials
~

- The staff concludes that th? main'~ steam and feedwater system materials are
acceptable and meet the relevant' ecquirements of 10 CFR 50.55a, GDC 1 and 35;
and Appendix B to 10 CFR Part 50. This cor.clusion is based on the considera-
tions discussed belom

Themater[ialsselectedfortheClass2andClass3componentsofthesteamand
feedwater systems satisfe ^an ndix I of Section III of the ASME Code and meet
the requirements of Par' Section II of the Code.

To determine the RT for tha steam and feedwater materials, the guidelines
iri CTP MTEB 5-2, SeNIon 1.1, Article 4 were followed.

The applied test methods and acceptance criteria for all materials used in the
steam and feepwater systems comply with ASME Code Section III, Article MC-2310,
of the Winter 1974 Addenda for fracture toughness of ferritic materials used
in Class 2 components. The applied test methods and acceptance criteria for
all Class 2 steam generpt'or materials comply with the requirements of ASME Code,
Section III,1971 Edition,~.thrt, ugh the Summer 1973 Addenda.

. Stainless steel welding has been accomplished in conformance with Regulatory
Guide 1.31, as supplemented by BTP MTEB 5-1 and the previously accepted Westing-
house procedures defined in WCAP-8324-A. The applicant has met the requirements
of Regulatory Guide 1.71.

The onsite cleaning and cleanliness controls during fabrication satisfy the
position given in Regulatory Guide 1.37.
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10.4 Other Features

10.4.1 Main Condenser

The main condenser is designed to function as a heat sink for the turbine exhaust
steam, turbine bypass steam, and other turbine cycle flows, and to receive and-

collect condensate _ flows for-. return to the steam generators. The main condenserm.

transfers hea't To the circtilating water system which uses a cooling tover to-
dissipate the rejected heat.

The main condenser is not required to effect or support safe shutdown of the
reactor or to perform in the operation of reactor safety features. The main
condenser has three shells and is designed to produce a turbine back pressure
of 2.06, 2.56, and 3.22 in. mercury absolute for the three zones when it is
operating at rated turbine output. The main condenser design includes pro-
visions for condensate deaeration and hotwell surge storage of condensate for
approximately a 5-min supply at design conditions. Offgas from the main con-

,

denser is processed in the condenser e/acual. ion system (described and evaluated
in Section 10.4.2 of this report).

The main condenser is designed to accept full-load exhaust steam from the main
turbine and reactor feedwater pump turbines, up to 40 percent of the main steam
flow from the turbine bypass system, and other cycles steam flows. The main
condenser is also designed to deaerate.the condensate to the required water

! quality. Callaway Unit 1 uses 90/10 copper nickle tubes for the main tube bundle
and stainless steel tubes for the balance of the tubes to minimize corrosion 1<

^

and erosion. Condenser tube leakage could result in degradation of the feedwater
; quality with potential for corrosion of secondary system components. The appli-
' cant monitors condensate sodium content by means of an automatic hotwell sampling
; system to give an indication of tube leakage. The app'icant, in response to a

request for additional information, provided details on the detection, control,i

j and correction of condenser cooling water leakage into tne condensate.

| The applicant will include preoperational and startup tests of the main con-
denser in accordance with recommendations of Regulatory Guide 1.68. The'

adequacy of the test program !s. evaluated in Section 14 of this report.

The scope of review of the main condenser included layout drawings and descrip-
tive' information of the condenser in Section 10.4.1 of the SNUPPS FSAR.

The basis for acceptance in the staff review was conformance of the design
criteria and bases and the design of the condenser to the acceptance criteria
in Section II of SRP 10.4.1 and industry standards.

| Based on its review, the staff concludes that the main condenser is in confor-
| mance with the above-cited criteria and design bases, can perform its designed

function, and is, therefore, acceptable.t

10.4.2 Main Condenser Evacuation System

| The main condenser air removal system performs main condenser evacuation by
| removing noncondensible gases and air from the main condenser during plant
| startup, cooldown, and rormal operation. The system serves no safety function.

It consists of three 150-hp mechanical vacuum pumps (two operational and one
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i standby) that remove air and noncondensible gases from the main condenser during
normal operation and provide condenser hogging during startup.

s |
4

Shell and tube heat exchange s are used for seal water cooling The mechanical
vacuum pump seal water flows through the shell side of the coolers, and servicei

j water flows through the tubt..

The main condenser air removal system includes equipment and instruments to
! establish and maintain a vacuum and to prevent an uncontrolled release of radio-

active material to the environment. The scope of the staff review included ,

the capability of the system to transfer potentially radioactive gases to the
charcoal adsorption train, the design provisions incorporated to monitor and>

control releases of radioactive materials in gaseous effluents in accordance 9

with GDC 60 and 64, and the quality group classification of equipment and com-
ponerts used to collect gaseous radioactive wastes relative to the guidelines
of Regulatory Guide 1.26. The applicant's system description, piping and
instrumentation diagrams, and design criteria for components of the main con-
denser air removal system have been reviewed. The basis for accaptance is the
conformance of the applicant's design, design criteria, and design bases for*

the system to the Regulatory Guide and regulations referenced above. The staff
finds the proposed main condenser air removal system acceptable.

10.4.3 Turbine Gland Sealing System

i The turbine gland sealing system prevents the escape of steam frem the turbine
shaft / casing penetrations and valve stems. It also prevents air inleskage to i

subatmospheric turbine glands. The system serves no safety function. Steam
supplied to the shaft packings is used to seal the annular space through which,

the turbine shaft penetrates the casing. The sealing steam acts as leakoff'

where packing seals against positive pressure and is either drawn into the casing
; or leaks outward to a vent annulus that is maintained at a slight vacuum, where'

the packing seals against vacuura. The vent annulus also will receive outside
air leakage. The air-steam mixture is drawn to the steam packing exhauster.

During startup of turbines or at low turbine pressure, steam is supplied to;

j the turbine gland sealing system from the main steam piping or auxiliary steam
header. The turbine generator sealing steam is strpplied from the main steami

system during low-load operation; it is supplied from control valve packingsi *

and turbine high pressure pcckings when the turbine generator load has increased
enough to have sufficient leakage to maintain steam seal header pressure.

,

At full load there is excess steam leakage from the high pressure packings;
; this is discharged to the main condenser. The outer ends of all glands have

piping which routes the mixture of air and excess seal steam to the steam pack->

ing exhauster, which discharges the air-steam mixture to the atmosphere.

i The source of sealing system steam and the provisions incorporated to monitor
and control releases of radioactive material in gaseous effluents were included
in the staff review. The basis for acceptance is conformance of the applicant's
design, design criteria, and design basis for the turbine gland sealing system
to GDC 50 and 64 and Regulatory Guide 1.26. Based on its evaluation, the staff
finds the design of the turbine gland sealing system acceptable.
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10.4.4 Turbine Bypass Systein

The turbine bypass system is designed to bypass up to 40 percent of the main
steam flow to the main condenser. This capacity, together with a 10 percent
reactor automatic step load capability, is sufficient to withstand a 50 percent
generator load loss without tripping the turbine or reactor. The turbine bypass
system is used to control coolant temperature: (1) during reactor heatup to
rated pressure; (2) wnile the turbine generator is being brought up to speed
and synchronized; (3) during power operation when the reactor steam generator
exceeds the transient turbine steam requirements; and (4) during reactor cooldown.
This system is not required to perform during accident conditions.

The bypass system is composed of 12 air-operated valves, their associated
instruments and controls, and piping. Eech valve is rated for a capacity of
apprcximately 3 percent of the main steam flow at full-load pressure and ten.per-
ature. The 12 bypass valver, are connected to the main steam header downstream
of the main steam isolation valves and discharge the steam directly to the main
condenser. Seven valves discharge to the low pressure condenser, four valves
discharges to the intermediate condenter, and one valve discharges to the hir}h-
pressure condenser. The turbine bypass system is not a safety-related system
and is not required for plant shutdown following an accident. The turbine bypass
valves are designed to fail closed upon loss of electric power or air system
pressure to the valve control system. The turbine bypass valves are designed
to close on loss of main condenser vacuum.

The applicant will include pre-operational and startup tests of the turbine
bypass system in accordance with recommendations of Regulatory Guide 1.68.
(Tne adequa::y of the tests program is evaluated in Section 14.1 of this report.)
The turbine bypass system can be tested while the unit is u line.

The turbine bypass system meets the recommendations of BTP ASB 3-1. Evaluation
of protection against dynenic effects associated with the postulated pipe system
failures is covered in Section 3.6 of this report.

The scope of review of the turbine bypass system included drawings, piping and
instrumentation diagrams, and descriptive information of the system in section
10.4.4 of the FSAR.

The basis for accep'.ance in the staff review was conformance of the design
criteria and bases and the design of the turbine bypass system to the accept-
ance criteria in Section II of SRP Section 19.4.4 and industry standards.

Based on its review, the staff concludes that the turbine bypass system is in l

conformance with the above-cited criteria and design bases, it can perform its i

designed function, and is, therefore, acceptable.

10.4.5 Circulating Water System i
!

The circulating water system is entirely nonsafety-related (quality group D,
nonseismic Cagetory I). It provides cooling water for the removal of heat from j

the main condensers and rejects heat to one natural drait cooling tover for
each unit. The ci:culating water system is not required tc maintain the reactor
in a safe-shutdown condition or to mitigate the consequences of accidents. i
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Threa circulating water pumps at the cooling tower pumphouse supply a common
lii,e to the main condenser in the turbine building. Each pump suction draws
';ater from a pit under the pump house which is connected to the cooling tower
basin by an open fiume, and each pump discharge connects to a common supply
line to the main condenser through an isolation valve.

'

The applicant provided an evaluation of the postulated failure of an expansion
joint between the supply pipes and the condenser, and the consequent flooding
in the turbine building basement. As a result of this postulated failure,
water may reach grade elevation due to the forced flooding of the turbine build-
ing basement because the circulating water pumps will remain energized following
an expansion joint failure with the isolation valve stuck open. Within minutes,
water will reach grade elevation and discharge through outside doors and is
prevented from entering the auxiliary building basement by water-tight below
grade penetrations. No safety-related equipment is located in the turbine
building. The applicant has used permanently installed curbs slightly above
grade elevation to prevent flood water from entering the auxiliary building
through doorways at grade elevation. The staff has reviewed the applicant's
elevation and agrees with the conclusion that a failure of the expansiun joint
will not prevent safe plant shutdown.

In a postulated failure of a condenser expansion joint where the circulating
water pumps are deenergizea, gravity drainage from the cooling tower basin
through a stuck open isolation valve will cause slow flooding to grade eleva-
tion in the turbine building. This is due to the volume and elevation of the
cooling tower basin but does not present a safety consideration because the
forced flooding postulated by the applicant is the controlling event. Because
no safety-related equipment is affected by a postulated failure in the circu-
lating water system, the requirements of GDC 4, and the guidelines of Regulatory
Guide 1.26, and postion C.2 of Regulatory Guide L29 with respect to protection
of safety-related systems from failure of nonsafety-related systems are satisfied.

Based on its review, the staff concludes that the circulating water system meets
the requirements of GDC 4 with respect to environmental effects due to pipe
breaks because the design meets the guidelines of Regulatory Guide 1.26 and
position C.2 of Regulatory Guide 1.29 with respect to protection of safety-
related systems from failure in nonsafety-related systems. The staff, therefore,
concludes that the circulating water system is acceptable.

10.4.6 Condensate Cleanup System

The condensate cleanup system (CCS) is designed to maintain the purity of feed-
water for the steam generators by filtration to remove solid corrosion products
and by ion exchange to remove dissolved impurities. The CCS operates in con-
junction with the steam generator blowdown system and the feedwater chemical
addition system to control the secondary side chemistry. The CCS has six
demineralizers capable of handling full condensate flow.

The staff has reviewed the CSS and finds

(1) The CCS is capable of removing contaminants from the full condensate flow
during normal operation and anticipated operational occurrences to produce
feedwater purity in accordance with BTP MTEB 5-3. Therefore, the CCS meets
the requirements of GDC 14 as it relates to controlling secondary water
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chemistry to reduce corrosion so that the integrity of the prira3ry coolant
boundary (steam generator tubes) will be maintained.

(2) The instrumentation and sampling equipment provided is adequate to monitor
and control process parameters in accordance with BTP MTEB-5-3.*

4

Based on its evaluation, the staff concludes that the proposed condensate cleanup
,

system is acceptable.

10.4.7 Condensate and Feedwater Systems,

The condensate and feedwater system includes all piping and components from
the condenser outlets to the connections to the steam generators and to the
heater drain system. The system in the turbine building serves no safety function.
However, the portions of the system from the steam gerierators to the torsional,

restraints upstream of the main feedwater isolation valve nozzles are safety
,

related and are designed to seismic Category I, Quality Group B requirements.-

This portion of the system is located in the containment building and in the
auxiliary building, which are flood-and-tornado protected seismic Category I
structures. Therefore, the requirements of GDC 2 and the guidelines of

; Regulatory Guides 1.26, 1.29, and 1.102 are met.

There are four main feedwater lines, one for each steam generator. Each line
contains a check valve near the steam generator, connections to the chemical
treatment system and the auxiliary feedwater system, the main feedwater isola-
tion valve (MFIV), and the main flow-metering element. Check valves in the,

connecting lines and the operation of the MFIVs are such that if a main steam-
i line or main feedwater line breaks at any spot, a path is provided for addition
i of auxiliary feedwater to the three intact steam generators. Therefo.a, the

requirements of GDC 44 are met (in conjunction with the auxiliary feedw :ter
system and the main steam system) to ensure the capability to transfer tmat
loads from the reactor system to a heat sink, under both normal operating and

' accident conditions, with the required redundancy to maintain the safety func-
! tior. assuming a single active failure with losr. of offsite power.

The t'eedvater connection on each of the steam generators is the highest point
of each feedwater line downstream of the MFIV. The feedwater lines contain no

,

high point pockets, and the length of horizontal piping from the feedwater nozzlei

j of each steam generator is minimized. The thermal sleeves in the steam gener-
; ators are welded, and J' tubes are used on the top feedring. These design features

conform to the guidance found in BTP ASB 10-2.

The equipment required to function to ensure required feedwater system isola- 1

tion is prr'ected from the effects of high-energy pipe breaks and internally
generated missiles (as evaluated in Section 3.5.1.1 and 3.6.1 of this SER) and

|
' is qualified to function in the expected steam environment (320 F for 30 min.) |

resulting from a main steamline break. This equipment is located in tornado. j

missile protected structures and is protected from the effects of internally 1

generated missiles. Because no safety-related equipment is located in the turbine l;

building a pipe break will not prevent safe plant shutdown. Refer to Section i
i 10.4.5 of this report for an evaluation of how flooding into the auxiliary building '

' from the turbine building is prevented. Thus the requirements of GDC 4 and
| the guidelines of Regulatory Guide 1.117 and BTP ASB 3-1 are met.

l

i
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,

The system is in operation during normal plant operation, demonstrating the
structural and leaktight integrity of the system components. The closure of

: the MFIVs is determined during each refueling, and when the system is in opera-
'

tion, the operabilii.y of each MFIV is checked periodically by exercising the
'

i valves to approximately 90 percent of full open position. The system design
incorporates provisions of accesibility to permit the inservice inspection as4

; required by Section XI of the ASME Code for Class 2 piping and components.
Thus, the requirements of GDC 45 and 46 are satisfied.i

Based on the above, the staff concludes that the safety-related portions of
the condensate and feedwater system meet the requ Qements.of GD.C 2, 4, 44, 45,
and 46 with respect to its protection against' natural'phenomana,: missiles, pipe,

break effects, cooling water, inspection of cooling water systems, and testing
.

of cooling water systems. The staff also concludes that it meets the guide-
lines of Regulatory Guides 1.26, 1.29, 1.102, and 1.117 and BTPs ASB 3-1 andt

, ASB 10-2 as they relate to the quality group and seismic classification; flood,
! tornado, missile, and pipe-break protection; and design features to mitigate
| water hammer. It is, therefore, acceptable.

10.4.8 Steam Generator Blowdown System

The steam generator blowdown system (SGBS) is designed to assist in the control',

of the secondary side water chemistry by removing chemical and radioactive ;

impurities which accumulate in the steam generator water.

The portion of the SGBS from the steam generator up to and including the first
isolation valve outside containment is constructed according to Quality Group B
and seismic Category I requirements, conforming to the specifications of Regu-
latory Guide 1.26 and GDC 1 with respect to quality standards, and those of
Regulatory Guide 1.29 and GDC 2 with respect to seismic considerations.

The components of the SGBS downstream from the outer isolation valves are con-
sidered to be nonsafety-related and are constructed according to the quality
standards of Quality Group D, as augmented by position C.1.1 of Regulatory
Guide 1.143, thereby meeting the quality standards requirements of GDC 1.

The SGBS is adequately designed to remove chemical impurities and radioactive
contamination from blowdown water during normal operation and anticipated occu-
pational occurrences. The SGBS design, therefore, meets the primary boundaryj~
material integrity requirements of GDC 14 as it relates to maintaining accept-
able secondary water chemistry control by reducing the corrosion rate.

Instrumentation and automatic controls are provided to monitor and control the
operation of the blowdown system, with provision for sampling the blowdown in
conformance with the guidelines of BTP MTEB 5-3.

J

Based on the foregoing evaluation, the staff concludes that the steam generator
blowdown system is acceptable.

10.4.9 Auxiliary Feedwater System

The staf f evaluation of the Callaway auxiliary feedwater system (AFS) is-pre-
sented in two parts. The first is an evaluation of the AFS against the criteria
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t in SRP Section 10.4.9; the second is an evaluation against the criteria devel-
; oped after the accident at Three Mile Island Unit 2. These criteria are enumer-

ated in the NRC generic letter of March 10, 1980, and identified in Item II.E.1.1,

i

of NUREG-0660 and NUREG-0737. The staff evaluation is presented in Chapter 22
of this report under Item II.E.1.1.

The criteria in SRP Section 10.4.9 are:
,

(1) GDC 2, as related to structures housing the system and to the system itself
being capable of withstanding the effects of natural phenomena such as'

i earthquakes, tornadoes, hurricanes, and floods.

(2) DC 4 with respect to structures housing the system and the system itself,

being capable of withstanding the effects of external missiles and inter-'

nally generated missiles, pipe whip, and jet impingement forces associated
with pipe breaks.

(3) GDC 5 as related to the capability of shared systems and components important
| to safety to perform required safety functions.

(4) GDC 19 as related to the design capability of system instrumentation and'

controls for prompt hot shutdown of the reactor and the potential capa-
bility for subsequent cold shutdown.

: (5) GDC 44 to ensure (a) the capability to transfer heat loads from the reactor
system to a heat sink under both normal operating and accident conditions;

! (b) redundancy of components so that under accident conditions the safety'

function can be performed assuming a single active component failure (this
| may be coincident with the loss of offsite power for certain events); and

(c) the capability to isolate components, subsystems, or piping if required,

| so that the system safety function will be maintained.

(6) GDC 45 as related to design provisions made to permit periodic inservice
, inspection of system components and equipment.
I

i (7) GDC 46 as related to design provicions made to permit appropriate func-
[ tional testing of the system and components to ensure structural integrity'

and leak-tightness, operability and performance of active components, and
| capability of the integrated system to function as intended during normal,

shutdown, and accident conditions.i

| (8) Regulatory Guide 1.26 as related to the quality group classification of
system components.

(9) Regulatory Guide 1.29 as related to the seismic design classification of
j system components.

(10) Regulatory Guide 1.62 as related to design provisions made for manual
initiation of each protective action.;

t

(11) Regulatory Guide 1.102 as related to the protection of structures, systems,
and components important to safety from the effects of flooding.

10-12;
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:

|

(12) Regulatory Guide 1.117 as related to the protection of structures, systems,
and components important to safety from the effects of tornado missiles.'

(13) BTP A5B 3-1 as related to breaks in high- and moderate-energy piping systems
outside containment.

2

(14) BTP ASB 10-1 as related to auxiliary feedwater pump drive and power supply
diversity.

,

;

The AFS is designed to supply an independent source of water to the steam gen- ;

erators during accident and transient conditions in the event of a loss of main
feedwater supply. The mah r components of the AFS are three essential safety-
grade pumpa; one 1145 gpm steam-turbine-driven pump; and two 575 gpm motor-,

driven pumps. The AFS water supply is provided by the nonessential condensate'

storage tank with an automatic switchover to the backup redundant supply avail-
able from the essential service water system. The AFS provides four redundant '

,

: flow paths (ene to each steam generator) supplied by three trains. Each train
I is supplied by an AFS pump. The turbine-driven pump train feeds all four steam
4 generators, while each motor-driven pump train feeds a pair of steam generators,
! thus providing redundant active components.

The staff has reviewed the SNUPPS FSAR to verify the acceptability of the AFS
design with respect to its classification and operating characteristics.

j' Minimum performance requirements for the AFS have been identified and are suf-
ficient for the various functions of the system. (This is discussed in more
detail in the following section of this report.) Adequate isolation of the"

AFS from nonessential systems is included in the system design. The AFS connects
.{ to the nonessential main feedwater system in the safety-related portion of the
i main feedwater line downstream of the main feedwater line isolation valve.

Essential lines connecting to the nonessential condensate storage tank are pro-:

vided with automatic isolation valves to isolate the AFS from the tank in the
1 event of tank failure. The above features provided sufficient isolation to

ensure that the system function is not impaired in the event of failure of a>

i non essential component. Therefore, the staff concludes that the AFS meets
the isolation requirements of GDC 44.

The entire AFS is designed to meet the requirements of seismic Category I,
Quality Group C with the exception of the portion of the main feedwater system -

,

from the isolation valve to the steam generator which is seismic Category I
and Quality Group B. Therefore, the staff concludes that the AFS meets the
requirements of GDC 2 and guidelines of Regulatory Guides 1.26 and 1.29 with'

respect to its seismic and quality group classification.

; Provisions for AFS testing and inspection are included in the design. Each #

AFS pump is equipped with a recirculation line to the condensate storage tank
which c5n be used for periodic functional testing purposes. Periodic testing'

of AFS pumps and valves is identified in the plant Technical Specifications.
Therefore, the staff concludes tF.t the AFS meets the requirements of GDC 46
with respect to functional testing. The AFS components are located in areas
that are accessible during normal plant operation to permit periodic inservicey

i inspection. Moreover, the staff concludes that the AFS meets the requirements
of GDC 45 regarding design provisions for inservice inspection.

10-13
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The staff has reviewed the AFS design for protection against the effects of
natural phenomena, pipe breaks or cracks in fluid systems outside containment,
single-system component failures, loss of an onsite motive power source, or4

loss of offsite power.

Protection against failure of nonseismic Category I plant features is provided.
Falle e Of non-seismic Category I systems, components, or structures will not
adversely affect AFS function. All AFS essential components are located in
seismic Category I structures or are provided with protection against failure
of non-seismic Category I components. Therefore, the staff concludes that the
AFS is protected from earthquakes and meets the requirements of GDC 2.

Proted. ion against missiles, tornadoes, and floods is provided. The AFS is
located in the tornado- missile- and flood proof auxiliary building. All AFS
components are located above the design-basis flood level. The essential service
water system, including the ultimate heat sink, is designed against tornado
missiles.

]
'

Each AFS pump is located in a separate cubicle within the auxiliary building,
which provides protection against internally generated missiles. (See Sec-
tions 3.4.1, 3.5.1.1, 3.5.2, and 9.3.3 of this report for further discussion;
environmental qualification of AFS components is discussed in Section 3.11 of

; this report.) Therefore, the staff concludes that the AFS is protected from
floods, tornadoes, and missiles and meets the requirementt of GDC 2 and 4 and
the guidelines of Regulatory Guides 1.102 and 1.117.

The AFS is rot used during startup and shutdown; therefore, it is considered a
moderate energy system for the purposes uf pipe breaks in the AFS. Protection
against moderate high energy pipe breaks in the AFS is provided by separation
of equipment (discussed further in Section 3.6 of this report). The AFS is
prntected against the effects of high- and moderate energy line breaks in other
systems. These include the effects of pipe whip, jet impingement, and flooding.<

AFS pumps, valves, and other components are not located near any other high-
energy piping systems. Floor drainage and separation are employed to provide
protection for AFS components against internal flooding resulting from line
breaks.

Therefore, the staff concludes that the AFS is protected against the effects
of pipe whip, jet impingement, and flooding associated with pipe breaks and
meets the requirements of GDC 4 and the guidelines of BTP ASB 3-1 with respect ,

to pipe breaks outside containment. (Protection against the effects of pipe
breaks is discussed further in this report under Section 3.6; environmental,

: qualification of AFS components with respect to pipe breaks is discussed in
i ' Section 3.11 of this report.)

To demonstrate the adequacy of the plant design to preclude the occurrence of
fluid-flow instabilities (water 5ammer) in system inlet piping, the applicant
has committed to perform a preoperational test using the standard operating
procedures tc verify that unacceptable water hammer will not occur. This test !
will demonstrate the ability of the AFS to restore steam generator level follow-
ing a low-level transient without causing unacceptable feedwater/ leam generator i

water hammer. The staff concludes that completion of the test without unaccept- 1

able feedwater hammer damage will accomplish the test objective. (See Sec- |tion 10.4.7 of this report for further discussion on feedwater hammer.)

10-14
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The AFS can function automatically as required in the event of a loss of offsite
power. The heat transfer path from the steam generator under this condition i
is to the atmosphere via the atmospheric dump valves. The turbine-driven pump '

receives main steam from two of the four steam generators through an air-operated
valve, one on each steam supply line. These valves are normally closed, and
open on receipt of a turbine-driven pump initiation signal. They fail open on
loss of air. The steam supply lines to the turbine-driven pumps are located
upstream of the main steam isolation valves. The AFS pump t.urbine exhausts to
the atmosphere. The motor-driven pumps are powered from separate emergency
vital ac buses. The AFS discharge valves are air operated and normally open.
They also fail open on loss of the normal air supply and are provided with a
seismic Category I backup accumulator (backed up by nitrogen) to facilitate.
their operation if necessary. Thorefore, the staff concludes that the AFS meets
the requirements of GDC 44 with respect to its ability to transfer heat from
the reactor coolant system under accident conditions. (See below for further
discussion.)

The AFS is designed to accommodate a single failure in any active system com-
ponent without loss of function. The AFS consists of three trains, supplying
all four steam generators. Each train is supplied by one AFS pump. The turbine-
driven pump train supplies all four steam generators. Each of the two motor-
driven pump trains supplies two of the four steam generators. The motcr-driven
and turbine-driven pump trains are connected together downstream of the AFS
valves before the connection to the main feedwater lines. The motor-driven
pump train are also cross connected through normally closed manual valves in
series to allow either motor-driven AFS pump to supply any of the steam gener-
ators following operator action to open the valves. The three AFS pumps are
provided with one suction connection to the condensate storage tank, and tach
motor-driven pump is connected to its associated essential service water train.
The turbine-driven pump is connected to both essential service water trains.
Steam supply to the turbine-driven pump is provided from two of four steam
generators through separate air-operated valves which fail open on loss of the
air supply. Thus, adequate feedwater is ensured to at least two steam gener-
ators in the event of a high energy pipe break or other postulated design-basis
accident concurrent with a single failure. Redundant isolation is provided ;

for all portions of the AFS from non-essential systems (see above). Therefore,
the staff concludes that the AFS meets the requirements of GDC 44 with respect
to the single-failure criterion.

:

The turbine-driven AFS pump train provides a diverse means of ensuring feed-
water supply to the steam generator independent of all offsite or onsite ac

! power sources for at least 2 hours. The turbine-driven pump bearings do not
require cooling from an ac-dependent source, and the pump can operate without
area-forced ventilation for the 2-hour period. Automatic actuation and con-
trol of this train is provided from the vital dc power source. Therefore, the
staff concludes that the AFS meets the power diversity position of BTD ASB 10-1.

The AFS pumps are automatically started on receipt of an auxiliary feedwater
; actuation signal. Steam generator water level is then manually controlled by

the operator from the control room. Therefore, the staff concludes that the
AFS provides instrumentation and control for prompt initiation of a shutdown
in accordance with the requirements of GDC 19.

,

10-15
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Manual capability to initiate and control the AFS pumps and isolate either AFS
train is provided in the control room. This capability is also provided from
the hot-shutdown panel. In addition, local manual control is available to the
operator. Therefore, the staff concludes that the AFS meets the manual initia-
tion guidelines of Regulatory Guide 1.62.

AFS function is provided manually in the event of a main steam or main feed-
water line rupture. All thrce AFS pumps will automatically initiate in such a
circumstance. Flow orifices in the lines to each steam generator limit the
flow of auxiliary feedwater to the affected steam generator so that in the event
of a concurrent single active failure, the minimum required AFS flow (470 gpm)
to the intact steam generators is assured. (See Section 15 of this report for
further discussion of the main steam and main feedwater line break accidents.)
Therefore, the staff concludes that the AFS meets the requirements of GDC 44
with respect to its ability to transfer heat under accident conditions and to
provide isolation to ensure system function.

Each AFS pump is designed to provide 100 percent of the flow necessary for
residual heat removal over the entire range of reactor operation, including
all postulated design basis accidents in accordance with the conservatisms
assumed in the accident analysis. Therefore, the staff concludes that the AFS
meets the decay heat removal requirements of GDC 44.

The AFS includes all components and equipment from the condensate storage tank
and the essential service water system (including valves and cross connections)
to the connection with the steam generators. Based on the review of the design
and safety classification for the AFS, and system performance requirements dur-
ing normal, abnormal, and accident conditions, the staf f concludes that the
design of the auxiliary feedwater system and supporting systems is in conform-
ance with GDC 2, 4, 19, 44, 45, and 46 and meets the guidelines contained in
Regulatory Guides 1.29, 1.26, 1.62, 1.102, 1.117 and BTPs ASB 10-1 and ASB 3-1.
It is, therefore, acceptable.

10-16
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11 RADI0 ACTIVE WASTE MANAGEMENT.

11.1 Summary Description

The radioactive waste management systems for Callaway are designed to provide
for the controlled handling and treatment of liquid, gaseous, and solid radio-
active wastes. Liquid radwaste from equipment and floor drains, phase separator
decantation, decontaminad om laboratories, demineralizer regenerants, and the
laundry and showers are arocessed in the liquid waste management system. The
gaseous waste management system consists of waste gas compressors, hydrogen
recombiners, and decay tanks to allow short-lived radionuclides to decay, as
well as high-efficiency particulate air filters and charcoal adsorbers for
treatment of ventilation exhausts to reduce releases of radioactive materials
to "as low as is reasonably achievable" (ALARA) levels in accordance with
10 CFR 20 and 10 CFR 50.34a. Solidification, packaging, and storage of radio-
active wastes before shipment to offsite burial grounds are provided by the
solid-waste-management system to handle radioactive wastes generated during
station operation.

The capability of the liquid- and gaseous-radwaste-management systems for
keeping radioactive effluents ALARA, based on expected radwaste inputs over
the life of the plant, the capability of the systems to maintain releases
below the limits of 10 CFR 20 during periods of fission product release, and
the ability to meet processing demands during normal operation, including
periods of anticipated operatio'nal occurrences were included in the staff
evaluation. The evaluation also included the quality group and seismic-design
classification applied to equipment and structures housing these systems,
compliance of design features with GDC 60, and the potential for gaseous
releases as a result of hydrogen explosions in the gaseous-radwaste system.

The solid rad.oactive-waste-manggement system was evaluated by considering
system-design objectives including volumes and activities of wastes processed
for offsite shipment, conformance to Federal packaging regulations, provisions
for controlling potentially radioactive airborne dusts generated during compact-
ing operations, and provisions of onsite storage before shipping.

The applicant has provided the information needed to evaluate Callaway, relative
to Appendix I to 10 CFR 50. The releases of radioactive materials in the
liquid and gaseous effluents were estimated using the models and methodology
described in NURFG-0017, " Calculation of Releases of Radioactive Materials in
Gaseous and Liquid Effluents from Pressurized Water Reactors (PWR GALE Code)."
The principal parameters in these calculations are given in Table 11.1 and the
source terms are in Tables 11.2 and 11.3.

The source terms were used to calculate the individual doses in accordance.

with the mathematical models and guidance contained in Regulatory Guide 1.109.
Meteorological factors in dose calculations were determined using the guidance
in Regulatory Guide 1.111. The calculated doses are given in Table 11.4.

11-1
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Table 11.1 Principal parameters and conditions used in calculating
releases of radioactive material in liquid and gaseous
effluents from Callaway .

Reactor power level 3565 MWt
Plant capacity factor 0.80
Primary coolant mass (minus pressurizer) 5.04 x 105 lb
Primary system letdown rate 75 gpm
Letdown cation demineralizer flow rate 7.5 gpm
Number of steam generators 4-

Total steam flow 15.85 x 106 lb/hr
Mass of steam in generator 8.0 x 103 lb
Mass of liquid in each steam generator 1.04 x 106 lb
Total mass of secondary coolant 3.57 x 108 lb
Condensate demineralizer regeneration time 17.5 days:

I Fraction of feedwater through condensate demineralizer 0.68
Dilution flow 5000 gpm
Shim bleed flow rate 1840 gpd
Blowdown rate 176,000 lb/hr

! Primary to secondary leak rate 100 lb/ day
Fission product carryover fraction 0.001
Halogen carryover fraction 0.01

Liquid-Waste Inputs

!

rrac- Collec-
Frac- tion tion Decay Decontamination Factors

Flow Rate tion Dis- Time Time:
Stream (gal / day) of PCA charged (days) (days) I Cs Others

Shim bleed 1.84E+03 1.000 0.100 20.900 2.100 1.00E+05 2.00E+03 1.00E+04-
Equipment

drains 3.00E+02 1.000 0.100 20.900 2.100 1.00E+05 2.00E+03 1.00E+04
Clean waste 2.35E+02 0.160 0.100 17.000 0.185 1.00E+04 1.00E+05 1.00E+05

|

| Dirty waste 1.14E+03 0.058 1.000 7.000 0.370 1.00E+04 1.00E+05 1.00E+05
Blowdown 5.06E+05 0.100 0.000 0.000 1.00E+03 1.00E+02 1.00E+03
Untreated

blowdown 0. 1.000 0.000 0.000 1.00E+00 1.00E+00 1.00E+00
Regenerant

sols 3.40E+03 0.100 0.000 0.250 1.00E+04 1.00E+05 1.00E+05
1

Gaseous-Waste Inputs

Low volume purge rate 4000 cfm
Holdup time for xenon and krypton 90 days

i

!
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Table 11.2 Calcul'ted releases of radioactivea
materials in liquid effluents from
Callaway

:

Nuclide Ci/yr;

Corrosion and Activation Products
"

Cr-51 0.00016
Mn-54 0.00014

| Fe-55 0.00018
Fe-59 0.0001

*

Co-58 0.002
Co-60 0.0011
Zr-95 0.00014
Nb-95 0.0002i

Np-239 0.00002

Fission Products
Br-83 0.00001
Rb-86 0.00008-

Sr-89 0.00004 *

Mo-99 0.0017
Tc-99m 0.0016
Ru-103 0.00002
Ru-106 0.00024
Ag-110m 0.00004"

Te-127m 0.00003
Te-127 0.00003
Te-129m 0.00012
Te-129 0.00008

1-130 0.00005
Te-131m 0.00002

'

I-131 0.04
: Te-132 0.0006

I-132 0.001
1-133 0.014

Cs-134 0.038
1-135 0.0024.

'

Cs-136 0.011
Cs-137 0.029
Ba-137m 0.025
Ba-140 0.00001
La-140 0.00002
Ce-144 0.00052

aAll others 0.00005
Total, except tritium 0.17

! Tritium 390
,

"Nuclides with release rates less than 10 uCi/yr are not
individually listed, but are included in this category.

|
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Table 11.3 Calculated releases of radioactive materials in
gaseous effluents from Callaway (Ci/yr)

Air Ejector
Gas Stripping Building Ventilation-Continuous Exhaust

Nuclide Periodic Continuous Reactor Auxiliary Turbine Continuous Totai

Kr-83m a a 3 a a a 3
Kr-85m a a 29 2 a 2 33
Kr-85 4 250 5 a a a 260
Kr-87 a a 7 1 a a 8
Kr-88 a a 40 5 a 3 48
Kr-89 a a a a a a a
Xe-131m a 3 13 a a a 16
Xe-133m a a 63 2 a 1 66
Xe-133 a 1 3300 110 a 70 3500
Xe-135m a a -a a a a a
Xe-135 a a 120 7 a 4 130
Xe-137 a a a a a a a
Xe-138 a a 1 1 a a 2

Total, noble gas 4100
Mn-54 b b 0.0002 0.018 b b 0.018
Fe-59 b b 0.00008 0.006 b b 0.006
Co-58 b b 0.0008 0.060 b b 0.060
Co-60 b b 0.0003 0.027 b b 0.027
Sr-89 b b 0.00002 0.0013 b b 0.0013
Sr-90 b b b 0.00024 b b 0.000244

Cs-134 b b 0.00022 0.018 b b 0.018
Cs-137 b b 0.00038 0.030 b b 0.030
Total, particulates 0.16
I-131 c c 0.054 0.014 b 0.008 0.077
I-133 c c 0.060 0.020 b 0.012 0.092
C-14 a e a a a 8 8
H-3 - - - - - - 1000

a = Less than 1 Ci/yr for noble gases and carbon-14.
b = Less than 1% of total for nuclide.
c = Less than 0.0001 Ci/yr.

5

I

i
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Table 11.4 ComparisonofCallawaywithAppendixIto30CFR50,
SectionsI.A,II.B.andII.C(May5,19f5) and.

Section II.D, Annex (September 4, 1975)

.

aAppendix l Annex
Design Design

bObjectives Objectives Calculated
Criterion (per unit) (per site) Doses / Release

Liquid Effluent

Dose to total body from 3 mrem /yr 5 mrem /yr 0.3 mrem /yr
all pathways

Dose to any organ from 10 mrem /yr 5 mrem /yr 0.4 mrem /yr
all pathways (liver)

Total activity release 5 Ci/yr/ unit 0.17 Ci/yr-

estimate, excluding
tritium

cNoble Gas Effluents
(at site boundary)

Gamma dose in air 10 mrad /yr 10 mrad /yr 0.02 mrad /yr
Beta dose in air 20 mrad /yr 20 mrad /yr 0.04 mrad /yr
Dose to total body of 5 mrem /yr 5 mrem /yr 0.02 mrem /yr

an individual
Dose to skin of an 15 mrem /yr 15 mrem /yr 0.03 mrem /yr

individual

Radioiodines and
Other Radionuclides,

Released to the
dAtmosphere

Dose to any organ from 15 mrem /yr 15 mrem /yr 1.1 mrem /yr
pathways (thyroid, infant)

1-131 activity release 1 Ci/yr/ unit 0.08 Ci/yr-

" Federal Register, V 40, p. 19442, May 5, 1975.
bFederal Register, V. 40, p. 40816, September 4,1975
c

! Limited to noble gases only.
dCarbon-14 and tritium have been added to this category.

:
,
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The staff evaluation considered the radwaste-management systems as described
below. The staff concluded that these systems are capable of meeting the
requirements of 10 CFR 50, Appendix I, and the Annex to Appendix I and are
acceptable.

Based on the staff evaluation, as described below, the staff concludes that
the liquid and gaseous-waste-treatment systems will be capable of meeting the
ALARA levels and the requirements of 10 CFR 50.34a and Appendix I to 10 CFR

'
50.

As a result of the evaluation, the staff finds the radioactive-waste-management
and monitoring systems acceptable.

;

11.2 Liquid-Waste-Management System Description and Evaluation

The liquid radwaste-treatment system is comprised of process equipment and
instrumentation that are necessary to collect, process, monitor, and recycle'

or dispose of liquid radioactive wastes.

All plant liquids that are potentially radioactive will be collected and
processed through the liquid waste management system before being released
through the plant discharge. Processing of the liquid radioactive waste will
take p'. ace on a batch basis so that releases can be controlled in an optimal
fashion. Samples will be analyzed to determine the types and amounts of
radioactivity present before release. The results of the sampling analyses
will determine whether the wastes will be released under controlled conditions
or be retained for further processing. The capacities of the liquid-waste-
system components are given in Table 11.5. A simplified schematic of the
system is shown'in Figure 11.1. A detailed description of the system is given
in Section 11.2 of the SNUPPS FSAR.

The staff review of the liquid-waste-management systems and components was
conducted under SRP Section 11.2. The adequacy of system design was determined
through examination of system-design objectives, design criteria, equipment
and component design capacities, and special design provisions. Methods of
treatment of radioactive wastes, expected releases including parameters used,

to calculate releases, expected flows, radioactive concentrations, expected'

decontamination factors for components, and system holdup times were evaluated.
The availability of standby equipment, alternate processing routes, system
interconnections, and quality group classification of equipment and components
were included in the evaluation. These criteria were used to determine if the
liquid-radwastt system was performing its intended function, while keeping
discharges to the environment ALARA.

The staff reviewed the applicant's quality assurance provisions and found thati

the liquid radwaste equipment quality group classification and the seismic
design applied to the structures housing these systems meet the criteria as

*set forth in Regulatory Guide 1.143.

; The design of the liquid-waste-management system was found adequate to control
i the release of radioactive materials from outside containment tank overflow.
j Tenk-level instrumentation with alarm annunciation and overflow lines to

collector tanks or sumps are provided. These provisions are capable of pre-
venting uncontrolled releases of radioactive materials to the environment and
meet the provisions of Regulatory Guide 1.143.

11-6
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Table 11.5 Capacity of principal components considered in
radwaste-system evaluation for Callaway

Components No. Capacity Each

Radioactive-Liquid-Waste System

Reactor coolant-drain tank 1 350 gal
Waste-holdup tank 1 10,000 gal
Waste-evaporator-condensate tank 1 5,000 gal I

Chemical-drcin tank 1 600 gal
Laundry and hot-shower tank 1 10,000 gal
Floor-drain tanks 2 10,000 gal
Laundry water storage tank 1 10,000 gc!
Waste-monitor tanks 2 5,000 gal
Waste-evaporator-reagent tank 1 5 gal
Waste evaporator-condensate demineralizer 1 35 gpm;

Waste-monitor-tank demineralizer 1 35 gpm
Liquid-waste charcoal adsorber 1 35 gpm
Laundry and hot-shower charcoal adsorber 1 10 gpm
Waste-evaporator-feed filter 1 250 gpm
Waste-evaporator-condensate filter 1 250 gpm
Laundry and hot-shower charcoal adsorber 1 250 gpm
Waste-monitor-tank filter 1 250 gpm
Floor-drain-tank filter 1 250 gpm
laundry and hot-shower reverse-osmosis unit i 10 gpm
Laundry and hot-shower strainer 1 35 gpm
Floor-drain-tank strainer 1 35 gpm
Waste evaporator 1 15 gpm

Radioactive-Gaseous-Waste System

Waste gas compressors 2 40 scfm
Gas-decay tanks 8 600 fta
Catalytic recombiners 2 50 scfm
Radioactive-Solid-Waste System

Primary evaporator bottoms tank 1 1,000 gal
Secondary evaporator bottoms tank 1 2,500 gal
Primary spent-resin-storage tank 1 350 gal
Secondary spent-resin-storage tank 1 4,200 gal
Acid-addition tank 1 300 gal
Caustic-addition tank 1 550 gal
Resin-charging tank (CVCS) 1 325 gal
Resin-charging tank (radwaste) 1 325 gal
Spent resin sluice filter (primary) 1 250 gpm
Spent resin sluice filter (secondary) 1 250 gpm
Solid-radwaste-decanting tank 1 450 gal

'

Cement-storage tank 1 1,500 fta
Dry-waste compactors 3
Solid-radwaste drumming station 1

11-7
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.

The capabilities of the liquid-waste-management system to meet the anticipated >

demands of the plant during normal operation, including operational occurrences,
! have been evaluated. Tiie staff has concluded that the system capacity and
!' design flexibility are adequate to meet the the anticipated net.ds of the

plant.

The applicant's source terms for liquid radioactive effluents were reviewed
under SRP Section 11.1 and were calculated using the methods described in,

'

NUREG-0017. The NRC staff performed an independent calculation of source
terms for liquid radioactive effluents using NUREG-0017. The staff has deter-

, mined that the liquid waste management system is capable of reducing the
1

} release of radioactive materials in liquid effluents to approximately 0.17
' Ci/yr/ reactor, excluding tritium and dissolved gases, and 390 Ci/yr/ reactor of

tritium, during normal operation, including anticipated operational occurrences.
The calculated releases of radioactive materials in liquid effluents are given
in Table 11.2, and are used to calculate the annual dose or dose commitment to<

the total body or any organ of an individu&l in an unrestricted area.

: The doses are calculated to be less than 3 mrem / reactor and 10 mrem / reactor'

for the total body and any organ, respectively, in conformance with Section
II.A of 10 CFR 50, Appendix I, as shown in the comparison in Table 11.4 of.

this report. The applicant has elected to show conformance with the NRC'

September 4,1975 Amendment to Appendix I rather than performing a detaileu
cost-benefit analysis. Table 11.4 shows that the design of the liquid-waste-,

management system at Callaway satisfies the design objectives and is ini

'

accordance with the option to Section II.D of 10 CFR 50, Appendix I, as provided
in the Annex to Appendix I to 10 CFR 50.

{ The liquid-waste management system has been determined to be capable of reducing
the release of radioactive materials in liquid effluents to below 10 CFR 20
concentration limits during periods of fission product leakage from the fuel
at design levels.

Based on its evaluation, the staff conc'ludes the liquid-waste-management
system is acceptable. The basis for acceptance has been conformance of the
applicant's design, design criteria, and design bases for the systems to the -

,

j NRC regulations and the applicable regulatory guides.
,

j 11.3 Gaseous-Waste-Management Systems Description and Evaluation
,

i The gaseous-radwaste system and the plant-ventilation exhaust systems control,
t collect, proce:is, store, and dispose of gaseous radioactive wastes generated
j as a result of normal operation, including anticipated operational occurrences. !'

The capacities of the principal components of the gaseous-waste system are
given in Table 11.5. Detai'ed descriptions of the systems have been provided

; by the applicant in Section 11.3 of the SNUPPS FSAR. A sirrplified schematic
: is provided in Figure 11.2. '

; The staff review of the gaseous-waste-management systems and components, and
| building-ventilation exhaust-treatment systems and components was conducted
i under SRP Section 11.3. The adequacy of system design was determined through

examination of system design objectives, design criteria, equipment and compo-i

nent design capacities, and special design provisions. Methods of treatment, ,

of radioactive wastes, expected releases including parameters used to calculate'
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releases, expected flows, radioactive concentrations, expected decontamination
factors for components, and system holdup times were studied. The availability
of standby equipment, alternate processing routes, system interconnections,
and quality group classification of equipment and components were included in
the evaluation. These criteria were used to determine if the gaseous-radwaste
system was performing its intended function, while keeping discharges to the
environment ALARA.

Using the evaluation criteria as outlined above, the staff considered the
capabilities of the gaseous-waste-treatment system. The staff examined whether
the system could meet the demands of the plant during normal operation inclue
ing anticipated operational occurrences. The staff concluded that the system
capacity ar.d design flexibility are sufficient to meet the anticipated needs
of the plant.

In addition to the ESF atmosphere cleanup systems described under Section 6.5.1
of this report, the applicant has provided filter ventilation exhaust treatment
systems for the following facilities:

reactor building-

auxiliary building-

radwaste building-

tu-bine building-

fuel building-

The treatment provisions for each system include prefilters, an upstream HEPA
filter, a charcoal adsorber, and a downstream HEPA filter. The design of
these systems satisfies the requirements of Regulatory Guide 1.140 with one
exception: Regulatory Guide 1.140 requires that the flow rate of a single
cleanup train should be limited to approximately 30,000 cfm. The Callaway
design auxiliary / fuel building exhaust is 32,000 cfm. Multiple trains have
not been used because of space limitations. The staff finds this deviation
acceptable.

The staff has reviewed the quality group classifications used for the system
components and the seismic design criteria applied to the structures housing
the gaseous-waste systems and find them acceptable. The design of the gaseous
radwaste system meets the requirements of Regulatory Guide 1.143. The offgas-
system design is sufficient to provide adequate prevention of a hydrogen
explosion.

The components and system designs employed by the applicant for the gaseous
radwaste and building-exhaust-treatment systems are consistent with those used
in operating plants which have demonstrated efficiency ratings, capacity
ratings, and availability factors in extensive operational use.

The applicant's source terms for gaseous radioactive effluents were calculated
using the methods described in NUREG-0017. Table 11.3 shows the staff's
determinations of the gaseous releases from the gaseous-radwaste-treatment
system and plant-building-ventilation systems which were calculated using the
methods described in NUREG-0017. There are approximately 4100 Ci/yr of noble
gases, 0.08 Ci/yr of iodine-131, 1000 Ci/yr of tritium, 8.0 Ci/yr of carbon-14,
and 0.16 Ci/yr of particulates released.

11-11
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|
" Using the calculated releases of radioactive materials in gaseous effluents
j given in Table 11.3, the staff calculates the annual gamma and beta air doses

at or beyond the site boundary to be less than 10 mrad / reactor and 20 mrad /
reactor, respectively, which are in conformance with Section II.B of Appendix I.
The staff calculates the annual dose or dose cot.mitment to any organ of the
maxir.ially exposed individual as a result of radioactive particulate or radio-
iodine to be less than 15 mrem / reactor in conformance with Section II.C of
Appendix I as shown in the comparison in Table 11.4.

Rather than perform an individualized cost-benefit analysis required by Sec-
tion II.D of Appendix I, the applicant elected to show conformance with the
numerical design objective specified in Appendix I (RM 50-2). As shown in
Table 11.4, the calculated quantity of iodine-131 released in gaseous ef fluents
is less than 1 Ci/yr/ reactor. Also, as shown in Table 11.4, the calculated ,

doses for Callaway, are less than the dose design objectives set forth in
RM 50-2 and, therefore, satisfy the requirements of Section II.0 of Appendix I.

The gaseous-radwaste management systems and plant ventilation systems have
been determined to be capable of reducing the release of radioactive materials
in gaseous effluents to limits below the concentrations specified in 10 CFR 20
during periods of fission product leakage from the fuel at design levels.

Based on the foregoing evaluation, the staff concludes that the gaseous-waste-
management systems are acceptable.

11.4 Solid-Waste-Management System Description and Evaluation

The solid-waste-management system is designed to collect, process, and package
radioactive wastes generated as a result of normal plant operation, including
bnticipated operational occurrences, and to store this packaged waste until it
'is shipped offsite to a licensed burial site. Spent demineralizer resins,
' evaporator bottoms, filter sludges, reverse osmosis concentrates, activated
charcoal from the liquid-radwaste system and spent filter cartridges will be
solidified and packaged in 55 gal drums. Dry solid wastes consisting of
ventilation air filters, contaminated clothing, rags, and paper will be com-
pacted by up to a factor of 5 and packaged in 55 gal drums. The major components
of the system are shown in Table 11.5. A detailed description of the solid-waste-
management system is supplied in Section 11.4 of the SNUPPS FSAR.

The review of the solid-waste-management system and components was performed
under SRP Section 11.4. The review included an evaluation of the system
design, system design objectives (including expected and design volumes of
waste), activity and expected radionuclide distribution, equipment design
capacities and design parameters, flow diagrams and piping and instrumentation
diagrams, and special design features. Also included in the review was expected
chemical content, radionuclide concentrations, solidification methods and
agents, type and size of waste cor, tainers, packaging and storage, and quality
group classification.

The staff has determined that the expected solidified wet-waste volumes that
3will be shipped offsite or stored annually will be 19,700 ft containing

1500 Ci. The dry solid wastes shipped or stored annually, will have a volume
of 11.700 fta and contain less than 5 Ci.

11-12
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The applicant has employed components, system designs, and design criteria for
the solid-radwaste systems that are consistent with components and systems
used in operating plants which have demonstrated their efficiency, capacity
ratings, and availability factors in extensive operational use.

The applicant has not yet submitted a process control program for the purpose
i of providing assurance that waste solidification will meet the requirements

i s packaging, handling, shipping, and disposal. Although such a program is
not addressed in this report, such a program will be part of the Technical
Specifications as required by BTP ETSB 11-3..

The applicant will provide adequate storage space for onsite storage of solidi-
fied and dry wastes to meet the requirements of BTP ETSB 11-3. The capability,

! of the proposed system to process the types and volumes of wastes generated
during normal operation including anticipated operational occurrences is in
accord with GDC 60.

Provisions for handling of the wastes are in accordance with 10 CFR 20 and 70
' and 49 CFR 171 to 179 (which are Department of Transportation regulations).4

The applicant's quality group classification and seismic design have been
found to be acceptable. The system meets the requirements of Regulatory
Guide 1.143.

The basis for the staff acceptance of the solid waste management systems has
been conformance of the system design and design criteria to the regulations
and guides referenced above. Based on the foregoing evaluation, the staff
concludes that the proposed solid-radwaste system is acceptable.

11.5 Process and Effluent Radiological Monitoring and Sampling Systems
Descriptions and Evaluation

The process and effluent radiological monitoring syr.tems monitor, record, and
control the release of radioactive materials that nev b generated during
normal operation, anticipated operational ocurrences, and postulated accidents.

; These systems supply information to operations personnel concerning radioactivity
levels in principal plant process streams and atmospheres. NaI (T1) gamma
scintillation detectors are used for liquid monitoring; beta and gamma scintil-
lation detectors, as well as gamma-sensitive ion chambers are used for airborne'

processing monitoring.3

Airborne particulates and radioiodine will be collected on filters and charcoal
cartridges which will be analyzed routineiy.

Monitors will be calibrated and tested according to the radiological effluent
Technical Specifications.

Detailed system descriptions can be found in Section 11.5 of the SNUPPS FSAR;
complete monitor descriptions are in Tables 11.5-1 through 11.5-4 of the
SNUPPS FSAR.

The process and effluent radiological monitoring instrumentation and sampling
'

;

systems have been reviewed under SRP Section 11.5. The review pertained to
the systems provided by the applicant for the purposes of detecting and

11-13
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measuring concentrations of radioactive materials within plant process systems
and inplant gaseous and liquid effluents. The review was concerned with the,

applicant's provisions for instrumented monitoring of specific plant process
streams and plant effluent-release paths and for sampling and laboratory
analysis of materials in specific plant effluent release paths. Included in
the review were the type, location, and range of instrumented monitoring;
actuation of control or isolation devices by instrumented monitoring; locations*

; of sensors relative to process system piping or ducts and relative to effluent
'

piping, ducts, diffusers, stacks, or other release points; special provisions
for sampling or monitoring; provisions for laboratory analysis of collected
samples; location of sampling points; calibration procedures, maintenance and

4

inspection; and piping and instrumentation diagrams and process flow diagrams
: snowing sensor or instrument locations.

The sensors, sample-collecting and conditioning systems, and sample-analysis
capability which have been employed by the applicant are consistent with those
employed in operating plants which have demonstrated their effectiveness
through extensive operatienal use.'

The staff concludes that all normal and potential release pathways will be
monitored, based on plant design and on continuous monitoring and sampling
locations.

The sampling and monitoring provisions have been determined to be adequate for
' detecting radioactive material leakage to normally uncontaminated systems and

for monitoring plant processes which affect radioactivity releases. The staff
considers that the applicant's design (which includes the monitoring and

' sampling provisions) meets the requirements of GDC 60, 63, and 64 and the
guidelines of Regulatory Guide 1.21. The radiological effluent Technical
Specifications will include sampiing locations, frequency, analysis, sensitiv-
ity, and monitoring calibration requirements according to Regulatory Guides 4.15
and 1.21.

i

!

t
i
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12 RADIATION PROTECTION

The staff has reviewed the SNUPPS/Callaway proposed radiation protection
program as described in Chapter 12 of tha SNUPPS FSAR and Callaway Site Addendum
with respect to planning, designing, and operating the station to ensure that
occupational radiation exposure will be within the limits of 10 CFR 20 and will
be as low as is reasonably achievable (ALARA) in accordance with the guidelines
of Regulatory Guides 8.8 and 8.10, or alternatives provided. Towards this end,
the staff review covered: management's policies and organizational structure
for radiation protection; a description of facility and equipment design con-
siderations, as well as methods used to develop plans and procedures for
ensuring that occupational radiation exposure is ALARA; sources used for input
for design of shielding and ventilation of facilities; the area monitoring
program and features of the airborne radioactivity monitoring systems and the
health physics program where objectives are to ensure that good radiation pro-
tection practices--including implementation of many of the above objectives--
will be followed at the station.

The staff concludes that policy, design, operational considerations, and standard
practices relating to maintaining occupational exposures ALARA conform to Commis-
sion regulations, appropriate Regulatory Guides, and industry standards.

"

12.1 Ensuring That Occupational Radiation Exposures Are As Low As Is Reasonably
Achievable

12.1.1 Policy Conside)ations
I

Through guidance from Regulatory Guides 8.8 and 8.10 and 10 CFR Part 20, the
applicant's management has committed to a policy that the Callaway Plant will,

be operated in a manner to ensure that occupational radiation exposures are
ALARA. The applicant has identified the specific corporate plans to implement
that policy and has specified facility ,and equipment design considerations to
ensure their accomplishment. This objective is reached through administrative
exposure control procedures, adequate work planning, and safe practices in all
activities related to unit operations. The Nuclear Environmental Engineer, at
the corporate level, is responsible for maintaining a corporate ALARA program
that integrates management philosophy and regulatory requirements. He audits
the plant ALARA program to ensure that the corporate radiation protection program
is being implemented. Implementation of the program is the responsibility of
the Plant Superintendent, through the plant Assistant-Superintendent,
Engineering--Radiation-Chemical, who is the plant Radiation Protection Manager
(RPM). The RPM is responsible for ensuring that the ALARA program is imple-,

mented and monitored. He will review exposure records and investigate both
individual exposures and exposures classified by job description and location
and compare them_with exposure results from past experience to assess the
effectiveness of the radiation protection program. The applicant's commitment
to Regulatory Guide 8.10 ensures that, in parallel with the RPM, the station
management will also review these records and seek to identify exposure areas
that inoicate high exprsure trends and their need for improvement in plant

12-1
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procedures or equipment so they will substantially reduce exposures at a
reasonable cost.

' ' 1. 2 Design Considerations

The general arrangements and shielding provisions for Callaway have followed
the recommendations of Regulatory Guide 8.8 and are designed to provide levels
of exposura to operating personnel that are ALARA. Through the experience of
engineers with operating experience of operating plants, through NRC Licensee
Event Reports, NRC Operating Experience Bulletins and Information Reports, and
the experierce of Bechtel (the lead architect-engineer of the Callaway plant)
with problem-alert generated reports, significant elements of the design program
have been implemented to ensure that occupational radiation exposure are ALARA.,

Scale models, which are a three-dimensional layout tool, are an innovative
aspect of the SNUPPS project and have proven to be effective for design and
design review (as compared to conventional layout drawings) with respect to
radi3 tion protection. Piping, cable trays, ducts, valves, and valve activa-
tors were routed (based on design alternatives) by plant design engineers
around models that had major equipment set in place. Additionally specifica-
tiors for equipment and systems to be purchased reflect the guidelines of
Regulatory Guide 8.8. For example, in ordering the waste evaporator and solid
radwaste systems, the specifications included a statement that cor,siderations
shall be given in the design to eliminate points that might develop crud buildup,
provide for remote flushing and rinsing, and generally consider all design
criteria where the objective is to minimize operator exposure to radiation
during equipment maintenance.

All safety-related systems, structures, and equipment are reviewed by a Tech-
nical Committee composed of senior level engineers, with radiation protection
being an important aspect of the review. At least six reviews of the plant

scale model have been made specifically considering radiation protection during
plant operation and maintenance. During these reviews, a health physics super-
intendenc from an operating nuclear power plant participated, along with super-
visors from other nuclear power plants. Several design changes resulted. These
include (1) construction of a concrete shield above valve and piping compartments
to minimize exposure during valve control operations; (2) designing vertical
valve control rods to replace horizontal controls to eliminate the access diffi-
culty, which horizontal valve control rods pose for maintenance operations;
(3) walls between the corridors and valve and piping compartments were redesigned
to allow more room for maintenance accessibility; and (4) a permanent maintenance
platform was built to facilitate access into the steam generator for maintenance
operations (such as eddy current inspection of tube',). Design provisions for
reducing leakage of noble gases from the reactor coolant into containment have
been incorporated into SNUPPS plants. These design criteria conform with the
guidelines of Regulatory Guide 8.8 (Revision 2) and are acceptable. (Additional
radiation protection criteria relevant to design features are discussed in
Section 12.3.)

12.1.3 Operational Considerations

Some of the ALARA procedures and methods to minimize exposure for Callaway
operations in accordance with Regulatory Guides 8.8 and 8.10 include determining
the origin of radiation exposure; issuance of radiation work permits; review

12-2
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| and 5tudy by tre-health physics staff of maintenance, repair, and surveillance
| procedures by collecting data on plant radiation and contamination levels, and
1 on personnel expesure oy job function and type of work; and work restrictions.

The staff concludes that the policy considerations, design considerations, and
operational considerations selected to ensure that occupational radiation
exposure would be ALAR 4, conform to 10 CFR 2L, and appropriate Regulatory
Guides; thus, they are acceptable.

12.1.4 Decommissioning

The staff is currently reviewing the questioni, of decommissioning reactor plants
as a generic technical activity (B-34). In addition, personnel at Battelle
are studying reactor decommissioning alternatves, including protective storage
or mothballing, e:.tombment, dismanticment, and combinations of these alterna-
tives. These studies are evaluating safety snd envrionmental aspects as well
as the costs of each & commissioning alternative. To date they have resulted
in the publication of two documents applicabie to LWRs, NUREG/CR-0672, "Technol-
ogy, Safety anc costs of Decommissioning a Raference Boiling Water Reactor Power
Station", and PJREG/CR-0130, " Technology, Safety and Costs of Decommissioning7

a Reference Pressurized Water Reactor Power Station." In addition, the NRC
Offica of Nuclear Regulatory Research (RES) is evaluating the dose commitment
for radioactive material released to unrestricted use from decommissioning of
nuclear reactor facilities. Experience has been gained in the decommissioning
of Elk River, Hallam, Fenni 1, Saxton, Peach Bottom, and numerous smaller test
and research reactors. This experience was factored into the Battelle report.
It also wi!1 be used as background information in the modificat'on of existing
regulations and guides on reactor decommissioning and in the development of
any r,tw standards or guides.

For Callaway, those design features incorporated by the applicant for maintaining
occupational radiation exposure ALARA during plant operation and maintenance
will also serve to maintain rcdiation exposure ALARA during decommissioning
operations.

12.2 Radiation Sources

The applicant has used radiation source terms based on relevant experience for
full power operation, shutdown, and offsite exposure to postulated design-basis
accidents, and for shield design calculations, personnel protective measures,
and dose assessment for each plant system according to the amount of activity
present and adjacent zoning ar.d access control. During power operation, "h,
noble gases and neutrons in containment are the greatest sources for dose rate.
All radioactive sources of the maximum expected airborne concentrations, during
reactor operation and at shutdown, have been tabulated inside major plant
buildings, in frequently occuoied areas, and are due to equipment leakage.
The greater potential for radiation dose rate is from fission products and
activation products, including activated corrosion products. The assumptions
and parameters used in determining leakage calculations are also provided and
were found to be appropriate for input to shielding calculations and the design
objectives for the ventilation system. Source values used are based on the
ANSI N237-1976 and on NUREG-0017 computer code GALE input. Health physics and
plant operating experience will be implemented to ensure that plant personnel
will not be exposed to concentrations of airborne radioac.i.ive material exceeding
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those specified in 10 CFR 20 and will be maintained at ALARA levels. Conse-'

quently tne source terms used to develop radiation shielding and estimated
airborne radioactivity concentrations are acceptable.

12.3 Radiation Protection Design Features

12.3.1 Facility Design Features

The applicant has addressed facility and equipn. ant design considerations,
planning and procedure programs, and techniques and practices employed in the
overall design for maintaining doses ALARA. The following areas of the FSAR
werc reviewed:

(1) the description of equipment design features to be used for ensuring that
accupational exposure will be ALARA

(2) information concerning implementation of Regulatory Guide 8.8, Section C.2

(3) the description of any special protection features that use shielding,4

geometric arrangenent, or remote handling to reduce occupational exposure

(4) information concerning the implementation of Regulatory Guides 1.21, 1.52,
1.69, 8.2, and 8.12, and ANSI Standard 13.1.

The applicant describes features--including designs for filters, demineralizers,
'

evaporators, pumps, tanks, heat exchangers, remote instruments, valves, and
piping--which are designed to reduce occupational radiation exposure to ALARA
levels. Space for ease of changeout, repair, replacement, and so forth to
reduce exposure during maintenance of this equipment has been considered.

To minimize exposure from valve operations, remotely activated valves are used
in valve galleries separate from major comments; piping in pipe chases is
designed for the lifetime of the plant; floor drains and properly sloped floors
are provided; coltiple electric lights are provided to preclude entry into the
radiation area to replace a single burnt out light; sample stations are located
in shielded accessible areas to minimize personnel exposure during sampling;
streaming through penetrations is minimi).ed by (1) Iccating them (a) with an
offset between the source and accessible area or (b) high above floor eleva-
tions, (2) by installing baffle shiela walls, or (3) by grouting the area
around the pentration; labyrinths are used for each compartment where radia-
tion streaming may exist. Whenever permanent shielding is not feasible and

| where shielding may be required because longer times for routine inspections
are necessary, the design philosophy of the applicant--which emphasizes adequate'

space for ease of motion--would allow partable shielding to be used. In other
| cases where routine inspections in high radiation areas are necessary, viewing

devices are provided. All field-run process piping potentially containing'

radioactive material is positioned to limit e.<posure to plant personnel.

12.3.2 Shielding )

Radis tion shielding at Callaway is designed to ensure that radiation exposure
| levels are kept ALARA and that the criteria of 10 CFR Part 20 are met.~ Shields
| are designed to provide protection against radiation for operating personnel

both inside and outside the plant. Plant areas have been classified into
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radiation zones based on expected frequency and duration of occupancy. The
design of the radiation shielding considered the dose rate criteria for each
zone based on maximum access time requirements in each compartment within the

Shielding analysis has been made using accepted codes, models, andzone.
assumptions. The basic shielding analysis was performed using computer codes
accepted by the staff such as ANISN, MORSE CG, G, SOC, and so forth. Besides
limiting the exposure to plant personnel, contractors, and visitors, the plant
shielding also reduces neutron activation of equipment, piping, supports, and
so forth. The reactor cavity shield design uses a water bag to reduce neutrons
that stream into containment from the annulus between the reactor pressure vessel
and the biological shield to allow limited access into containment during reactor
operations.

All concrete shielding in the plant is based on the criteria of Regulatory
Guide 1.69, which provides the guidance on the fabrication and installation of
concrete radiation shields. Consequently, the shielding design and construction
are acceptable to the staff.

12.3.3 Ventilation

The applicant's ventilation system is designed to provide ventilation air
suitable to ensure that airborne concentrations to which personnel may be
exposed meet the requirements of 10 CFR Part 20.

To meet this design objective (1) the airflow is directed from areas of lesser
potential contamination to areas of greater potential conta9ination, (2) a greater
volumetric flow is exhausted in compartments with a potential for contamination,
(3) provisions are made to prevent adverse airflow direction, (4) there is
adequate space for servicing ventilation fans and filters from working platforms
to simplfy handling, and (5) the system is designed for rapid replacement of
components to preclude additional radiation exposure. P_eriodic. testing for
filter loading will be performe'd and changeout 'etermined as a result of these "d
tests or before the radioactivity deposited reaches a level of sufficient,

magnitude to create a personnel hazard.

The design criteria agree with those given in Regulatory Guide 8.8; the atmo-
spheric cleanup units conform to Regulatory Guide 1.52 with respect to occupa-
tional exposure. Therefore, the Callaway ventilation system is acceptable.

12.3.4 Area Radiation and Airborne Radioactivity Monitoring Instrumentation

The applicant's area radiation monitoring systems (ARMS) are designed to (1)
inform operations personnel of radiation levels in areas where ARMS are located,
(2) provide warning when abnormal levels occur by audible and visual alarms
both locally and in the control room, (3) wcrn of equipment malfunction, and
(4) provide a continuous record of radiation levels at key locations throughout
the plant. There are 42 ARMS in the plant, all of which contain a remotely
operated integral check source and will alarm if abnormally high radiation
levels exceed preset dose rate levels or whenever circuit failures occur. The
criteria for location of area monitors are (1) occupancy factors, (2) potential
for exposure to high radiation levels, (3) potential for equipment failure,
(4) storage of new and spent fuel, and (5) normally or potentially radioactive
release points.

~12-5
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i The design objectives of the airborne radioactivity monitoring system include
the following: (1) to'inftirm operations personnel of airborne activity trends
and give early warning of :.onormal increases in activity levels; (2) to help
determine integri',y cf systems inside the RCPB and other areas of the plant;i

(3) to warn of potential overexposure to airborne radioactivity so that breathing
apparatus can be applied as required; (4) to furnish records of gross airborne

i trends and the amount of radioactive releases to the environment. Additional
! design objectives include containment ourge isolation, fuel building ventilation

isolation, and control rooc. in', eke isolation, all of which are automatically
initiated in the event that airborne radioactivity exceeds allowabic limits.
The guidance of Regulatory Guide 1.21 has been factored into the design of the

j airborne raiiation monitoring system. The staff finds these design objectives
| acceptable.
.

1 Eight airborne radioactivity moritorir.g systems that operate continuously.to
' detect airborne particulates, iodine, and/or noble gases in the air are installed.

in ventilation ducts of buildings where potentially radioactive sources exist.
Locacion of the monitors was based on personnel access and where airborne
radioactivity can abruptly change. The monitors are located upstream of all

; filters in the containment, au4fliary building, fuel building, radwaste building,
waste gas decay tank rooms, access control area, and control room. The sensi-'

tivity of the air monitors allows detection of less than one maximum permissible
! concentration in air within the cubicles monitored. When a building vent monitor.

alarms, the source location can then be identified by means of collecting local'

air samples in specific cubicles within the building. Each detector comprising
the airborne radioactivit- system is calibrated at the factory using National
Bureau of Standards traceable calibration standards with the source detection
geometry identical to the sample detector geometry in actual use. Secondary

i standards are counted in reproducible geometries during the primary calibration
and are supplied with each monitor. These secondary standards are used in
annual calibrations. They are also used during installation to ensure proper
functioning of the monitors, or whenever repairs or modifications are performed
on the monitoring system.

The applicant plans to conduct routine surveys for airborne radioactivity in'

. all normally occupied areas with portable continuous air monitors. Installed
! instruments in containment, the fuel building, and control room have independent

emergency power supplies that are activated whenever a power failure occurs.,

The staff finds that the applicant's area radiation and airborne radioactivity'

monitoring systems satisfy the design objectives of Regulatory Guide 8.8 and
j are acceptable.
!

12.4 Dose Assesment

The applicant has based his estimate of annual person-rem exposure on experi-
i ence from currently operating reactors and the manner in which Callaway has
i been designed and will be operated. He has performed an assessment of the

doses in accordance with Regulatory Guide 8.19. The dose equivalent assessment
,

considers doses that will be received by plant and contractor personnel based ;
6

on occupancy factors in zones to be occupied, the dose rates in these zones,;

estimates of occupancy times, and the personnel necessary .to perform the various
tasks involved in plant operations The annual collective dose equivalent for

!
4

Callaway is expected to be approximately 365 person-rems. Currently operating i

PWRs average 440 person-rem per unit annually, with particular plants experiencing
,

.
\

!- -

.
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an average lifetime annual dose as high as 1300 person-rems. These dose averages I
; are based on widely varying yearly doses of PWRs. The basis for the applicant's '

estimation ie associated with detailed dose estimates by specific tasks for
the following work functions: reactor operations and surveillance, routine
maintenance, radwaste processing, refueling, inservice inspection, and special
maintenance. Illustrated examples have been provided for each task including
task description, number of days required, number of personnel and mrem / person-
day. These exposure estimates are consistent with Regulatory Guide 8.19 and
the staff's ALARA policy. Therefore, the staff finds them acceptable.

A tabulation of the maximum expected doses tc personnel caused by airborne
radioactivity from inhalation and submersion has also been provided by the
applicant. The assumptions and rnodels upon wnich the dose estimates are based*

are consistent with the staff's and are acceptable.i

The applicant bas also estimated the potential whole-body exposure to noble
gas airbcrne radioactivity received by construction workers during Unit 2 con-.

struction dre to the operation of Unit 1. These estimates are only a few
percent of the allowable exposure given in 10 CFR 20.105.

12.5 Health Physics Program

12.5.1 Program and Staff Organization

The applicant's policy for radiation protection is to maintain personnel
radiation exposures within the provicions of 10 CFR Part 20 and, beyond that,
to keep them ALARA in accordance with Regulatory Guides 1.8, 8.8, and 8.10.
The Assistant Superintendent, Engineering--Radiation-Chemistry is the Radiation
Protection Manager (RPM) at Callaway and is responsible for implementing and
enforcing the Callaway Plant health physics program. However, the ultimate
responsibility of the health physics program lies with the Plant Superintendent.
The RPM reports to the Assistant Technical Support Superintendent, but he has
direct access to the Plant Superintendent for matters of radiological health

! and safety. He is also a member of the Onsite Review Committee.

The applicant proposes to have a combined health physics and chemistry technir.ian
(RCT). Because of the difficulty in maintaining individuals qualified in both
specialties, the staff recommends that radiation protection personnel should
not be assigned multiple specialties unless they are fully qualified in each
specialty, including training, experience, testing, and retraining. During an
Inspection and Enforcement staff inspection of the Callaway organization, the
inspector determined that the applicant has hired RCTs with 3 to 8 years
experience as engineering laboratory technicians (ELTs) in the Navy Nuclear
Power Program. Several of them have additional nuclear power plant experience
and have a college degree. The staff reviewed the RCT training program at
Callaway and found it is designed to maintain technician competency in both
radiat% protection and chemistry. To complete the radiation protection
training, employees must pass written examinations given throughout the program.
The requalification and retraining program for RCTs has not been developed by
the applicant. However, he has committed to transmit to the staff the scope
of the program to be implemented as soon as it is defined. He will submit a
copy of the complete program after fuel' load. Consequently, considering the
highly qualified technical personnel presently on the staff, the proposed
training program for them, and the applicant's commitment to develop an

12-7

e-~--- m



._

acceptable requalification and retraining program, tne staff f'inds (1) that it
is acceptable for Callaway to maintain combined radiation protection and chemistry
technicians and (2) that the technician qualification program is adequate to

; maintain technicians qualified in accardance with Regulatory Guide 1.8 (which
adopted ANSI 18.1).

The responsibilities of the nealth physics group are (1) to prepare and recommend
procedures for controlling radiation doses and intakes within the limits of
10 CFR 20.101 and 20.103 for all routine and nonroutine activities and to plan
and schedule health physics surveillance to ensure that such exposures are kept
ALARA; (2) to maintain records of results of all radiation surveys; (3) to provide,
maintain, and calibrate radiation detection instrumentation; (4) to provide,
maintain, and issue protective clothing and respiratory equipment tar plant
operations and maintenance personnel; (5) to assist with the receipt and shipment
of all radioactive materials; (6) to implement and supervise the Radidtion Work
Permit program; (7) to assist in decontamination of personnel and equi p ent;
and (8) to develop and maintain the personnel dosimetry program.

12.5.2 Health Physics Facilities

The health physics staff maintains facilities for conducting its ruutine
operations such as access control checkpoints, a shielded counting room for
checking health physics survey instruments, and a change room for obtaining
clean protective clothing and for removing and handling contaminated protective
clothing after use. The counting room will contain a multichan.1el pulse height
analyzer with associated GeLi and NaI detectors, a gas flow proportional counter,
and a liquid scintillation counter for tritium determination. A whole t,ody
counter will be availeble from a commercial firm, as needed, for in vivo measure-
ments of station personnel. A thermoluminescent dosimeter (TLD) reader and
associated equipment are on site to enable prompt processing of TLD badges to
i amediately verify exposure.

12.5.3 Health Physics Instrumentation

Continuing evaluation and review of the radiological status of the station will
be carried out by health physics personnel so that levels cf radiation will be
known at all times in areas where personnel are working. Equipment to be used
for radiation protection purposes include portable alpha, veta, gamma, and
neutron survey meters. As a result of staff review questions, toe applicant
has increase his proposed portable survey instrument inventory so that he should
have sufficient instrumentation to monitor the large numbers of _ operations that

7

may be required in radiation areas and high radiation areas throughout the plant
during major maintenance and refueling outages. In arriving at the total number
of instruments, the applicant considered those instruments that will be in a
calibraticn, maintenance, or inoperative on-the-shelf status. Portable airborne

L gaseous, particulate, and iodine samplers and a continuous air monieor are
available. For contamination control, portable monitors and friskers are used
at exits from radiation control areas and to monitor personnel leaving the
station. Protective clothing and respiratory equipment are also used, as :

Irequired, to keep exposures ALARA.
1

All plant personnel are required to wear a TLD as the primary method for ;
determining beta gamma exposure. Because there are no specific requirements 1

for personnel entry into containment during normal operating conditions, neutron |

I
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dosimetry will be performed for those individuals subject to neutron exposure,
as required by job assignment, by use of a neutron rem-meter and stay time.
The frequency of entry will be based on operational needs and conditions in
containment. Pocket dosimeters will be issued as a secondary method for beta-
gamma dosimetery and will also provide a day-to-day estimate of personnel
exposure for gamma radiation. Exposure records for each individual will be
maintained in accordance with Regulatory Guide 8.7. The bioassay program at
Callaway will follow the guidance of Regulatory Guide 8.9. A whole body counter
or bioassay techn* ques will be used for evaluating the internal radioactivity
of station perscnnel, visitors, contractors, and so forth. Counting will be
done on a scheduled basis (at least annually), and other bioassay methods (such
as excreta sampling) are provided for use wher, deemed necessary.

12.5.4 Procedures

Health physics personnel will routinely survey selected areas of the plant for
assessing radiation levels, radioactive contamination, and airborne radioactivity
concentrations. These surveys will be performed at a selected freqency depending
upon location, potential radiation levels, occupancy factors, and station operat-
ing status. Results of all surveys are recorded and maintained for radiation
trend studies. Areas found to be contaminated will be barricaded and posted
with appropriate warnings before decontamination. Entry will be controlled by
health physics personnel. Approval of Radiation Work Permits by health physics
personnel will permit entry and work in radiation and/or contamination areas,
based upon procedural requirements. These Permits state radiation levels in
the area, allowable stay times, protective clothing and respiratory equipment
required, and dosimetry and other procedural requirements.

The applicant has committed to the following Regultory Guides with respect to
operating the radiation protection program: 1.8, 1.16, 1.21, 1.33, 1.39, 1.52,
1.69, 1,109, 1.97, 1.111, 1.112, 1.140, 8.2, 8.3, 8.4, 8.5, 8.7, 8.8, 8.9, 8.10,
8.12, 8.15, and 8.19.

On the basis of the plant health physics design and related equipment and pro-
cedures and the applicant's consideration of relevant Regulatory Guides dealina
with radiation protection and administrative controls, the staff concludes that
the applicant's health physics program will provide plant personnel with adequate
protection against the radiation hazards as discussed in Regulatory Guide 8.8
and in 10 CFR Part 20.

12-9



-

J

13 CONDUCT OF OPERATIONS

13.1 Organizational Structure and Qualifications

13.1.1 Management and Technical Resources

13.1.1.1 General

During the period July 14-16, 1981, members of the staff visited the corporate
of fice of Union Electric Company (UE) in St. Louis, Missouri and the Callaway
Plant near Reform, Missouri. The purpose of the visit was to review the pro-
posed organization for operation of Callaway from the level of the senior
corporate officer, who will be in overall charge of nuclear operations for UE,
down to and including the proposed operating staff at the plant. The staff
reviewed the organizational structure for operation and for support of the
plant staff, the levels of staffing, the experience level of principal indivi-
duals en both corporate and plant staffs, and the interfaces between the plant
staff and the corporate support structure.

At a meeting at Callaway, the applicant briefed the staff team on its organiza-
tion for the cperation of Callaway Unit 1. This briefing was followed by dis-
cussions with several plant employees so the review team could gain (1) a
feeling for the responsibilities and attitudes of the individuals and (2) an
understanding of how they fit into the organization and how they interface with
other onsite and offsite organizational units. Discussions with corporate per-
sonnel were held at the corporate office to obtain the same types of informa-
tion. At the conclusien of the meetings, the staff team gave the results of
the visit to the UE management.

The following description and evaluation are based on information contained in
the Callaway Site Addendum, through Revision 3, the applicant's response to the
NRC Action Plan Items (NUREG-0660), and supplemental information obtained during
the visit. In its evaluation, the staff used the guidelines of NUREG-0731
(draft report dated September 1980) and the requirements outlined in NUREG-0737.

13.1.1.2 Corporate Organization

The corporate organization and tha lines of responsibility for operation of
Callaway are shown on Figure 13.1. The senior corporate officer in charge of
the applicant's nuclear program is the Vice-President, Nuclear. The Vice-
President, Nuclear is responsible for all nuclear activities within UE related
to the construction, operation and maintenance of Callaway, and he reports
directly to the Executive Vice-President. Fossil plant operations and matters
related to the transmission of power are the responsibilities of others within
the UE corporate organization.

Figure 13.2 shows the organization of the nuclear function with the General
Manager, Operations; General Manager, Engineering; the Assistant to the Vice-
President; and the Manager, Quality Assurance reporting directly to the Vice-

.

President, Nuclear. Brief descriptions of the Engineering, Operations, and
"

Quality Assurance Departments are given below.

13-1-
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Engineering (Nuclear)

The General Manager, Engineering is responsible for the activities of the
Nuclear Engineering Department, the Nuclear Fuel Department, the Nuclear
Services Department, and Nuclear Development, as shown in Figure 13.3. The
consolidation of the activities of these departments under the General Manager,
Engineering is intended to give coordinated support to the site organizations
of all the offsite groups of the nuclear function except Quality Assurance.
The current staffing of this department is 40 individuals, with a staff of 50
individuals projected by fuel load.

The Nuclear Engineering Department is headed by the " Engineer-in-Charge"-

and is responsible for providing the technical support for operations
through the subgroups, which have functions as follows:

Licensing - FSAR control, reporting requirements, NSSS engineering, design
coordination, safety analysis, inservice inspections, and operational data
assessment.

Nuclear Environmental - environmental monitoring and reporting, health
physics monitoring.

Nuclear Engineers engineering related to NSSS systems and balance of
plant. The department is currently staffed bu 20 individuals, with a
projected staff of 26 by fuel load.

The Nuclear Development Department monitors generic nuclear activities,-

coordinates UE efforts in research and development, and participates in
long-range planning.

The Nuclear Fuel Department analyzes the nuclear fuel cycle through core-

analysis, determining the f uel errichment and managing incore distribu-
tions. The department is currently staffed with three individuals, with
a projected staff of four by fuel load.

The Nuclear Services Department provides the cost and schedule activities-

and files and maintains recoras.

The Engineering Department's nuclear experience comes mainly from involvement
in the design and construction of Callaway; personnel have very little experi-
ence in the support of an operating nuclear power plant. In a letter dated
August 14, 1981, Union Electric has committed to establish contracts with
Nuclear Projects Inc. (SNUPPS), Bechtel, and Westinghouse to provide continuing
technical support for Callaway over and above that which;will be routinely pro-
vided by the Nuclear Engineering Department. The Manager, Nuclear Engineering
also has access to approximately 305 engineers in Union Electric's nonnuclear
areas who will provide additional technical support.

Operations (Nuclear) I

|The General Manager, Operations is responsible for the activities of the Nuclear l

Construction Department, including the Startup Organization and the Nuclear |
Operations Department, as shown in Figure 13.4. The Nuclear Operations Depart- i

nent, or plant staff, will be discussed in Section 13.1.2 of this report. The |
consolidation of these departments under one manager is designed to give closa j

'
1
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coordination in the startup test phase ar.d allow a smooth transition from con-
struction to the operations phase, although a corporate official, the General
Manager, Operations, scands approximately three days a week at the site.

The Construction Department is responsible for the management and coordination
of the fabrication, installation, and construction activities at the Callaway
site, while also developing and implementing the preoperational tests. The
Construction Department shares the startup organization with the plant staff
with the Construction Department controlling construction completion and pre-
operat.ional testing, and the plant staff controlling fuel load, low power, and
power ascension testing. The startup organization is comprised of approxi-
mately 150 individuals, of whom 11 are UE personnel, 111 are consultants, and
the rest are contractors.

Quality Assurance

The Quality Assurance Department, as shown in Figure 13.5, is headed by a
Manager who reports directly to the Vice-President, Nuclear. The department
is composed of three groups, one in the corporate office and two on site. Of
the latter, one is responsible for construction-related activities and the other
for the operating phase. The three groups report to the Manager, Quality Assar-
ance and are not under the control of either the Engineering or Operations Depart-
ment. The Quality Assurance Department is discussed in detail in Section 17
of this report.

Weekly meetings are held between the Managers of Engineering, Operations, and
Quality Assurance to achieve integration of site and corporate office activities.

The applicant has described the organization for the management of, and its
means for providing technical support for, the plant staff during operation of
the facility. These measures have been reviewed, and the staff concludes that
the applicant has an acceptable organization and adequate resources to provide
offsite technical support for the operation of the facility under both normal
and offnormal conditions.

13.1.2 Operating Organization

In FSAR Revision 3, the applicant has described the organization of the Callaway
plant staff, as shown in Figure 1a.6. The plant activities are divided.into
eight departments, with the superintendent of each department reporting directly
to the Plant Superintendent. The Superintendent of Site QA and the Assistant
Superintendent of Engineering, Radiation-Chemical have a direct communication
path to the Plant Superintendent but do not report directly to him. The plant
staff presently consists of about 270 individuals, with a staff of 300 projected
by the fuel load.

The Plant Superintendent had not been assigned responsibilities for the main-,

taining of occupational radiation exposure ALARA. The responsibility had been
assigned to the Assistant Superintendent, Engineering-Radiation-Chemical. The
staff presented the position that the Plant Superintendent would have to be
the responsible individual, and the applicant has filed a letter dated August 14,
1981, which included a commitment to revise Chapter 12 of the Callaway Site
Addendum to assign primary responsibility for the corporate and plant ALARA
programs to the Plant Superintendent.

13-7
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Personnel Development

The Personnel Development Section under the direction of the Superintendent,
Personnel Development is responsible for management-union relations and for>

i providing management training to UE personnel. The department includes the
Safety Supervisor, who is also the Plant Fire Marshall.

Administration

The Administration Department, under -the direction of the Superintendent,
Administration, is responsible for processing documents and records related to
safety, quality assurance, radiation exposure, training, and employment activ-
ities, ano for providing general clerical support.

Startup

The Startup Department, under the direction of the Superintendent, Startup is
responsible for construction and preoperational testing under the direction of
the Manager, Nuclear Construction.

,

During the operation' test phase, the Startup Department will be responsible
for the fuel load, zero power, low power physics, and power ascension testing
under the direction of the Plant Superintendent.

Security

The Security Department, under the direction of the Superintendent, Security,
is responsible for the implementation and enforcement of security directives.
The Superintendent, Security will be a UE employee, with the remainder of the
security force to be supplied by a security contractor.

Training'

The Training Department, under the direction of the Superintendent, Training,
is responsible for all the training required for safe and proper operation and,

' maintenance of the plant. The training staff has its full manning complement
of 19 individuals, all of who came from the navy nuclear program and have on
an average more than 13 years of nuclear experience.

i

-The section has five individuals who have previously held NRC licenses as a
i Senior Reactor-0perator or Reactor Operator. The Training Superintendent
| and/or the Senior Training Supervisor responsible for licensed operator train-

!

ing-will hold an SRO.| to have a plant-speci. license,
1.he applicant has contracted with Westirghouse !T

fic.SNVPPS simulator constructed on the site. With the '

'

completion of this simulator (projected for February 1982), most of the train-
ing for the plant staff will be conducted on site.

;

i Maintenance |

The Maintenance Department, under the direction of the Superintendent, Main-
tenance, is responsible for the mechanical and electrical maintenance in the
plant and for the control of spare parts and the storeroom. 'The maintenance
section currently consists of 55 individuals, with a projected number of 95 by

,

the fuel load date. _ Personnel are being added as the maintenance work becomes |

!
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available, with all training scheduled to be complete by fuel load. The present
UE policy is to use only journeyman craftsmen, principally from UE fossil plants,
to staff the department.

Section 13.1.3.1.15 cf the Callaway FSAR Site Addendum did not equal or exceed
the experience requirements of ANSI /ANS-3.1-1978 Section 4.3.2 when specifying
the experience required of a Maintenance Foreman.

In a letter dated August 14, 1978, the applicant committed to change the FSAR
to reflect ANSI /ANS 3.1-1978 requirements. The applicant has not supplied docu-

; mentation to show ; hat the Maintenance Superintendent and the Assistant Main-
tenance Superintendent are familiar with nondestructive testing and electrical,d

pressure vessel, piping, and welding codes relating to nuclear plant applica-
tions. The staff presented the position that documentation showing such
familiarity must be presented, or a commitment must be made to have such'

familiarity ensured through training, by the fuel load date.

In a letter dated August 14, 1981, the applicant committed to updating the
rssumss of the Maintenance Superintendent and Assistant Maintenance Superin-
tendent to reflect the training and experience they possess. The applicant
also committed to provide formal training in subjects not included in their
experience base. This formal training will be completed more than 90 days
befcre fuel load.

Engineering

The Engineering Department, under the direction of the Superintendent, Engi-
f neering, provides engineering support and technical services in the fellowing

areas:
2

Quality Control1 -

i The Quality Control Section, under.the direction of the Quality Ccntrol
Supervisor, develops and implements an inspection program for safety-
related components and systems that conforms to the approved Quality
Assurance Program. This section consists of nine individuals.

Engineering Support-

Under the direction of two Supervising Engineers, engineering support is
provided in the electrical, mechanical, and nuclear fields to support the
operation, testing, maintenance, and design of the plant equipment. These
sections consist of 23 individuals.

Instrumentation and Control (I & C)-

The I & C section under the direction of the Assistant Superintendent,
Engineering - I & C, is responsible for the development and implementation
of a testing, maintenance, and calibration program for instrumentation
and controls. This section consists of 29 individuals.

.
The Assistant Superintendent, Engineering - I & C, does not meet the

! experience requirements of ANSI 18.7-1976/ANS 3.1-1978, Section 4.4.2 as
he does not have 1 year of experience in instrumentation and control at

!
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an operatir 3 nuclear power plant. The Fereman - I & C does possess experi-
ence in instrumentation and control at an operating nuclear power plant
and will fulfill the experience requirement as stated in the FSAR.

Section 13.1.3.1.10 of the FSAR did not equal or exceed the experience
requirements of ANSI 18.7/ANS 3.1-1978, Section 4.3.2, when soecifykg
the experience required of an instrumentation and control foreman.r

In a letter dated August 14, 1978, the applicant committed to change the
FSAR to reflect ANSI 18.7/ANS 3.1-1978 requirements.

Radiation - Chemistry

The staff review of the radiation-chemistry area is discussed in
Section 12.5.1 of this report.

Operations

The Operations Department, under the direction of the Superintendent, Onera-
tions, is responsible for the operation and control of all equipsent associated
with electrical power production, fueling and refueling operations, and the
handling and storage of fuel on site.

The plant operating organization now consists of 75 individuals, with a projec-
tion of 89 individuals by fuel load. The Superintendent, Operations and the
Assistant Superintendents, Operations will be licensed as SR0s.

'

Callaway will operate with a six-shift rotation, to allow one shift to be in
training at all times. Each operating shift'will consist of two SR0s, two R0s,
four Equipment Operatort (E0s), two Assistant Equipment Operators (AE0s), two
Rad-Chem Technicians, atd two I & C technicians. This exceeds the NRC staff's
interim criteria for shift staffing described in a letter to each licensee and
applicant dated July 31, 1980.

The applicant is planning to operate with one of the SR0s designated as Operat-,

i m Supervisor - Control Room, who will perform the duties cor,ionly associated
with the " Shift Supervisor." The other SR0 will be known a ; the Operating
Supervisor - Field. An Operating Supervisor will be prescat on the plant site

j at all times when fuel is on site.
|

The applicant's fire brigade will be composed of five persons, which meets the
j 10 CFR 50 Appendix R requirement.
|

| Overall, the 14 person shift will allow for safe shutdown of the plant.
!

At present, Union Electric has 34 positions identified for licensed individuals.
i Seventeen will be licensed at~the SRO level and 17 will be licensed at the R0
t level. This excludes at least four additional'SRO license holders in higher

staff positions. The number of 17 in each of the two reference positions'was
predicated on a basic assumption of two individuals per shift, and staffing;

' for a total of six shifts. The fifth shift provides for vacation relief and
sickness. The sixth shift provides for retraining. -Assuming some losses to

|, attribtion and failure to license, the number of positions was adjusted upward
to 17.i

t

| M
'
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Because of information provided in a letter from Union Electric dated August 14,
1981, describing the " pipeline" of additional candidates, the staff finds that
17 is an acceptable number.

All AE0s, E0s, and R0s undergo the same selection program as an SR0 candidate
(a line of promotion exists to the SR0 position). This consists of a basic
mathematics- cnd science-skills test coupled with a stress-reaction test to
predict the individual's ability to function well under stressful situations.
These tests, coupled with an acceptable physical examination, are required
before an individual is considered for training in any of these positions.
The training program consists of a mathematics and science refresher program,
followed by an indepth course in reactor theory. This program presently con-
sists of 12 weeks of full-timo classroom training, referred to as Phase I.
Phase II follows, which provides system training. Those personnel entering
the licencing program continue on to Phase liI, a simulator program which will
be taught on the Callaway Plant simulator beginning in February 1982. Follow-
ing Phase III for the license candidates and Phase II for the Equipment Opera-
tors, a Phase V program is offered which consists of a plant familiarization
program designed to relate the individual to physical arrangements within the
plant proper (the Phase IV program is not utilized).

To date, 36 persons have been certified of the 37 who have taken the examina-
tion, and two Equipment Operators have been certified at the R0 level and are
still Equipment Operators.

This pipeline of partially trained candidates provided by the Reactor Operator,
Equipment Operator, and the Assistant Equipment Operator, plus the addition of
the onsite simulator convinces the staff that the applicant will be able to

'

provide an adequate number of licensed operators.

The applicant had proposed to have the Shift Technical Advisor (STA) function
performed by one of the Operating Supervisors. The staff informed the appli-
cant that (1) this propeal would not meet the NRC position on the STA and
(2) an STA would have to be provided for each shift while the plant is in
Modes 1-4 until the NRC staff has decided on the changes required in the
training of operators and the related control room epoment modifications
that would be acceptable for eliminating the STA.

In a letter dated August 14, 1981, the applicant stated that an STA will be
available on site for each operating shift, to report to the control room in
an advisory capacity when the reactor is in Modes 1-4. <

; The STA will have a bachelor's degree in engineering or related science which
includes or is supplemented to include 60 semester hours of college-level edu-
cation in mathematics, reactor physics, chemistry, and reactor control theory,
or a high school diploma and the 6-hour educational requirement. The STA shall
also have 1 year of experience at a nuclear power plant, including 6 months on
site, when the STA is required on shift. Nuclear power plant experience is
time associated with: preoperational and startup testing activities; military,
nonstationary, propulsion or production nuclear plants; reactor simulator
training, or on-the-job training.

The training program for STAS will include training in plant systems; a course
in mitigating core damage; and specific training in the response and analysis
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of the plant for transients and accidents utilizing a SNUPPS simulator. A

retraining and requalification program will oe developed 90 days before fuel
load.

The applicant accepts the requirement for the STA to be in addition to the nor-
mal shift complement as an interim NRC staff position. When the Commission's
deliberacions are concluded and the requirements for eliminating the STA posi-
tion have been established, the applicant er.pects to eliminate this interim
commitment.

The staff has reviewed the qualifications of the supervisors in the Gperations
Department and has concluded that their PWR operating experience is inadequate.
The Superintendent, Operations, ;nd one Assistant Superintendent, Operations,
have navy nuclear experience, the other Assistant Superintendcnt, Operations,
has no nuclear operating experience. Six of the 13 Operating Supervisors
presently in the training program .iave navy nuclear experience, but no Operat-
ing Supervisor has commercial operating experience.

The staff does not require that all key personnel have extensive commercial
PWR operating experience. However, the staff believes that especially during
the first 6 months to a year of Callaway operation, such experience should be
available to the operating group. The staff informed the applicant that at
least one person should be provided on each operating shift, at least until
the attainment of full power or 1 year, whichever occurs first, who has
commercial PWR operating experience.

In a letter dated August 14, 1981, the applicant stated that each operating
shift crew will include at least one individual with a minimum of 1 year on
shift licensco operations experience in a commercial PWR. If this requirement
cannot be met by members of plant staff, personnel having the necessary qualifi-
cations will be obtained from outside organizations. This commitment will be for
the period from fuel load to attainment of full poser operation or 1 year,
whichever occurs ?irst. We will make this a license condition.

The plant staff will gain experience and receive technology transfer by parti-
cipating in the initial test program, in both the construction and the opera-
tions test phase. The plant operating procedures are utilized, where applic-
eble during the test program, to support testing, maintain plant conditions,
and facilitate training.

The Operati,ns Department will be responsible for the operation of all equip-
ment and systems released to Operations by the Manager, Nuclear Construction,
and will assign personnel to the maximum extent consistent with their comple-
tion of necessary training to assist the Startup Organization during the pre-;

operational testing. The licensee has committed, in a letter dated August 14,
1981, to total participation by the Operations Dtpartment in test manipulations
for the major system integrated tests, in particiar, the hot functional tests.

With the limited operational experience possessed by the Operations Department,
.

the staff finds that this commitment is essential to achieve an adequate trans-
fer of knowledge and technology.
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The Maintenance Department will be responsible for all maintenance on equip-
ment released to Operations by the Manager, Nuclear Construction, and will
assign personnel to the Superintendent, Startup to perform maintenance during
the construction test phase.

The Engineering Department will provide assistance to the Construction Test
Phase Organization, in the engineering, I & C, QC and rad-chem areas during
preoperation'l testing. During the operations phase testing, the Engineering
Department will have full responsibility in these areas and will assign engi-
neers to the Startup Organization to act as Shift Test Director, Assistant
Shift Test Directors, and Test Directors.

,

Based upon the staff review of information given in Revision 3 to the Callaway
FSAR Site Addendum, in an information gathering meeting with the applicant in
July 1981, and in a letter from the applicant dated August 14, 1981, the staff
concludes that the plant staff organization is acceptable for the operation of
Callaway Unit 1.

13.2 Training

13.2.1 Staff Training Program

In The Callaway FSAR Site Addendum Revision 3, the applicant has presented the
training program for unlicensed personnel.

The Plant Superintendent has the overall asponsibility for training personnel
within the Callaway Plant. The Superintendent, Training, who reports directly
to the Plant Superintendent, is responsible for all training programs required
for the safe and proper operation and maintenance of the plant.

The Training Department is fully staffed with 19 personnel, who all have experi-
ence in the navy nuclear program and who have an average experience level of
more than 13 years. The staff has five, individuals who have prevoiusly held
an NRC license as an R0 or SRO. The Superintendent, Training and/or the Senior
Training Supervisor responsible for licensed operator training will hold an
SR0 license.

The applicant has contracted with Westinghouse to have a plant 4 specific SNUPPS
simulator constructed on site. With the completion of this simulator, which
is scheduled for February 1981, the majority of the training of the plant staff
will be conducted on site.

The training for nonlicensed personnel includes training for maintenance per- .

sonnel, instrumentation and control personnel, health physics and chemistry
personnel, quality control personnel, engineers, and training instructors.

Generalized employee training is also provided in radiation protection, radio-
logical emergency response plan, physical security plan, industrial safety,
fire protection, and quality assurance. All of the nonlicensed staff will be
trained by fuel load.

The Training Department also provides training for contractors, consultants,
offsite Union Electric employees, and temporary maintenance and service per-
sonnel. During an information gathering visit in July 1981, the staff
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expressed its concern that the training being offered these personnel was not
detailed enough to allow them to perform maintenance or construction type
activities.

In letters dated August 14, 1981 and August 24, 1981, the applicant has stated
that the training offered these personnel will be expanded. There will be addi-
tional training given to those persons requiring unescorted access to the
restricted areas. Construction and maintenance type workers will receive supple-
ments to general employee training such as the tag-out system, equipment control,
and welding control to the extent necessary to ensure safe execution of their
duties.

In a letter dated June 17, 1981, the applicant has committed to training the
fire brigade to the criteria of 10 CFR 50, Appendix R.

The staff has reviewed the applicant's overall training program for nonlicensed
personnel and concludes that the training program meets the requirements of
ANSI /ANS Standard 3.1 - 1978 and is acceptable.

13.2.2 Licensed Operator Training Program

The Plant Superintendent of the Callam y Nuclear Plant has the overall responsi-
bility for the conduct ano administration of the plant training program. At
the plant, the day-to-day administration of the training program is carried
out by the Assistant Plant Superintendent. The program for formal education
and training of the facility staff has been designed to meet the individual
needs of the participants, depending upon their backgrounds, previous train-
ing, and expected staff assignment. The program confirms to the requirements
set forth in ANSI N18.1-1971 and 10 CFR 55.

The onsite training program provides an effective means of preparing personnel
for station operation and licensee examinations. Instructors for the various
onsite training lectures will be supplied by the Callaway Training Section or
consultants. Selection of the particular individual to give a specific train-
ing lecture will be based upon individual availability and knowledge of the
subject matter involved. Dermanent training center instructors and consultants
assigned to training, who 'af',er initial criticality) will teach systems,
integrated responses, transients, and simulator courses to license candidates
or NRC-licensed personnel, shall either demonstrate or have previously demon-
strated their competence to the staff by successful completion of a senior
operator examination before teaching licensed operators. Before initial
criticality, these instructors will, as a minimum, be certified to the SR0
level. The applicants will receive training at the Westinghouse Nuclear
Training Center, from equipment manufacturers, or at other nuclear and non-
nuclear facilities. All station personnel receive general employee training
(see Section 13.2.1), as applicable to their normal duties, consisting of
appropriate plans and procedures, radiological health and safety, industrial
safety, use of protective clothing and equipment, station security procedures,
and the station emergency plan.

Plans for requalification training and replacement train:.;g conform to the
requirements of 10 CFR 50 and 10 CFR 55, Appendix A and follow the guidance
given in ANSI N18.1.
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Complete records of all training administered will be maintained.

SRP Section 13.2, Training; 10 CFR 55; Regulatory Guide 1.8 and ANSI 18.1-1971;
! and H. R. Denton's March 28, 1980 letter were used in the conduct of this review.
'

On the basis of its review, the staff has concluded that the training programs
and schedules for all staff members are acceptable for the preoperational test
program, for operator licensing examinations, and for fuel loading.

13.3 Emergency Planning

The staff reviewed the applicant's plans for coping with emergencies at the
Callaway facility, which are comprised of Revision 3 to the FSAR Site Addendum4

(May 15, 1981) and subsequent revisions to the Emergency Plan (August 14, 1981
and September 29, 1981). The plans were reviewed against the requirements of
Appendix E to 10 CFR 50; NUREG-0654,. Revision 1, " Criteria for Preparation and
Evaluation of Radiological Emergency Response Plans and Preparedness in Support
of Nuclear-Power Plants; NUREG-0696, Final Report, " Functional Criteria for
Emergency Response Facilities; and 10 CFR Part 50.47(b). The staff's findings
are discussed in Section 22 and Appendix F of this repnrt.

The information presented in Section 13.3 of the construction permit SER related'

to construction of Callaway has become outdated. In addition, more stringent
; requirements and new rulemaking in the area of emergency preparedness both onsite

and offsite has made emergency preparedness a condition of the operating license.
Accordingly, NUREG-0737, Task Items III.A.1.2 and III.A.2 of Section 22 of this
report discusses our current findings relevcnt to the applicant's onsite state-
of emergency preparedness.

i After receiving the findings and determination made by the Federal Emergency
Management Agency (FEMA) on the State and local emergency response plans, a
supplement to the Emergency Preparedness Evaluation Report will provide the
staff's overall conclusions on the stat.e-of emergency preparedness for the
Callaway facility and related emergency planning zones. In any NRC licensing.

proceeding, a FEMA finding will constitute a rebuttable presumption on a
question of adequacy.

13.4 Review and Audit

The applicant has established a review and audit progr m to ensure that the
operation of the plant is in conformance with estabished operating procedures
and license provisions and to review and approve design changes, changes in
operating procedures, or changes in the Technical Specifications that may con-
stitute an unreviewed uclear safety question, as defined in 10 CFR 50.59.

*

Three organizatice have been established to accomplish the review and audit
program

(1) Onsite Review Committee (ORC);

(2) Nuclear Safety Review Board (NSRB)
i
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(3) Independent Safety Engineering Group (ISERG)
:

The ORC has been established and is functioning. The NSRB and the ISEG have had
charters written and will be functioning before fuel load. A written charter has,

been prepared for each group, covering such areas as group responsibility,*

subjects requiring review, reporting requirements, organization, and membership.

13.4.1 Onsite Review Committee

Section 13.4.1 of the Callaway FSAR Site Addendum, Revision 3, describes the
administration of the Onsite Review Committee (0RC), including its membership
and the qualifications of those appointed to the ORC; designation of the chair-i

i man; responsibility for selecting alternates; quorum requirements; frequency
cf meetings; requirements for meeting minutes; and the responsibility and
authority of the ORC.

The membership of the ORC is

Ctairman Plant Superintendent
,

Vice Chairman Assistant Plant Superintendent
Member Superintendent, Operations
Member Superintendent, Engineering.

Member Superintendent, Maintenance
Member Assistant Superintendent, Engineering-

Radiochemistry
Member Supervising Engineer, Quality Assurance
Ad Hoc Member Other, as determined by the Plant Superintendent

1

Meetings of the ORC are held monthly and are convened by the Chairman or Vice-
Chairman. Minutes are prepared and maintained as a permanent plant record with
a copy going to the NSRB.

4

A primary responsibility of the ORC before fuel load will be the review of plant
procedures that affect nuclear safety; this includes the procedures of the

' Initial Test Program.

13.4.2 Nuclear Safety Review Board

In a letter dated August 14, 1981 the applicant provides the membership des-
cription and the charter for his independent review group. The applicant has

| named this group the Nuclear Safety Review Board (NSRB) and it will operate in
~

accordance with Section 6.5.2 of the Standard Technical Specifications as modi-
fied to reflect Union Electric's organization.

The membership of the NSRB will be
!

Chairman General Manager, Nuclear Engineering
,

| Vice Chairman Manager, Nuclear Engineering
'

Member Manager, Quality Assurance
Member Plant Superintendent

,

! Member SNUPPS Technical Director
Member Fuel Engineer

,

|
;

|
|

'
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Additional members may be appointed by each member and must be approved by the
chairman. Designated alternates may act with the full privileges of regular
members; however, no more than two alternates will participate as voting members
at any one time.

The NSRB shall meet - least once per calendar quarter during the initial year
of plant operatior .er fuel loading and at least once every 6 months there-
after. The fiw r ating will convene 3 months before fuel load, with a quorum
consisting c' ,e chairman or vice-chairman and at least four members or alter-
nates. Mi' :s of all scheduled NSRB meetings will be prepared, approved by
the NSRP ..d retained. The minutes shall identify all documentary material
revie' and the decisions and recommendations made by the NSRB. The minutes
shal se distributed to the Vice-President, Nuclear, the Superintendent,
Callaway, each member of the NSRB, and others designated by the Chairman or
Vice Chairman, within 14 days of the meeting.

13.4.3 Independent Safety Engineering Group

In a letter dated August 14, 1981 the applicant committed to providing, as
required by Item I.B.1.2 of NUREG-0737, an onsite Independent Safety Engineering
Group (ISEG) that wili consist of at least five full-time engineers.

The ISEG will be headed by the Superintendent, ISEG, who will report offsite
to the Manager of Nuclear Engineering. The Superintendent will have a bachelor's
degree in engineering and 2 years of nuclear-related experience and experience
in reactor safety analysis.

| The ISEG Superintendent will direct a group of graduate engineers. It is
expected that this group will consist of four engineers in addition to the ,
Superintendent. These engineers will have bachelor of engineering or science
degrees and have 2 years of nuclear-related experience, with some nuclear opera-
tions experience. This group will have expertise in nuclear, mechanical, elec-
trical, and chemical engineering.

The ISEG will perform independent reviews of plant operation and maintenance.
It will review and evaluate all safety-related matters thtt have been assigned'
by corporate management or by regulatory requirements.

Based on its review of the Site Addendum, Revision 3, of information received
in its July 1981 informatio gathering meeting with the applicant, and of the
applicant's August 14, 1981 letter, the staff concludes that the applicant's

. program for the review of plant operations is in conformance with Section 4 of
' ANSI N18.7-1976, as endorsed by Regulatory Guide 1.33. It also meets the guide-
!

lines of draf t NUREG-0731, " Guidelines for Utility Management Structure and
i Technical Resources;" and meets the requirements of Action Plan Item I.B.1.E

of NUREG-0737. It is, therefore, acceptable.

13.5 Plant Procedures
:

13.5.1 Administrative Procedures
.

All activities at Callaway which affect safety-related structures, systems,
and components are to be conducted by detailed, written, and approved procedures.
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The applicant has stated, in the Callaway FSAR Site Addendun Revision 3, that the
administrative controls will be consistent with the provisions of Regulatory
Guide 1.33, Revision 2.

The responsible superintendent is charged with the preparation of procedures
within the area of activity assigned to him with the actual preparation per-
formed by other applicant personnel or outside contractors. All safety-related

procedures will be reviewed by at least one individual, other than the preparer,
and by the Onsite Review Committee (ORC). The Plant Superintendent approves
and promulgates plant procedures after ORC review.

Procedures required for plant operation have been listed, and that list is used
to compile a bimonthly Plant Procedures Development Report. Administrative
procedures governing the assignment of responsibilities for preparation, review,
and approval of all other plant procedures are being prepared. All procedures
will be prepared and approved before they are needed for performing or support-
ing the prescribed safety-related activity. In a letter dated August 14,'1981,
the applicant has committed to having operating procedures for the cranes
written 90 days before fuel load.

13.5.2 Operating and Maintenance Procedures

13.5.2.1 Acceptance Criteria

A review has beer, conducted of the applicant's plan for'the development and
implementation of operating and maintenance procedures. The review was con-
ducted to determine the adequacy of the applicant's program for ensuring that
routine operating, offnormal, and emergency activities are conducted in a safe
manner. The following description and evaluation are based on information con-
tained in the applicant's FSAR through Revision 1, and the applicant's response
to NRC TMI Action Plan Items (NUREG-0660 and NUREG-0737).

In determining the acceptability of the applicant's program, the following cri-
teria were used:

10 CFR 50 50.34
ANSI N18.7-1976/ANS 3.2
Regulatory Guide 1.33, Rev. 0,- (Draft) July 1981
SRP Section 11. 5.2
NUREG-0660, as clarified by NUREG-0737

j NUREG-0799, draf t issued for comment, July 1981
!-

The review consisted of an evaluation of (1) the applicaat's procedure classi-
| fication system for procedures that are performed by licensed operatcrs in the

control room, and the classification for other operating and maintenance pro-
cedures; (2) the target date for completion of operating and maintenance pro-

i cedures; (3) the applicant's program for compliance with the guidance contained
in Regulatory Guide 1.33, Rev. O, (Draft) dated July'1981 regarding the minimum'

procedural requirements for safety-related operations; (4) compliance with the
guidance contained in ANSI N18.7-1976/ANS 3.P; and (5) the applicant's program
for compliance with Task Action Plan (NUREG-0660) Item I.C.1 for the develop-i

ment of emergency operating procedure guidelines. Additionally, che applicant's
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program for compliance with either Task Action Plan Item I.C.8, or NUO.EG-0737
Item I.C.1 will be reviewed and reported in a supplement to this Safety Eval-
uation Report.

13.5.2.2 Operating and Maintenance Procedure Program

Tha applicant has committed in the FSAR to a program in which all activities
are to be conducted in accordance with detailed written and approved proce-
dures meeting the requirements of Regulatory Guide 1.33, Rev. O, (Draft) July
1981, and ANSI 18.7-197o/ANS 3.2.

The applicant uses the following categories of procedures for those operations
perfor.ned by licensed operators in the control room:

Operating procedures (normal and offnormal)-

Alarm responses-

Operuting procedures (special)-

Operating procedures (emergency)-

Other operating and maintenance procedures include the following areas:

Surveillance and maintenance-

Material control-
.

Radiation protection-

Chemistry control-

Emergency plan-

Security-

Radioactive waste management-

Instrument calibration and test-

Inspection-

Fire protection-

Inservice inspection-

Temporary procedures-

The staff review disclosed that the applicant's program for use of operating
and maintenance proceduret meets the relevant requirements of 10 CFR 50.34, and
is consistent with the guiaance provided in Regulatory Guide 1.33 and ANSI 18.7-
1976/ANS 3.2. Therefore, the staff concludes that the applicant's program is
acceptable.

13.5.2.3 Reanalysis of Transients and Accidents; Development of Emergency
Operating Procedures

The Westinghouse Owners' Group indicated in a meeting with the staff on June
18, 1981, that generic Emergency Operating Procedures and supporting analysis
needed to comply with the TMI Task Action Plan, Item I.C.1, as clarified in
NUREG-0737, would be submitted in two parts. The first part, containing event-
based Optimal Recovery Guidelines, is to be submitted in October 1981. The
second part, containing sympton-based Critical Safety Function Restoration
Guidelines, is to be submitted by July 1982. The revised guidelines will
incorporate the short-term reanalysis of small break loss-of coolant accidents
and. inadequate core cooling that was performed for Task Action Plan Items
I.C.1(1) ana I.C.1(2), and previously approved by the staff.
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The applicant has committed to implement a program of Emergency Operating Pro-
; cedures based on the revised Westinghouse Owners' Group Guidelines in accordance

with the schedule of NUREG-0737, after the Guidelines have been approved by
the staff. In addition to the Westinghouse Owners' Group efforts, the staff
has prepared draft guidelines for long-term upgrading of Emergency Operating
Procedures (NUREG-0799) in accordance with Task Action Plan Item 1.C.9. These
guidelines, as revised during the resolution of public comments, should be used
in the preparation of the Callaway Emergency Operating Procedures. Therefore,

the staff does not plan te conduct a Pilot Monitoring Review of Selected Emer-
gency Operating Procedures in accordance with TMI Task Action Plan Item I.C.8
for Callaway. However, the staff will review the applicant's submittal for
compliance with the final staff guidelines resulting from resolution of public I

'
comments of NUREG-0799. The review of the applicant's submittal for Emergency
Operating Procedures will be included in a later supplement to this report.
These items must be reviewed prior to issuance of a full power license.

13.6 Industrial Security )

l
The applicant has submitted Physical Security, Safeguards Contingency and -

Security Force Training and Qualification Plans for the protection of the plant
against radiological sabotage. The staff has reviewed these documents, and
informed the applicant of its findings. By letter dated September 21, 1981,
the applicant committed to responding to the NRC comments in an acceptable
manner. When these commitments are formally incorporated into the plans, these
documents will be acceptable.

The identification of vital areas and measures used to control access to these
areas, as described in the plan, may b( subject to amendments in the future
based on a confirmatory evaluation of the plant to determine those areas where
acts of sabotage might cause a release of radionJClides in sufficient quanti-
ties to result in dose rates equal to or exceeding 10 CFR Part 100 limits.

The applicant's security plan is being withheld from public disclosure in
accordance with Section 2.790(d)(1) of 10 CFR Part 2.

.

i
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14 INITIAL TEST PROGRAM i

The Callaway Test Program is comprised of the Initial Test Program, as des-
cribed in the SNUPPS FSAR, and the Construction Completion Testing Program.
Additional plant-specific tests that do not appear in the SNUPPS Initial Test
Program are contained in the Callaway Site Addendum.

The Initial Test Program as defined in the SNUPPS FSAR encompasses the scope
of events following completion of construction and construction-related
i'ispections and tests and terminates with Power Ascension Testing. The
Initial Test Program is conducted in twc separate and sequential subprograms:
The Preoperational Test Program and the Initial Startup Test Program. At the
conclusion of these subprograms, the plant is ready for normal power operation.
Testing during the Initial Test Program is accomplished in four sequential
phases:

Preoperational Test Program

Phase I - Preoperational Testing

Initial Startup Test Program

Phase II - Initial Fuel Loading and Zero-Power. Testing
Phase III - Low-Power Physics Testing
Phase IV - Power Ascension Testing

Before preoperational testing of a particular system, certain prcrequisite and
construction tests will be conducted to verify the integrity, proper installa-
tion,, cleanliness, and functional operability of the system components. This
testing, known as the Construction Completion Testing Program in the Callaway
Site Addendum, also includes hydrostatic tests, flushes, electrical checks,
energizations, and component tests.

The Preoperational Test Program is defined as the part of the Initial Test
Program that commences with the completion of construction and construction-
related inspections and tests and terminates with commencement of nuclear fuel
loading.

The Preoperational Test Program includes both safety-related and non-safety-
related preoperational tests are conducted on nonsafety-related systems and
components to satisfy reliability and availability. Preoperational tests are
conducted on those systems that

(1) are relied on for safe shutdown and cooldown of the reactor under normal
plant conditions and for maintaining the reactor in a safe condition for
an extended shutdown period

(2) are relied on for safe shutdown and cooldown of the reactor under tran-
sient and postulated accident conditions and for maintaining the reactor
in a safe condition for an extended shutdown period following such condi-
tions

' *

..
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(3) are relied 'upon for establishing conformance with safety limits or limit-
ing cenditions for operations that are included in the technical specifi-
cations )

(4) are classified as engineered safety features actuation systems or are
relied on to support or ensure operation of engineered safety features
actuation systems within design limits

(5) are assumed to function during an accident for which credit is taken in
the accident analysis

(6) are used to process, store, control, or limit the release of radiractive
materials

The objectives of the Preoperational Test Program are to

(1) verify that plant components and systems, as constructed, fulfill their
design intent

(2) demonstrate, to the extent practicable, proper system / component response
to postulated accidents

(3) familiarize plant staff operating, technical, and maintenance personnel
with plant operation

The completion of preoperational testing constitutes the completion of Phase I
of the Initial Test Program. The Initial Startup Test Program is defined as
that part of the Initial Test Program that commences with the start of nuclear
fuel loading and terminates with the completion of power ascension testing.
The initial startup test ensure that fuel loading is accomplished in a safe
manner, confirm the design basis, demonstrate (where partical) that the plant
operates and responds to anticipated transients and postulated accidents, and
ensure that the plant can be safety brot.ght to rated capacity and sustained
power operation.

The objectives of the Initial Startup Test Program are to

(1) accomplish a controlled, orderly, and safe initial core loading

(2) accomplish a controlled, orderly, and safe initial criticality

(3) conduct low power testing sufficient to ensure that design parameters are
satisfied and safety analysis assumptions are conservative

(4) Perform a controlled, orderly, and safe power ascension with testing
terminating at plant rated conditions

(5) Provide sufficient testing of ,ransient and accident conditions.to verify
safe operation during transient or accident conditions

The completion of initial startup testing constitutes the completion of
Phases II, III, and IV of the Initial Test Program. The staff review con-
centrated on the administration of the test program " d the completeness of
the preoperational and startup tests.
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The staff review of Chapter 14 of the FSAR was performed by Battelle Northwest
Laboratories personnel acting as staff consultants and that was issued at com-
pletion of the Construction Permit review, was reexamined to determine the
principal design criteria for the plant and to identify any specific concerns
or unique design features that would warrant special test consideration.
Chapters 1 through 12 of the FSAR were reviewed for familiarization with the
facility design and nomeclature. Chapters 13 and 17 were reviewed to becomei

. familiar with the applicant's organizational structure and administrative'

controls as they apply to or impact the initial test program. Chapter 15 was
reviewed to identify assumptions pertaining to performance characteristics

*

that should be verified by testing and to identify all structures, systems,
components, and design features that were assumed to function (either

'

explicitly or implicitly) in the accident analysis. Licensee Event Reports
for operating reactors of similar design were reviewed to identify potentially
serious events and chronic or generic problems that might warrant special test
consideration. Standaru Technical Specifications for Westinghouse PWRs were
reviewed to identify all structures, systems, and components that would be
relied on for establishing conformance with safety limits or limiting condi-
tions for operations. Finally, the Startup Test Reports for other PWR plants,

'

were reviewed to identify problem areas that should be emphasized in the
Callaway initial test program.

The object of the staff review of FSAR Chapter 14 is to determine whether the
acceptance criteria stated in the SRP are met. The review covered several
aspects of the initial test program including the follcwing major
considerations:

,

I
(1) Test procedures have been developed using input from the NSSS vendor, the

architect-engineer, the applicant's engineering staff, and other equipment
suppliers and contractors as needed. Operating experiences at similar
plants were factored into the development of the test procedures.,

(2) Test are being conducted using approved test procedures, and administrative
controls cover (a) the completion of test prerequisites, (b) the completion -

of necessary data sheets and other documentation, and (c) the review and
approval of modifications to test procedures. The applicant stated that
administrative procedures also cover implementation of modifications or
repair requirements identified as being required by the tests and any
necessary retesting.

(3) The results of each test are reviewed for echnical adequacy and complete-
ness by qualified personnel, including NSSS vandor and architect-engineer,
as appropriate. Preoperational test results are reviewed before fuel
loading, and the startup test results from each activity or power level
will be reviewed before the next activity or power level.

(4) Normal plant operating and emergency procedures are used in performing
the initial test program, thereby verifying the correctness of the pro-
cedures to the extent practical.

(5) The applicant's schedule for conducting the initial test program allowed '

adequate time to conduct all preoperational test and startup tests. The
sequential schedule for performing the startup tests established (1) that

14-3
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systems required to prevent, limit, or mitigate the consequences of postu-
lated accidents will be tested before the plant exceeds 25 percent of'

rated power and (2) that the safety of the plant will not be dependent on
the performance of untested systems, structures, and components. Pre-
operational test procedures will be available for review at least 60 days
before the expected performance of the test, and startup test procedures
will be available at least 60 days prior to fuel loading.

(6) The abstract of each test procedure presented in Chapter 14 of the SNUPPS
FSAR and Callaway Site Addendum were reviewed. The staff verified that
there are test abstracts for those strJctures, systems, components, and
design features that correspond to the criteria for preoperational and
startup tests stated above.

(7) The test objectives, prerequ# sites, test methods, and acceptance criteria
for each test abstract were reviewed in sufficient detail to establish
that the functional adequacy of the structures, systems, components, and
design features wil.1 be demonstrated.

(8) The test program's conformance with applicable Regulatory Guides was
reviewed. The review included: Regulatory Guides 1.20, May 1976; 1.41,
March 1973; 1.52, March 1978; 1.68, August 1978; 1.68.2 July 1978; 1.79,
September 1975; 1.80, June 1974; and 1.108, August 1977.

The app',icant made a number of changes to the initial test program in both the
SNUPPS FSAR and CE'laway Site Addendum because of the staff's comments.
Examples of these changes are as follows:

(1) Natural circulation testing will be performed for training purposes to
comply with TMI-2 Action Plan Item I.G.1 for low power training and
testing. In a submittal dated September 14, 1981, the applicant stated
that the FSAR will be revised to include such testing and training.
The staff will confirm the acceptability of the applicant's program when
the FSAR revision is received.

(2) The applicant committed to precedural and training measures to reduce the
risks from anticipated transients without scram (ATWS) events. The review
of this item is discussed in Section 15.3.8.

(3) Acceptance criteria for the major preoperational and startup tests were
expanded to ensure that quantifiable data were available to establish
whether the actual test sjectives had been attained.

! (4) Testing was added to ensure that the voltage levels at the safety-related
buses are optimized for the full-load and minimum-load conditions.

(5) Testing was added to more accurately determine the reactor protection
system trip response times.

(6) Additional analysis was specified to ensure that data collected during
loss of reactor coolant pump testing would be used to verify 100 percent
design values.

(7) Testing was added to demonstrate that, for hot containment penetrations
wherr coolers are not used, concrete temperatures do not exceed design
l i.n i t s .
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(8) Requirements for startup instrumentation during and before initial
criticality were more rigorously defined (count rate, signal-to-noise
ratio, and so forth).

(9) Testing was added for the loose parts monitoring system.

(10) Testing was added to retest control rods whose SCRAM times fall outside
the two-sigma limit at least three additional times.

Based on this review, including the items discussed above, the staff has con-
cluded that the initial test program described in the application meets the
accepta ce criteria of SRP Section 14.2 and that the successful completion of
the program will demonstrate the functional adequacy of plant structures,
systems, and components. The staff also has concluded that the initial test
program described meets the test requirements of GDC 1 and Section XI of
10 CFR 50 Appendix B.

This review and evaltation was performed with the assistance of Batteile
Northwest Laboratorits personnel.
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15 ACCIDENT ANALYSIS

15.1 General

The applicant has performed safety analyses to evaluate the capability of the1

i SNUPPS design to withstand normal and abnormal operational transients and a
broad spectrum of postulated accidents without_ undue risks to the health and
safety of the public. The events considered include all applicable types dis- 4

cussed in the Regulatory Guide 1.70, " Revision 2. In classifying the trans-
ients and accidents, the applicant utilized the American Nuclear Society (ANS)
classification of plant conditions. These are:

Condition I: Normal Operation and Operational Transients - events which are
j' expected frequently or regularly in the course of power operation, refueling,

maintenance, or maneuvering of the facility.

Condition II: Faults of Moderate Frequency -- events + hat at worst result in
a reactor trip with the facility then capable of retura to operation.

Condition III: Infrequent Faults -- events that are very infrequent during
the life of the facility and may result in fuel damage which could preclude
the resumption of immediate operation.

Condition IV: Limiting Faults -- events which are not expected to occur, but
which are postulated because their consequences nuld include the potential
for release of significant amounts of radioactive material.

)

The applicant's classification of events analyzed is itemized in Sect:on 15.0.1
of the SNUPPS FSAR. The input parameters and analytical techniques used for
transients and accidents are discussed in Sections 15.1.1 and 15.1.2 of this
report.,

15.1.1 Input Parameters for Transient and Accident Analyses

The staff has reviewed the assumptions and parameters employed in the transient
and accident analyses. The core thermal power level is 3411 megawatts. The
calculated maximum ' capacity of the steam and power conversions system results
is a maximum core thermal power rating of 3579 megawatts. The applicant has

'

used the latter power level as the ESF design basis. Therefore, the applicant
has used this power level in analyzing certain postualed accidents in conform-
ance with the siting guidelines of Section 10.0 of 10 CFR Part 100.

In the transient and accident evaluation, the applicant has utilized the.
following steady state errors which were added to rated values in obtaining
the initial conditions for the even'. being considered:

(1) core power = 2% for calorimetric error

(2) average reactor coolant system temperature (T 6.5 F for controller
deadband,measurementerror,andsteamgeneradr)foulingpenalty

(3) pressurizer pressure 130 psi for steady-state fluctuation and measurement.

I
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These assumptions for' initial conditions are conservatively applied to produce
i the most severe cr adverse effects. In the analyses of al' transients and acci-,

I dents, normal control systems actions are considered only if those actions result
-in more adverse conditions. The nuclear feedback coefficients were conservatively

; chosen to produce the most adverse core response. The reactivity insertion
! curve, used to represent the control rods insertion, accounts for a stuck rod

in accordance with GDC 27.<

,

j The transients analyzed are protected by the following rector trips in accord-
ance with GDC 20:

! (1) manua? ;

| (2) high' neutron flux (power, intermediate, and source ranges) i

i (3) power-range negative flux rate
(4) power-range positive flux rate

i (5) pressurizer high level
; (6) high pressure

(7) low pressure
j (8) safety injection signc1

(9) overpower AT4

: (10) overtemperature AT
) (11) low coolant flow |

4 (1?) pump undervoltage/underfrequency
-(.1.3) low steam generator level,

: (14) turbine trip

Ccnservative time delays to trip, calculated for each trip signal, are
1

! included in the analyses.

i 15.1.2 Methods of Analysis

-The applicant used the following computer codes in this transient and accident
analyses:

,

(1) LOFTRAN (7) C0C0,

; (2) FACTRAN (8) LOCTA-IV
(3) THIi;C-IV (9) LEOPARD
(4) WFLASH (10) TURTLE,

i (5) SATAN-VI (11) TWINKLE
'

(6) WREFLOOD

All of these codes, with the exception of (1) and (2), have been approved by
the staff and are acc.3ptable for use by the Callaway plant. The two exceptions--

| LOFTRAN and FACTRAN--are currently under review by the staff. The review of
these two codes has progressed to the point that there is reasonable assurance!

| that results of analyses using t'ase codes will not be app _reciably altered by-
| any change in methods that may be required by the staff.
t

! However, if the review of these two codes results in substantial alteration of
! the codes, the staff will require the applicant to reanalyze those ;ransients
j and accidents which may be affected.
i
!

|

|

l
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15.2 Moderate Frequency Transients

During the facility's lifetime, a number of transients can be expected to occur <

with moderate frequency as a result of equipment malfunctions or operator error !

in the course of ref eling and power operation. Such transients meet the cri-
teria of Condition II in Section 15.1 above. These transients, at worst, result
in a reactor trip with the plant then capable of returning to operation. By
definition, these transients do not propagate to cause a more serious transient.
The anticipated operational transient will not result in fuel failure or inr

reactor coolant system or steam system overpressurization.

15.2.1 Increased Cooling Transients

The applicant has analyzed-the following events which produced increased pri-
mary system cooling:

(1) decrease in feedwatei temperature
(2) increase in feedwater flow
(3) 10 percent step-load increase
(4) opening of steam generator relief or safety valve
(5) startup of an inactive reactor coolant pump at an incorrect temperature

None of these transients is limiting; the most severe in terms of departure
from nucleate boiling ratio (DNBR) and system pressure are the excessive load
increase events. Only slight changes in primary system pressure were calcu-
lated, and the DNBR did not fall below 1.4. The staff finds these results
acceptable because they do not violate the applicable limits.

; 15.2.2 Decreased Cooling Transients

The applicant has analyzed the following events which produced decreased pri-
' mary system cooling:

(1) loss of external electrical load
(2) turbine trip

(3) inadvertent closure of main steam isolation valves
(4) loss of condenser vacuum and other events resulting in turbine trip
(5) loss of nonem4 gency ac power to the station auxiliaries
(6) loss of norme.1 feedwater flow
(7) partial loss of forced reactor coolant flow
(8) complete loss of forced reactor coolant flow

Among the above transients, one most severe in terms of primary systen over-
,

pressurization is the turbine trip transient without credit for anticipatory
reactor trip, which results in a peak reactor coolent system (RCS) pressure of
less than 2550 psia. The most severe transient in terms of the DNB is the
complete loss of forced reactor coolant flow, which results in a DNBR larger
than 1.3. Because the peak pressure is less than 110 percent of the RCS design
pressure of 2500 psia and the minimum DNBR is larger than 1.3, the staff con-
cludes that Callaway is adequately protected against the above transients.
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15.2.3 Increased Core Reactivity Transients

15.2.3.1 Boron Dilution Events

Inadvertent boron dilution events may occur primarily as a result of (1) an
unplanned operation of the boron thermal regeneration systems (BTRS) during
the refueling mode of operation, and/or-(2) the unplanned addition of unborated
water to the RCS. Unborated water addition to the RCS may be achieved by open-
ing of the primary water makeup control valve and the failure of the blend
system, either by the controller or by mechanical failure. The Callaway design
will be changed to help ensure against inadvertent boron dilution. The aopli-
cant expects these design changes to be similar to those employed by Comanche '

Peak. The Comanche Peak design was reviewed and approved by the NRC staff.
The staff will conduct a confirmatory review of the Callaway design modifica-
tions when they are provided in the FSAR. Based on our review of.the Comanche
Peak provisions that protect against boron dilution events, we have reasonable
assurance that the design modifications proposed by Comanche Peak will provide
sufficient protection to the Callaway plant against boror. dilution events.
Should the design changes, after being published in the SNUPPS, FSAR, show
otherwise we will require further consideration to improve the design. There-
fore, this item is resolved contingent on acceptable confirmatory review by
the NRC staff.

15.2.3.2 Uncontrolled Rod Cluster Control Assembly (Rod) Bank Withdrawal
from Zero Power Conditions

The consequences of an uncontrolled rod cluster control assembly bank withdrawal '

at zero power have been analyzed. Such a transient can be caused by a failure
of the reactor control or rod control systems. The analysis assumes a conserva-
tively small (in absolute magnitude) negative Doppler coefficient and a posi-
tive moderator coefficient. Further, hot zero power initial conditions with
the reactor just critical are chosen because they are known to maximize the
calculated consequences. The reactivity insertion rate is assumed to be equiv-
alent to the simultaneous withdrawal of the two highest worth banks at' maximum
speed (45 in./ min).

Reactor trip is assumed to occur on the low setting of the power range neutron-
flux channel at 35 percent of full power (a 10 parcent uncertainty has been
added to the setpoint value). The maximum heat flux is much less than the full-

i power value, and average fuel temperature increases to a value lower than the
nominal full power value. The minimum DNBR at all times remains above the,

limiting value of 1.30.1

'Evaluation Findings
;
. \

j The staff has reviewed the reactivity worths and reactivity coefficients used
1 in the analysis and concludes, that conservative values have been used. The. |

staff has also reviewed the calculated consequences of this design transient |
1 and conclude that they are acceptable.

'

,

The staff, therefore, finds that the requirements of GDC 20, which requires
that protection be automatically initiated, and GDC 25, which requires that a;

single failure of the protection system does not result in violation of speci-,

! fied fuel design limits, have been satisfied.

4

'
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15.2.3.3 Rod Cluster Control Assembly Malfunctions

Rod cluster control assembly misalignment incidents including a dropped full-
length assembly, a dropped full-length bank, a misaligned full-length assembly,
and the withdrawal of a single assembly while operating at power have been
analyzed by the applicant. Misaligned rods are detectable by (1) asymetric ,

_ power distributions sensed by excore nuclear instrumentation or core exit
thermocouples, (2) a rod deviation alarm, and (3) rod position indicators. A

deviation of a rod from its bank by about 15 in. or twice the' resolution of
the rod position' indicator will not cause power distributions to exceed design
limits. Additicaal surveillance will be required to ensure rod alignment if

-

one or more rod position channels are out of service.

In the event of a dropped assembly, the automatic controller may return the
reactor to full power. Analysis indicates that DNB will not occur during this
event. For the case of dropped groups, the reactor is tripped by the power-
range negative neutron-flux-rate trip, and the reactor is shut down without
violating fuel damage limits.

For cases where a rod group is inserted to its insertion limit with a single
rod in the group stuck in the fully withdrawn position, analysis indicates that
DNB will not occur. The staff has reviewed the calculated estimates of the

i expected reactivity and power distribution change that accomoany postulated
misalignments of representative assemblies. The staff has concluded that the
values used in this analysie. conservatively bound the expected values, includ-

: ing calculational uncertaircies.

The inadvertent withdrawal of a single assembly requires multiple failures in
1 the control system, multiple operator errors, or deliberate operator actions

combined with a single failure of the control system. As a result, the single
assembly withdrawal is classified as an infrequent occurrence. The resulting
transient is similar to that which results from a bank withdrawal, but the
increased peaking factor may cause DNB to occur in the region surrounding the
withdrawn assembly. Less than 5 percent of the rods in the core experience DNB
for such a transient.

Evaluation Findings

The staff concludes that the analysis and calculated consequences of rod control
cluster assembly malfunction are acceptable because they lead to no fuel damage,
except for the inadvertent withdrawal of a single assembly for which the very-
limited DNB is acceptable for a fault of infrequent occurrence.

15.3 Infrequent Transients and Postulated Accidents,

! There are transients and postulated accidents which are not expected during
# the life of any one plant. These events have been classified by the applicant

as Conditions III and IV events and are itemized in Sections 15.0.1.2 and
i 15.0.1.4 of the SNUPPS FSAR. Within this group are events which form the

design basis for the various barriers and safety systems. The acceptance cri-,

i teria for accidents are providad in 10 CFR Parts 50 and 100. Infrequent events ,

[ are judged primarily on the basis of 10 CFR Part 100.
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I In the analysis of these events, the applicant must-investigate a broad spectrum
; of related events.to determine the bounding case, including the worst single

active failure. Sensitivity studies are performed to identify parameters for.
j initial conditions a,d appropriate credit for systems ~and their performance
i during the limiting events.

| 15.3.1 lincontrolled Rod Cluster Conirol Assembly (Rod) Bank Withdrawal at
i Power

i The consequences of uncontrolled withdrawal of a rod bank in the power operat-
ing range have been analyzed.- The effect of such an event is an increase in
coolant temperature (due to the core-turbine power mismatch) which must be
terminated fuel design limits are exceeded.;

! The analysis is performed as a function of reactivity insertion rates, reactiv-
ity feedback coefficients, and core power level. Protection is provided by .

L the high neutron flux trip, the overtemperature AT and overpower AT trips, and
'

pressurizer pressure and pressurizer water level trips. In no case does the
DNBR fall below 1.30. Adequate fuel cooling is therefore maintained. The maxi--4

; mum power reached including uncertainties is 118 percent of-full power, thus
; precluding fuel centerlir.e melting.

]
Evaluation Findings

The basis for acceptance in the staff review is,that the applicant's analysis:
4 method has been reviewed and approved, the input paramters have been found.to
; be suitably conservative, and the results show that no fuel damage occurs.
*

The staff concludes that the calculations contain sufficient conservatism with
; respect to input assumptions and models to ensure that fuel damage will not

result from control rod withdrawal errors. The staff further concludes.that
i the requirements of GDC 20 and 25 have been met.

15.3.2 Inadvertent Loading of a Fuel Assembly into Improper Position

f Strict administrative controls in the form of previously gproved established
; procedures and startup testing are followed during fuel loadings to prevent
| operation with a fuel assembly in an im eoper location or a misloaded burn &ble7

poison assembly. Nevertheless, an analysis of the consequences of a loading
error has been performed.

Comparisons of power distributions calculated for the nominal fuel loading
pattern and those calculated for five loadings with misplaced fuel assemblies
or burnable poison assemblies are presented by the applicant. The selected
nonnormal loadings represent the spectrum of potential inadvtrtent fuel mis-
placement. Calculations included, in particular, the power en assemblies
which contain provisions for monitoring with incore detectors.

As part of the required startup testing, the incore detector system is used to
detect misloaded fuel befsce operating at power. The analysis described above

. shows that all but one of the above misloading events would be detected by this
I test. In the excepted case, an interchange of Regions, 1 and 2 assemblies near
! the center of the core, the increase in the power peaking is approximately equal
[ to the uncertainty in the measurement of this quantity (s5 percent). This

uncertainty is allowed.for in analyses so that this misloading event does not
result in unacceptable consequences.

,
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Evaluation Findings

Based on its review of the analyses described above; the staff concludes that
an improperly loaded fuel assembly or burnable poison assembly that could cause
a significant safety problem would be detected by the operator with the instru-
mentation provided.

This satisfies the requirements of the SRP Section 15.4.7, which requires that
any misloading that cannot be detected by the instrumentation provided in the
core causes no fuel damage when the core is operated in the normal mode.

15.3.3 Rupture of a Control Rod Drive Mechanism Housing (Rod Cluster Control
Assembly Ejection)

The mechanical failure of a control rod mechanism pressure housing would result
in the ejection of a rod cluster control assembly. For assemblies initially
inserted, the consequences would be a rapid reactivity insertion together with
an adverse core power distribution, possibly leading to localized fuel rod
damage. Although mechanical provisions have been made to make this accident
extremely unlikely, the applicant has analyzed the consequences of such an
event.

Methods used in the analysis are reported in WCAP-7588, Revision 1, "An Evalua-
tion of the Rod Ejection Accident in Westinghouse Reactors Using Spatial Kinetics
Methods," which has been reviewed and accepted by the staff. The acceptance
letter was dated August 28, 1973 (see NUREG 0390). This WCAP report demonstrated
that the model used in the accident analysis is conservative relative to a three-
dimensional kinetics calculation.

The applicant's criteria for gross damage of fuel are a maximum clad temperature
of 2700 F and an energy deposition of 200 calories per gram in the hottest pellet.
These criteria are more conservative than those proposed in Regulatory Guide
1.77. Regulatory Guide 1.77 has an acceptance criterion of 280 calories per
gram energy deposition and no criterion for clad temperature other than that
implicit in requirements for fuel and pressure vessel damage. Therefore, the

applicant's criteria are acceptable.

Four cases were analyzed: beginning-of-cycle at 102 percent and zero power
and end of-cycle at 102 percent and zero power. The highest clad temperatures,
2623 F was reached in the zero power end-of-cycle case and the highest fuel
enthalpy, 176 calories per gram was reached in the beginning-of-cycle full
power case. The analysis also shows that less than 10 percent of the fuel
experiences departure from nucleate boiling and less than 10 percent of the
hot pellet m .ts. Analyses have been performed to show that the pressure
surge produced by the rod ejection is mild and will not approach the reactor
coolant system emergency limits. Further analyses have shown that a cascade
effect (that is, the ejection of another rod due to the ejection of the first
one) is not credible.

Evaluation Findings

The ejected rod worths and reactivity coefficients used in the analysis have
been reviewed and have been judged to be conservative. Also the assumptions
and methods of analysis used by the applicant are in accordance with or are
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more conservative than those recommended in the Regulatory Guide 1.77. There -
fore, the staff concludes that this analysis is acceptable. (The analysis of
the dose consequences for this design-basis accident is described in Sec-
tion 15.5 of this Safety Evaluation Report.)

; The staff further concludes that the requirements of GDC 28 are met for this
design-basis event. GDC 28 requires that reactivity insertion rates be limited
to preclude extensive damage to the pressure boundary and preclude noncoolability

a of the core.

i 15.3.4 Steamline Breaks

i The applicate has submitted analyses of postulated steamlines breaks that show
no additional fuel failures attributed to the accident. Therefore, the offsite
radioactive release as a result of this event consitute a small fraction of
10 CFR 100 limits. These results are similar to those obtained for previously
reviewed Westinghouse four-loop plants. "

15.3.5 Feedwater Line Break

A major rupture of a main feedwater pipe between the steam generator and a,

check valve is ana?yzed as a reactor coolant system heatup transient. Because
the feedwater line rupture has the potential for reducing the ability of sec-
ondary systems to remove the heat generated by the core, the auxiliary feedwater
system is provided to ensure (1) that adequate feedwater will be available so4

that no substantial overpressurization of the reactor coolant system shall occur,

and the reactor core will remain covered throughout the accident, (2) that
sufficient auxiliary feedwater capacity is provided, assuming the worst single
failure, to remove the decay heat from the core, ar.d (3) that the relief capacity
of the pressurizer safety valves is sufficient to prevent reactor coolant system
overpressurization. The analysis results show that pressures in the RCS and1

i main steam system remain below 110% of their respective design pressures.
Furthermore, the offsite dose releases are calcualted to be a small fraction>

of the 10 CFR 100 limits. These results are acceptable.

15.3.6 Reactor Coolant Pump Locked Rotor Accident

The locked rotor accident was analyzed by postulating an instantaneous seizure
of one reactor coolant system pump rotor. The reactor flow would decrease
rapidly and a reactor trip would occur as a result of a low-flow signal. A
thermal analysis of the hot rod in the core was performed and revealed a maxi-
mum cladding temperature of 1854 F. The peak reactor coolant system pressure
during the locked rotor accident (2630 lbs/in.2) indicates that the integrity ;
of the reactor coolant system pressure boundary will be maintained. However,
the above analysis was conducted assuming the offsite power is available; the!

staff's position as reflected in SRP Section 15.3.3 calls for an analysis that
| considers that offsite power not available.
i

|
| In the locked rotor event, the reactor trip occurs at about 1 sec, and the peak
|

clad temperature occurs at about 3 sec. Thus, at that point the flow in the
! intact loops would have coasted down fcr less than 2 sec if the offsite power ,

were assumed lost with the reactor trip. For the case with the offsite power j
available, the applicant is assuming a 5 percent fuel failure for dose release
calculations. Based on previous Westinghouse analyses, even without the off-
site power available, this transient is not expected to exceed 10-15 percent
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of fuel failure. The radiological consequences of design-basis accidents are
addressed in Section 15.4 below.

15.3.7 Loss-of-Coolant Accident (LOCA)

The acceptance criteria for a loss-of-coolant accident (LOCA) as required by
10 CFR 50.46 are discussed in Section 6.3.5 of this SER.

Large-Break LOCA

The applicant analyzed a complete break spectrum for F .ye breaks in the RCS
piping. These analyses were ::ade using approved ca. .odels which meet Appen-
dix K requirements. Details of the ECCS mitigating a..a long-term cooling
systems for a LOCA are described it. Section 6.3 of this report.

During the LOCA calculation, offsite power is assumed unavailable. The time
of ECCS flow delivery to the core includes delay time for the startup of the
diesel generators. In addition, all ECCS flow delivered to the broken cold
leg is assumed to spill directly to containment.

Containment parameters are chosen to minimize containment pressure so that core
reflood calculations are conservative. Fuel rod initial conditions are chosen
to maximize clad temperature and oxidation. Calculations of core geometry are
carried out past the point where temperatures are decreasing. The most limiting
break with respect to peak clad temperature is the double ended guillotice break
in the pump discharge leg with a Cn = 0.6. The peak clad temperature is 2088 F.
The limiting local and core-wide cTad oxidation values calculated by the appli-
cant were less than 5 percent and 0.3 percent respectively. s

In the LOCA calculations, the applicant assumed that the temperature of the
water in the upper head region is equal to the cold-leg temperature as a result
of some increase bypass flow that cools the upper head region. The increase
bypass flow has been considered in the LOCA analyses.

Small-Break LOCA

The applicant analyzed a complete spectrum of small breaks using approved code
models. Based on the applicant's sensitivity analysis, the limiting small break
was found to be a 4-in. diameter rupture in the RCS co'd leg. The peak clad
temperature for that break in calculated as 1790 F. The limiting local and
core-wide clad oxidation values are calculated as 3.3 percent and less than
0.3 percent, respectively.

The core geometry remains amenable to cooling throughout both types of LOCAs
discussed above. The ECCS~is designed to remove decay heat for an extended
time following a LOCA. The staff concludes that the applicant's analyses of
the LOCAs meet the acceptance criteria and, therefore, are acceptable.

;

; 15.3.8 Anticipated Transients Without Scram

A number of plant transients can be affected by a failure of the scram system
to function. For a pressurized water reactor, the most important transients
affected include loss of normal feedwater, loss of electrical load, inadvertent
c>ntrol rod withdrawal, and loss of normal electrical power. In September 1973,
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the staff issued WASH-1270, " Technical Report on Anticipated Transients Without
Scram for Water-Cooled Power Reactors," establishing acceptance criteria for
anticipated transients without scram. In conformance with the requirements of
Appendix A to WASH-1270, Westinghouse submitted an evaluatien of anticipated
transients without scram in Topical Report WCAP-8330, " Westinghouse Anticipated
Transients Without Trip Analysis."

A reevaluation of the potential risks from anticipated transients without scram
(ATWS) has been published in NUREG-0460, Volumes 1 through 4. Volume 4 of
NUREG-0460 was issued in March 1980. In September 1980, the staff presented !
its recommendation on ATWS to the Commission. After deliberation, the CommiJ- |

sion is expected to act on the matter. If rulemaking is initiated by the |
Commission, the staff would expect that any rule adopted would include an imple- |

mentation plan for all classes of plants. The applicant would then be required j
to modify the Callaway plants to conform with ATWS criteria and schedule ;

requirements provided in the rule or as adopted by the Commission. The follow-
ing discussion presents the bases for operation of the Callaway plant, prior
to the adoption of a rule. |

NUREG-0460 Volume 3 states. The staff has maintained since 1973 ffor example
see pages 69 and 70 of WASH-1270) and reaffirms today that the present likeli-
hood of severe consequences arising from an ATWS event is acceptably small and
presently there is no undue risk to the public from ATWS. This conclusion is
based on engineering judgment in view of: (a) the estimated arrival rate of
anticipated transients with potentially severe consequences in the event of
scram failure; (b) the favorable operating experience with current scram
systems; and (c) the limited number of operating reactors.

Il view of these considerations and the staff's expectation that the necessary
plant modifications will be~ implemented in 1 to 4 years following a Comuission
decision on ATWS, the staff has generally concluded that PWR plants can con-
tinue to operate because the risk from ATWS events in this period is acceptably
small. To further reduce the risk from ATWS events during the period before
the plant modifications determined to be necessary by the Commission are com-
pleted, the staff has required that the following steps be taken:

(1) Develop emergency procedures to train operators to recognize ATWS events,
including consideration of scram indicators, rod position indicators, flux
monitors, pressurizer level and pressure indicators, pressurizer relief
and safety valve indicators, and any other alarms annunnicated in the con-
trol room, with emphasis on alarms not processed through the electrical
portion of the reactor scram system.

(2) Train operators to take actions in the event of an ATWS, including con-
sideration of manually scramming the reactor by using the manual scram
button, prompt actuation of the auxiliary feedwater system to ensure
delivery to the full capacity of this system, and initiation of turbine
trip. The operators should also be trained to initiate boration by
actuating the high pressure safety-injection system to bring the facility'

to a safe-shutdown condition.

Based on an understanding of the plant's response to postulated ATWS events,
i the staff considers these procedural requirements an acceptable basis for

interim operation of the facility. The applicant has committed to developing

15-10
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an ATWS procedure in-accordance with the requirements of NUREG-0460. The
review of the applicant's procedures for mitigating ATWS will be covered under
TMI Item I.C.8 in Section 22.

15.3.9 Conclusions

The applicant has presented results for various accidents which meet the staff
acceptance criteria as detailed in SRP Section 15. Therefore, the staff con-
cludes that the applicant has provided adequate' protection systems to mitigate
accidents in compliance with GDC 20.

15.4 Radiological Consequences of Design-Basic Accidents

The applicant has analyzed postulated design basis accidents in order to demon-
strate the adequacy'of the design in the mitigation of possible offsite radio-
logical consequences. These accidents, which are the same as those previously
analyzed for licensed pressurized water reactors, include:

steamline break accident-

rod ejection accident-

failure of a small line carrying primary coolant outside containment-

steam generator tube rupture-

loss-of-coolant accident-

fuel handling accident-

liquid tank failures-

Using applicable SRP sections and Regulatory Guides, the staff has reviewed
these accidents and performed independent dose calculations, the results of
which are presented in Table 15.1. The data and assumptions used are listed
in Tables 15.2 to 15.6.

The short-term dif fusion estimates (X/Q) used in the analyses are based on the
models presented in Regulatory Guide 1.145 and are discussed in SER Sec-
tion 2.3.4.

15.4.1. Main Steamline Failure Outside Containment

The staff and the applicant have both evaluated the radioloC cal consequencesi
of a postulated steamline break occurring outside primary containment and up-
stream of the main steam isolation valve. Fur case 1, a single control rod
stuck out of core, the applicant estimates, and the staff agrees, that no fuel
failures will occur. Because the calculated radiological consequences for
cases 2 and 3 (see Table 15.1) bound the doses for this case, no doses are
reported for case 1.

For case 2, the staff and the applicant assumed that previous reactor operation
produced an iodine spike and that the primary coolant iodine concentration was
equal to the maximum value permitted by the Westinghouse Standard Technical
Specifications.

Because auxiliary feedwater to the affected steam generator is blocked under
accident conditons, the shell side of the affected steam generator is assumed
to boil completely dry. Using this assumed dry condition, all the iodine trans-
ported by the primary to secondary leakage (1 gpm) is assumed to be released
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Table 15.1 Radiological consequences of design-basis accidents !

!
'

i

Exclusion Areal 2Low Population Zone.

2-Hr Dose (Rems) 8-Hr Dose (Rems)
4

Postulated Accident 3 Thyroid Whole Body Thyroid Whole Body

Main steamline failure outside
containment
w/ concomitant iodine spike 2.8 0.1 1.4 0.1
(cases #3)
w/preaccident iodine spike 3.6 0.1 1.4 0.1
(cases #2).

Steam generator tube rupture
w/ concomitant iodine spike 12 1 2.2 1
w/preaccident iodine spike 72 1 11 1

.

i Rod ejection accident
: secondary side leakage 4.3 0.1 6.1 0.1

containment leakage 19 0.1 2.8 0.1
Failure of letdown Line

'

outside containment 3.9 1 1 1

Fuel handling accident
fuel building 4.2 1 0.1 0.1
reactor bui? ding .83 1 0.1 0.1,

>

3_

Loss-of-coolant accident
Duration
From To Dose, Rems Dose, Rems>

; Hrs. Hrs. Thyroid Whole Body Thyroid Whole Body

; Containment 0.0 2.0 90.0 2. 2 13 0.31
1. leakage 2.0 8.0 - - 12 0.32
| 8.0 24.0 - - 7. 6 0.15

24.0 96.0 - - 6.5 0.033
96.0 720.0 - - 5.0 0.015

| ESF 0.0 2.0 16.0 <0.1 - -

'

leakage 0.0 720.0 - - 26 <.01

Total LOCA Doses 106 2.2 70 0.83

IExclusion area distance = 1200 m.
'

.! 2 Low population zone distance = 4023 m.
i. aThe calculated LPZ doses af ter 8 hours for the above accidernts (except LOCA)
' were determined to be neglible.

,
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directly to the atmosphere. Although the releases from the secondary side of
both the affected and unaffected steam generators would be vented to the atmos-
phere as an elevated release, the staff has conservatively assumed that all
releases for the duration of the accident occur at ground level.

For case 3, the staff assumed that an iodine spike occurs as a rn ult of the
accident and that the iodine release rate from the fuel to the primary coolant
following the accident is increased by a factor of 500. Furthermore, prior to
the accident, the plant was assumed to be operating at a Technical Specifica-
tion primary coolant equilibrium activity limit of 1.0 pCi/ gram, dose equiva-
lent I-131. The assumed primary coolant activity value is equal to that given
in the vendor Standard Technical Specifications and has been proposed by the
applicant as the plant-specific technical ',pecification limit. All assumptions
regarding the releases from the steam generators given in case 1 above are
assumed for this case.

The staff assumptions are presented in Table 15.2 and our calculated doses are
presented in Table 15.1.

The staff concludes that the distances to the exclusion area and to the low
population zone boundaries for the Callaway site are sufficient to provide
reasonable assurance that the calculated radiological consequences of a postu-
lated main steamline break accider.t outside containment do not exceed (1) a
small fraction (510 percent ) of the exposure limits set forth in 10 CFR
Part 100, paragraph 11 for the case of an iodine spike that results from the
accident and (2) the exposure limits set forth in 10 CFR Part 100, paragraph 11
for the case of a preaccident spike or a control rod held out of the core.

Table 15.2 Assumptiens used to evaluate the radiological consequences
following a postulated ma's steamline break accident
outside ccntainment.

(1) Power = 3565 Megawatts thermal.

(2) Preaccident dose equivalent I-131 in primary coolant = 1.0 microcurie /
gram (case 1), 60 microcuries/ gram (case 2).

,

(3) Primary-to-secondary leak rate, as limited by Technical Specifications,
1.0 gpm.

(4) All of the one gallon per minute leak occurs in the affected steam
generator.

(5) All of the iodine transported to the shell side of the steam generator by
the leakage is lost to the environment without decay.

(6) Iodine release rate from fuel increases by a factor of 500 as a result of
the accident (case 1).

(7) x/Q values:
0-2 hrs at 1200 m = 1.5 x 10 4 sec/m3
0-8 hrs at 4023 m = 2.1 x 10 5 sec/m3
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i Tne staff's findings are based on (1) the audit review of the applicant's
radiological consequence analysis; (2) the staff's independent dose evaluation4

using the conservative regulatory assumptions identified in the Appendix to
SRP Section 15.1.5 and the conservative atmospheric dispersion factors as dis-

; cussed in SER Section 2.3.4; and (3) the assumed Technical Specifications pro-
'

vided in the applicant's FSAR for primary and secondary coolant iodine concen-
! trations and unidentified primary-to-secondary-system leakage in the steam

generators.

15.4.2 Rod Ejection Accident

For this accident, the staff postulated a mechanical failure of a control rod
mechanism housing. The reactor coolant system pressure would eject the control
rod and drive shaft to the fully withdrawn position. The consequence of this.

; mechanical failure is a rapid positive reac hity insertion and system depres-
surization. This leads to an adverse core powei distribution and possibly
localized fuel damage. The applicant has estimated 10 percent of all 'oel rods
er.tering DNB with limited fuel melting at full power.

The consequences of this accident are calculated for two release pathways:
containment leakage and through the secondary system. In the case of the con-

1 tainment leakage pathway, the ejected rod is assumed to puncture the control
rod drive housing, and all the activity is assumed to be released into the con-
tainment. In the second case, all the released activity is assumed to be mixed

; with the primary coolant, and some of the activity is transported to the sec-
ondary side of the steam generators through steam generator tube leaks. The
primary-to-secondary leakage is assumed to be 1 gpm, the technical Specifica-
tion for steam generator tube leakage limit. This leakage is terminated at

. 1100 sec after the accident, the time at which the primary and secondary
| pressures equalize.

In evaluating the radiological censequences of the accident, the staff followed
'

the guidance of the Appendix to SRP Section 15.4.8 and the recommendations of
i Regulatory Guide 1.77 and assumed, conservatively, 10 percent cladding failure

and 0.25 percent fuel melting.

The assumptions used to detirmine the potential consequences from releases
through the containment and through the secondary system are presented ini

Table 15.3. The calculated doses are listed in Table 15.1 and are well within
i the 10 CFR Part 100 Guidelines. The staff concludes that the Callaway design

and the Technical Specification limits c primary-to-secondary coolant leakage
provide reasonable assurance that the potential doses can be maintained well

!

. within 10 CFR Part 100 exposure guidelines and are, therefore, acceptable.
1

15.4.3 Failure of a Small Line Carrying Primary Coolant Outside Containment;

In evaluating the consequences of the failure of small lines carrying primary I
coolant outside containment, the applicant has shown that the plant is ade-
quately designed against the potential release of radioactivity to the

|environment.
4

i The most severe pipe rupture of the small lines duiing normal operation would I

be the complete severance of the 3-in chemical ana volume control system (CVCS)
! letdown line just outside containment. The reactor coolant in the letdown line

1

i
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Table 15.3 Assumptions used in analysis of control rod
ejection accident

Assumptions Common to Both Cases

1. Thermal power level of 3656 megawatts,
2. 10 percent of iodine and noble gas inventory in gap of failed fuel.
3. Standard ground level release meteorology and dose conversion factors.
4. Loss of offsite power. .

Assumptions for Case 1*

1. 10 percent fuel failed in transient.

2. 50 percent plate-out of ra N active lodines.

3. Containment buildinc ~ s are not initiated.

4. Containment building eak rate of 0.20 percent per day for 24 hours and
one-half of this value thereafter.

Assumptions for Case 2**

1. 10 percent fuel with clad failures after Iccident.
2. 0.25 percent fuel melted after accident.

3. 100 percent of noble gases and 25 percent of iodines contained in melted
fuel instar.taneously released to reactor coolant system.

4. Pressure equalization between primary and secondary systems reached in
1100 sec.

" Assumes all releases from the containment.
** Assumes all releases through the secondary system,

will pass sequentially from the cold leg through the regenerative heat exchangers
and the letdown orifices. Negligibi! increase in flow will occur as a result
of the rupture since a choked flow exists at the letdown orifice, which normally
reduces the letdown line pressure to less than 600 psig. The rupture would
result in the loss of reactor coolant at a rate of less than 100 gpm. Because ,

the release is within the capability of the reactor coolant system, the loss
would not result in an ESFS actuation. The time required for the operator to
close the letdown line isolation valve is assumed to be 30 minutes following
the break.

In the staff's analysis of the radiological consequences, the iodine in the
leaked coolant which flashed to steam was assumed to be released to the environ-
ment. The atmospheric dispersion factors used in the staff analysis are pro-
vided in Table 15.4. The staff has assumed that the primary coolant concentra-
tion is at the equilibrium Technical Specification limit of 1 pCi/cc (dose
equivalent I-131) at the onset of the accident and that a 500-fold increase in
the release rate of iodine from the fuel occurs during the accident. No credit
for filtering or plateout was assumed in the auxiliary building.

15-15
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Table 15.4 Assumptions used for the calculation of the radiological-
consequences following.a postulated steam generator tube
rupture accident

1. Power = 3565 Megawatts thermal.

2. Pre-accident dose equivalent I-131 in primary coolant = 1.0 microcuries
per gram and 60 microcuries per gram (two cases analyzed).

3. Ynitial secondary coolant activity of 0.1 microcuries per gram DE I-131.
4. Primary to secondary leak rate of 1 gpm to unaffected steam generator.
5. Isolation of affected steam generator at 30 minutes. (Steam venting

occurs from 15 to 30 minutes.)
6. Iodine release rate from fuel increases by a factor of 500 at reactor

trip for iodine spiking case.
7. X/Q value:

0-2 hrs at 1200 m = 1.5 x 10 4 sec/m3
0-8 hrs at 4023 m = 2.1 x 10 5 sec/m3

The resultant 2-hr tyroid and whole body doses are found to be 3.9 rems and
1 rem, respectively. These doses are a small fraction (no more than 10 percent)
of the 10 CFR Part 100 exposure guidelines, arc in accordance with Regulatory
Guide 1.11 and, therefore, meet the acceptance criteria of SRP Section 15.6.2.

! The staff finds the applicant's design for mitigating the radiological conse-
quences of a failure of small lines carrying primary coolant outside contain-
ment acceptable.

15.4.4 Steam Generator Tube Rupture Accident

i A steam generator tube rupture (SGTR) accident releases primary coolant to the
. secondary side of a steam generator, thus providing a pathway for iodine and
t noble gases from the primary coolant to be released to the environment. Assum-

ing a coincident loss of offsite power, the staff evaluated the radiological
consequences of the release to the environment for a 'nsequential iodine spike
(that is, a temporary rapid increase in rate of fuel rod leakage) and a pre-
existing iodine spike.

,

The applicant's description of the steam generator tube failure accident was,

reviewed, including the assumptions of the thermohydraulic transient, the'

sequence of events, the bases for operator actions to isolate the steam genera-
tor, and the effects of offsite power loss. The signals available to the opera-
tor are sufficient to ensure that the affected steam generator :an be identified .

and isolated within 30 min, thus limiting the release of radioruclides to the
environment. The description of the plant transients and sequence of events
are sufficient to ensure that the most conservative type of SGTR was selected;
namely, a continuous leak from the rupture for some time before a reactor scram
and loss of offsite power coincident with the scram.

,

15-16
i

. _ _. ._- _ - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _



.- -_ ._ . _. . ._. _ .._

i
!
'

The applicant's calculated doses for this accident meet the guidelines of SRP
Section 15.6.3. In reviewing the applicant's findings for the accident, the
staff independently calculated the thyroid dose from this accident (the whole-
body dose calculated by the applicant was very small, and the staff accepted
its value). The staff determined that the rupture location which would result
in the greatest releases would be the top of the tube bundle, where scrubbing
of iodine by the secondary side liquid would be diminished.

[ The calculated doses are summarized in Table 15.1. Case 1 assumes no preacci-
dent iodine spike, while Case 2 assumes a preaccident iodine spike. Both cases'

assumed loss of offsite power with consequent loss of condenser cooling and
release of steam to the atmosphere. For Case 1, the dose is proportional to
the plant technical specification for the equilibrium dose equivalent I-131
primary coolant activity limit. The applicant has proposed that this limit be
1.0 pCi/gm dose equivalent I-131 (DE-I-131), so the doses listed in Table .15.1
for Case 1 were calculated using this value.

No additional fuel failure is expected to occur as a result of this accident.

The staff concludes that the distances to the exclusion area and to the low
"

population zone boundaries for the Callaway site are sufficient to provide
reasonable assurance that the calculated radiological consequences of a postu-
lated steam generator tube rupture accident do not exceed: (1) a small frac-

, tion (5 10 percent) of the exposure limits, set forth in 10 CFR Part 100, para-
3 graph 11, for the case of an iodine spike that results from the accident and

(2) the exposure limits set forth in 10 CFR Part 100, paragraph 11, for either
,

the case of a preaccident spike or a control rod stuck out of the core.!

j The staff's findings are based upon (1) its audit review of the applicant's
j radiological consequence analyses; (2) the staff's independent dose evaluation

using conservative regulatory assumptions aqd the conservative atmospheric dis-'

| persion factors discussed in Section 2.3.4; ana (3) the assumed technical speci-
fications provided in the Callaway FSAR, for primary and secondary coolant iodine"

I concentrations and for the amount of unidentified primary-to-secondary leakage
in the unaffected steam generators.

15.4.5 Loss-of-Coolant Accident
i

The applicant has selected and analyzed a hypothetical design-basis LOCA andi

has shown that the distances to the exclusion area boundaries and to the low,

i population zone boundaries in conjunction with the design mitigation features
are sufficient to provide reasonable assurance that the radiological conse-i

_

quences of such an accident are within the guidelines set forth in 10 CFR
j Part 100.1(a)(1) and (2). The analysis has included the following sources and

radioactivity transport paths to the atmosphere:,

1

| (1) contribution from containment leakage; and
t

(2) contribution from post-LOCA leakage from ESF systems outside containment.:

I

j The staff's review confir..3 the applicant's finding based upon the fellowing:
l (1) the applicant's provision for and design of the containment system as

identified in Chapter 6 of this report; and
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(2) the staff's independent analysis of the radiological consequences of a
hypothetical design basis LOCA as describeu below.

Containment Leakage Contribution

The staff's calculation of the consequences of the hypothetical LOCA was, based
on the conservative assumptions of positions C.1.a through C.1.e of Regulatory
Guide 1.4 (Revision 2), " Assumptions Used for Evaluating the Potential Radio-
logical Consequences of a Loss-of-Coolant Accident for Pressurized Water Reac-
tors." The primary containment was assumed to leak at a rate of 0.2% per day
for the first 24 hours and 0.1% per day after 24 hours. The fraction of core
inventory available for release was assumed to be 25% for iodine and 100% for
noble gases. The analysis took into account radiological decay during holdup
in the containment, mixing in the containment, and iodine decontamination by
the ESF spray system. List of assumptions used in the calculation of the LOCA
doses are presented in Table 15.5.

ECCS Leakage Outside Containment

The maximum credible ECCS leakage outside containment ic due to a pump seal
failure. The applicant has stated that this failure will result in a leakage
rate of less than 7.5 gpm into the auxiliary building. Upon actuation of the
injection phase of the ESF system operation, the potential leakage is processed
throuch an ESF grade emergency filtration system, which also maintains the auxi-
liary building at a negative pressure and limits the release of untreated radio-
active materials to the environment. Because ESF grade filters are supplied,
no doses resulting from passive failures were considered, in accordance with
Standard Review Plan 15.6.5, Appendix B.

In the evaluation of the radiological consequences of the maximum operational
ECCS leakage outside containment, defined as the sum of the leakage for all
the recirculation system which is detectable during tests and above which the
technical specifications would require declaring a system out of service, the
assumptions used by the staff are list d in Table 15.5. The resulting doses,,

| using maximum operational leakage of 1 gpm, are low and when added to the con-
tainment leakage contribution, result in total doses that are within the guide-

'

line values of 10 CFR Part 100.

Conclusion

The staff concludes that the exclusion area boundary distance and the low pop-
ulation zone boundary distance, in conjunction with the dose mitigating features,
are sufficient to provide reasonable assurance that the total radiological con-
sequences of a design-basis LOCA will be within the guidelines set forth in
10 CFR Part 100.11(a)(1) and (2). The doses calculated by the staff are sum-
marized in Table 15.1.

15.4.6 Fuel Handling Accident

In the evaluation of the fuel handling accident, the methodology used by the
staff is based on positions C.1.a through C.1.f of Regulatory Guide 1.25 and
SRP Section 15.7.4. The staff assumed that a single fuel assembly is dropped*

in the fuel pool during refueling ooerations and that all of the fuel rods in
the assembly were damaged, releasing rad'oactive materials in the fuel gaps

!
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Table 15.5 Assumptions used in the calculation of
loss-of-coolant accident doses

._

Containment Leakage

Power level 3565 MWt
Operating time 3 yrs
Fraction of core inventory available for contain.?ent -

leakage

Iodine 25 percent
Noble gases 100 percent

Initial iodine composition in containment y

Elemental 91 percent
Organic 4 percent
Particulate 5 percent

.

Containment leak rate
0-24 hours 0.2 percent / day
after 24 hours 0.1 percent / day

Containment Volume
!Sprayed volume 2.125 x 106 fta

Unspray volume 3.75 x 105 fta
Containment mixing rate between sprayed volume *and
unsprayed volume affected by spray 85,000 fta/hr
Containment sr, ray system

Maximum elemental iodine decontamination factor 100

Spray removal coefficients:
Elemental iodine 10 hr 1
Particulate iodine 0.45 hr 1
Organic iodine 0

Relative concentration values (seconds per cubic
meter)

0-2 hr at the exclusion area boundary 1.5E-4
0-8 hr at the low population zone boundary 2.1E-5
8-24 hr at the low population zone boundary 1.4E-5
24-96 hr at the lo gp lation zone boundary 5.9E-6
96-720 hr at the lowaopulation zone boundary 1./E-6

ECCS Leakage Outside Containment

Power 3656 MWt'

( Sump volume 460,000 gal
| Flash fraction 0.1 '

Leak rate 2 gpm (twice the
maximum operational
leakage)

Leak duration 720 hr-

Delay time 0.47 hr
Filter efficiency 95 percent
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into tt.e. pool. In the case of a fuel handling accident outside containment,
the radioactive materials that escape from the pool are released over a 2-hr
period with most of the iodine activity reduced by ESF grade filtration. For
the accident occurring inside the containment, 20 percent mixing volume is used
with the containment isolation time of 25 seconds. Although there is non-ESF-
grade filtration in the reactor building, no filtration credit was taken in
the dose calculation.

The offsite doses for the postulated fuel handling accident are shown in
Table 15.1. The list of assumptions and parameters used in the analysis are

; given in Table 15.6. The potential doses for the fuel handling accident are
well within the guideline values given in 10 CFR Part 100 and, t.1erefore, the

' fuel storage and handling system meets the requirements of GDC 61 item 3.

The staff concludes that*the system is acceptable in mitigating the consequences
of fuel handling accidents.

In the review of the spent fuel cask drop accident, the staff found that the
potential cask drop distances are less than 30 f t, and the fuel handling over-
head crane is designed to retain the maximum design load during safe-shutdown
earthquake conditions. The cask and the crane are adequately designed, and
the radiological consequences of a spent fuel cask drop accident need not be
evaluated in accordance with the SRP Section 15.7.5.

4

Table 15.6 Fuel handling accident
! dose assumptions

j Power level 3565 MWt

Radial peaking factor 1.65

Decay time 100 hr-

Number of fuel assemblies affected 1;

Volume of reactor bldg 2.5E x 108 fta
i Number of fuel assemblies in core 193

Mixing volume (reactor b1dg) 20 percent

HVAC exhaust rate

Reactor b1dg 20,000 cfm,

! Fuel b1dg 9,000 cfm

Filter efficiency (fuel bldg) 90 percent
i Reactor bldg. isolation time 25 sec

Activity release period
Reactor b1dg 25 sec
Fuel b1dg 2 hr

;

,

I

15-20

- - _ . _ _ _ ._ . - _ - . _
_ ._ _ _ _ .



. _ _ _ - - - . - - - - _. _ _

!

i

15.4.7 Postulated Radioactive Releases As a Result of liquid Tank Failures

The consequences of tank and associated component failurcs which could result
in contaminated liquid releases to the environs were evaluated for tanks and,

: component: cor.taining radioactive materials located outside reactor containment.
The scope vi the review included the calculation of radionuclide inventories
in station components at design-basis fission product levelu, the mitigating
effects of the plant design, and the effect of site geology and hydrology.

'

Radionuclide concentrations were calculated at the nearest potable water
: supply and at the nearest surface water supply in an unrestricted area.

The basis for acceptance in the revie. has been that the postulated failures
would not result in radionuclide concentrations in excess of 10 CFR Fart 20
limits at the water sources considered above.

1

Based on the foregoing evaluation, the staff concludes that the provisions
incorporated in the applicant's design to mitigate the effects of tank and
component frilures involving contaminated liquids are acceptable.

.

!

.

1

4

i
.
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16 TECHNICAL SPECIFICATIONS

The Technical Specifications in a license define certain features, c:aracter-
istics, and conditions governing operation of a facility that cannot be changed
without prior approval of the ;taff. The finally approved Technical Specifica-
tions will be made a part of the Operating License. Included will be sections
covering definitions, safety limits, limiting safety system settings, limiting
conditions for operation, surveillance requirements, design features, and
administrative controls.

The Technical Specifications for this facility will be based on " Standard
i Technical Specifications for Westinghouse Pressurized Water Reactors" (NUREG-0452,
i Revision 4). This document has been updated frcc earlier revisions as a result

of continued discussion with Westinghouse and other licensees with Westinghouse!

PWRs.
.

The staff is working with the applicant to prepare a draft of the Technical
Specifications for the Callaway Plant. On the basis of its review to date,
the staf concludes that normal plant operation within the limits of the Tech-
nical Specifications will not result in offsite exposures in excess of the
10 CFR Part 20 limits. Furthermore, the limiting conditions for operation and
surveillance requirements will ensure that necessary engineered safety features
will be available in the event of malfunctions within the facility.

During its review of the Callaway Unit 1 application, the staff identified
certain issues which must be included in the Technical Specifications as a
condition of staff acceptance. These issues are listed below and are discussed
further in the sections of this report as indicated.

(1) Ultimate heat sink ice loads (2.4.4). (The applicant is permitted to
consider options other than a Technical Specification for this issue.)

(2) Rod bow penalties (4.4.4.1).
i

| (3) Crud deposition (4.4.4.2).
I

o

(4) Prohibition of N-1 loop operation (4.4.6). '

(5) Overpressure protection (5.2.2).
;

(6) Steam generator inservice inspection (5.4.2.2).
!
'

(7) Purge valve test frequency (6.2.3).
.

i

(8) Protection system temperature detector flow bypass loops (7.2.2.2).
! (9) Testing of diverse reactor tr'g feature (7.2.2.5).

(10) Lead, lag, and rate time constant setpoints used in safety system
channels (7.2.2.6).

16-1
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(11) Safety system setpoint methodology (7.3.2.5).

(12) Indicator, alarm, and test features provided for instrumentation used
for safety functions (7.3.2.9).

(13) Low and/or degraded grid voltage condition (8.3.1.2).

(14) Thermal overload protection setpoints for motor-operated valves (8.3.3.1.2).

(15) Spent fuel stcrage (9.1.2).

(16,
17) Auxiliary feedwater system (Section 22, Item II.E.1.1, recommendations

GS-1 and GS-6).

(18) Containment isolation dependability (Section 22, Item II.E.4.2,
position 5).

.
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17 QUALITY ASSURANCE

! 17.1 General -

The description of the Quality Assurance (QA) Program for thc operations phase;

of Callaway Unit 1 is contained in Section 17.2 of the FSAR. The staff evalua-
'

tion of this program is based on a review of this informatiori and discussions!

with representatives of the rpplic wt. The staff assessed the applicant's QA
program for the operations phase to determine if it complies with the requirements
of 10 CFR 50, Appendix B, " Quality A w trance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants"; the applicable QA related Regulatory Guides listed

i in Table 17.1; and SRP Section 17.2, Revision 1.

17.2 Organization for the QA Program

Tne structure of the organization responsible for the operation of Callaway
and for the establishment and execution of the operations phase QA program is'

shown in Figure 17.1. The Executive Vice-President is responsible to the
President of Union Electric Company for promulgating the QA program require-
ments. He has ultimate responsibility for Callaway Plant QA.

Under the txecutive Vice-President, the Vice-President, Nuclear is responsible
for initiating the QA program, formulating the policy, and authorizing and ensuring
program implementation. He is responsible for directing activities within the
nuclear function which support the engineering, construction, testing, and opera-
tion of the Callaway Plant and coordinating supportive activities performed by
others who are not under his direct administrative control. He has corporate
responsibility for the operation and physical control of the Callaway Plant.

The Manager, Quality Assurance reports directly to the Vice-President, Nuclear.
The Manager, Quality Assurance is responsible for directing the overall QA program
for Union Electric, including program development, maintenance, and verification
of implementation. The Manager, Quality Assurance and his staf.f ensure effective
implementation of the operational quality assurance program by performing audits
of onsite and offsite quality related activities and evaluating vendors' QA
programs and procedures. The Manager, Quality Assurance submits a monthly report

1 concerning QA Departmerit activities and specific quality issues to the Vice-
President, Nuclear for review and assessment.

| The QA organization is responsible for: (1) reviewing and approving the Opera-
tional QA Program and the Operational QA Procedures Manual that implements the
program; (2) ensuring that personnel qualifications are current and applicable
to the work being performed; (3) ensuring that procurement documents include
applicable QA requirements; (4) performing pre-award evaluation of suppliers

'

and surveillance and inspection at the suppliers' facilities; and (5) conduct-
ing internal audits of maintenance, modificatfor,, and operations activities
and external audits of suppliers.

The Superintendent, Site Quality Assur ance reports to the Manager, Quality
Assurance and is located onsite during plant operations. This group gives full

17-1
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attention to en3uring that the QA Program at the station is being effectively
implemented and interfaces with the plant quality control staff, provides
assistance to other plant organizations on matters related to quality assur-
ance, and conducts audits and surveillances during plant operations to verify
compliance with applicable requirements. Both the Manager, Quality Assurance
and the Superintendent, Site Quality Assurance are authorized to stop unsatis-
factory work.

Located onsite and reporting to the Plant Superintendent through the Superin-
tendent, Engineering are the Quality Control (QC) Supervisor and his staff (see
Figure 13.6). The Quality Control Supervisor and his staff are responsible
for the development and implementation of the onsite inspection program. They
perform maintenance / modification inspections, receipt inspections, and nondes-
tructive examinations.

Both the QA and QC organizations have the authority, delineated in writing, to
(1) identify QA problems; (2) initiate, recommend, or provide solutions through
designated uhannels; and (3) verify implementation e' solutions.

Also reporting to the Vice-President, Nuclear is the 6aneral Manager, Opera-
tions, who is responsible for execution of the administrative controls and
QA/QC program to ensure the safe and reliable operation of Callaway. This
function is accomplished through the Plant Superintendent, whose responsibili-
ties include providing station personnel with an adequate indoctrination and
training program in the areas of QA/QC and the performance of safety related
activities, and the development of station safety-related implementing docu-
ments, such as station operating, maintenance, repair, and inspection
procedures.

Disputes which may arise between QA/QC personnel and personnel in other appli-
cant organizations which cannot be resolved shall be referred to the next appro-
priate higher level of management for resolution. Disputes which cannot be
resolved through these levels may ultimately be resolved by the Executive
Vice-President.

17.3 Quality A surance Program

The quality assurance program for the operation of Callaway is presented in
the applicant's Operational QA Manual which includes (1) a policy statement by
the Vice-President, Nuclear describing the QA efforts to be applied at the
Callaway plant and (2) a program description which specifies requirements and
assigns responsibilities for implementing the policy statement regarding activi-
ties affecting quality associated with the operation of the Callaway plant.

The Operational QA Manual is implemented by the Callaway Plant Operating Manual
and the QA Procedures Manual. They include the procedures and administrative
controls for controlling onsite and offsite activities, respectively. These
documents present the detailed techniques and methods by which the requirements
of Appendix B to 10 CFR 50 and the provisions of the NRC regulatory guidance
shown in Table 17.1 are satisfied. They are reviewed and concurred in by the
QA Manager.

17-3
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Table 17.1 Regulatory Guidance Applicable to Quality Assurance Program

,

Regulatory Guide 1.8-Rev. 2, " Personnel Selection and Training," (2/79).

Regulatory Guide 1.30, " Quality Assurance Requirements for the Installation,
inspection, and Testing of Instrumentation and Electrical Equipment,"
(8/11/72).

Regulatory Guide 1.33-Rev. 2, " Quality Assurance Program Requirements
(Operation)," (2/78).

i
i Regulatory Guide 1.37, " Quality Assurance Requirements for Cleaning of Fluid

Systems and Associated Components of Water-Cooled Nuclear Power Plants,"
; (3/16/73).

; Regulatory Guide 1.38-Rev. 2, "Qdality Assurance Requirements for Packaging,
Shipping, Receiving, Storage, and Handling of Items for Water-Cooled Nuclear
Power Plants," (5/77).j

1

Regulatory Guide 1.39-Rev. 2, " Housekeeping Requirements for Water-Cooled
;- Nuclear Power Plants," (9/77).

Regulatory Guide 1.58-Rev. 1, " Qualification of Nuclear Power Plant Inspection,
Examination, and Testing Personnel," (9/80).

î

Regulatory Guide 1.64-Rev. 2, " Quality Assurance Requirements for the Design
of Nuclear Power Plants," (6/76).~

1

Regulatory Guide 1.74, " Quality Assurance Terms and Definitions," (2/74).
i

Regulatory Guide 1.88-Rev. 2, " Collection, Storage, and Maintenance of Nuclear
Power Plant Quality Assurance Records," (10/76).

' Regulatory Guide 1.94-Rev.1, " Quality Assurance Requirements'for Installation,
Inspection, and Testing of Structural Concrete and Structural Steel During the
Constructie; Phase of Nuclear Power Plants," (4/76).

Regulatory Guide 1.116-Rev. 0-R, " Quality Assurance Requirements for Installa-
tion, inspection, and Testing of Mechanical Equipment and Systems," (5/77).

Regulatory Guide 1.123-Rev. 1, " Quality Assurance Requirements for Control of
Procurement of Items and Services for Nuclear Power Plants," (5/77).

Regulatory Guide 1.144-Rev. 1, " Auditing of Quality Assurance Programs for
Nuclear Power Plants," (9/80).

Regulatory Guide 1.146, " Qualification of Quality Assurance Program Audit
Personnel for Nuclear Power Plants," (8/80).-

l
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The Q'. program requires that QA documents encompass detailed controls for
(1) ' ranslating codes, standards, and regulatory requirements into specifica-
tions, procedures, and instructions; (2) developing, reviewing, and approving
procerement documents, including changes; (3) prescribing all quality-affecting
activ W es by documented instructions, procedures, or drawings; (4) issuing
and distributing approved documents; (5) purchasing items and services;
(6) identifying materials, parts, and components; (7) performing special proc-
esses; (8) inspection and/or testing material, equipment, processes, or ser-
vices; (9) calibrating and maintaining measuring and test equipment; (10) han-
d1ing, storing, and shipping of items; (11) identifying the inspection, test,
and operating status of safety related items; (12) identifying and disposition- ,

ing nonconforming items; (13) correcting conditions adverse to quality;
(14) preparing and maintaining QA records; and (15) auditing activities which
affect quality.

An indoctrination and training program is conducted under the Superintendent,
Training to ensure that persont involved in quality-related activities are
knowledgeable in QA instructions and implenienting procedures and that profici-
ency in performing these activities is maintained.

Quality is veritied through surveillance, inspection, testing, checking, and
audit of work activities. The QA program requires that quality verification
and inspections be performed by qualified quality control inspectors who are
not directly responsible for performing the actual work activity. Inspections
are performed with procedures, instructions, and/or checklists by inspectors
who have been qualified and certified in accordance with codes, standards, or
company training programs.

The Manager, Quality Assurance is responsible for tile establishment and imple-
mentation of the audit program. Audits are performed, with written procedures
or checklists, by qualified personnel not having direct responsibility in the
areas being audited. The QA program establishes a comprehensive audit system
to ensure that the QA program requirements and related supporting procedures
are effective and properly implemented during operations. Audits will include
an objective evluation of QA practices, procedures, and instructions; work areas,
activities, processes, and items; the effectiveness of implementation of the
quality assurance program; and conformance with policy directives.

The QA program requires documentation of audit results and review by management
personnel having responsibility in the area audited to determine and take
corrective action as required. Reaudits are performed to determine that noncon-
formances are effectively corrected and that the corrective action precludes
repetitive concurrences. Audit findings, which indicate quality trends and
the ef fectiveness of the QA program, are reviewed by the Manager, Quality Assur-
ance and are reported to appropriate management on a regular basis.

17.4 Conclusions

The staff review of the applicant's QA program description for the operations
phase has verified that the criteria of Appendix B to 10 CFR Part 50 have been
addressed in the Callaway quality assurance program.
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Based on its review and evaluation of the QA program description in Section 17.2
of the Callaway Site Addendum FSAR, the staff concludes:

-(1) The applicant's organization gives QA personnel sufficient independence
from cost and schedule (when opposed to safety considerations), authority
to ef tectively carry out the operations QA program, and access to manage-
ment at a level necessary to perform their QA functicas.

(2) The QA program describes requirements, procedures, and controls that, when;

properly implemented, comply with the requirements of Appendix B to 10 CFR*

Part 50 and with the acceptance criteria contained in Section 17.2 of the
SRP.

Accordingly, the staff concludes that the applicant's description of the QA
program, with the exception of the open item noted below, is in compliance with

; applicable NRC regulations.

17.5 Outstanding Quality Assurance Issue for Callaway Unit 1
:

The staff has recently forwarded the results of its review of the list of items
under the control of the QA program to the applicant, requesting additional4

| information. The applicant must respond acceptably to this request in order
: to close this open item.
|
,

e

I

!

!

!

!

.
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18 RELORT OF THE ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

The Callaway Plant is being reviewed by the Advisory Committee on Reactor Safe-
guards. The staff intends to issue a supplement to this safety evaluation report
after the Committee's report to the Commission relative to this review is avail-
able. The suoplement will append a copy of the Committee's report and will
address comments made by the Committee. It will also describe steps taken by
the staff to resolve any :ssues raised as a result of the Committee's review.

18-1 1 CALLA /Edision/G
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19 COMMON DEFENSE AND SECURITY

The applicant has stated that the *:tivities to be conducted will be within
the jurisdiction of the Uni +ed States and that all the directors and principal
officers of the applica. tie citizens of the United States. Union Electric
Company is not owned, controlled, or dominated by an alien, a foreign corporatiot,
or a foreign government. The activities to be conducted do not involve any
restricted data, but the applicant has agreed to safeguard any such data that
might become involved in accordance with the requirements of 10 CFR 50. The

applicant will rely on obtaining fuel as it is needed from sources of supply
available for civilian purposes, so that no diversion of special nuclear material
for military purposes is involved. For these reasons, and in the absence of
any information to the contrary, the staff finds that the activities to be
performed will not be inimical to the common defense and security.

4
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20 FINANCIAL QUALIFICATIONS r

20.1 Introcuction

The Nuclear Regulatory Commission's regulaticw relating to the determination
of an applicant's financial qualifications fr facility operating license4

appear in Section 50.33(f) and Appendix C to 10 CFR Part 50. At the request
of the staff, Union Electric Company submitted financial information ragarding
estimated operating and decommissioning costs for Callaway Unit 1, along with4

additional material covering the applicant's financial status. The following1

i analysis summarizes the staff review of this submittal aad addresses the appli-
cant's financial qualifications to operate and, if necessary, permanently shut3

down and maintain the subject facility in a safe condition.
.

20.2 Estimated Operating Costs of Eacility

For the purpose of estimating the facility's operating costs, the applicant,

assumed that 1983 would be the first year of commercial operation. Estimates
of the total annual cost of operating Callaway Unit J for each of the first
five full years are presented in Table 20.1.

,

:

The estimates of operating costs cover all of the unit's operating and main-
tenance expenses, including fuel expense, depreciation, taxes, and a return on
investment. As an element of conservatism, separate operating costs estimates
for plant capacity factors at lower levels of projected unit availability are

; included in Table 20.1.

Table 20.1 Estimates of Annual Costs Necessary To Operate
Callaway Unit 1,

Estimate 1983* 1984 1985 1986 1987 1988

Base Estimate

Annual plant capacity
factor (%) 52.5 58.0 62.0 65.0 67.0 68.0

Annual Operating Costs 291.3 408.1 394.3 386.0 380.8 392.8 '

(4 millions)

Alternative Estimate 1
Annual Plant Capacity

Factor (%) 60.0 60.0 60.0 60.0 60.0 60.0

Annual Operating Costs 312.1 419.8 392.9 383.8 370.6 374.1
($ millions)>

20-1
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Table 20.1 (Continued)

Estimate 1983^ 1984 1985 1986 1987 1988

Alternative Estimate 2
Annual Plant Capacity

Factor (%) 50.0 50.0 50.0 50.0 50.0 50.0
Annual Operating Costs 306.2 412.2 386.1 368.2 357.9 386.5

($ millions)

*Because the facility is not expected to begin commercial operation until
March 1983, the cost estimates for 1983 are for 9 months' operation.

20.3 Estimated Costs To Decommission Facility

For decommissioning, the applicant estimated that immediate dismantlement of
Callaway Unit 1 will cost $59.0 million in 1983 dollars.

Under contract for the NRC, the Battelle Pacific Northwest Laboratory (PNL)
issued a report (" Technology, Safety, and Cost of Decommissioning a Reference
Pressurized Water Reactor Power Station," NUREG/CR-0130). In both this report
and its August 1979 Addendum, PNL estimated the costs of decommissioning
various types of reference pressurized water reactors under various types of
decommissioning methods. The maximum cost of decommissioning for the immediate
dismantlement method to cost a total of $42 million (in 1978 dollars). Accord-
ingly, because the applicant's $59 million maximum estimate of decommissioning
expenses is based on the PNL estimate with an inflation factor of 7 percent
annually, it has been adopted herein as the basis for evaluating the applicant's
ability to rinance such amounts.

20.4 Reasonable Assurance of Funds

The applicant expects to cover all operating and decommissioning costs through
revenues generated from its system-wide sales of electricity.

Union Electric Company is a public utility providing electricity to its customers.
As with other electric utilities having exclusive service to their respective
territories, the applicant has consistently demonstrated the ability to achieve
revenues sufficient to cover all operating costs and interest charges.

20.5 Conclusion

In accordance with the regulations cited above, an applicant must demonstrate
that he has reasonable assurance of obtaining the necessary funds to cover the
estimated costs of the activities contemplated under the license. Based on
the preceding analysis, the staff concludes that Union Electric Company has
satisfied this reasonable assurance standard and is, therefore, financially
qualified to operate and, if necessary, shut down and safely maintain the
Callaway Plant, Unit 1. This conclusion is based on the applicant's demonstrated
ability to achieve revenues sufficient to cover all operating costs and interest
charges, its status as an electric utility, and the size of its operations.

20-2
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21 F_INANCIAL PROTECTION AND INDEMNITY REQUIREMENTS

21.1 General

Pursuant to the financial protection and indemnification provisions of the Atomic
Energy Act of 1954, as amended (Section 170 and related sections), the Commission
has issued regulations in 10 CFR 140. These regulations set forth the Commis-
sion's requirements with regard to proof of financial protection by, and ind"
nification of, licenses for facilities such as power reactors under 10 CER Sv.

21.2 Preoperational Storage of Nuclear Fuel

The Commission's regulations in 10 CFR 140 require that each holder of a Construc-
tion Permit under 10 CFR 50, who also is the holder of a license under 10 CFR 70
which authorizes the ownership and possession for storage only of special nuclear
material at the reactor construction site for future use as fuel in the reactor
(after issuance of an Operating License under 10 CFR 50), shall, during the
interim storage period before licensed operation, have and maintain financial
protection in the amount of $1,000,000 and execute an indemnity agreement with
the Commission. Proof of financial protection is to be furnished before, and
the indemnity agreethent executed as of, the effective date of the 10 CFR 70
license. Payment of an annual indemnity fee is required.

The applicant has stated that he will furnish proof of financial protection in
the amount of $1,000,000 in the form of a Nuclear Energy Liability Insurance
Association Policy. Eurthermore, the applicant has committed to execute an
indemnity agreement with the Commission effective as of the date of its preoper-
ational fuel-storage license. The applicant will pay the annual indemnity fee
applicable to preoperational fuel storage.

21.3 Operating Licenses

Under the Commission's regulations (10 CFR 140), a license authorizing the opera-
tion of a reactor may not be issued until proof of financial protection in the
amount required for such operation has been furnished, and an indemnity agreement
covering such operation (as distinguished from preoperational fuel storage only)
has been executed. The amount of financial protection which must be maintained
for Callaway Unit 1 (which has a rated capacity in excess of 100,000 kWe) is
the maximum amount available from private sources, which is currently $525 million.

Accordingly, licenses authorizing operation of Callaway Unit 1 will not be issued
until proof of financial protection in the requisite amount has been received
and the requisite indemnity agreement has been executed.

The staff expects that, in accordance with the usual procedure, the nuclear
liability insurance pools will provide, several days in advance of anticipated
issuance of the Operating License, evidence in writing, on behalf of the appli-
cant, that prior coverage has been appropriately amended so that the policy
limitt have been increased to meet the requirements of the Commission's regula-
tions for reactor operation. Similarly, an Operating License will not be issued

21-1
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until an appropriate amendment to the present indemnity agreement has been
executed. The applicant will be required to pay an annual tee for Operating
License indemnity, as provided in the NRC regulations, at the rate of $6 per
thousand kilowatts of thermal capacity authorized in the Operating License.

On the basis of the above considerations, the staff concludes that the presently
applicable requirements of 10 CFR 140 have been satisfied and that, before an
Operating License is issued, the applicant will be required to comply with the
provisions of 10 CFR 140 applicable to Operating Licenses, including those as
to proof of financial protection in the requisite amount and as to the execution
of an appropriate indemnity agreement with the Commission.

|
|

|

|
|

|
,

l
1

|

.
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22 TMI-2 REQUIREMENTS
,

22.1 Introduction

As a result of the accident at Three Mile Island Unit 2 (TMI-2), requirements
were developed from the recommendations of several groups established to investi-
gate the accident. These groups include the Congress, the General Accounting
Office, the President's Commission on the Accident at Three Mile Island, the
NRC Special Inquiry Group, the NRC idvisory Committee on Reactor Safeguards,
'the Lessons-Learned Task Force and the Bulletins and Orders Task Force of the
NRC Office of Nuclear Reactor Regulation, the Special Review Group of the NRC

| Office of Inspection and Enforcement, the NRC Staff Siting Task Force and
; Emergency Preparedness Task Force, and the NRC Offices of Standards Develop-

ment and Nuclear Regulatory Research. The report NUREG-0660, entitled "NRC
Action Plan Developed as a Result of the TMI-2 Accident" (Action Plan), was
developed to provide a comprehensive and integrated plan for the actions now
judged necessary by the NRC to correct or improve the regulation and operation
of nuclear facilities. The Action Plan was based on the experience from the
TMI-2 accident and the recommendations of the investigating groups.

With the development of the Action Plan (NUREG-0660), the NRC transformed the
recommendations of the investigating groups into discrete scheduled tasks that
specify changes in its regulatory requirements, organization, or procedures.
Some actions to improve the safety of operating plants were judged to be neces-
sary before an action plan could be developed, although they were subsequently
included in the Action Plan. .Such actions came from the Bulletins and Orders
issuea by the Commission immediately after the accident, the first report of
the Lessons-Learned Task Force, and the recommendations of the Emergency Pre-
paredness Task Force. Before these immediate actions were applied to nperating
plants, they were approved by the Commission.

The NRC has identified a discrete set of TMI-related licensing requirements in
the Action Plan for plants that are scheduled to receive an Operating License
in the near future. The report NUREC-0737,. entitled " Clarification of TMI
Action Plan Requirements," was issued in November 1980. This report iden-
tifies the specific items from NUREG-0660 that have been approved by the
Commission for implementation at nuclear power plants. It also includes addi-
tional information about schedules, applicability, method of implementation
review, submittal dates, and clarification of technical positions. This sec-
tion summarizes the NRC staff review of Callaway against the criteria of
NUREG-0660, as clarified by NUREG-0737.

In the material that tollows, each TMI-related requirement from NUREG-0737
that applies to Callaway is addressed in sequence. Items required before. fuel
loading are not separated from items required for full power or from dated
items. The staff requirements are presented in NUREG-0660 and/or NUREG-0737.
For each item, the staff evaluation of the applicant's compliance with staff
requirements is given in subsection 22.2 below.

,
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22.2 Discussion and Conclusions;

4 I . A.1.1 Shift Technical Advisor

In letters dated August 19 and August 24, 1981, the applicant has committed to
have a Shift Technical Advisor (STA) available on site for each operating shift
to report to the control room in an advisory capacity when the reactor is in,

; modes 1-4. The STA will be assigned normal duties that pertain to the engineer-
ing aspects of ensuring safe operations of the plant, including the review and'

i evaluation of operating experience. The STA will not report to the operations
department.

The STA shall have a bachelor's degree in engineering or related scieice which
,

includes or is supplemented to include 60 semester hours of college-level educa-
tion in mathematics, reactor physics, chemistry, materiais, reactor thermodynamics,
fluid mechanics, heat transfer, and electric and reactor control theory, or a

; high school diploma and the foregoing 60-hour educational requirement. The
; applicant will enter into a contract with the University of Missouri-Columbia

to provide the college-level training.

The STA shall also have 1 year of experience at a nuclear power plant includ-
ing 6 months onsite at the time the STA is required on shift. Nuclear power
plant experience is time associated with: preoperational and startup testing
activities; military, nonstationary, propulsion, or production nuclear plant;'

reactor simulator training, or on-the-job training.
'

The training program for STAS will include: training in plant systems; a
course in mitigating core damage; and specific training in the response and

j analysis of the plant for transients and accidents utilizing a SNUPPS simu-
lator. A retraining and requalification program will be developed 90 days
before fuel load. This phase of the STA training will be provided by the'

plant training staff.

! The requirement for the STA to be in addition to the norm 6 shift complement
is accepted by the applicant as an interim staff position. When the Commis-

| sion's deliberations are concluded and the requirements for climinating the
STA position have been established, the applicant fully expects to eliminate

i this interim commitment.

i Based on its review of the applicant's commitments, the staff finds that the
applicant meets the requirements of Action Plan Item I.A.1.1 of NUREG-0737.'

'

I.A.I.2 Shift Supervisor's Administrative Duties

The applicant has committed to have the Vice-President, Nuclear issue and
i review on an annual basis a management directive emphasizing the responsi-

bilities of the Shift Supervisor and establishing his command duties duringi

all operating conditions. In a letter dated August 19, 1981, the applicant
has provided a copy of this directive. The applicant has committed to having

! plant administra. ve procedures def.ine the duties, responsibilities, and author-
! ity of the Shift Supervisor, Operating Supervisor, and Unit Reactor Operators,

and provide the line of command for the Shift Supervisor.

; 22-2
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The Shift Supervisor reports to the Superintendent of Operations or his Assis-
tants during normal operations and to the Emergency Duty Officer during an

,

emergency. The Shift Supervisor is the senior licensed management represen-"

tative on site during backshifts. The Shift Supervisor is responsible to
direct operation of the unit from the control room. This allows the Shift
Supervisor to direct his attention to overall plant operations for which he is !

i responsible. The Superintendent of Operations or his Assistants (the senior-
i licensed management representative on the day shift) may relieve the Shift i

Supervisor.

Based upon its review of the applicant's letter of August 19, 1981, the staff4

finds that the applicant has acceptably met the requirements of Action Plan
Item I.A.1.2 as described in NUREG-0660.

! I.A.I.3 Shift Manning

( In a letter dated August 19, 1981, the applicant has committed to minimum
staffing and overtime limitations that conform with the guidance given in
NUREG-0737. In a letter dated August 14, 1981, the applicant provided the;

minimue shif t crew for various operating conditions. The shift crew for nor-
mal operations consists of one Shift Supervisor (a Senior Reactor Operator,.

'

SRO), one Operating Supervisor (SRO), two Unit Reactor Operators (RO), two
Equipment Operators, two Assistant Equipment Operators, one Instrumentation
and Control Technician, one Rad-Chem Technician, and one STA. This meets the
guidance given in NUREG-0737.

In the Callaway FSAR Site Addendum, Revision 3, descriptions are provided of
the Operating Supervisor Control Room and of the Unit Reactor Operator. An
OperatinD Supervisor is present on the plant site at all times when reactor
fuel is on the site.

| Based upon its review of the applicant's letter and the FSAR, Revision 3, the
staff finds that the applicant meets the requirements of Action Plan Item I.A.1.3
of NJREG-0737.

I

1.A.2.1 Immediate Upgrading of Operator and Senior Operator Training and
Qualification

The applicant has established a program to ensure that all R0 and SR0 license
candidates (beyond the initial complement required to start up Callaway Plant)
have the prescribed experience, qualifications, and training, per I.A.2.1.
Candidates will be prepared and certified in accordance with the applicant's

,

nuclear plant staff training program that is described in Section 13.1 of the4

Callaway FSAR Site Addendum; therefore, certifications will conform to this
Task Action Plan I.A.2.1. .

fhe initial startup crews will have completed extensive training devised in
part to recognize the nonoperational status of the units. This program in-
cludes real time training on the PWR simulator which is similar to the actual <

unit and thus, in many respects, equates to the experience requirements. Sub -
section 13.1.3 of the FSAR Site Addendum describes the qualification commitments
for existing plant staff.

. .
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The staff concludes that the applicant has satisfied the requirements of this
i task action plan.

.

Administration of Training Programs for Licensed OperatorsI.A.2.3

I The applicant defines the " instructor" referenced in this requirement as that
individual who teaches systems specific to PWRs integrated responses, transients,
snd simulator courses to licensed operators or candidates.

i
' Certification of instructors is described in the applicant's FSAR Site Addendum

Section 13.2.1. To be certified, instructors, must demonstrate their SR0 qualifi-
cations and enrollment in appropriate requalification programs.

i Based on the foregoing, the staff has concluded that the applicant has complied
; with the requirements of this task of the action plan.

NRC will administer SR0 examinations to all permanent members of the station
staff who teach the topics outlined above before tuel loading.

I.A.3.1 Revised Scope and Criteria for Licensing Examinations

The staff has adced a section on Principles of Heat Transfer and Fluid Mechanics
to an R0 written examination and a section on Theory of Fluids and Thermodynamics3

to an SRO written examination. The time limit for written examinations have4

been increased to 9 hours for reactor operators and to 7 hours for senior reactor
operators. Passing grades for written examinations have been upgraded to 80 per-
cent overall and 70 percent in each category. All applicants for SR0 licenses
shall be required to take an operator test as well as the writter examination.'

The applicant's R0 and SR0 training program has been upgraded to include the
material described in this requirement. Candidates will be prepared and certi-
fied in accordance with the applicant's nuclear plant staff training program.J

A simulator that reproduces the operator characteristics of Callaway Unit 1
and is approved by the NRC will be available to the applicant for the simulator
portions of the exams. The application package will include a release from
each applicant which permits the NRC to inform the applicant's management of
exam results.

,

.

j Based on the foregoing, the staff has concluded that the applicant has com-
plied with the requirements of this task of the action plan.

I . B .1. 2 Independent Safety Engineering Group

The staff review of this Action Plan Item is included in Section 13.4, " Opera-
tional Review."

) I.C.1 Guidance for tJ? Evaluation and Development of Procedures for Transients
and Accidents,

This TMI-2 item is addressed in Section 13.5.2. See also item II.E.2.,

22-4
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Shift and k lief Turnover ProceduresI.C.2 i

In a letter dated August 19, 1981, the applicant has submitted Chapter 18 of
the Callaway FSAR Site Addendum. In Chapter 18, the applicant has described

1 and committed to develop administrative procedures which will govern shitt and
relief turnover to the extent required by the NRC position statement of NUREG-0578,
Section 2.2.2.b. Based upon its review of Chapter 18 of the FSAR Site Addendum,

,

,
the staff finds that the applicant meets the requirements of Action Plan

'

Item I.C.2 of NUREG-0660.

I . C. 3 Shift Supervisor Responsibilities

This item is included with Section I.A.1.2, Shift Supervisor Duties.

I.C.4 Control Room Access
.

In a letter dated August 19, 1981, the applicant has submitted Chapter 18 of
the Callaway FSAR Site Addendum. In Chapter 18 the applicant has described-

I and committed to develop administrative procedure which will govern control
room access to the extent required by the NRC position statement of NUREG-0578,
Section 2.2.2.a. Based upon its review, the staff finds the applicant meets
the requirements of Action Plan Item I.C.4 of NUREG-0660.

I.C.5 Procedures for Feedback of Operating Experience to Plant Staff

In letters dated August 14 and August 19, 1981, the applicant has provided
Administrative Procedure AP-A-20, " Review of Recent Reactor Operating Experience,"
and the assignment of responsibility for the review. Based upon its review of

: AP-A-20 and the August 19, 1981 letter, the staff finds the applicant meets
the requirement of Action Plan Item I.C.5 of NUREG-0737.

I.C.6 Verify Correct PerSrmance of Operating Activities

In Chapter 18 of the Callaway FSAR Site Addendum, the applicant is committed
to having procedures which ensure an effective system of verifying correct per-
formance of operating activities.

Procedures addressing the return-to-service of safety-related equipment will
require two authorized personnel initials verifying system alignment unless
functional testing can be performed without compromising plant safety.

Administrative procedures will address the transfer of operating information
from the offgoing to the ongoing shift personnel to ensure that status of equip-
ment is understood. These administrative procedures will be complete 90 days
before fuel load. Training for these procedures will be complete 90 days before
fuel load.4

In a letter dated August 14, 1981, the applicant provided a rough draft pro-
cedure addressing the requirements of Item I.C.6 of NUREG-0737.

Based upon its review of the rough draft procedure and Chapter 18 of the FSAR
Site Addendum, the staff finds the applicant meets the requirements of Action
Plan Item I.C.6 of NUREG-0737.
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I.C.7 NSSS Vendor Review of Procedures

The NSSS vendor, Westinghouse Electric Corporation, is participating in develop-
ment of the Callaway power ascension test procedures as described in Section 14.2

; of the FSAR. The adequacy of the vendor participation is reviewed in Section 14.2
of this report.

Westinghouse is also participating in the efforts of the Westinghouse Owners'
Group (described in Section 13.5.2) for reanalysis of transients and accidents
to develop revised guidelines for preparation of emergency operating proce-
dures. The staff will conduct a review of the Westinghouse Owners' Group
generic submittal to determine the technical adequacy of the guidelines. The
applicant has committed to developing Callaway Emergency Operating Procedures
from the generic guidelines, and is required to provide technical justifica-
tion for deviation from the generic guidelines. NSSS vendor review of Emergency
Operating Procedures is presently planned to be limited to review of the guide-
lines. Therefore, whether a specific review of the applicant's Emergency
Operating Procedures by the NSSS vendor for Item I.C.7 will be required for
Callaway will be decided as the program is developed and reviewed by NRC (as
described in Section 13.5.2 of this report).

I.C.8 Pilot Monitoring of Selected Emergency Procedures for NTOL Applicants

The discussion and conclusion for this TMI-2 item is addressed in Section 13.5.2.
: See also item II.F.2.
1

I.D.1 Control Room Design Review
.

The applicant, through the SNUPPS organization, performed a preliminary design
assessment (PDA) of the SNUPPS conleol room design. Data for the PDA report
were collected from two sources--the 5NUPPS simulator at Zion, Illinois and

4

' the control room at the Callaway Plant. The findings of the PDA were submit-
ted to the NRC in a report dated July 20, 1981. Some of the items identified
as discrepancies in the SNUPPS PDA were specific to the simulator at Zion and

; did not appear in the Callaway Plant cor. trol room.
|

| After reviewing the PDA (assisted by consultants from Lawrence Livermore
| National Laboratory and Biotechnology, Inc.), the staff conducted an abbre-

viated onsite control room design review / audit (CRDR/A) from July 29 to
July 31, 1981. Because of the construction status of the control room at the
time of the visit, the staff was unable to complete its review and may return,

' later to finish the evaluation. Most of the human engineering discrepancies
(HEDs) identified and reported by SNUPPS in its PDA were reviewed to evaluate
the suitability of proposed corrective actions. Some discrepancies identified
on the simulator and reported in the PDA could not be evaluated because the

i systems or items were not yet available in the Callaway Plant control room.

| The CRDR/A conducted by the staff included an evaluation of the control room
| layout, the adequacy of the information provided, the arrangement and identi- |

| fication of important controls and displays, the usefulness of the audio and
visual alarm systems, the information recording and recall capability, light-

; ing, and other considerations of human factors that have an effect on operator
performance. The review was performed by means of an inspection of the con-

; trol panels and interviews with the operators.
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Although the review identified human engineering discrepancies, the staff found
overall that the systems available for review in the control room were cesigned
to permit effective and efficient operator actions. The Callaway control room
is the standard SNUPPS design. This standardization will aid in the transfer
of operator training among the various SNUPPS units and will make available a
large operating experience data base for this design. All the controls and
displays needed during operations are on the inner and outer rings of the main
control panels, rather than being partially located on the back panels. The
inner consoles have a center break that permits operator movement from within
the inner ring to the outer ring panels. The annunciator system includes reac-
tor trip and turbine trip first out information to aid the operator in diagnosing
the causes of trips. The mimic designs generally seem to be helpful to the
operator.

The staff identified a number of additional HEDs which will be documented in
the CRDR/A report to be transmitted to the applicant. The report will present
the prioritization of the HEDs according to their importance. Observed HEDs
have been given a priority rating of one, two, or three (high, moderate, or
low), based on their increased potential for operator error and the possible
severity of the consequences of that error.

The staff requires the applicant to implement corrective measures for all Prior-
ity 1 and 2 deficiencies before issuance of an operating license because the
staff believes that the correction of these items will significantly reduce
the potential for operator error. The staff also requires that those Priority 3
deficiencies whose resolution involves simple corrective actions relative to
the potential for improving operator performance be corrected before issuance
of an operating license. Einally, the staff requires the applicant to report
on all other Priority 3 discripancies as part of its DCRDR to be conducted in
accordance with NUREG-0737 and to propose corrective actions that are acceptable
to NRC. However, no immediate actions are specified for resolution of the Prior-
ity 3 discrepancies not scheduled for correction with the Priority 1 and 2 items
because the staff believes that they will not significantly affect the safe
operation of the plant.

During the staff site visit, a number of systems and items were not available
for review. These are listed in the CRDR/A report. All of these items must
be evaluated by the applicant when installation is complete, and any identi-
fied deficiencies must be resolved.

A letter, dated August 12, 1981, was submitted to the NRC by SNUPPS, which pro-
posed disposition of each of the human engineering findings identified in the
PDA report. Some corrective actions proposed in this letter are acceptable to
the staff. Many of the proposed resolutions in the SNUPPS letter are not accept-
able and some findings were listed by SNUPPS as still being unresolved. All
of the discrepancies identified during the PDA or during the review will be
included in the CRDR/A report.

The applicant shall submit proposed resolutions to all Priority 1 and 2 HEDs
contained in the forthcoming CRDR/A report and shall implement acceptable cor-
rective measures for all deficiencies prior to issuance of an operating license.
Certain Priority 3 deficiencies that will be identified in the CRDR/A report,
whose resolution involves simple corrective actions relative to the potential
for improving operator performance, will also require resolution and correc-
tion before issuance of an operating license. In addition, the applicant shall
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[ report on all other Priority 3 discrepancies as part of its detailed control l
i room design review which will be conducted in accordance with NUREG-0737. )
j Also, certain provisions of Section 22, item II.F.2, will be reviewed. i

! Because of the large number of systems and items not available for evaluation
! during the review, the staff will further review the design after construction
i- and installation are closer to completion. The staff requires that the appli-
} cant perform an evaluation of all items not reviewed and that he submit his
j _ findings, proposed corrective actions, and schedule for implementing the
i actions. The report of these items shall be submitted for staff review and
1 approval 120 days before issuance of the operating license. The final evalu-

ation of the Callaway Unit 1 control room will be reported on in a supplement'

to this report.

!

I.G.1 Special Low-Power Testing and Training

The review of this item is included in Chapter 14 of this report.!

:

| II.B.1 Reactor Coolant System Vents

Ihe SNUPPS design utilizes the pressurizer power operated relief valves (PORVs)
and their associated block valves for pressurizer venting, and a reactor vessel-

head vent system for vessel and coolant leg venting. Procedures to vent the:

| steam generators will be included in the operating guidelines. Both vent trains i

are safety grade, environmentally qualified and seismic Category I. The head
l vent system consists of two parallel paths with two normally closed solenoid
I valves in series which fail in the closed position. Power to all valves is
' from Class IE supplies, and a single failure will not prevent isolation of a

vent path. The vessel head. vent system is orificed so that inadvertent opera-
tion or a break in the vent line will not exceed the makeup capacity of one
charging pump. The pressurizer vent system PORVs have been evaluated in Chap-
ter 15 of this report to show that the effects of a stuck-open valve are'

acceptable.;

The staf concludes that the SNUPPS vent system design for Callaway Unit 1 is'

i acceptable. Procedures for operation of the vents must be submitted, reviewed,
and approved by the NUREG-073/ implementation date of July 1,1982 or by plant
startup, if plant startup is after July 1,1982.

| 11.8.2 Plant Shielding To Provide Access to Vital Areas and Protect Safety
Equipment for Postaccident Operation

,

|
| In an amendment to the FSAR, the applicant discusses how the present design of
| the SNUPPS plant could allow access to vital areas following an accident. How-

ever, the applicant plans to perform a shielding and personnel exposure analysis'

| to identify accessibility to vital areas and evaluate doses to personnel. This
analysis would include the systems to be analyzed as sources of radiation de-

,

: signed to function after the accident; dose rate calculations for the areas of
t e system and the computer codes used in the calculations; dose rate zone mapsh

as a function of time following an accident; and identification of vital areas,
'

including location, occupancy requirements, and maximum dose rates. Therefore
| until receipt of this analysis and staff review and acceptance, II.B.2 remains

an outstanding issue.

;
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II.B.3 Postaccident Sampling Capability

The applicant has committed to a postaccident sampling system that meets the j
requirec.ents of NUREG-0737, Item II.B.3 in Amendment 5 of the SNUPPS FSAR, but
has not provided the technical information required by NUREG-0737 for staft
evaluation. Implementation of the requirement is not necessary before low-
power operation because only small quantities of radionuclide inventory will!

! exist in the reactor coolant system and will not affect the health and safety
of the public. Before 5 percent power operation is exceeded, however, it will
be a license condition that the applicant must demonstrate the capability to

i promptly obtain reactor coolant samples in the event of an accident in which
there is core damage consistent with the following conditions:i

,

(1) Demonstrate compliance with all requirements of NUREG-0737, II.B.3, for
sampling, chemical, and radionuclide analysis capability, under accident
conditions.

(2) Provide sufficient shielding to meet the requirements of GDC 19, assuming
Regulatory Guide 1.4 source terms.

(3) Commit to meet the sampling and analysis requirements of Regulatory
Guide 1.97, Ravision 2.

(4) Verify that all electrically powered components associated with post-
accident sampling are capable of being supplied with power and operated
within 30 mins of an accident in which there is core degradation, assum-
ing loss of offsite power.

(5) Verify that valves which are not accessible for repair af ter an accident
are environmentally qualified for the conditions in which they must
operate.

(6) Provide a procedure for relating radionuclide gaseous and ionic species
to estimated core damage. .

(7) State the design or operational provisions to prevent high pressure car-
rier gas from entering the reactor coolant system from online gas
analysis equipment, if it is used.

,

(8) Provide a method for verifying that reactor coolant dissolved oxygen is
at <0.1 ppm if reactor coolant chlorides are determined to be >0.15 ppm.

(9) Provide information on (a) testing frequency and type of testing to ensure
long-term operability of the postaccident sampling system and (b) operator
training requirements for postaccident sampling.

In addition to the above conditions, the staff is conducting a generic review
of accuracy and sensitivity for analytical procedures and online instrumenta-
tion to be used for postaccident analysis. The staff will require that the
applicant submit date supporting the applicability of each selected analytical
chemistry procedure or online instrument, along with documentation demonstrat-
ing compliance with the conditions 4 months before 5 percent pcwer operation
is exceeded, but review and approval of these procedures will not be a condi-
tion for full power operation. If the statf generic review determines a
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specific procedure is unacceptable, the staff will require the applicant to
make modifications as determined by the generic review.

>

'

The above stated license condition will have to be satisfactorily addressed by
the applicant before 5 percent power operation is exceeded.

II.B.4 Training for Mitigating Core Damage

The applicant has committed in a submittal letter, dated September 4, 1981, to
utilize a degraded core trainir.g course. The course covers 80 hours of train- i

'

ing to control or mitigate an accident in which the core is severely damaged.
This material will be incorporated in the FSAR Site Addendum by an amendment
from the applicant. This course will be given to all shift technical advisors

'

and operations personnel, from the Plant Manager to and including licensed
operators, prior to fuel loading.

1

Managers and tecnnicians in instrumentation and controls, health physics, and |
chemistry will be given training commensurate with their responsibilities dur-
ing accidents which involve severe core damage.

Based on this commitment, the staff has concluded that the applicant has met
the staff requirements for training personnel in the use of installed plant
systems to control or mitigate an accident in which the core is severely
damaged. This training program will be in compliance with the " Guidelines for
Training of Core Damage" from the Institute of Nuclear Power Operations, Docu-
ment Number STG-01, Revision 1, dated January 15, 1981. The applicant has
committed to complete the training of all operating personnel in the use of
installed systems to monitor and control accidents in which the core may be
severely damaged, prior to fuel loading.'

II.D.1 Performance Testing of Boiling Water Reactor and Pressurized Water
Reactor Relief and Safety Valves

The applicant has stated he will participate in the Electric Power Research
Institute / Nuclear Safety Analysis Center (EPRI/NSAC) program to conduct per-
formance testing of PWR relief and safety valves and associated piping and
supports. The applicant has referenced the proposed EPRI program (" Programi

'

Plan for the Performance Verification of PWR Safety / Relief Valves and Systems,"
dated December 13, 1979) for the performance testing of these valves.

'
A description of the EPRI/NSAC test program wu provided to NRC by EPRI in
December 1979, and an updated revision cf the program description was provided
in July 1980. The staff has reviewu these descriptions and is in agreement

| that the NUREG-0737 technical requirements for relief and safety valves and
: associated piping and supports can be met on satisfactory completion of the

test program.

By letter dated July 1, 1981, from R. C. Youngdahl of the PWR Owners Group to
Harold R. Denton, NRC, the PWR Owners Group reported on the status of the EPRI
PWR safety and relief valve test program to date and requested an extension of
the completion dates specified in NUREG-0737. The Owners Group stated its inten-
tion to develop an expanded test matrix to obtain more information with respect
to the effects of inlet piping configurations and adjustments of ring settings
on safety valve operation.
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On July 17, 1981, the staff met with EPRI and the PWR Owners Group representa-
tives to review the status of the test program and discuss the expanded test
matrix. Although the exact number of additional tests will have to be deter-
mined as the program progresses, the test program managers estimated that it
could take from 4 to 8 months longer than the original test completion date of
July 1, 1981 to complete the expanded test program.

The PORV test results reported to date indicate that, while the initial screen-
ing criteria were not met in some cases, all PORVs tested will function in the

,

primary mode (pressure reliet) as required. Additional PORV tests are being
planned to evaluate the effect of variable water seal temperature on valve clo-
sure times.

The safety valve test results indicate a need for additional information regard-
ing the effects of inlet piping configuration and adjusting ring settings on
safety valve operation.

Based on the staff review of the EPRI test program to date, the staff has con- !

cluded that the program represents a fully responsive effort to meet Commission
requirements and that the additional testing proposed will provide needed infor-
mation to assure that the technical requirements of item 11.0.1 of NUREG-0737
will be met. Because testing to date has not uncovered problems with safety
and relief valves which indicate the potential for occurrences that fall out-
side the safety evaluation of operating plants, the staft believes that good
cause has been shown to extend the NUREG-0737 completion date for PORV and
satety valve testing so that the extended EPRI program may be carried to com-
pletion on an orderly basis. The latest esti. 4ted test completion date is
March 31, 1982.

In SNUPPS FSAR Revision 5 and a letter (SLNRC 81-090) dated September 5, 1981,
the applicant has committed to the requirements of this item to the extent
practicable at this time. The SNUPPS applicants are participating in the
EPRI/PWR safety and relief valve performance verification test pregram and are
monitoring this program to ensure that the test results apply to the plant-
specific valves and associated piping and supports. In addition, SNUPPS has
committed to qualification of block valves by July 1, 1982. The staff believes
that these commitments provide adequate assurance that the requirements for ,

performance testing of the relief valves, safety valves, block valves, and asso-
ciated piping will be satisfied.

The basis for accepting this commitment is the staff review to date of the
EPRI/NSAC relief and safety valve test program and the staff's continued review
of this program to confirm that it is acceptable for the Callaway specific
design. The staff will report the final results of the review in a supplerent
to this report.

11.0.3 Direct Indication of Relief and Safety Valve Position

Safety grade position indication is provided for each pressurizer safety valve
and PORV to indicate when the valve is not in its fully closed position. The
position indication is seismically and environmentally quatified. The posi-
tion indication for each valve is displayed in the control room, and an alarm
is provided if any of the relief or safety valves is not fully closed. In addi-
tion, nonsafety grade instrumentation is available tn the va'Ive discharge pipiny
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and the pressurizer relief tank to provide an alternate means of assessing tt
positions of the relief and safety valves.

The staff finds the design of this system to conform with the Action Plan guide-
lines.

II.E.1.1 Auxiliary Feedwater System (AFWS) Reliability Evaluation

The staff has reviewed the SNUPPS auxiliary feedwater system (AFWS) against
the requirements of the March 10, 1980 letter, which corresponds to Item II.E.1.1
of NUREG-0660 and NUREG-0737.

Introduction and Background

The TMI-2 accident and subsequent investigations and studies highlichted the
importance of the AEWS in the mitigation of transients and accidents. As part
of its assessment of the Tiil-2 accident and related implications for operating
plants, the staff evaluated the AEWS for all operating plants having an NSSS
designed by Westinghouse (NUREG-0611) or Combustion Engineering (NUREG-0635).
The evaluations of these system designs are in the NUREGs, along with staff
recommendatiens for each plant and the concerns which led to each recommen-
dation.

The objectives of the evaluation were to: (1) identify necessary changes in
AEWS design or related procedures of these plants and (2) to identify other
system characteristics of the AFWS which, on a long-term basis, may require
system moaifications. To accomplish these objectives, the staff:

(1) reviewed plant specific AFWS designs in light of current regulatory require-
ments (SRP)

(2) assessed the relative reliability of the various AFWSs under various loss-
of-feedwater transients (one of which was the initiating event at THI-2)
and other postulated failure conditions by determining the potential for
AFWS failure due to common causes, single point vulnerabilities, and human
error.

In accordance with the requirements of Item II.E.1.1 of NUREG-0660 and NUREG-0737,
the staff included the following results of the SNUPPS AFWS review in this SER:

(1) The staff applied the generic results and recommendations from the above
reviews for operating plants to the SNUPPS AFWS.

(2) The staff reviewed the detailed SNUPPS AFWS reliability analysis submitted
by the applicant. The following is the staff's evaluation of this reli-
ability analysis:

By letter dated June 8, 1981, the applicant provided a discus-
sion and the results of a simplified AFWS reliability analysis.
This analysis evaluated the AFWS reliability for the three postu-
lated transient and accident scenarios identified for study in
the March 10, 1980 letter utilizing faul'-tree methodology.c
The analysis was performed using the NRC-approved failure rate
data base. Results of the analysis indicated that the SNUPPS
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AFWS ranked in the high reliability range for case 1, loss of
Main Feedwater, and case 2, loss of offsite power, and in the
medium reliability range for case 3, loss of all ac power. Dom-;

inant contributors to AFWS unra?iability were also identified.
The staff concludes that the applicant has satisfactorily com-
plied with the reliability study requirements of the March 10,
1980 letter, and the AFWS reliability asesssment is accepta~le.o

(3) The staff reviewed the SNUPPS FSAR discussion of the AFWS design against
SRP Section 10.4.9 and BTP ASB 10-1, and finds that the AFWS design is in-

,

compliance. Environmental qualification of the AFWS is reviewed as a
separate item and is evaluated in Section 3.11 of this SER.

(4) The staff reviewed the applicant's response to the request in Enclosure 2
of the letter dated March 10, "80, regarding the design basis for the
AFWS flow requirements. The staff concludes that the applicant's design
basis for AFWS flow requirements is acceptable.

Thus, the staff concludes that the implementation of the following recommenda-
tions identif'ed trot the above reviews has improved the reliability of the
SNUPPS AFWS. The applicant will incorporate all shoet- and long-term recommen-
dations of the March 10, 1980 letter before receipt of th9 operating license.

Implementation of Staff Recommendations

(A) Short-Term Recommendations

(1) Recommendation GS-1 "The licensee should propose modifications to
the Technical Specifications to limit the time that one AFWS pump
and its associated flow train and essential instrumentation can be
inoperable. The outage time limit and subsequent action time should
be as required in current Technical Specifications; i.e., 72 hours
and 12 hours, respec.ively."

In response, the applicant indicated in FSAR Revision 5 that the pro-
posed SNUPP5 Technical Specificaticn will be based on NUREG-0452,
Revision 3, " Standard Technical Specifications for Westir.ghouse Pres-
surized Water Reactors." The staff concludes ti . the Standard
Technical Specification is in compliance with staff recommendations

! and is, therefore, acceptable.

(2) Recommendation GS-2 "The licensee should lock open single valves
or multiple valves in series in the AFWS pump suction piping and
lock open other single valves or multiple valves in series that
could interrupt all AFW flow. Monthly inspections should be per-

i formed to verify that these valves are locked and in the open
'

position. These inspections should be proposed for incorporation
into the surveillance requirements of the plant Technical Specifi-
cations. See Recommendation GL-2 for the longer-term resolution of
this concern.";

| The SNUPPS AFWS has an automatic switchover from the suction supply
line of the condensate storage tank to the essential service water
system so that no single valve closure can interrupt all AFWS flow.

<
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i The applicant has also indicated that monthly inspections of valve
position wili be performed. Even though there is automatic protec-
tion, the single manual valve in the AFWS suction supply line to the
AFWS pumps is locked open. However, based on the applicant's defini-
tion of locked valves, the staff will verify that the locked-open
isolation valve between the tank and the pumps is done by physical

,

.
means, such as a chain and padlock rather than administrative con-

| trols based on a tag-out procedure to minimize inadvertent switchovers
to the service water system. Based on the above, the staff concludes
that the system design meets this recommendation, pending NRC verifi'
cation that the condensate storage tank marual isolation valve is
physically secured in the open positivn.

(3) Recommendation GS-3 --"The licensee has stated that it throttles AFW
flow to avoid water hammer. The licensee should reexamine the prac-
tice of throttling AFW system flow to avoid water hammer. The licensee
should verify that the AFW will supply on demand sufficient. initial
flow to the necessary steam generators to assure adequate decay heat
removal following loss of main feedwater flow and reactor trip f rom

! 100% power. In cases where this reevaluation results in an increase
in inittal AFW system flow, the licensee should provide sufficient
information to demonstrate that the required initial AFW system flow
will not result in plant damage due to water hammer."

The throttling of the AFS to avoid waterhammer will not be used.
The staff, therefore, concludes that Recommendation GS-3 is not
applicable to SNUPPS.

(4) Recommendation GS-4 " Emergency procedures for transferring to alter-
nate sources of AFW supply should be available to the plant operators.

. These procedures should include criteria to inform the operator when,
' and in what order, the transfer to alternate water sources should

take place. The following cases should be covered by the procedures:

(a) The case in which the primary water supply is not initially avail-
i- able. The procedures for this case should include any operator

actior.s required to protect the AFW system pumps against self-
' damage before water flow is initiated.

, (b) The case ir. which the primary water supply is' being depleted.
l The procedures for this ' case should provide for transfer to the
j alternate water sources prior to draining of the primary water
j supply."

In response to this recommendation, the applicant indicated in
Revision 5 that plant emergency procedures will be provided for trans-
fer to the alternate water source f rom the primary water supply- even-'

,
though automatic switchover is provided. The staff concludes that i

| the applicant's response is acceptable.

(5) Recommendation GS-5 "The as-built plant should be capable of pro-
viding the required AFW flow for at least 2 hours from one AFW pump
train, independent of any alternating current power source. If

manual AFW system initiation or flow control is required following a'
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complete loss of alternating current power, emergency procedures should
be. established for manually initiating and controlling the system
under these conditions. Since the water for cooling of the lube oil
for the turbine-driven pump bearings may be dependent on alternating
current power, design or procedural changes shall be made to elimi-
nate this dependency as soon as practicable. Until this is done,
the emergency procedures should provide for.an individual to be sta-
tioned at the turbine driven pump in the event'of the loss of all
alternating current power to monitor pump bearing and/or lube oil
temperatures. If necessary, this operator would operate'the turbine-
driven pump in a manual on-off mode until alternating current power
is restored. Adequate lighting powered b" direct current power
sources and communications at local stations should also be provided
if manual initiation and control of the AFW system is needed. (See
Recommendation GL-3 for the longer-term resolution of this concern. )"

In response to this recommendation, the applicant indicated in the
FSAR that the turbine-driven pump is capable of being automatically
initiated and operated independent of any ac power source for at-
least 2 hrs. Refer to Recommendation GL-3 for further discussion of
this feature. The staff has reviewed the applicant's response and
concludes that the provisions available in the existing SNUPPS AFWS
meets the requirements outlined in this recommendation and are, there-
fore, acceptable.

6. Recommendation GS-6 "The licensee should confirm flow path avail-
ability of an AFW system flow train that has been out of service to
perform periodic testing or maintenance as follows:

(1) Procedures should be implemented to require an operator to>

determine that the AFW system valves are pror_rly aligned and a
second operator to independently. verify that the valves are pro-
perly aligned.

(2) The licensee should proposed Technical 5)ecifications to assure
that prior to plant startup following ar extended cold shutdown,
a flow test would be performed to verify the normal flow path
from the primary AEW system water source to the steam genera-
tors. The flow test should be conducted with AFW system valves .

in their normal alignment."

In response to this recommendation, the applicant stated in FSAR
Revision 5 that he will confirm flowpath availability of an AFWS
train as part of functional test 11g on return from extended cold
shutdown. The applicant also verified that an independent second
operator will perform valve linetp checks following return to ser-
vice of a train that has been out for testing or maintenance. The
staff concludes that the applicant's response satisfies this recom-
mendation.i

/. Recommendation GS-7 "The licensee should verify that-the automatic
'

start AFW system signals and associated circuitry are safety grade.
If this cannot be verified, the AFW system automatic initiation system
should be modified in the short-term to meet the functional require-
ments listed below. For the longer term, the automatic initiation
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signals and circuits should be upgraded to meet safety grade require-
ments as indicated .in Recommendation GL-5.

;

(1) The design should provide for the automatic initiation of the-

auxiliary feedwater system flow.
'

(2) The automatic initiation signals and circuits should be designed
so that a single failure will not result in the loss of auxiliary
feedwater system function.

.

(3) Testability of the initiation signals and circuits shall be a
; feature of the design.

(4) The initiation signals and circuits should be powered from the
emergency buses.

(5) Manual capability to initiate the auxiliary feedwater system
from the control room should be retained and should be imple-

3 mented so that a single failure in the manual circuits will not1

result in the loss of system function.
,

(6) The alternating current motor-driven pumps and valves in the
auxiliary feedwater system should be included in the automatic
actuation (simultaneous and/or sequential) of the loads to the
emergency buses.

,

(7) The automatic initiation signals and circuits shall be designed
so that their failure will not result in the loss of manual cap-

ability to initiate the AiW system from the control room."

In response to this recommendation, the applicant stated in FSAR Revi-
sion 5 that the SNUPPS AEWS is designed so that automatic initiation
signals and circuits are redundant and meet safety grade requirements.
Refer to Recommendation GL-5 for further evaluation.

8. Recommendation GS-8 - The SNUPPS present design provides for auto-
matic initiation of AFWS system fluw. Recommendation GS-7 verifies
automatic initiation of this system. Therefore, the staff concludes
that this recommendation is not applicable to SNUPPS.

(B) Additional Short-Term Recommendations

(1) Recommendation "The licensee should provide redundant level indi- ;

cation and fow level alarms in the control room for the AFW system
primary water supply, to allow the operator to anticipate the-need

.

-to make up water or transfer to an alternate water supply and pre-
i vent a low pump suction pressure condition from occurring. The low

level alarm seipoint should allow at least 20 minutes for operator
action, assuming that the largest capacity AFW pump is operating."

a
" In response, the applicant ~ indicated in the FSAR.that condensate-

storage tank level is monitored by redundant level transmitters one'

of which is AFWS - 1p suction pressure and is powered from redundant
Class 1E power sou.ces. Each transmitter provides level indication

.
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and alarm in the control room. The applicant stated that the low-
level alarm setpoint allows at least 20 mins for operator action,
assuming that the largest capacity AEWS system pump is operating. |The statf has reviewed the design and concludes that it is accep- ,

table because the safety grade automatic switchover to the essential i

service water system protects the pumps.
.|

(2) Recommendation (This recommendation has been revised from the original
'. recommendation in NURE6-0611) "The licensee should perform a 48-hour-

endurance test on ail AWFS pumps, if such a test or continuous period
of operation has not been accomplished to date. Following the 48-hour
pump run, the pumps should be shut down and cooled down and then
restarted and run for 1 hour. Test acceptance criteria should include
demonstrating that the pumps remain within design limits and that pump
room c bient conditions (temperature, humidity) do not exceed environ-
mental qualitication limits for safety-related equipment.in the room."

,

In FSAR Revision 5, the applicant committed to perform a 48-br endur-
ance test on all AFWS pumps during preoperational testing. The
applicant, following completion of f e tests, should provide a copy
of test results including: (1) a b..ef description of the test method
and instrumentation used, (2) a plot of bearing and bearing oil tempera-
ture versus time for each pump demonstrating that the temperature
design limits were'not exceeded, (3) a plot of pump room ambient temper-
ature and humidity versus time to demonstrate that the pump room ambient
conditions do not exceed environmental qualification limits for safety-
related equipment in the room, and (4) a statemen+ x,afirming that
the pump vibration limits were not exceeded. The staff concludes
that the applicant's response to this recommendation is acceptable.
If the results of the tests are not acceptable, the staff will-require
modifications and provide a safety evaluation regarding the tests ;

and modifications. If the results of the tests are acceptable, no
further action is required.

(3) Recommendation "The licensee should implement the following require-
ments as specified by Item 2.1.7.b on page A-32 of NUREG-0578:

1 Safety grade indication of auxiliary feedwater flow to each-steam
generator shall be provided in the control room. The auxiliary
feedwater flow instrument channels shall be powered from the
emergency buses consistent with satisfying the emergency power
diversity requirements for the auxiliary feedwater system set,

forth in Auxiliary Systems Branch Technical Position 10-1 of
the Standard Review Plan, Section 10.4.9."

In FSAR Revision 5, the applicant responded to this recommendation
by stating that the AFWS design includes safety grade, redundant indi-
cation of AFWS flow to each steam generator in the control room.
The AFWS instrument channels are powered from the emergency buses.
The staff will review this response as part of Item II.E.1.2 of
NUREG-0737 and will provide a separate safety evaluation.

(4) Recommendation ." Licensees with plants which require local manual
realignment of valves to conduct periodic tests on one AFW system
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train, and there is only one remaining AFW train available for opera- |

tion should propose Technical Specifications to provide that a
dedicated individual who is in communication with the control room
be stationed at the manual valves. Upon instruction from the con-
trol room, this operator would realign the valves in the AFW system
train from the test mode to their operational alignment."

The SNUPPS AFWS design includes three pumps. Each_ motor-driven pump I

supplies a different pair of the four steam generators and the turbine- I
Idriven pump supplies all four steam generators. Thus, two AFWS flowpaths

are always available to at least two of the four steam generators.
The staff, therefore, concludes that this recommendation is not appli-
cable.

(C) long-Term Recommendations

(1) Recommendation GL-1 "For plants with a manual starting AFW system,
i the licensee should install a system to automatically initiate the

AFW system flow. This system and associated automatic initiation
signals should be designed and installed to meet safety grade require-
ments. Manual AFW system start and control capability should be
designed and installed to meet safety grade requirements. Manual
AFW system start and control capability should be retained with4

manual start serving as backup to automatic AFW system initiation."

Because the applicant's response to Recommendation GS-7 stated that
the SNUPPS AFWS design already includes safety grade automatic start,
Recommendation GL-1 is not applicable.

(2) Recommendation GL-2 " Licensees with plant designs in which all
(primary and alternate) water supplies to the AFW systems pass
through valves in a single flow path should install redundant paral-
1el flow paths (piping and valves).

1

Licensees with plants in which the primary AFW system water supply
passes through valves in a single flowpath, but the alternate AFW
system water supplies connect to the AFW sysstem pump suction piping
downstream of the above valve (s), should install redundant valves
parallel to the above valve (s) or provide automatic opening of the
valve (s) from the alternate water supply upon low pump suction
pressure.

The licensee should propose Technical Specifications to incorporate
appropriate pericdic inspections to verify the valve positions."'

The SNUPPS AFWS design provides a safety grade automatic switchover
from the primary water source (condensate storage tank) to the backup
supply (essential service water system) when low AFWS suction pres-
sure is sensed. The staff, therefore, concludes that this
recommendation is met by the SNUPPS design.

(3) Recommendation GL-3 "At least one AFW system pump and its asso-
ciated tlow path and essential instrumentation should automatically

1
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initiate AFW system flow and be capable of being operated indepen-
dently of any AC power source for at least 2 hours. Conversion of
DC power to AC power is acceptable."

The turbine-driven AFWS pump and its associated flowpath and essential
instrumentation automatically initiate AFWS flow and are capable of
being operated independent of any ac power source for at least 2 hrs.
The turbine steam-supply valves are fail open, air operated valves.
The turbine-driven pump discharge line to the steam generators con-
tains redundant fail-open, air-operated (dc solenoid), flow-control
valves with safety grade accumulators with a seismic Category I
backup nitrogen supply.

Based on its review, the staff concludes that the turbine-driven AFWS
pump train will be available to supply emergency feedwater independent
of oasite or offsite ac power supplies. The staff, therefore, con- '

'

cludes that the AFWS design meets this recommendation.

(4) Recommendation GL-4 " Licensees having plants with unprotected nor-
mal AFW system water supplies should evaluate the design of their
AFW systems to determine if automatic protection of the pumps is
necessary following a seismic event or a tornado. The time avail-
able before pump damage, the alarms and indications available to the
control room operator, and the time necessary for assessing the prob-
lem and taking action should be considered in determining whether
operator action can be relied on to prevent pump damage. Considera-
tions should be given to providing pump protection by means such as
automatic switchover of the pump suctions to the alternate safety-
grade source af water, automatic pump trips on low suction pressure,
or upgrading the normal source of water to meet seismic Category I
and tornado protection requirements."

The SNUPPS AFWS design includes an automatic transfer from the conden-
sate storage tank to the seismic Category I, tornado protected,
essential-service-water system in the event of AFWS low-suction pres-
sure. The staff, therefore, concludes that this recommendation is
met by the SNUPPS design.

(5) Recommendation GL-5 "The licensee should upgrade the AFW system
automatic initiation signals and circuits to meet safety grade
requirements."

In response to this recommendation, the applicant indicated in FSAR
Revision 5 that the present AFWS automatic initiation signals and
circuits are safety grade. The staff will review the applicant's
design in detail as part of Item II.E.1.2 of NUREG-0737 and will
provide a separate evaluation.

II.E.1.2 Auxiliary Feedwater Initiation and Indication

Part 1: Auxiliary Feedwater System Automatic Initiation

The auxiliary feedwater system automatic initiation is part of the engineered
safety features actuation system and conforms to the requirements for
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protection systems in accordance with IEEE 279. Therefore, the staff finds
that the design of this system conforms to the Action Plan guidelines.

Part 2: Auxiliary Fee N ater Oystem Flowrate Indication

| A single auxiliary fe'edwater flow indicator is provided for each steam genera-
! tor. Each of the flaw indicators is assigned to a different safety system

separation group, and the flow indicators meet all of the recommendations of'

| Item II.E.1.2 contained in NUREG-0737. Wide-range, steam generator-level indi-,

cation is also provided for each steam generator. Therefore, the staff finds

that the design conforms to the Action Plan guidelines.

II.E.3.1 Emergency Powqr Supply for Pressurizer Heaters

The review of II.E.3.1 is discussed in Section 8.3.3.4 of this report.
' II.E.4.1 Dedicated Containment Penetrations

The SNUPPS hydrogen control system utilizes two redundant hydrogen recombiners
permanently installed inside containment to control and reduce the hydrogen
gas concentration within containment following a LOCA. Therefore, this item
concerning dedicated containment penetrations for postaccident combustible gas
control of the containment atmosphere for plants with external recombiner or'

purge systems is not applicable to Callaway.

II.E.4.2 Containment Isolation Dependability

Callaway employs a phased containment isolation system. The Phase A contain-
ment isolation signal (CIS-A) is initiated by any one of the following parameters:'

(1) Icw steamline pressure; (2) low pressurizer pressure; (3) high containment
pressure (Hi-1 setpoint); or (4) manual actuation. The Phase B containment

i isolation signal (CIS-B) is actuated by a high containment pressure signal (Hi-3
,

setpoint) or manually. The containment purge isolation signal (CPIS) is used
I to isolate the containment purge valves and is initiated by a CIS-A or any one

of the following parameters: (1) high containment atmosphere gaseous radio-
activity; (2) high containment purge exhaust gaseous radioactivity; or (3) manual
actuation. The CIS-A, CIS-8, CPIS, and all other actuation signals with contain-
ment isolation functions are summarized in SER Table 6.1. The applicant has
provided documentation demonstrating that each line having automatic containment
isolation valves, which must be isolated immediately following an accident, is
isolated by one of the signals listed in SER Table 6.1. The only lines iso-
lated by the nondiverse CIS-B are the component cooling water supply and. return
lines for the reactor coolant pump motors and thermal barriers. This configur-
ation is acceptable because these lines are considered as essential and, even
should a failure of CIS-B not isolate these lines, provisions to detect pos-
sible leakage outside containment are provided, and these lines can be remote
manually isolated. The staff concludes that the containment isolation system
complies with the requirement for containment purge and vent valve isolation
on a high radiation signal and with the provisions of SRP Section 6.2.4 regard-
ing diversity of parameters sensed for containment isolation.

the applicant has defined essential systems as those systems required to have
*

isolation valves open for either safe shutdown or mitigation of the conse-
quaces of an accident. The applicant has designated the following systems or
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portions of systems which are not automatically isolated or sealed closed as
'

essential: the auxiliary feedwater system, the containment spray system, the
portions of. the residual heat removal system which serve as part of the emer-
gency core cooling system, the seal water supply to the reactor coolart pumps,
the essential service water supply to and return from the containment air
coolers, the high pressure coolant injection system, the post-LOCA hydrogen
analyzer supply and return lines, the component cooling water supply to and
return from the reactor coolant pump motors and thermal barriers, and the con-
tainment pressure sensing monitors. The applicant has also classified the
residual heat removal system shutdown lines (that is, the inlet lines to the
residual heat removal system from the hot legs of loops 1 and 4 of the reactor
coolant system) as essential, although by design these lines have no post-LOCA
safety function. They may, however, be considered important to safe post-
accident shutdown and valuable in accident mitigation particularly in the
event of a secondary system pipe rupture, and therefore their classification
as essential is acceptable. In addition, although connected to main steam
penetrations (which are classified as nonessential) the steam lines to the
auxiliary feedwater mp turbine are necessary to support the auxiliary feed-
water system and the fore are considered essential. Likewise, the main steam
atmospheric dump valves are required to mitigate the consequences of certain
design basis accidents and to ensure the safe shutdown of the plant, and there-
fore are also considered essential. The staff finds that the applicant's
designation of these system lines as essential is acceptable.

Staff review of the applicant's ESAR information has found that all non-
essential systems use sealed-closed isolation valves or else the valves are
automatically isolated following an accident.

The applicant has stated that the logic design for ccntainment isolation is
such that resetting of a containment isolation signal will not result in the
operating of any containment isolation valves. Components are individually
sealed in (latched), so that resetting of the actuation signal will not cause
them to return to the condition held before the advent of the actuation signal.
Furthermore, the applicant has stated that the manual override control of indi-
vidual valves can be performed only after the actuation signal is reset.
Reopening of containment isolation valves requires deliberate operator action
and can be performed only on a valve-by-valve basis.

The applicant has not demonstrated that the containment setpoint pressure that
initiates containment isolation for nonessential penetrations has been reduced
to the minimum compatible with normal operating conditions in accordance with
Item II.E.4.2 Position (5) and Clarification (6). However, the applicant has
committed to establish a limit for the minimum pressure setpoint in the Tech-
nical Specifications. The proper justification for the minimum pressure set-
point will be reviewed and evaluated during the development of the plant Tech-
nical Specifications.

The staff has reviewed the information presented by the applicant concerning
the containment purge / vent systems. The staff's evaluation of this matter is
discussed below.

The shutdown purge system isolation valves will be sealed closed during operat-
ing modes 1, 2, 3, and 4 and therefore do not require operability demonstration
to show the ability to close against accident pressure.
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The containment purge isolation valves will be operated during operating modes
and require demonstration of operability. The applicant has committed to pro-
vide documentation of operability at least 4 months prior to fuel load of the
first SNUPPS unit. In discussions with the applicant it was noted the qualifi-
cation program should include consideration of the effects of the actual
installation configurations. The staff finds the applicant's commitment to a
qualification program acceptable contingent on a confirmatory review of the
program to be performed prior to fuel load.

The staff concludes that the applicant has met all the requirements of Item
II.E.4.2 Positions (1), (2), (3), (4), and (7). Compliance with Position (5)
will be resolved as part of the Technical Sepcifications review. Concerning
Position (6), before the applicant is permitted to open the purge valves dur-
ing operating modes 1, 2, 3, and 4, the applicant must first satisfactorily
demonstrate that these valves satisfy the operability criteria set forth in
BTP CSB 6-4. The staff will confirm that the applicant has done this.

II.F.1 Additional Accident Monitoring Instrumentation

Introduction

Item II.F.1 of NUREG-0660 contains the following subparts:

(1) noble gas effluent radiological monitor

(2) provisions for continuous sanpling of plant effluents for postaccident
releases of radioactive iodines and particulates and onsite laboratory
capabilities (this requirement was inadvertently omitted from NUREG-0660;
see Attachment 2 that follows for position)

(3) containment high-range radiation monitor

(4) containment pressure monitor

(5) containment water level monitor

(6) containment hydrogen concentration monitor

NUREG-0578 provided the basic requirements associated with items 1 through 3
above. Statf letters issued to all operating nuclear power plants dated
September 13, 1979 and October 30, 1979 provided clarification of staff require-
ments associated with items 1 through 6 above. Attachments 1 through 6 present
the staff's position on these matters.

The requirements associated with the recommendations of this section should be
considered as advanced implementation of certain requirements to be included
in Revision 2 to Regulatory Guide 1.97, " Instrumentation to Follow the Course
of an Accident," which was issued for comment in November 1980.

It is important that the displays and controls added to the control room as a
result of this requirement not increase the potential for operator error. A

human factors analysis has been performed (see Section II.D.2) taking into con-
sideration:
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(1) the use of this information by an operator during both normal and abnor-
mal plant conditions

(2) integration into emergency procedures

(3) integration into operator training

(4) other alarms during emergency and need for prioritization of alarms

II.F.1 Attachment 1: Noble Gas Effluent Monitor

High-range noble gas radiation monitors will be provided at thg? plant unit ventand the radwaste building effluent with ranges from 10-? to 10 pCi/cc. The
condenser air removal system is not monitored separately because it exhausts
through the plant vent. Continuous inditation and recording from each monitor
will be available in the control room and madouts fmm the high range monitors
wi'l be input to the plant computers so that this information will be accessible
from the technical support center and the emergency operations center.

Gamma detectors will be used to monitor the plume from the main steam power-
operated relief valves and to monitor the steam discharge from the turbine-driven
auxiliary feedwater pumps. The applicant has committed to provide additional

; information on this monitoring system at 10ast 4 months before fuel load for
Callaway.!

The applicant has also committed to supply the following information at least
4 months before fuel load for Callaway.

A. system description information including energy dependence or response,
range and sensitivity with respect to Xe-133, vendor model number, and,

'

methods used to ensure representative measures and background correction

B. the calculational methods or procedures to be used for converting instru-
ment readings to release rate per unit time based on exhaust air flow and,

considering radionuclide spectrum distribution as a function of time after
shutdown

Based on its review of the design and schedule for operation of the noble gas
effluent monitoring equipment, the staff concludes that the applicant has taken
adequate steps toward meeting the requirements of Item II.F.1, Attachment 1,
of NUREG-0737. However, a postimplementation confirmatory review of the
installed system detailed drawings and the procedures for monitoring and cali-
bration will be performed. If any significant problems are uncovered, an
evaulation will be provided in a supplement to this SER.

II.F.1 Attachment 2: Sampling and Analysis of Plant Effluents

Continuous sampling for effluent radiciodines will be provided. The high-
range noble gas effluent monitors include the capability to obtain grab samples.
Sampling will be accomplished using charcoal adsorption or other media. Labora-
tory analyzers will be used to quantify iodine releases. A backup power source
will be provided for sample collection and analysis equipment to ensure opera-
tion for a minimum of 7 consecutive days.
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The applicant has committed to supply additional information regarding how the
SNUPPs design meets the recommendations of Table II.F.1-2 and the provisions
for approximate isokinetic sampling at least 4 months before fuel load of
Callaway.

Based upon the information presented by the applicant, the staff concludes that |
the applicant has taken adequate steps toward meeting the requirements of Item I
i!.F.1, Attachment 2, of NUREG-0737. However, a postimplementation confirma- .|
tory review of the installed system detailed drawings and the sampling procedures f

'

will be performed. If any significant problems are uncovered, an evaluation
will be provided in a supplement to this report.

II.F.1 Attachment 3: Containment High-Rat:3e Radiation Monitor

The applicant will install two high-range radiation monitors in containment.
These monitors will meet the specification of Table II.F.1-3 of NUREG-0737 and
shall have separate readout in the control room. The applicant has agreed to
specify the exact location of the monitors in a future FSAR amendment.

Subject to receipt of information showing the exact location of the monitors
in containment, Callaway meets the position of Item II.F.1, Attachment 3, of
NUREG-0737.

II.F.1 Attachment 4: Containment-Pressure Monitor
.

The Callaway design includes redundant containment pressure-monitoring irstru-
mentation that provides continuous and simultaneous indication and recording
of containment pressure in the main control room over the two ranges, 0 to 60
psig and -5 to 180 psig. The extended-range instrumentation loops will be
Class IE and will satisfy the requirement of monitoring containment pressure
from -5 psig to 3 times the concrete containment design pressure of 60 psig.
The response time and accuracy of the narrow- and wide range pressure instru-
mentation are 10 sec and 14 percent of full scale, respectively, which the staff
finds adequate far the intended function. The applicant has also stated that
the containment pressure monitoring instrumentation is designed and qualified
to meet NUREG-0737, Appendix B.

Based on its review, the staff concludes that Callaway is in compliance with
the requirements of NUREG-0737, Item II.F.1, Attachment 4.

II.F.1 Attachment 5: Containment Water-Level Monitor

The Callaway design includes redundant Class 1E containment water-level instru-
| mentation which the applicant has stated is designed and qualified to meet the

requirements of NUREG-0737, Appendix B. The containment water-level instrumen-
tation provides continuous indication to the main control room of containment
normal sump level and containment water level. A single range is "5ed to moni-
tor bath the containment normal sump level and the containment water level
instead of a specific narrow range and wide range. The staff has reviewed the
single-containment water-level instrumentation range, which extends from 6 in,
from the bottom of the sump to a containment elevation greater than the maximum
calculated water level (equivalent to 650,000 gal) and its accuracy i4 percent,
dnd finds them acceptable for their intended function.

i
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Based on staff review, NRC concludes that Callaway is in compliance with the
requirements of NUREG-0737, Item II.F.1, Item II.F.1, Attachment 5.

II.F.1 Attachment 6: Containment Hydrogen Monitor

The Callaway design includes redundant Class IE containment hydrogen analyzers
which the applicant has stated meet the design and qualification requirements
of NUREG-0737, Appendix B. The hydrogen analyzers are manually initiated follow-
ing a LOCA and within 30 min can provide continuous measurement of the containment
hydrogen concentration which is both indicated and recorded in the main control

The hydrogen analyzers have a range of 0-10 percent hydrogen volume, anroom.

accuracy of 14 percent of full scale, and are desioned to operate under posi-
tive and negative ambient pressure. Each independent hydrogen analyzer system
can sample the containment at two locations. One sample point is at the main
operating level near the intake of the hydrogen rrixing fans and the other is
near the post-LOCA water level in the containment recirculation sumps. The
selection of sampling point can be made by the cperator from the main control
room.

Based on its review, the staff concludes that Callaway is in compliance with
the requirements of NUREG-0737, Item II.F.1, Attachment 6.

II.F.2 Instrumentation for Detection of Inadequate Core Cool _i_ng

In response to NUREG-0737 rq uirements, the applicant transmitted letters from
Nicholas A. Petrick (SNUPPS) to Harold Denton (NRC) on June 0, 1981 and September 14,
1981. The system to be used at the SNUPPS units (including Callaway Unit 1)
to detect inadequate core cooling (ICC) consists of a reactor vessel level instru-
mentation system (RVLIS) and a thermocouple / core cooling monitor system.

The core cooling monitor system is an incore thermocouple / core cooling detection
system which provides presentation and display of the status of the core heat
removal capability to both the plant operators and tne technical support center.

The ICC instrumentation will be installed before fuel load.

Core Cooling Monitor

The core cooling monitor system consists of two redundant channels (each moni-
toring half of the 50 core outlet thermocouples) and 4 hot- and cold-leg
resistance temperature detectors (RTDs). The core cooling monitor compares
core outlet thermocouple temperatures and hot and cold-leg RTD temperatures
with the saturation temperature based on the lowest of three pressore signals
(two wide-range DPf at the RCS loop and one narrow range dp at the pressurizer).
Two levels of al e.,(caution signal on 25 F subcooled for RID or 15 F subcooled
for T/C, and alarm on 0 F subcooled for RTD a.id T/C) are provided for the core
coo 1ing (Tsat) m nitor system.

,

Thermocouples, reference junction boxes, RTDs, termination board assemblies,
microprocessor assemblies, remote displays, analog meters, recorders, power
manlies, and connections and cooling providing input to the redundant core

ing monitor system are seismically and environmentally qualified. This
-

. ;y grade system is isolated from the non-Class 1E plant computer, tech-
n. al support center, and data links by qualified isolation devices.

L
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Thermocouple Monitor

Fifty thermocouples are located at the core exit and arranged so that radial
distribution of coolant enthalpy (temperature) rise across the core is easily
obtained.

The primary system measures all the thermocouples via isolators located in the
qualified backup system cabinet. The primary operator display is a computer-based
display and calculation system.

The bac kup systems consist of two channels, each of which monitors half of the
50 core outlet thermocouples. The backup system to display thermoco0ple readings
is located in a cabinet which also houses the core cooling monitor. This backup
system can display all 50 individual thermocouple temperatures within 6 minutes.
The range extends from less than 200 F to 2300 F.

Reactor Vessel Level Instrumentation System

The SNUPPS design provides redundant safety grade (Class 1E) reactor vessel
water level instrumentaticn. The reactor vessel level instrumentation system
utilizes two sets of two d/p cells. These cells measure the pressure drop from
the bottom of the reactor vessel to the top of the vessel. This d/p measuring
system utilizes cells of differing ranges to cover different flow behaviors
with and without puiap operation as discussed below:

(1) Reactor Vessel, Narrow Range (oP ): Tnis measurement provides an indication
bof reactor vessel level from the bottom of the reactor vessel to the top

of the reactor during natural circulation conditions.

Reactor Ve el, Wide Range (AP This instrument provides an indication
ofreactorcoreandinternalshr)e:ssuredropforanycombinationofoperating(2)

RCPs. Comparison of the measured pressure drop with the normal, single phase
pressure drop will p) ovide an approximate indication of the relative void
content or density of the circulating fluid. This instre ont will monitor
coolant conditions on a continuing basis during forced flow conditions.

To provide the required accuracy for level measurement, temperature measurements
of the impulse lines are provided. These measurements, together with existing
reactor coolant temperature measurements and wide range RCS pressure, are em-
ployed to compensate the d/p transmitter outputs for differences in system
density and reference leg density, particularly during the change in the environ-
ment inside the containment structure f)llowing an accident.

In a September 24, 1981 tubmittal, the applicant provided documentation in
response to NUREG-0737 Section II.F.2 requirements. The applicant has com-
mitted to install qualified ICC instrumentation by fuel loa..

The applicant has also committed to provide the following additional infor-
mation in a future submittal:

i
! (1) Emergency operating procedures for ICC based on ICC operating guidelines
! developed by the Westinghouse Owners Group ;

;

'

l

l
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(2) Human-factors consideration of the types and location of displays and
,

alarm '

!

Based on the results of the staff review, the staff concludes

(1) The commitment to install qualified ICC instrument by fuel load is
acceptable,

(2) The functional description of the thermocouples/ core cooling monitor is
acceptable,

I (3) The description o' the documentation required by NUREG-0737, Section II.F.2
is acceptable pending the staff review and approval of the additional infor-
mation to be provided by the applicant as stated above.

The staff will continue to review the system and will report its results in an
SER supplement under Section I.C.1 and I.C.8 on the emergency operating pro-
cedures for ICC, and under Section I.D.1 on the ICC instrumentation display.
The staff will require prior to the issuance of the operating license that the
emergency operating procedures for ICC and the control room display for ICC be
reviewed and approved by the staff. However, the ICC system will be reviewed
for acceptability after the installation, testing, and calibration of the reac-
tor vessel level instrumentation system is complete.

The staff has also reviewed the document entitled, " Summary Report Westinghouse
Reactor Vessel Instrumentation System for Monitoring ICC," (reference 7 in
Chapter 18.0 of the September 24, 1981 submittal) and has requested additional
information from the applicant. The operating license is not dependent on com-
pletion of this review and final approval of the RVLIS.

II.G.1 Emergency Power for Pressurizer Equipment

le review of this item is discussed in Section 8.3.3.4 of this report.

II.K.1 IE Bulletins on Measures To Mitigate Small-Break LOCAs and Loss-of-
Feedwater Accidents

The staff will require all Operating License applicants to evaluate their plants
against the requirements specified in applicable IE Bulletins and not other-
wise addressed in the Action Plan, and to take needed corrective actions betore
fuel loading. Ultimately, these requirements will be modified, as appropriate, '

and required of all plants as preconditions for receipt of an Operating License.

NUREG-0737 lists the following three IE Bulletin requirements (item numbers
from Table C.1 of NUREG-0660) applicable to Westinghouse plants:

C.1. 5 Review all valve positions, positioning requirements, positive
! controls, and related test and maintenance procedures to assure

proper ESF functioning.
4

C.1.10 Review and modify, as required, procedures for removing safety-
; related systems from service (and restoring to service) to
j assure operability status is known.
.'
i

4
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C.1.17 Trip pressurizer level bistable so that pressurizer low pressure
(rather than pressurizer low pressure and pressurizer low-level
coincidence) will initiate safety injection.

The staff evaluation and conclusions for these three bulletin requirem_ents are
as follows:

C .1. 5 Assurance of Proper Engineered-Safety reatures Eunctioning

The applicant'has committed to perform the actions required by the IE Bulle-
tins. The Operating Licenses will not be issued before verification that all
requirements of this item are satisfied.

C.1.10 Safety-Related Systems Operability Status

The applicant has committed to perform the actions required by the IE Bulle-
tins. The Operating License will not be issued before verification that all
requirements of this item are satisfied.

4

C.1.17 Trip per Low-Level Bistable

FSAR Section 7.2 indicates that the reactor trip and safety injection are ini-
tiated on pressurizer low pressure. Pressurizer low-level trips are not
utilized in the SNUPPS design. The staff concludes that the design meets the
requirements of Item II.K.1 (C.1.17).

II.K.2.13* Thermal Mechanical Report--Effect of High-Pressure Injection on
Vessel Integrity ro- Sall-Break Loss-of-Coolant Accident With No
Auxiliary Feedwater

In FSAR Section 18, the applicant has committed to the Westinghouse Owners Group
generic resolution of this issue. The Owners Group schedule is consistent with
the schedule specified in NUREG-0737 and is acceptable. If so indicated by the

review of the Owners Group submittal, the applicant will be required to supply
plant-specific analyses based on the generic study.

II.K.2.17 Potential for Voiding in the Reactor Coolant System During Transients

In a submittal dated September 9, 1981, the applicant has referenced a Westing-
house Owners Group Generic Study which is scheduled to be submitted in October 1981,
to address tne issue of voiding in the RCS. The report schedule is consistent
with NUREG-0737 requirements. The staff finds this reference acceptable and will-

require modifications to SNUPPS operating instructions if they are indicated by
the review of the Westinghouse Owners Group. study.

* Items II.K.2.2, II.K.2.9, II.K.2.10, and II.K.2.14 through II.K.2.16, are not
applicable to Callaway.

,
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II.K.2.19 Sequential Auxiliary Feedwater Elow Analysis

After reviewing the basis of concern for Item II.K.2.19, the staff has con-
,

cluded that only vendors with once-through steam generators need respond to
this item. As such, the staff no longer requires the applicant to respond to
this item.

II.K.3.1 Installation and Testing of Automatic Power-0perated Relief Valve
Isolation System

The applicant has indicated the SNUPPS design has the automatic isolation capabil-
ity. The design includes instrumentation and circuitry to automatically close
the block valves in the pressurizer PORV discharge lines on low reactor coolant
system pressure. With this feature, PORV block valve isolation is actuated on
low reactor coolant system pressure whenever the low temperature overpressure
protection system is not enabled. It is possible to manually override this
automatic feature when necessary (for example, repressurization events). The
staff finds that the design satisfies the Action Plan guidelines and therefore
is acceptable.

II.K.3.2 Report on Overall Safety Effect of Power-0perated Relief Valve
Isolation System

The NRC position (with clarifications) requires the applicant to submit a report
for staff review documenting various actions taken to reduce the probability
of a small-break LOCA caused by a stuck open PROV and show how those actions
constitute sufficient improvements in reactor safety. The applicant has com-
plied with the staff position by referencing a Westinghouse Owners' Group
Topical Report (WCAP 9804) to address the staff concerns. The staff is cur-
rently reviewing the report. A major objective of the report is to provide an
analysis which can be used to determine whether it is necessary to install the
automatic PORV isolation system specified in Task Action Item II.K.3.1. How-
ever, the applicant has already included the automatic isolation feature in
his design. Because the applicant has complied with the staff postion and based
on the information above, the staff believes the applicant has satisfied the
Action Plan guidelines. The applicant's response is, therefore, acceptable sub-
ject to confirmation that no significant problems develop in the staff's review
of the report.

II.K.3.3 Reporting of Safety Valve and Relief Valve Failure and Challenges

The applicant has committed to comply with the staff reporting requirement for
challenges and failures-to-close of any PORV or safety valve. His response is
acceptable.

II.K.3.5 Automatic Trip of Reactor Coolant Pumps During LOCA

The applicant has committed to comply with the Owners Group generic resolution
of this issue, which is progressing on a schedule consistent with the intent
of NUREG-0737 requirements. Based on the satisfactory progress of this issue
and the applicant's commitment, the staff finds this item acceptable.
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II.K.3.9 Proportional Integral Derivative (PID) Controller Modification

Westinghouse recommended that the derivative time constant in the pressurizer
power-operated relief valve PID controller be set to "off." This action removes
the derivative action from the controller in such a way that the actuation-signal
is no longer sensitive to the rate of change of pressure. The applicant has.
implemented this recommendation. The staf f, therefore, finds that the applicant
has complied with the Action Plan guidelines for this item.

II.K.3.10 Proposed Anticipatory Trip Modification, and
II.K.3.12 Confirm Existence of Anticipatory Reactor Trip Upon Turbine Trip

,

| The Callaway design includes an anticipatory reactor trip upon turbine trip.
Prov:sions are included to permit the reactor trip upon turbine trip to be
blocked at power levels below 50 percent where the condensor steam dump is,

capable of mitigating the reactor coolant system temperature and pressure
transient to minimize the possibility of actuating pressurizer PORVS. The

,

applicant has discussed analyses which indicate that, at power levels below
50 percent, a turbine trip without reactor trip event (reactor trip on turbine
trip bypassed) would result in a peak RCS pressure of 2302 psia, which is below
the PORV actuation setpoint (2350 psia). A decision to trip the reactor follow-
ing turbine trip at all power levels above 10 percent would involve only bistable
wtpoint changes and nat instrument hardware changes. The staff finds that
the design satisfies the Action Plan guidelines and therefore is acceptable.
The specific power-level setpoint below which a reactor trip following turbine
trip is blocked will be specified in the plant Technical Specifications.

II.K.3.11 Justification of Use of Certain PORVs

The failure rate of PORVs of the manufacture and valve type used in the Callaway
plant will be addressed in a generic report being prepared by Westinghouse under
requirements of Action Plan Item II.K.3.2. This report will serve to satisfy
the requirements of this item of the Action Plan.

II.K.3.17 Report on Outages of ECCS; Licensee Report and Proposed Technical;

| Specification Changes

|

The applicant has committed to develop and implement a plan to provide safety
| system outage information periodically per Westinghouse Standard Technical
! Specifications. The applicant has also committed to collect and maintain outage
l records which will be available for staff review. These records shall include:
' (1) outage dates and duration of outage, (2) cause of outage, (3) ECC5 systems
; or components involved in outage, and (4) corrective action taken. This outage
' information will be reviewed and changes to improve ECCS availability will be

proposed, if needed. The data to be included in the applicant's records is
consistent with that required by NUREG-0737, and the staff find this acceptable.

II.K.3.25 Effect of Loss of AC Power on Pump Seals.

In a submittal, dated September 9, 1981, the applicant stated that water systems'

cooling the RCP seals are automatically powered by the emergency diesel generators
in the event of loss of offsite power. The staff finds this acceptable.

,
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II.K.3.30 Revised Small-Break LOCA Methods to Show Compliance with 10 CFR 50,
Appendix K

In a submittal, dated September 9, 1981, the applican has referenced Westinghouse
small-break evaluation mode modifications scheduled for completion by January 1,
1982. This schedule is consistent with the requirements of NUREG-0737, and
the staff finds, the applicant's reference acceptable.

II.K.3.31 Plant-Specific Calculations to Show Compliance with 10 CFR 50.46

In a submittal dated September 9, 1981, the applicant has committed to provide
new analyses using the new and approved Westinghouse model if required by NRC
'eivew of the model. This will be submitted in accordance with the NRC schedule.

'

The staff finds this commitment acceptable.

III.A.1.1 Upgrade Emergency Preparedness

This Item has been superceded by new rulemaking for emergency planning. Regulatory
Guide 1.101 and NUREG-75/111 have been superceded by NUREG-0654 and NUREG-0696.
Further, this task item was applicable to near-term operating licensees applying
for a low power licensee only. Callaway is applying for a full power operating
licensee, and, therefore, this item is not applicable.

III.A.1.2 Upgrade Emergency Support Facilities

The applicant submitted a response to the staff position rele" ant to emergency,

response facilities (NUREG-0696) by letter dated June 1, 1981. That letter
provided a conceptual design description of the technical support center (TSC),
operations support center, emergency operation facility (EOF), safety parameter
display system (SPDS), and emergency response facilities information systems
(data acquisition system). In addition, the applicant has submitted revisions
to the Emergency Plan on August 14 and September 29, 1981 updating their design.
In a letter dated October 5, 1981, the applicant committed to a backup EOF.
The staff is continuing to review this item. This item is an outstanding issue
and will be addressed in a future supplement to this report.

|

III.A.2 Improving Licensee Emergency Preparedness--Long Term
j

-

By letters dated May 15, August 14, and September 29, 1981, the applicant sub-
mitted emergency plans and committed to upgrade his August 14, 1981, Emergency
Plan. This plan is for the Callaway onsite and corporate activities only.
Offsite state and local entities within the plume emergency planning zone have
not yet been included. State and local plans must be submitted to NRC in accord-
ance with 10 CFR 50.54(s)(1) prior to fuel load. These plans will be reviewed by
FEMA and a finding will be made relevant to the state of offsite emergency
preparedness.

! No operating license will be issued unless the NRC finds that the state of
onsite and offsite emergency preparedness provides reasonable assurance that
adequate protecitve measures can and will be taken in the event of an emergency,

i

i

)

22-31

.
. .- - -- - _ -



-. - - _ _ _ _- .. . . _ -

1

l

i At least 1 yr prior to fuel load, the applicant must successfully complete a
; full-scale exercise with state and local officials. This joint exercise must

be integrated emergency exercise which includes a test of the capability of
the basic elements existing within all emergency preparedness plans and

,
organizations. This exercise will be jointly observed by FEMA and NRC. This

! exercise will be jointly observed by FEMA and NRC. This is a confirmatory item
) which must be completed prior to fuel load.

The staff reviewed the applicant's onsite emergency plans and prepared an
emergency preparedness evaluation report (see Appendix E of this report).,

| The evaluation lists each planning standard of 10 CFR 50.47(b), followed by a
summary of applicable portions of the plant that applies to each standard. The
final section of that evaluation provides our review results and conclusions.

| III.D.I.1 Integrity of Systems Outside Containment Likely To Contain
Radioactive Material

In a letter dated September 4, 1981, the applicant committed to a progran to'

reduce leakage from systems outside containment that would or could contain
highly radioactive fluids in a postaccident situation. The program will meet

; the Item III.D.1.1 requirements and will include
'

(1) the implementation of all practical leak reduction measures for all systems
that could carry radioactive fluid outside of containment,

(2) the measurement of actual leak rates with the systems in operation and
the reporting of the results to the NRC.

I (3) a continuing leak reduction program of preventive maintenance to reduce
leakage to as-low-as practical levels. This program will include periodic

j integrated leak tests at intervals not to exceed each refueling cycle.
l

: The applicant will provide detailed information on the program at least 4 months
before fuel loading. Based on the information presented by the applicant, the,'

staff concludes that the applicant has taken adequate steps toward meeting the
requirements of Item III.D.1.1. However, a postimplementation confirmatory
review of the program will take place. If any significent problems develop,
an evaluation will be provided in a supplement to this SER.

l III.D.3.3 Improved Inplant Iodine Instrumentation Under Accident Conditions
|
' During accident conditions the applicant has committed to use either charcoal

or a silver zeolite cartridge before counting the airborne radioactivity for
iodine, depending upon conditions at the time of sampling. He committed to

| have the capability to use air or nitrogen purging to remove residual noble
t gas from the charcoal or silver zeolite cartridge, to have availability of a

low background counting room.to count the samples, to use a Ge-Li detector for
pulse height analysis, and to have the appropriate training necessary to operate
the equipment under accident conditions to ensure proficiency in determining

I radioactive concentrations. Therefore the applicant satisties the position of
; Item III.D.3.3.
.

|

i
!
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III.D.3.4 Control Room Habitability Requirements

The result of the staff review of control room habitability at Callaway is
provided in Section 6.4 of this report. This review was performed in accordance
with the guidelines included in Regulatory Guides 1.78 and 1.95 and SRP
3ections 2.2.1, 2.2.2, 2.2.3, and 6.4. The staff concluded that the control
room habitability system is appropriately designed.

.
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23 CONCLUSIONS
4

: Based on its evaluation of the application as set forth above, the staff has
determined that, upon favorable resolution of the outstanding matters described
herein, it will be able to conclude that:

(1) The application for facility license filed by the applicant dated Octo-
ber 19, 1979 complies with the requirements of the Atomic Energy Act of
1954, as amended (Act), and the Commission's regulations set forth in1

10 CFR Chapter 1. i
,

(2) Construction of Callaway Plant Unit I has proceeded, and there.is reason-
able assurance that it will be substantially completed, in conformity with
Construction Permit No. CPPR-139, the application as amended, the provi-
sions of the Act, and the rules and regulations of the Commission.'

. (3) The facility will operate in conformity with the application as amended, 1

the provisions of the Act, and the rules and regulations of the Commission. '

(4) There is reasonable assurance (a) that the activities authorized by the
Operating License can be conducted without endangering the health and
safety of the public and (b) that such activities will be conducted in
compliance with regulations of the Commission set forth in 10 CFR Chapter 1.

(5) The applicant is technically and financially c;ualified to-engage in the
activities authorized by the license, in accordance with the regulations
of the Commission set forth in 10 CFR Chapter 1.

(6) The issuance of these licenses will not be inimical to the common defense
and security or to the health and safety of the public.

Before an Operating License is issued to the applicant for operation of the
Callaway Plant Unit 1, the unit must be completed in conformity with the pro-
visional Construction Permit, the application, the Act, and the rules and regula-
tions of the Commission. Such completeness of construction as is required for
safe operation at the authorized power levels must be verified by the Commis-
sion's Office of Inspection and Enforcement before the license is issued.

Furthermore, before an Operating License is issued, the apolicant will be
required to satisfy the applicable provisions of 10 CFR 140.

.

.

+

i
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APPENDIX'A

CHRONOLOGY OF NRC STAFF RADIOLOGICAL REVIEW OE CALLAWAY

July 31, 1980 Letter to applicant accepting Union Electric Company's
(UE's) application for an operating License (OL).for
docketing.

July 31, 1980 Division of Licensing (DL) (generic) letter concerning*

' Interim Criteria for Shift Staffing.

August 6, 1980 Letter.from the applicant transmitting the required
number of copies of the OL application and FSAR for
docketing.

August 7, 1980 SNUPPS FSAR received and docketed.
,

.

August 8, 1980 OL application for Callaway Units 1 and 2 docketed.

August 11, 1980 Letter from applicant advising'that he has distributed
the required copies of the OL application per NRC
instructions.

August 11, 1980 SNUPPS letter concerning OL revie'w - Wolf Creek andt

Callaway.

August 15, 1980 Letter (generic) to applicant concerning. interim actionsi

needed for plant operation pending final resolution of
anticipated transients with failure to scram (ATWS)
(Wesunghouse PWRs).

' August 19, 1980 Letter to applicant advising of docketing the OL
Application and enclosing a Notice of Receipt and'

Opportunity for Hearing.
7

;- August 20, 1980 Letter from applicant concerning construction comple- |

L tion date for Callaway.

August 22, 1980 Letter from applicant concerning copies of the OL
application to J. E. Carson, Argonne National Labora-
tory (ANL).

,

'

August 25, 1980 Letter from applicant transmitting the Dames & Moore
j report (DMUE 628) on excavation mapping.

September 17, 1980 SNUPPS letter concerning Revision 1 to SNUPPS ESAR.'

| September.18, 1980 Letter from applicant transmitting Revision 1 to the

|
Callaway FSAR Site Addendum.

;
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October 1, 1980 Letter from applicant advising that Unit 1 only should
be reviewed and Unit 2 will be included in the safety-
evaluation for Callaway but to come on line at a later
date.,

Cctober 1, 1980 Letter to applicant (generic) concerning environmental
. qualification of safety-related equipment.
:

Oc.tober 6,1980 Letter to applicant (generic) concerning NUREG-0577.

October 9, 1980 SNUPPS letter concerning Quality Assurance Programs for
Design and Construction.

,

October 9-10, 1980 NRC case load forecast panel meets with representatives
: of UE to discuss Callaway Units 1 and 2 (summary issued

October 30,1980).

October 28, 1980 Letter from applicant concerning Security Planning.
!

November 13, 1980 Letter to applicant (generic) concerning the emergency
planning final regulations published in the Federal
Register on August 19, 1980.

November 14, 1980 Letter to applicant transmitting a copy of Clarifica-
tion of Notice of Receipt of OL Application. (Notice

'

to be published in the Federal Register on November 21,
1980.)

November 18-20, 1980 Repressntatives from NRC's environmental group meet
, with representatives from State of Missouri, ANL, the

Department of Conservation, and UE (summary issued
December 3, 1980).

November 25, 1980 Letter to applicant (generic) concerning IE Bulletin
79-01B Supplement No. 2, Questions 2 and 3 (September 30,
1980).

| November 26, 1980 Letter to applicant accepting the Callaway Plant
i Environmental Report for docketing. When the required
i number of copies is received, NRC will docket the ER.

December 9-10, 1980 Representatives from NRC and the SNUPPS staff meet in
the Gaithersburg office of SNUPPS to discuss Chapter 8,

(summary issued).
i
| December 12, 1980 Environmental Report for Callaway received and docketed.

(No cover letter.),

|

; December 15, 1980 Letter from applicant transmitting 41 copies of the
'

Callaway Environmental Report.

December 15, 1980 Letter from applicant transmitting an Affidavit'of
Service for distribution of the Environment Report.
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December 22, 1980 Letter to applicant concerning acceptability of Revised |
QA Program for SNUPPS Plants.

December 22, 1980 Letter to applicant (generic) concerning control of heavy
i loads.
~

December 22, 1980 Letter from applicant advising that the ER was sent'to
Department of the Army's Kansas City, Missouri, office,

' instead of the St. Louis office.

December 23, 1980 SNUPPS letter concerning FSAR review meeting.
,

December 24, 1980 Letter to applicant concerning physical structures of<

! the plant site.

December 30, 1980 Letter to applicant requesting additional information
for the Quality Assurance Branch.

January 2, 1981 Letter to applicant requesting additional information
on the Callaway Environmental Report.

January 7, 1981 Letter to applicant requesting additional information
concerning SNUPPS FSAR.

January 13, 1981 Representatives from SNUPPS, UE, Kansas Gas & Electric
(KG&E), and NRC meet in Bethesda to discuss matters
related to the review of Callaway and Wolf Creek
(summary issued).

,

January 19, 1981 Letter to applicant concerning Environmental Qualifica-
tion (Generic Letter 81-05).

January 20, 1981 SNUPPS letter concerning transcript of FSAR review
meeting.

January 28, 1981 Letter from applicant concerning a revision to the
Environmental Report which will be submitted on
February 6, 1981.

January 29, 1981 SNUPPS letter concerning Quality Assurance Programs for
Design and Construction.

January 30, 1981 Letter to applicant requesting additional informatio.n
on siting analysis.

February 3, 1981 letter to applicart concerning control of heavy loads
(Generic Letter 81-07. )

February 6, 1981 Letter to applicant requesting additional information
for the Radiological Assessment Branch. ,

,

Eebruary 6, 1981 Letter from applicant concerning the Environmental
Report - Operating License Stage.

4
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February 9, 1981 Letter to applicant transmitting a request for additional
information on the SNUPPS FSAR from the Radiological;

Assessment Branch.

February 10, 1981 Letter to applicant concerning preservice inspection
and testing of snubbers.

,

February 12, 1981 Representatives from SNUPPS and the NRC staff meet at
the Bechtel Offices in Gaithersburg to discuss the
SNUPPS presentation of the auxiliary feedwater system
and its protection against floods, missiles, and
high pressure breaks (summary issued Eebruary 18, 1981).

February 12, 1981 Letter to applicant concerning a request for additional
information on the SNUPPS FSAR regarding effluent
treatment.

e

i February 18, 1981 Letter to applicant requesting additional information
Addendum - Geotechnical Engineering.

February 19, 1981 Prehearing Conference Order issued by the Board. The
special prehearing conference will be held March 24-25,
1981 in Jef ferson City, Missouri.

February 20, 1981 Letter to applicant concerning NUREG-0619 (Generic Letter'

81-11).

February 24, 1981 SNUPPS letter concerning the FSAR.

February 24, 1981 Letter from applicant transmitting Revision 2 to the
Callaway FSAR Site Addendum.

February 24, 1981 SNUPPS letter concerning Revision 2 to SNUPPS FSAR.

! February 25, 1981 Letter to applicant requesting additional information
! on reactor fuels section of the SNUPPS FSAR for the Core
I Performance Branch.

February 26, 1981 Letter to applicant concerning periodic updating of ESAR
(Generic Letter-81-06).

|

February 27, 1981 SNUPPS letter concerning the OL review.

February 27, 1981 SNUPPS letter concerning review of FSAR Chapter 8.

March 5, 1981 Letter to applicant concerning functional criteria for
, emergency response facilities (NUREG-0696) (Generic
! Letter 81-17).

March 10, 1981 Letter-from applicant concerning the Environmental
Report -Operating License Stage.

I March 10, 1981 Letter to applicant concerning Environmental Qualifica-
tion of Class 1E Electrical Equipment (Generic Letter
81-15).>
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March 13, 1981 Letter from applicant concerning revisions to the FSAR.

March 17, 1981 Letter to applicant concerning review of FSAR Chapter 14,
" Initial Test Program."

March 17, 1981 SNUPPS letter concerning Interim Report on Berger Paterson
Support Strut Assembly Design Interference.

March 19, 1981 Representatives from NRC, UE, KG&E. and SNUPPS meet at
the Bechtel Offices in Gaithersburg to discuss matters
related to the service water system, compenent cooling
water system, and ultimate heat sink (summary issued
March 23, 1981).

March 20, 1981 SNUPPS letter concerning SNUPPS FSAR-NRC request for
additional information.

March 20, 1981 Letter from applicant'concerning the FSAR. -

March 20, 1981 Summary c' 7 etings held hebruary 11-13 in Bechtel Offices
in Gaithersburg concerning confirmatory piping analyses
for Callaway and Wolf Creek. Those attending were SNUPPS,
NRC, KG&E, UE, Bechtel, and PNL.

March 26, 1981 Letter to applicant requesting additional information
in the area of quality assurance.

March 27, 1961 SNUPPS letter concerning NRC request for additional
information.

March 27, 1981 Letter from applicant concerning review of the FSAR.

March 27, 1981 Letter from applicant concerning the Environmental
Report - Operating License Stage.

April 1, 1981 SNUPPS letter concerning NRC request for additional
information.

April 3, 1981 Letter from applicant concerning the FSAR.

April 3,1981 Representatives from NRC, SNUPPS, UE, and KG&E meet in
Bechtel offices in Gaithersburg to discuss the control
room ventilation system, fuel pool area ventilation,
auxiliary radwaste area ventilation, turbine area
ventilation and ESF area ventilation (summary issued
April 6, 1981)

April 8, 1981 Letter to applicant requesting additional information
in the area of the preservice inspection program.

April 10, 1981 Letter to applicant requesting additional information
in the area of fire protection.
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April 13, 1981 Letter to applicant concerning agenda items for meetings
with SNUPPS applicants on instrumentation and controls.

April 15, 1981 Letter from applicant transmitting References 1.and 3.

listed in response to Item 241.2C.

April 16, 1981 Letter to applicant concerning the SNUPPS FSAR, requesting
information on instrumentation and control systems.

April 21, 1981 SNUPPS letter concerning Human Factors Control Room
Design review.

April 21, 1981 Letter to applicant on the SNUPPS ESAR requesting
additional information for the thermal-hydraulic section
of Core Performance Branch.

April 22, 1981 Letter to applicant concerning meeting to resolve open
items in SNUPPS FSAR Sections 3.2, 3.6, 3.7, and 3.9.

April 22, 1981 SNUPPS letter concerning Revision 3 to SNUPPS FSAR.

April 24, 1981 Letter to applicant concerning the Callaway Safeguards
Contingency Plan.

April 24, 1981 Representatives from NRC, UE, and SNUPPS meet in Bethesda,
to discuss quality assurance items, (summary issued
April 28, 1981)

April 28, 1981 Representatives from SNUPPS, UE, KG&E, and NRC meet in
Bechtel Offices in Gaithersburg to discuss matters related
to instrumentation and control systems (summary issued
May 5, 1981)

April 29, 1981 Representatives from NRC, UE, and SNUPPS meet in
Gaithersburg to discuss matters related to Callaway and
Wolf Creek Plants (summary issued meeting noticed
updated).

April 30, 1981 Letter to applicant concerning a request for additional
information financial information.

May 4, 1981 Letter to applicant concerning qualification of inspec-
tion, examination, and testing and audit personnel
(Generic Letter 81-01).

May 5, 1981 Letter to applicant concerning engineering evaluation
of the H. B. Robinson Reactor coolant system leak on
January 29, 1981 (Generic Letter 81-22).

May 5, 1981 Representatives from NRC, UE, KG&E, and SNUPPS meet in
Gaithersburg to discuss matters related to the struc-
tural design of Wolf Creek and Callaway (summary issued
May 8, 1981).
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May 8, 1981 SNUPPS letter concerning NRC request for additional
information.,

May 11, 1981 SNUPPS letter concerning use of ASME Section III Code
Case N-275.

May 12, 1981 Letter to applicant concerning termination of nonradi-
ological environmental monitoring required in the
Construction Permit for Callaway. '

May 13, 1981 Representatives trom NRC, UE, KG&E, and SNUPPS meet at
Bechtel Offices in Gaithersburg to discuss matters
related to new and spent fuel storage, spent fuel cooling
and handling and functional design of reactivity control
system (summary issued May 26, 1981).

May 13, 1981 Letter to applicant (generic) concerning special team
appraisals of the emergency preparedness programs at
operating plants.

May 14-15, 1981 Representatives from NRC, SNUPPS, UE, and KG&E meet in
Gaithersburg to discuss Wolf Creek and Callaway plants,
(summary issued May 27, 1981).

May 15, 1981 Letter from applicant concerning Security Force Training
and Qualification Plan.

May 15, 1981 Letter trom applicant transmitting copies of the 1980
Annual Report.

May 15, 1981 Letter to applicant requesting additional information
on fire protection.

May 15, 1981 Letter from applicant transmitting Revision 3 of the
Callaway FSAR Site Addendum.

May 18, 1981 Letter from applicant concerning trip to Callaway Plant
by Dinesh Gupta, NRC (summary issued May 18, 1981).

May 18-20, 1981 Representatives from NRC, SNUPPS, UE, and KG&E meet at
Bechtel Offices in Gaithersburg to discuss matters1

related to instrumentation and control systems at
Callaway and Wolf Creek pla,ts (summary issued June 15,
1981).

May 19, 1981 Letter from applicant concerning acceptance of SNUPPS
QA Program for design and construction.

May 22, 1981 Letter from applicant concerning cont. mency plan.

May 26, 1981 Letter from applicant concerning a scheaule for fuel
loading.
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H May 26, 1981 SNUPPS letter concerning NRC request for additionalm

( information.
-

May 26, 1981 Representatives from Texas Utilities Generating Co.,
Houston Light and Power, SNUPPS, NRC, and Westinghouse

' ' meet in Bethsda, to discuss the use of hafnium control.

' rods in Westinghouse reactors (summary issued)

May 26, 1981 Letter from applicant concerning SNUPPS FSAR, requesting
information on chemical technology.

May 29, 1981 Letter from applicant concerning a schedule for plant
_

completion.

- May 29, 1981 Letter to applicant requesting additional information
,

on meteorology.g

June 3, 1981 Letter from applict t concerning meeting to be held in
Bethesda from July 7-10, 1981.

June 4, 1981 Letter from applicant concerning the Institute of Nuclear
Power Operations (INP0) (Generic letter 81-23).

June 5, 1981 Letter from applicant concerning site visit by
Dinesh Gupta of NRC.*

June 9-12, 1981 Representatives from NRC, SNUPPS, UE, and KG&E meet in
Gaithersburg regarding mechanical engineering review of
the Callaway and Wolf Creek Plants (summary issued
July 6, 1981).

June 10, 1981 Letter from applicant concerning requesting additional
information on hydrology.

June 10, 1981 Letter from applicant concerning THI-2 Action Plan Item
I.G.1, special low power testing.

June 11, 1981 Letter from applicant concerning staff evaluation of
Item I.C.1 for Westinghouse facilities.

June 12, 1981 Letter from applicant concerning the SNUPPS FSAR
requesting additional information on the containment
spray system.

June 16-18, 1981 Representatives from NRC, SNUPPS, UE, and KG&E meet in
Gaithersburg to discuss matters related to instru-
mentation and control systems of Wolf Creek and
Callaway (summary issued June 30, 1981).

June 15, 1981 Letter to applicant concerning change in implementing
schedule for submission and evaluation of upgradea
emergency plans (Generic letter 81-25).
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June 19, 1981 SNUPPS letter concerning emergency response facilities.

June 19, 1981 Letter from applicant advising that the present goal
for construction and fuel load is October 1982.

June 22, 1981 SNUPPS letter concerning Control of Heavy Loads.

June 23, 1981 Letter from applicant transmitting responses to' questions
contained in NRC letter dated May 29, 1981.

JJne 23, 1981 SNUPPS letter concerning Jescription of ESF Status Panels.
'

June 23, 1981 Representatives from NRC, SNUPPS, UE, and KG&E meet at
Bechtel Officas in Gaithersburg to discuss matters related
to containment systems review of Callaway and Wolf Creek
(summary issued July 23, 1951).

June 26, 1981 SNUPPS letter concerning Human Factors Evaluation of
the SNUPPS Control Room.

June 26, 1981 SNUPPS letter concerning chemical technology.

June 29, 1981 Letter to applicant regarding the emergency response
plan.

June 29, 1981 SNUPPS letter concerning Revision 4 to the SNUPPS FSAR.

July 1, 1981 Letter to applicant regarding aquatic ecology.

July 1, 1981 Letter te applicant concerning steam generator overfill
(Generic letter 81-16).

July 1, 1981 Letter to applicant transmitting FSAR Tables 12.5.1 and
12.5-2.

July 6, 1981 Letter to applicant concerning INPO Evaluation Report >
(Generic letter 81-23A).

July 8, 1981 Letter to applicant concerning guard training and
qualification plan.

July 9, 1981 Letter to a,nplicant concerning privacy and Proprietary
material in emergency plans (Generic letter 81-27).

July 9, 1981 Letter to applicant concerning SNUPPS FSAR requesting
additional information on generic issues.

July 15, 1981 Letter to applicant concerning prompt notification in
the event of an emergency.

July 16, 1981 Representatives from NRC, UE, KG&E, and SNUPPS meet in
the Bechtel Offices in Gaithersburg to discuss matters
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related to the onsite and offsite power systems review
of Callaway and Wolf Creek (summary issued August 13,i

1981).

July 17, 1981 Letter from applicant concerning financial qualifica-
tion information.

# July 20, 1981 Letter from applicant concerning security plan.

July 21, 1981 Letter to applicant concerning cultural resources.

July 21-22, 1981 Representatives from NRC, UE, KG&E, and SNUPPS meet in
"

the Bechtel Offices in Gaithersburg to discuss matters
related to the reactor systems review of Callaway and
Wolf Creek (summary issued August 18, 1981).

July 22, 1981 Letter from applicant transmitting an application for.
extension of the latest construction completion date on
CPPR-139 fo, Unit 1 from February 28, 1981 to December 31,
1983.4

July 22, 1981 i.etter from applicant requesting additional information
for the review of emergency preparedness.

*

July 24, 1981 Letter f rom applicant trar smitting additional informa-
tion requested for the Environmental Report.

' July 27, 1981 Representative., from NRC, UE, KG&E, and SNUPPS meet in
the Bechtel Offices in Gaithersburg, to discuss matters
related to the instrumentation and control systems of
Callaway and Wolf Creek (summary issued August 18, 1981).'

July 28, 1981 Letter to applicant requasting additional information
on the SNUPPS FSAR on the Materials Engineering Branch.

July 29, 1981 SNUPPS letter transmitting Revision 5 to SNUPPS FSAR.

July 30, 1981 Letter to SNUPPS concerning Use of ASME Code Case N-275
for SNU?PS Projects - Wolf Creek and Callaway.

July 31, 1981 Letter to applicant concerning steam generator overfill"
(Generic letter 81-28, formerly issued as 81-16 on July 1,i

1981).
.

August 7, 1981 Letter to applicant concerning the Callaway FSAR Site
Addendum, requesting additional information on initial
test program.

i

j August 7, 1981 Letter to applicant concerning simulator examinations
(Generic letter 81-29).

j August 10, 1981 SNUPPS letter concerning NRC generic issues.

,

A-10

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



. . - ._ . - .- . .. -

-
I

't

August 10, 1981 SNUPPS letter concerning Description of ESF status
,

panels.
i

i
August 10, 1981 SNUPPS letter concerning seismic analysis.

August 12, 1981 Representatives from NRC, UE, KG&E, and SNUPPS meet in
i Gaithersburg to discuss the reactors systems review of *

Callaway and Wolf Creek (summary issued August 7,1981).
:
'

August 12, 1981 Letter from applicant concerning proposed corrections
to control room discrepancies.

i August 12, 1981 Letter to applicant requesting additional information
on quality assurance.

August 12, 1981 SNUPPS letter concerning Human Factors Evaluation of !

the SNUPPS Control Room.

August 12, 1981 Letter to applicant concerning Callaway FSAR Review
Questions.

August 13, 1981 SNUPPS letter concerning improved load tollow package.

August 14, 1981 Letter from applicant transmitting Chapter 18 of the
Callaway ESAR Site Addendum.

August 14, 1981 SNUPPS letter concerning ICSB Review.
'

August 14, 1981 Letter from applicant concerning the NRC Management,'

Audit.
:

August 14, 1981 SNUPPS letter concerning Materials Engineering.
.

August 14, 1981 Letter from' app 1'icant transmitting seismic update
information.

August 17, 1981 Letter from SNUPPS concerning the Materials Engineeringt

Branch.

August 19, 1981 SNUPPS letter concerning Revision 6 to the SNUPPS FSAR.

August 19, 1981 Letter from the applicant concerning auxiliary systems.

August 19, 1981 Letter from the applicant concerning the Materials
Engineering Branch. !

}
; August 19, 1981 Letter from applicant regarding management review

responses.

August 19, 1981 Letter to applicant requesting additional information
on site analysis.

;

w
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August 20, 1981 SNUPPS letter transmitting Westinghouse letter and
affidavit requesting withholding from public disclosure
information concerning NSSS Setpoint Methodology.

August 20, 1981 Representatives from NRC, UE, KG&E, and SNUPPS meet in
Gaithersburq to discuss instrumentation and control

systems of Ca' hway (summary issued September 11, 1981).

August 20, 1981 SNUPPS letter transmitting test reports requested in<

meeting with NRC on July 10, 1981.

August 21, 1981 Letter from applicant concerning tables of open items.

August 24, 1981 Letter from applicant concerning revised page 72 of the
FSAR, description of the training for contractors.

August 24, 1981 Letter from applicant transmitting responses to Items 3
and 4 of the meeti g summary from the July 16 meeting
with Power Systems Branch.

August 24, 1981 Letter from applicant concerning the Callaway Memorial
Hospital which will be a portion fo the Emergency Response
Plan. ;

August 25, 1981 Letter to applicant concerning the SNUPPS FSAR requesting
additional information for the Mechanical Engineering
Branch.

.

August 25, 1981 Letter to applicant concerning the SNUPPS FSAR requesting .
additional information on core thermal hydraulics.

August 25, 1981 Letter to applicant requesting additional information
concerning Site Analysis Review.

August 26, 1981 SNUPPS letter concerning Materials Engineering.,

August 27, 1981 SNUPPS letter transmitting Enclosure 2 to the August 10,
1981 letter concerning seismic analysis.

! August 28, 1981 Letter trom applicant transmitting information requested
| in NRC letter of August 15, 1981.
|
' August 31, 1981 SNUPPS letter concerning Mechanical Section of Power

Systems Branch.

August 31, 1981 SNUPPS letter concerning EQB/CSB review.
'

; August 31, 1981 SNUPPS letter transmitting information requested by NRC
| on core thermal hydraulics.

August 31, 1981 SNUPPS letter concerning Materials Engineering.
,

|

August 31, 1981 SNUPPS letter concerning CPB Reactor Fuel Review. ;

;
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August 31, 1981 L'etter from applicant transmitting Ravision 4 to the
Callaway FSAR Site Addendum.

August 31, 1981 SNUPPS letter transmitting FSAR changes which will be
incorpor 't into Revision 7 of the SNUPPS FSAR.

| September 1, 1981 Lette~ i icant concerning design and construction
QA Prt:

September 1, 1981 SNUPPS concerning RSB review.,

September 1, 1981 Letter to applicant concerning the SNUPPS ESAR, requesting
additional information on core performance..

September 1, 1981 Letter to applicant concerning the Callaway FSAR Site
Addendum, requesting additional information for

;Geotechnical Engineering.

September 3, 1981 Representatives from NRC, UE, KG&E, and SNUPPS meet in;

i Gaithersburg to discuss the initial test program review
for Callaway (summary issued September 14, 1981).

.

September 4, 1981 Letter from applicant transmitting responses to NRC
questions concerning requalification and retraining,

' program for radiation-chemical technicians.

! September 4,1981 Letter from applicant-transmitting additional informa-
tion concerning the Callaway FSAR.

September 4, 1981 SNUPPS letter transmitting additional information
; concerning the Callaway FSAR.
'

September 5, 1981 SNUPPS letter concerning pump and valve test program.

September 5, 1981 SNUPPS letter concerning meetings that were held June 9-10,
1981 with Mechanical Engineering Branch.,

September 8, IL'1. Letter from applicant concerning the deferrral of fuel
loading of Unit 1.

September 8, 1981 SNUPPS letter concerning loose parts monitor.

September 8, 1981 Letter from applicant transmitting Revision 1 to the.

;

Security Force Training and Qualification Plan.

September 8, 1981 Letter from applicant transmitting Revision 1 to the
Physical Security Plan.

September 9, 1981 SNUPPS letter concerning RS8 review. '

September 9, 1981 SNUPPS letter concerning CPB review.

September 9, 1981 SNUPPS letter concerning AE8 review.
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September 9, 1981 SNUPPS letter concerning Containment Leakage Testing.
<

September 10, 1981 Letter from applicant concerning inplant iodine
; instrumentation under accident conditions.

September 10, 1981 Letter from applicant transmitting response to information
l requested by Geotechnical Engineering Branch.
1

September 11, 1981 SNUPPS letter concerning turbine missile analysis.
3

1

|
September 11, 1981 SNUPPS letter concerning Event V program.

: September 11, 1981 SNUPPS letter concerning Cable Tray and Conduit Support.

{ Septeat. 11, 1981 Letter to applicant. requesting additional information
j regarding seismic and dynamic qualification of equipment.

! September 14, 1981 SNUPPS letter concerning con'.ainment leakage testing.
!

| September 14, 1981 SNUPPS letter concerning RS8 review.

September 14, 1981 Letter to applicant concerning the SNUPPS FSAR, requesting
additional information in the crea of structural engineer-

) ing.

September 15, 1981 Letter from applicant concerning construction comple-
,

tion status update.
|

| September 16, 1981 SNUPPS letter concerning Materials Engineering.

! September 16, 1981 Letter from applicant concerning Initial Test Program.
!

! September 17, 1981 SNUPPS letter concerning Control of Heavy Loads.

i September 17, 1981 SNUPPS letter concerning RSB review.

| September 18, 1981 SNUPPS letter concerning Pump and Valve Test Program.

September 18, 1981 SNUPPS letter concerning SER Open Issues.
!

September 21, 1981 Letter from applicant advising that J. K. Bryan, retired,

and Donald F. Schnell is the Vice President - Nuclear'

' and all mail should be addressed to the latter.

September 21, 1981 Letter from applicant concerning the security plan.-

September 22, 1981 SNUPPS letter concerning ASME Code Cases.
,

| September 22, 1981 SNUPPS letter concerning ICSB Review.

September 22, 1981 .SNUPPS letter concerning PSB Review.
i

September 24, 1981 SNUPPS letter concerning NUREG-0737 Item II.F.2.
.

f
; A-14

_. . _ _ _ _ _ __ _ - _ _ - - - - - , _ , - - . _ . - - - - _ . . _ _ _ . _ . . . ______



!

September 24, 1981 SNUPPS letter concerning Revision Seven to SNUPPS FSAR.

September 25, 1981 Letter from applicant transmitting information requested
concerning NUREG-0737, Item II.K.1.

September 26, 1961 Letter from applicant concerning the emergency response
plan as requested by W. Axelson, Region III.

September 29, 1981 Letter to applicant transmitting 2 copies of the DES -
Callaway adivsing that the 20 printed copies will be
forwarded when they are returned from the NRC printer-
contractor.
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APPENDIX B

BIBLIOGRAPHY

In addition to the references cited at the end of specific chapters, the docu-
ments listed below were used in the preparation of this report. Those marked
with an asterisk are available for inspection and copying for a fee in the NRC
Public Document Room, 1717 H Street NW., Washington, DC 20555. Those marked
with two asterisks are available for purchase from the NRC/GPO Sales Program,
Washington, DC 20555, and/or the National Technical Information Service,
Springfield, VA 22161. Except as specificall
available through public technical libraries.y noted, all other documents are

(1) Code of Federal Regulatior 2 Title 10, " Energy," and Title 49, "Trans-
portation," including tri Ge,neral Design Criteria in Appendix A to 10 CFR
Part 50.

(2) " Final Safety Analysis Report for Standardized Nuclear Unit Power plant
System," including Revisions through 7.*

(3) " Final Safety Analysis Report for Standardized Nuclear Unit Power Plant
System, Callaway Plant Units No. 1 and 2 Addendum," including Revisions
through 4,* and other letters and documents filed by the applica.nt in
support of this application.

(4) Westin house Electric Company Topical Reports.*

(5) Industry Codes and Standards, including those of the following
organizations:

American Concrete Institute
American Institute of Steel Construction
American National Standards Institute
American Nuclear Society
American Petroleum Institute
American Society of Mechanical Engineers
American Society of Testing Materials
Diesel Engine Manufacturers Association
Institute of Electrical and Elec'.ronics Er.gineers
National Electrical Manufacturers Association
National Fire Protection Association

(6) U.S. Nuclear Regulatory Commission Regulatory Guides, including the
following:**

1.1 " Net Positive Suction Head for Emergency Core Cooling and
Containment Heat Removal Systems"

1.4 " Assumptions Used for Evaluating the Potential Radiological
Consequences of a t.oss of Coolant Accident for Pressurized Water
Reactors.
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1.7 " Control of Combustible Gas Concentrations in Containment
Following a Loss of Coolant Accident."

1. 8 " Personnel Selection and Training."

1.9 " Selection, Design, and Qualification of Diesel-Generator Units
Used as Standby (Onsite) Electric Power Systems at Nuclear Power ,

Plants."

1.11 "Iastrant Lines Penetrating Primary Reactor Containment."

1.12 " Instrumentation for Earthquakes."
2

1.13 " Spent Fuel Storage Facility Design Basis."

1.14 " Reactor Coolant Pump Flywheel Integrity."

1.16 " Report of Operating Information - Appendix A Technical'

Specifications"
.

1.18 " Structural Acceptance Test for Concrete Primary. Reactor
! Containments."

1.20 " Comprehensive Vibration Assessment Program for Reactor
Internals During Preoperational and Initial Startup Testing."

1.21 " Measuring, Evaluating, and Reporting Radioactivity in Solid
Wastes and Releases of Radioactivity in Liquid and Gaseous
Effluents From Light Water-Cooled Nuclear Power Plants."

1. ' 2 " Periodic Testing of Protection System Actuation Functions."

1.23 "Onsite Meteorological Programs."

1.25 " Assumptions used for Evaluating the Potential Radiological
.,

Consequeces of a Fuel Handling Accident in the Fuel Handling
and Storage Facility for Boiling and Pressurized Water Reactors."

1.26 " Quality Group Classifications and Standards for Water , iteam ,
and Radioactive-Waste-Containing Components of Nuclear Pouer
Plants."

i 1.27 " Ultimate Heat Sink for Nuclear Power Plants."

: 29 " Seismic Design Classification."

1.31 " Control of Ferrite Content in Stainless Steel Weld Metal."
I

1.33 " Quality Assurance Program Requirements (Operations)."
.

1.34 " Control of Electroslag Weld Properties."

B-2
J

_ _ __,_- _ - . ~ . - _ - ___ _ _ _ _ _ _



. _. - .

|

1.36 " Nonmetallic Thermal Insulation for Arstenitic Stainless Steel"

1.37 " Quality Assurance Requirements for Cleaning of Fluid Systems
and Associated Components of Water-Cooled Nuclear Power Plants"

:

1.39 " Housekeeping Requirements for Water-Cooled Nuclear Power
Plants"

1.41 "Preoperational Testing of Redundant Onsite Electric Power,

systems to Verify Proper Load Group Assignments"

1.44 " Control of the Use of Sensitized Stainless Steel"

1.45' " Reactor Coolant Pressure Boundary Leakage Detection Systems"
>

1.47 " Bypassed and Inoperable Status Indication for Nuclear Power
Plant Safety Systems"

1.50 " Control of Preheat Temperature for Welding of Low-Alloy Steel"

.

1.52 " Design, Testing, and Maintenance Criteria for Postaccident
'

Engineered-Safety-Feature Atmosphere Cleanup System Air Filtra-
tion and Absorptinn Units of Light-Water-Cooled Nuclear Power
Plants"

1.53 " Application of the Single-Failure Criterion to Nuclear Power
Plant Protection Systems"

i 1.54 " Quality Assurance Requirements for Protective Coatings Applied
i to Water-Cooled Nuclear Power Plants"
a

1.59 " Design Basis Floods for Nuclear Power Plants",

'

1.60 " Design Response Spectra for Seismic Design of Nuclear Power
Plants"

1.61 " Damping Values for Seismic Design of Nuclear Power Plants"

1.62 " Manual Initation of Protective Actions"

| 1.63 " Electric Penetration Assemblies in Containment Structures for
Light-Water-Cooled Nuclear Power Plants"

1.67 " Installation of Overpressure Protective Devices"

1.68 " Initial Test Programs for Water-Cooled Nuclear Power Plants"

1.68.2 " Initial Startup Test Program to Demonstrate Remote' Shutdown
Capability for Water-Cooled Nuclear Power Plants"

1,69 " Concrete Radiation Shields for Nuclear Power Plants",

1.70 " Standard Format and Content of Safety Analysis Reports for
Nuclear Power Plants"

i
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1.71 " Welder Qualification for Areas of Limited Accessibility"

1.75 " Physical Independence of Electric Systems"

1.76 " Design Basis Tornado for Nuclear Power Plants"

1,77 " Assumptions Used for Evaluatirg a Control Rod Ejection Accident
for Pressurized Water Reactors"

1.78 " Assumptions for Evaluating the Habitability of a Nuclear Power
Plant Control Room During a Postulated Hazardous Chemini Release"

1.79 "Preoperational Testing o' cmergency Core Cooling Systems for
Pressurized Water Reactors"

1.80 "Preoperational Testing of Instrument Air Systems"

1.82 " Sumps for Emergency Core Cooling and Containment Spray Systems"

1.83 " Inservice Inspection of Pressurized Water Reactor Steam
Generator Tubes"

1.92 " Combining Modal Responses and Spatial Components in Seismic
Response Analysis"

1.95 " Protection of Nuclear Power Plant Control Room Operators Against
an Accidental Chlorine Release"

1.97 " Instrumentation for Light-Wat'er-Cooled Nuclear Power Plants to
Assess Plant and Environs Conditions During and Following an
Accident"

1.99 " Effects of Residual Elements on Predicted Radiation Damage to
Reactor Vessel Materials"

1.100 " Seismic Qualification of Electric Equipmer.t for Nuclear Power
Plants"

1.101 " Emergency Planning for Nuclear Power Plants"

1.102 " Flood Protection for Nuclear Power Plants"

1.108 " Periodic Testing of Diesel Generator Units Used as Onsite
Electric Power Systems at Nuclear Power Plants (errata sheet
available by writing to the Director, Division of Technical
Information and Document Control-(TIDC), USNRC, Washington, DC
20555).

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

1.111 " Methods for Estimating Atmospheric Transport and Dispersion of
~

Gaseous Ef fluents in Routine Releases from Light-Water-Cooled
Reactors"
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i 1.112 " Calculation of Releases of Radioactive Materials in. Gaseous
and Liquid Effluents from light-Water-Cooled Power Reactors"

'1.117 " Tornado Design Classification"
1

1.118 " Periodic Testing of Electric Power and Protection Systems"
'

;

d 1.121 " Bases for Plugging Degraded PWR Steam Generator Tubes"
i

1.124 " Service Limits and Loading Combinations for Class I Linear' !,

; Type Component Supports"
i

1.126 "An Acceptable Model and Related Statistical Methods for the
Analysis of Fuel Densification"

1.130 " Service Limits and Loading Combinations for Class I Plate-and-
Shell-Type Component Supports",

*

1.133 " Loose-Part Detection Program for the Primary System of Light-
Water-Cooled Reactors",

1.137 " Fuel-Oil Systems for Standby Diesel Generators"
4

1.140 " Design, Testing, and Maintenance Criteria for Normal Ventila-'

tion Exhaust System Air Filtration and Adsorption Units of Light-i

Water-Cooled Nuclear Power Plants"
;

1.141 "Containmnt Isolation Provisions for Fluid Systems";

1.143 " Design Guidance for Radioactive Waste Management Syst?ms,
Structures, and Components Installed in Light-Water-Cooled
Nuclear Power Plants".

1.145 " Atmospheric Dispersion Models for Po'tential Accident Consequence
Assessments at Nuclear Power Plants"

4.15 " Quality Assurance for Radiological Monitoring Programs (Normal
Operations) - Effluent Streams and the Environment"

| 8.2 " Administrative Practices in Radiation Monitoring"

| 8.3 " Film Badge Performance Criteria"

| 8.4 " Direct-Reading and Indirect-Reading Pocket Dosimeters"
.

8.5 "Immediate Evacuation Signal"

; 8.7 " Occupational Radiation Exoosure Records Systems"
! 8.8 "Information Relevant to Ensuring that Occupational Radiation

Exposure at Nuclear Power Stations Will Be As Low As~Is
. Reasonably Achievable"

2
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8.9 " Acceptable Concepts, Models, Equations, and Assumptions for a
Bioassay Program"

8.10 1perating Philosophy for Maintaining Occupational Radiation
a
' Exposures As Low As Is keasonably Achievable (Nuclear Power

Reactors)"

8.12 " Criticality Accident Alarm Systems"

! 8.15 " Acceptable Program for Respiratory Protection"

8.19 " Occupational Radiation Dose Assessment in Light-Water Reactor
Power Plants--Design Stage Man-Rem Estimates"

(6) U.S. Nuclear Regulatory Commission Reports, including the following:**

WASH-1270 " Technical Report on Anticipated Transients Without Scram
for Water-Cooled Power Reactors," September 1973.

NUREG-75/087 " Standard Review Plan for Review of Safety Analysis Reports
; for Nuclear Power Plants--LWR Edition," December 1975

(includes Branch Technical Position papers).

NUREG-0017 " Calculations of Releases of Radioactive Haterials in
Gaseous and Liquid Effluents for Pressurized Water'

; Reactors (PWR-GALE Code)," April 1976

: NUREG-0410 "NRC Program for the Resolution of Generic Issues Related
to Nuclear Power Plants, Report to Congress," December 1977.

NUREG-0452 " Standard Technical Specifications for Westinghouse
Pressurized Water Reactors," June 1978; Revision 2,!

July 1979; Revision 3, September 1980.
,

NUREG-0460 " Anticipated Transients Without Scram for Light Water
| Reactors," April 1978.

NUREG-0577 " Potential for Low Fracture Toughness and Lamellar Tearing
on PWR Steam Generator and Reactor Coolant Pump Supports,"
September 1979.

NUREG-0578 "TMI-2 Lessons Learned Task Force: Status Report and Short-
Term Recommendations," July 1979.

NUREG-0588 " Interim Staff Position on Environmental Qualification of
Safety-Related Electrical Equipment," July 1981.

| NUREG-0609 " Asymmetric Blowdown Loads on PWR Primary Systems, Resolu-
tion of Generic Task Action Plan A-2," January 1981.

NUREG-0611 " Generic Evaluation of Fee % ter Trarsients and Small-Break
Loss-of-Coolant Accidents i Pressurized Water Reactors,"
November 1979.

!
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'
i

NUREG-0612 " Control of Heavy Loads at Nuclear Power Plants, Resolution
of Generic Technical Activity A-36," July 1980.

i NUREG-0635 " Generic Assessment of Small-Break Loss-of-Coolant Accidents
in Combustion Engineering Designed Operating Plants," January

| 1980.

NUREG-0654 " Criteria for Preparation and Evaluation of Radiological
1 Emergency Response Plans and Preparedness in Support of

Nuclear Power Plants," January 1980.

NUREG-0660, "NRC Action Plan Developed as a Result of the THI-2 Accident,"
Vols. 1 and 2 May 1980; Revision 1, August 1980.

i NUREG-0666 "A Probabilistic Safety Analysis of DC Power Supply
; Requirements for Nuclear Power Plants," April 1981.

NUREG-0696 " Functional Criteria for Emergency Response Facilities,"
February 1981

NUREG-0731 " Guidelines for Utility Management Structure and Technical
(Draft) Resources," September 1980 (available free by writing to

TIDC, USNRC, Washington, DC. 20555).

NUREG-0737 " Clarification of TMI Action Plan Requirements," November
1980.

NUREG-0799 " Draft Criteria for Preparation of Emergency Operating
(Draft) Procedures," July 1981.

,

NUREG/CR-0130 Battelle Pac.fic Northwest Laboratory, " Technology, Safety,
Vol. 1 and Costs of Decommissioning a Reference Pressurized Water -

Reactor Powei Station," June 1978; Addendum, August 1979.,

NUREG/CR-0660 University of Dayton Research Institute, "Enhanc, 't of
On-Site Emergency Diesel Generator Reliability,",

February 1979.

;

4
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APPENDIX C

NUCLEAR REGULATORY COMMISSION (NRC)
UNRESOLVED SAFETY ISSUES

C.1 Unresolved Safety Issues

The NRC staff continuously evaluates the safety requirements used in its
reviews against new information as it becomes available. Information related
to the safety of nuclear power plants comes from a variety of sources includ-
ing experience from operating reactors; research results NRC staff and Advisory
Committee on Reactor Safeguards (ACRS) safety reviews; an;d vendor, architect /
engineer and utility design reviews. Each time a new concern or safety issue
is identified from one or more of these sources, the need for immediate action
to ensure safe operation is assessed. This assessment includes consideration
of the generic implications of the issue.

In some cases, immediate action is taken to ensure safety (such as the derating
of boiling water reactors as a result of the channel box wear problems in 1975).
In other cases, interim measures, such as modifications to operating procedures
may be sufficient to allow further study of the issue before licensing decisions,
are made. In most cases, however, the initial assessment indicates that imme-,

diate licensing actions or changes in licensing criteria are not necessary.
In any event, further study may be deemed appropriate before judgments can be
made as to whether existing NRC staff requirements should be modified to address
the issue for new plants or if backfitting is appropriate for the long-term
operation of plants already under construction or in operation.

These issues are sometimes called " generic safety issues" because they are
related to a particular class or type of nuclear facility rather than a speci-
fic plant. These issues have also been referred to as ' unresolved safety issues"
(USIs) (NUREG-0410, "NRC Program for the Resolution of Generic Issues Related
to Nuclear Power Plants," January 1,1978). However, as discussed above, such
issues are considered on a generic basis only aft y the staff hii made an initial
determination that the safety significance of the issue does not prohibit
continued operation or require licensing actions while the longer term generic
review is underway.

C.2 ALAB-444 Requirements

These longer term genreic studies were the subject of a Decision by the Atomic
Safety and Licensing Appeal Board of the Nuclear Regulatory Commission. The
Decision was issued on November 23,1977 (ALAB-444) in connection with the
Appeal Board's consideration of the Gulf States Utility Company application
for the River Bend Station, Units Nos. 1 and 2.

In the view of the Appeal Board,

In short, the board (and the public as well) should be in a position
to ascertain from the SER itself--without the need to resort to extrinsic
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documents--the staff's perception of the nature and extent of the
relationship between each significant unresolved generic safety

,

question and the eventual operation of the reactor under scrutiny.*

Once again, this assessment might well have a direct bearing upon
the ability of the licensing board to make the safety findings,

required of it on the construction permit level even though the
generic answer to the guestion remains in the offing. Among other4

things, the furnished infomraion would likely shed light on such
alternatively important considerations as whether: (1) the problem
has already been resolved for the reactor under study; (2) there is
a reasonable basis for concluding that a satisfactory solution will
be obtained before the reactor is put in operation; or (3) the problem
would have no safety implications until after several years of reactor
operation and, should it not be resolved by then, alternative means
will be available to insure that continue operation (if permitted at
all) would not pose an-unaue risk to the public.

This appendix is specifically included to respond to the decision of the Atomic
Safety and Licensing Appeal Board as enunciated in ALAB-444, and as applied to
an operating license proceeding Virginia Electric and Power Company (North Anna
Nuclear Power Station, Units Nos. 1 and 2), ALAB-49T NEC 74b (19/8).

:

C.3 " Unresolved Safety Issues"
,

In a related matter, as a result of Congressional action on the Nuclear,

Act of 1974 was amended (get for Fiscal Year 1978, the Energy Reorganization
Regulatory Commission budi

PL 95-209) on December 13, 1977 to include, among
other things, a new Section 210:

UNRESOLVED SAFETY ISSUES PLAN
,

1

SEC. 210. The Commission shall develop a plan providing for
specification and analysis of unresolved safety issues relating to
nuclear reactors and shall take such action as may be necessary to
implement corrective measures with respect to such issues. Such

'

plan shall be submitted to the Congress on or before January 1,1978,
and progress reports shall be included in the annual report of the

! Commission thereafter.

Tim Joint Explanatory Statement of the House-Senate Conference Committee for
the Fiscal Year 1978 Appropriations Bill (Bill S.1131) provided the following

i additional information regarding the Committee's deliberations on this portion
of the bill:

SECTION 3 - UNRESOLVED SAFETY ISSUES

The House amendment required development of a plan to resolve generic
safety issues. The conferees agreed to a requirement that the plan
should be submitted to the Congress on or before January 1,1978.
The conferees also expressed the intent that this plan should identify
and describe those safety issues, relating to nuclear power reactors,
which are unresolved on the date of enactment. It should set forth--

(1) Commission actions taken directly or indirectly to develop and '
,

implement corrective measures; (2) further actions planned concerning'

,
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such measures; and (3) timetables and cost estimates of such actions.
'The Commission should indicate the priority it has assigned to each

issue, and the basis on which priorities have been assigned.

In response to the reporting requirements of the new Section 210, the NRC staff
submitted to Congress on January 1, 1978, a report entitled "NRC Program for
the Resolution of Generic Issues Related to Nuclear Power Plants'' (NUREG-0410),
describing the NRC generic issues program. The NRC program was already in place
when PL 95-209 was enacted and is of considerably broad scope than the " Unresolved
Safety Issues Plan" required by Section 210. In the letter transmitting
NUREG-0410 to the Congress on December 30, 1977, the Commission indicated that
the "the progress reports, which are required by Section 210 to be incitded in
future NRC annual reports, may be more useful to Congress if they focus on the
specific Section 210 safety items."

It is the NRC's view that the intent of Section 210 was to enstre that plans
were developed and implemented on issues with potentially significant public
safety implications. In 1978, the NRC undertook a review of more than 130
generic issues addressed in the NRC program to determine which issues fit this
description and qualify as " Unresolved Safety Issues" for reporting to the
Congress. The NRC review included the development of proposals by the NRC
Staff and review and final approval by the NRC Commissioners.

The review is described in NUREG-0510, " Identification of Unresolved Safety
Issues Relating to Nuclear Power Plants - A Report to Congress," dated
January 1979. The report provides the following definition of an " Unresolved
Safety Issue":

An Unresolved Safety Issue is a matter affecting a number of
nuclear power plants that poses important questions concerning
the adequacy of existing safety requirements for which a final
resolution has not yet been developed and that involves condi-
tions not likely to be acceptable over the lifetime of the
plant it affects.

Further the report indicates that in applying this definitien, matters that
pose "important questions concerning the adequacy of existing safety require-
ments" were judged to be those for which resolution is necessary to (1) compen-
sate for a possible major reduction in the degree of protection of the public
health and safety or (2) provide a potentially significant decrease in the risk
to the public health and safety. Quite simply, an " Unresolved Safety Issue"
is potentially significant from a public safety standpoint, and its resolution
is likely to result in NRC action on the affected plants.

All of the issues addressed in the NRC program were systematically evaluated
against this definition as decribed in NUREG-0510. As a result, 17 " Unresolved
Safety Issues" addressed by 22 tasks in the NRC program were identified. This
issues are listed below. Progress on these issues was first discussed in the
1978 NRC Annual Report. The number (s) of the generic task (s) (for example,
A-1) in the NRC program addressing each issue is indicated in parentheses
following the title.
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" UNRESOLVED SAFETY ISSUES" (APPLICABLE TASK NOS.)

(1) Waterhammer (A-1)
'

(2) Asymmetric Blowdown Loads on the Reactor Coolant System (A-2)

| (3) Pressurized Water Reactor Steam Generator Tube Integrity (A-3, A-4, A-5)

(4) BWR MARK I and Mark II Pressure Suppression Containments (A-6, A-7, A-8,
A-39)

(5) Anticipated Transients Without Scram (A-9)

(6) BWR Nozzle Cracking (A-10)

(7) Reactor Vessel Materials Toughness (A-11)

(8) Fracture Toughness of Steam Generator and Reactor Coolant Pump Supports
(A-12)

(9) Systems Interaction in Nuclear Power Plants (A-17)

i (10) Environmental Qualification of Safety-Related Electrical Equipment (A-24)

(11) Reactor Vessel Pressure Transient Protection (A-26)

i (12) Residual Heat Removal Requirements (A-31)

(13) Control of Heavy Loads Near Spent Fuel (A-36)

(14) Seismic Design Criteria (A-40)
,

'

(15) Pipe Cracks at Boiling Water Reactors (A-42)

i (16) Containment Emergency Sump Reliability (A-43)

| (17) Station Blackout (A-44)
|

In the view of the staff, the " Unresolved Safety Issues" listed above are the
substantive safety issues referred to by the Appeal Board in ALAB-444 when it
spoke of "...those generic problems under continuing study which have...

'

potentially significant public safety implications." Eig!d. of the 22 tasks
identified with the " Unresolved Safety Issues" are not applicable to Callaway,
ano 6 of these 8 tasks (A-6, A-7, A-8, A-39, A-10, and A-42) are peculiar to
boiling water reactors. Tasks A-4 and A-5 address steam generator tube problems
in Combustion Engineering and Babcock and Wilcox plants. With regard to the
remaining 14 tasks that are applicable to this facility, the NRC staff has
issued NUREG reports providing its proposed resolution of 6 of these issues.
Each of these has been addressed in this Safety Evaluation Report or will be
addressed in a future supplement. The table below lists those issues and the
section of this Safety Evaluation Report in which they are discussed.

C-4

. . _



1

|

|

l

Safety Etaluation
Task NUREG Report and Title Report Section*

A-2 NUREG-0609, " Asymmetric Blowdown loads on PWR 3.9.2.3
Primary Systems.

A-9 NUREG-0460, Vol. 4, " Anticipated Transients 15.3.8
Without Scram for L,ight-Water Reactors"

_

A-24 NUREG-0588, " Interim Staff Position on Environ- 3.11
mental Qualification of Safety-Related Equipment"

A-26 NUREG-0224, " Reactor Vessel Pressure Transient 5.2.2
Protection for Pressurized Water Reactors" (and
RSB BTP 5-2 in NUREG-75/087)

A-31 NUREG-75/087, SRP 5.4.7 and BTP 5-1 " Residual 5.4.3
Heat Removal Systems" incorporate the requirements
of USI A-31

A-36 NUREG-0612, " Control of Heavy Loads at Nuclear 9.1.4
Power Plants"

The remaining generic issues apolicable to Callaway Unit 1 are:

(1) Waterhammer(A-1)

(2) Westinghouse Steam Generator Tube Integrity (A-3)

(3) Reactor Vessel Materials Toughness (A-11)

(4) Potential for low Fracture Toughness and Lamellar Tearing on PWR Steam
Generator and Reactor Coolant Pump Supports (A-12)

(5) Systems Interactions in Nuclear Power Plants (A-17)

(6) Seismic Design Criteria (A-40)

(7) Containment Emrgency Sump Reliability (A-43)

(8) Station Blackout (A-44)

With the exception of Tasks A-43 and A-44, Task Action Plans for the generic
tasks above are included in NUREG-0649, " Task Action Plans for Unresolved
Safety Issues Related to Nuclear Power Plants." The Task Action Plan for
Task A-43-was issued in January 1981, and the Task Action Plan for A-44 was
issued in July 1980. Oraft NUREG-0577, which represents staff resolution of
USI A-12, was issued for comment in November 1979. The Draft NUREG contained
the Task Action Plan for A-12. The information provided in NUREG-0649 meets
most of the informational requirements of ALAB-444 Each Task Action Plan
provides a description of the problem; the staff's approaches to its resolution;
a general discussion of the bases upon which continued plant licensing or opera-
tion can proceed pending completion of the task; the technical organizations
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involved in the task and estimates of the personnel required for gompletion; a
description af the interactions with other NRC offices, the Advisory Committee
on Reactor Safeguards and outside organizations; esti m es of funding required
for contractor-supplied technical assistance;' prospective dates for completing
the task; and a description of potential problems that could alter the planned

,

approach on schedule.
J,
'

In addition to the Task Action Plans, the staff issues the " Office of Nuclear
Reactor Regulation Unresolved Safety Issues Summary, Acua Book" (NUREG-0606)
on a quarterly basis. This b M rovides current schecule information for each
of the " Unresolved Safety Issues.p' It also includes information relative to
the implementation status of each " Unresolved Safety Issue" for which technical
resolution is complete.

The staff has reviewed the eight " Unresolved Safety Issues" listed above as
they relate to Callaway. Discussion of each of these issues, including refer-
ences to related discussions in the Safety Evaluation Report, are provided below
in Section C.5. Based on its review of these items, the staff concluded, for
the reasons set forth in Section C.5, that there is reasonable assurance that
this facility can be operated before the ultimate resolution of these generic
issues without endangering the health and safety of the public.

C.4 New " Unresolved Safety Issues"

An indepth and systematic review of generic safety concerns indentified since
Janaury 1979 has been performed by the staff to determine if any of these issues
should be designated as new " Unresolved Safety Issues." The candidate issues
originated from concerns identified in NUREG-0660, "NRC Action Plan as a Result
of the THI-2 Accident"; ACRS recommendations; abnormal .ccurrence reoorts; and
other o)erating experience. The staff's proposed list was reviewed and commented
on by tie ACRS, the Office of Analysis and Evaluation of Operational Data (AE00),
and the Offica of Policy Evaluation. The ACRS and AE00 proposed that several
additional " Unresolved Safety Issues" be considered by the Commission. The
Commi;sion considered the above information a:.d approved the following four
issues new " Unresolved Safety Issues":

(1) A-45 Shutdown Decay Heat Removal Requirements

(2) A-46 Seismic Qualification of Equipment in Operating Plants

(3) A-47 Saf6'.y Implications of Control Systems
i

(4) A-48 Hydroger.' Control Measures and Effects of Hydrogen Burns on
Safety Eqaipment

A description of the review process for candidate issues, together with a list
of the issues considered is presented in NUREG-0705, " Identification of New
Unresolved Safety Issues Relating to Nuclear Power Plants, Special Report to
Congress," dated March 1981. An expanded discussion of each of the new
" Unresolved Safety Issues" is also contained in NUREG-0705.

The applicability and bases for licensing, prior to ultimate resolution of the
four new USIs for Callaway are discussed in Section C.5.
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C.5 Discussion of Tasks as They Relate to Callaway Unit No. 1

A-1 Waterhammer

Waterhammer events are intense pressure pulses in fluid systems caused by any
one of a number of mechanisms and system conditions.

Since 1971 there have been more than 100 incidents involving waterhammer in
pressurized water reactors and boiling water reactors. The waterhammers have
involved steam generator feedrings and piping, decay heat removal systems,
emergency core cooling systems, containment spray lines, service water lines,
feedwater lines and steam lines. However, the systems most frequently affected
by waterhammer effects Jre the feedwater systems. The most serious waterhammer
events have occurred in the steam generator feedrings of pressurized water
reactors. These types of waterhammer events are addressed in Section 10.4.7
of the Safety Evaluation Report.

Under Generic Task A-1, the potential for waterhammer in various systems is
being evaluated and appropriate requirements and systematic review prrgedures

'are being developed to ensure that waterhammer is given appropriate consideration
in all areas of licensing review. A technical report, NUREG-0582, " Water-Hammer
in Nuclear Power Plants" (July 1979), provided the results of an NRC staff review
of waterhammer events in nuclear power plants and stated current staff licensing
positions, thus completing a major subtask of Generic Task A-1.

With regard to the protection against other potential waterhammer events currently
provided in plants, piping design codes require consideration of impact loads.
Approaches used at the design stage include: (1) increasing valve closure times,
(2) laying out piping to preclude water slugs in steam lines and vapor formation
in water lines, (3) using snubbers and pipe hangers, and (4) using vents and
drains. In addition, the staff requires, that the applicant conduct a preopera-
tional vibration dynamic effects test program in accordance with Section III
of the ASME Code for all ASME Class 1 and Class 2 piping systems and piping
restraints during startup and intitial operation. These tests will provide
adequate assurance that the piping and piping restraints have been designed to
withstand dynamic effects due to valve closures, pump trips, and other operating
modes associated with the design operational transients.

The Callaway plant steam generator design incorporates a sealed thermal sleeve
and J tubes on the feedring to prevent draining of water from the feedring in
the event feedwater is lost and the steam generator water level drops below
the level of the feedring. The steam generator design also incorporates a
short horizontal length of feedwater piping to the feedring. The applicant
has committed to conduct a steam generator waterhammer test using normal plant
procedures as well as a preoperational test for piping vibration and dynamic
effects.

The feedwater connection on each of the steam generators is the highest point
of each feedwater line downstream of the main feedwater isolation valve. The
feedwater lines contain no high pockets which, if present, could trap steam
and lead to waterhammer.
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Nonetheless, in the unlikely event that a large pipe break did result from a
| severe waterhammer event, core cooling is ensured by the emergency core cooling
| systems, and protection against the dynamic effects of such pipe breaks inside
'

and outside of containment is provided.

In the event that Task A-1 identifies some potentially significant waterhammer
i scenarios that which have not explicitly been accounted for in the design and

operation of Callaway, corrective measures will be required at that time. The
task has not as yet identified the need for requiring any additional measures
beyond those already implemented.

Based on the foregoing, the staff has concluded that Callaway can be operated'
prior to ultimate resolution of this g a ric issue without undue risk to the
health and safety of the public.

A-3 Westinghouse Steam Generator Tube Integrity

The primary concern is the capability of steam generator tubes to maintain their
| integrity during normal operation and postulated accident conditions. In addi-

tion the requirements for increased steam generator tube inspections and
rapalrshaveresultedinsignificantincreasesinoccupationalexposuresto

,

workers. Corrosionresultinginsteamgeneratortubewallthinning(wastage)
| has been observed in several Westinghouse plants for a number of years. Plants
; operating exclusively with an all volatile secondary water treatment process
i have not experienced this form of degradation to date. Anothermajorcorrosion-
i related phenomenon has also been observed in a number of plants in recent years,

resulting from a buildup of support plate corrosion products in the annulus
between the tubes and the sup) ort plates. This buildup eventually causes a

| diametral reduction of the tu]es, call " denting," and deformation of the tube
'

support plates. This phenomenon has led to other problems, including stress
corrosion cracking, leaks at the tube /su] port plate intersections, and U-bend;

section cracking of tubes which were hig11y stressed because of support plate
'

deformation.

Callaway Unit 1 uses the Westinghouse Model F steam generator which was developed
to minimize steam generator tube problesa. In addition, Callaway uses full
flow demineralizers and all volatile treatment (AVT) for feedwater chemistryi

control.
'

The applicant has met all current requirements regarding steam generator tube
integrity. The Technical Specifications will include requirements for actions

| to be taken in the event that steam generator tube leakage occurs during plant
operation.'

! Task A-3 is expected to result in improvements in current staff requirements
! for inservice inspection of steam generator tubes. These improvements will

include a better statistical basis for inservice inspection pro!

and consideration of the cost / benefit of increased inspection. gram requirementsPending comple-
tion of Task A-3, the measures taken at this facility should minimize the steam
generator tube problems encountered. Further, the inservice inspection and
Technical Specification requirements will ensure that the applicant and the NRC
staff are alerted to tube degradation should it occur. Appropriate actions
such as tube plugging, increased and more frequent inspections, and power
derating could be taken if necessary. Because the improvements that will result
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from Task A-3 will be procedural (such as an improved inservice inspection
program), they can be implemented by the applicant after operation of this
facility begins, if necessary.

Based on the foregoing, the staff has concluded that Callaway can be operated
prior to ultimate resolution of this generic issue without undue risk to the
health and safety of the public.

A-11 Reactor Vessel Materials Toughness

Resistance to brittle fracture, a rapidly propagating catastrophic failure mode
for a component containing flaws, is described quantitatively by a material
property generally denoted as " fracture toughness." Fracture toughness has
different vaiues and characteristics depending upon the material being con-
sidered. For steels used in a nuclear reactor pressure vessel, three considera-
tions are important. First, fracture toughness increases with increasing
temperature; second, fracture toughness decreases with increasing load rates;
and third, fracture toughness decreases with neutron irradiation.

In recognition of these considerations, power reactors are operated within
restrictions imposed by the Technical Specifications on the pressure during
heatup and cooldown operations. These restrictions ensure that the reactor
vessel will not be subjected to a combination of pressure and temperature that
could cause brittle fracture of the vessel if there were significant flaws in
the vessel materials. The effect of neutron radiation on the fracture toughness
of the vessel . material is accounted for in developing and revising these Technical
Specification limitations.

For the service times and operating conditions typical of current operating
plants, reactor vessel fracture toughness for most plants provides adequate
margins of safety against vessel fa11ure under operating, testing, maintenance,
and anticipated transient conditions, and under accident conditions over the
life of the plant. However, results from a reactor vessel surveillance program
and analyses performed for up to 20 oldea operating pressurized water reactors
and those for some plants of more recent vintage will have marginal toughness,
relative to required margins at normal full power after comparatively short
periods of operation. In addition, results from analyses performed by pres-
surized water reactor manufacturers indicate that the integrity of some reactor
vessesl may not be maintained in the event that a main steam line break or a
loss-of-coolant accident occurs after approximately 20 years of operation.
The principal objective of Task A-11 is to develop an improved engineering
method and improved safety criteria to allow a more precise assessment (1) of
the safety margins that are available during normal operation and transients
in older reactor vessels with marginal fracture toughness and (2) of the safety
margins available during accirknt conditions for all plants.

The Callaway reactor vessels are restricted to less than 0.1 percent copper ir.
both base metal and weld filler. Measured copper content of the reactor vessels
are below 0.08 percent in the beltline region. Calculations of RT cne quarter

NDT

through the reactor vessel wall will be 99 F; at three quarters through the
wall it will be 84 F.
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Based on its esaluation of this facilfty's reactor vessel materials toughness,
the staff has concluded that this unit Mill have adequate safety margins against
brittle failure during operating, testing, maintenance, and anticipated transient
conditions over the life of the plant. Because Task A-11 is projected to be
completed well in advance of this facility's reactor vessel reaching a fluence
level which would noticeably reduce fracture resistance, acceptaole vessel
integrity for the postulated accident conditions will be ensured at least until
the rertor vessel is reevaluated for long-term acceptability.

In addition, the surveillance program required by 10 CFR 50, Appendix H will
afford an opportunity i.o reevaluate the fracture toughness periodically during
the first half of design life.

Therefore, based upon the foregoing, the staff has concluded that Callaway can
be operated prior to resolution of this ganeric issue without undue risk to
the health and safety of the public.

A-12 Potential for low Fracture Toughness and Lamellar Tearing on PWR Steam
Generator and Reactor Coolant Pumo Supoorts

During the course of the licensing action for North Anna Power Station Unit
Nos.1 and 2, a number of questions were raised as to the potential for lamellar
tearing and low fracture toughness of the steam generator and reactor coolant
pump support materials for those facilities. Two different steel specifications
(ASTM A36-70a and ASTM A572-70a) covered most of the material used for these
supports. Toughness tests, not originally specified and not in the relevant
ASTM specifications, were made on those heats for which excess material was
available. The toughness of the A36 steel was found to be adequate, but the
toughness of the A572 steel was relatively poor at an operating temperature of
80 F.

Because similar materials and designs have been used on other nuclear plants,
the concerns regarding the supports for the North Anna facilities are applicable
to other PWR plants. It was, therefore, necessary to reassess the fracture
toughness of the steam generator and reactor coolant pump support materials
for all operating PWR plants and those in CP and OL review.

NUREG-0577, " Potential for Low Fracture Toughness and lamellar Tearing on PWR
Steam Generator and Reactor Coolant Pump Supports," sas issued for comment in
November 1979. This report summarizes work performed by the NRC staff and its
contractor, Sandia Laboratories, in the resolution of this generic activity.
The report describes the technical issues, the technical studies performed by
Sandia Laboratories, the NRC staff's technical positions based on these studies,
and the NRC staff's plan for implementing its technical positions. As a part
of initiating the implen ntation of the findings in this report, letters were
sent to all applicants and licensees on May 19 and 20, 1980. In these letters
a revised proposed implementation plan was presented and specific criteria for
material qualif. cations were defined.

.

1

Many comments on both the draft of NUREG-0577 and the letters of May 19 and 20 i
have been received by the NRC staff and detailed consideration is presently I
being given to these comments. After completing its review and analysis of
the comments provided, the staff will issue the final revision of NUREG-0577

l

|
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1 which will include a full discussion and resolution of the comments and a final

plan for implementation.

The staff estimates that the implementation review will require approximately
; 2 years. Because many factors (initiating event, low fracture toughness in a

,

; critical support member in tension, low operating temperature, large flaw) must I
~

be simultaneously,present for failure of the support system, the staff has
! determined that licensing for PWRs should continue during the implementation

phase. The staff's conclusions regarding licensing and subsequent operation,

' are not sensitive to the estimated length of time required for this work.
' With regard to the lamellar tearing issue, the results of an extensive literature

survey by Sandia revealed that, although lamellar tearing is a common occurrence,

j in structural steel construction, virtually no documentation exists describing
inservice failures as a result of lamellar tearing. Nonetheless, additionali

) research is recommended to provide a more definitive and complete evaluation
of the importance of lamellar tearing to the structural integrity of nuclear
power plant support systems.

Callaway steam generator and reactor coolant pump supports were designed to
meet the fracture toughness requirements of ASME Section III, subsection NF-2300
at 50 F or lower. Westinghouse evaluated the fracture toughness requirements
of subsection NF and concluded that compliance with the subsection NF ensures
compliance with the "For Comment" version of NUREG-0577 (which presents the,

proposed staff resolution to A-12). The Westinghouse conclusion is documented4

in a letter to the NRC dated August 7, 1980 (NSTMA-2290).

: Based on its review, the staff has concluded that there is reasonable assurance
'.

that Callaway can be operated before ultimate resolution of this generic issue
without endangering the health and safety of the public.

:
' A-17 Systems Interaction in Nuclear Power Plants
i

.

| The staff's systems interaction program was initiated in May 1978 with the
definition of USI A-17 and was intensified by NUREG-0660 Item II.C.3, Systems
Interaction. The concern arises because'the design, analysis, and installation
of systems are frequently the responsibility of teams of engineers with func-
tional specialties--such as civil, electrical, mechanical, or nuclear. Experience
at operating, plants has led to questions of whether the work of these functional
specialists is sufficiently integrated to enable them to minimize adverse inter-
actions among systems. Some adverse events that occurred in the past might

) have been prevented if the teams had ensured the necessary independence of safety
' systems under all conditions of operation.

Callaway has not described a comprehensive program that separately evaluates
all structures, systems, and components important to safety for the three
categories of adverse systems interactions (spatially coupled, functionally
coupled, and humanly coupled. However, there is assurance that Callaway can
be o)erated without endangering the health and safety of the public. The plant
has )een evaluated against current licensing requirements that are founded on;

the principle of defense-in-depth. Adherence to this principle results in
requirements such as physical separation and independence of redundant safety
systems, and arotection against hazards such as high energy line ruptures,
missiles, hig1 winds, flooding, seismic events, fires, human factors, and

,
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sabotage. These design provisions are subject to review against the SRP, which
requires interdisciplinary reviews of safety grade equipment and address different
types of potential systems interactions. Also, the quality assurance program
which is followed during the design, construction, and operational phases for
each plant contributes to the prevention of introducing adverse systems interac-
tions. Thus, the current licensing requirements and procedures provide an^

adequate degree of plant safety.

The applicant has conducted hazard analyses which are described in the SNUPPS
FSAR, Appendix 38. These hazard analyses specifically considered system
interfaces and potential systems interactions.

In mid-1977, Task A-17 was initiated to ensure that present review procedures
and safety criteria provide an acceptable level of redundancy and independence
for safety functions. The task proceeded by evaluating the potential for
undesirable interactions between systems at a sample plant.,

The NRC staff's current procedures assign primary responsibility for review of
; various technical areas to specific organizational units and' assign secondary

responsibility to other units where there is a functional interface. Designers
follow somewhat similar procedures and provide the analyses of systems and
interface reviews. Task A-17 provided an independent study of methods that
(1) could identify important systems interactions adversely impacting safety,
and (2) that were not considered by current review procedures. The first phase
of this study began in May 1978 and was completed in February 1980; it was done
by Sandia Laboratories under contract to the'NRC.

The Phase I investigation was structured to identify areas (1) where interactions
are possible between systems and (2) which havt ;.he potential of negating or
seriously degrading the performance of safety functions. The study coacentrated

'

on commonly caused or linked failures among systems that could violate a safety
function. The investigation wcs to then identify where NRC review procedures
may not have properly accounted for these interactions.

Sandia personnel used fault-tree analysis on a selected LWR design to identify
component failure combinations (cut-sets) that could result in loss of a safety
function. The cut-sets were further reduced by incorporating six linking systems
failures into the analysis. The results of the Sandia effort indicated a few
potentially adverse systems interactions within the limited scope of the study.
The staff reviewed the interactions for safety significance and generic implica-
tions. The staff concluded that nc corrective meas mas needed to be implemented
immediately except for the potential interaction between the PORV and its block
valve. This interaction had been separately identified by the evaluations of
the THI-2 accident while Sandia was performing its study. Because corrective
measures were already being implemented no separaate measures were needed under
USI A-17.

The "NRC Action Plan Developed as a Result of the THI-2 Accident," NUREG-0660,
provides for a systems intereaction follow-on study (Section II.C.3, " Systems
Interactions"). Since April 1980, NRR has intensified the effort both by
broadening the study of methods to identify potential systems interactions and
by performing audit reviews of two plants for selected systems interactions.
Recent staff experience provides a basis from which the staff is developing an
improved, systematic review process for potential systems interactions. The
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process will provide for a resolution of USI A-17, assimilate operating reactor
experience, and rank identified systems interactions by their relative importance4

to safety.

It is expected that the development of systematic ways to identifv, rank, and
evaluate systems interactions will go further to reduce the likel'ihood of inter-
system failures resulting in the loss of plant safety functions. A comprehensive

.' program is expected to employ analytical methods, visual inspections, experience
feedback, and simulator dependencies experiments. The LWR industry's current
experience with systems interaction reviews is fragmented. Expe'ience like
that gained by the Phase I study is an essential ingredient to the staff's
considerations of a comprehensive systems interaction program. After the
resolution of USI A-17, the staff will determine whether Callaway must perform
further evaluations for adverse systems interaction.

A-40 Seismic Design Criteria - Short-Term Program

NRC regulations require that nuclear power structures, systems, and components
important to safety be designed to withstand the effects of natural phenomena
such as earthquakes. Detailed reguirements and guidance regardino the seismic
design of nuclear plants are provided in the NRC regulations and In Regulatory
Guides. However,thereareanumberofplantswithconstructionpermitsand
operating licenses issued before the NRC s current regulations and Regulatory
Guides were in place. For this reason, reviews of the seismic design of various
plants are being undertaken to ensure that these plants do not'present an undue
risk to the public. Task A-40 is, in effect, as compendium of short-term efforts
to support such reevaluation efforts of the NRC staff, especially those related

..

to older operating plants. In addition, some revisions to the Standard Review
j Plan sections and Regulatory Guides te bring them more in line with the state

of the art will result.d

As discussed in Sections 3.8 and 3.9 of this Safety Evaluation Report, the seismic
design basis and seismic design of this faci?ity have been evaluated at the
operating license stage and have been found acceptable. The staff does not
expect the results of Task A-40 to affect these conclusions because the tech-
niques under consideration are essentially those utilized in the review of this
facility. Should the resolution of Task A 40 indicate a changa is needed in
licensing requirements, all operating reactors, including Callaway, will be
reevaluated on a case-by-case basis. Accordingly, the staff has concluded that
this facility can be operated before the ultimate resolution of this generic
issue without endangering the health and safety of the public.

A-43 Containment Emergency Sump Reliability

Following a postulated loss-of-coolant accident (that is, a break in the reactor
coolant system piping), the water flowing from the break would be collected in
the emergency sump at the low point in the containment. This water would be
recirculated through the reactor system by the emergency core cooling pumps to
maintain core cooling. This water would also be circulated through the contain-
ment spray system to remove heat and fission products from the containment.
Loss of the ability to draw water from the emergency sump could disable the
emergency core cooling and containment spray systems.

C-13
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One postulated means of losing the ability to draw water from the emergency
sump could be blockage by debris. A principal source of such debris could be

'

the thermal insulation on the reactor coolant system' piping. In the event of
a piping break, the subsequent violent release of the high pressure water in

, the reactor coolant system could rip off the insulation in the area of the
! break. This debris could then be swept into the sump, potentially causing

blockage.

Currently, regulatory positions regarding sump design are presented in Regulatory
Guide 1.82, " Sumps for Emergency Core Cooling and Containment Spray Systems,"
which address debris (insulation). Regulatory Guide 1.82 recommends that, in
addition to redundant separated sumps, two protective' screens should be provided.
A low approach velocity in the vicinity of the sump is required to allow insula-
tion to settle out before it reaches the sump screening; it is required that

'

the sump remain functional assuming that one-half of the screen surface area
is blocked. The staff review of the sump design against the Regulatory Guide
is found in Section 6.2.2 of this Safety Evaluation Report.

'

A second .nostulated means of losing the ability to draw water from the emergency
sump coulc be abnormal conditions in the sump or at the pump inlet, such as
air entrainuent, vortices, or excessive pressure drops. These conditions could
result in pump cavitation, reduced flow, and possible damage to the pumps.,

Currently, regulatory positions regarding sump testing are contained in
Regulatory Guide 1.79, "Preoperational Testing of Emergency Core' Cooling Systems
for Pressurized Water Reactors," which addresses the testing of the recirculation
function. Both inplant and scale model tests have been performed by applicants
to demonstrate that circulation through the sump can be reliably accomplished.,

As indicated in Section 6.3 of this Safety Evaluation Report, the applicant
- will perform full-scale tests of the containment sump design during preopera-

_ -tional testing on Callaway Unit 1. The applicant will be raquired to demonstrate
that there is reasonable assurance that the sump design will perform as expected
following a loss-of-coolant accident. '

The near-term implementation of lask A-43 for Callaway is expected to be procedural
in nature and ensure that there are adequate housekeeping and emergency procedures
to supplement the sump testy discussed abon. Accordingly, the staff has concluded
that this facility can be operated before ultimate resolution of this generic
issue without endangering the health and safety of the public.

A-44 Station Blackout

Electrical power for safety systems at nuclear power plants must be supplied
by at least two redundant and independent divisions. The systems used to remove
decay heat to cocl- the reactor core following a reactor shutdown are included
among the safety systems that must meet these requirements. Each electrical

7 division for safety systems includes an offsite ac power connection, a standby
emergency diesel generator ac power supply, and dc sources.,

Task A-44 involves a study of whether or not nuclear power plants should be
designed to accommodate a complete loss of all ac power (that is, loss of both
the offsite and the emergency diesel generator ac power supplies). This issue
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arose because cf operating experience regarding the reliability of ac power
supplies. A number of operating plants have experienced a total loss of offsite
electrical power, and more occurrences are expected in the future.

During each of these loss of offsite power events, the onsite emergency ac power
supplies were available to supply the power needed by vital safety equipment.
However, in some instances, one of the redundant emergency power supplies has
been unavailable. In addition, there have been numerous reports of emeYgency
diesel generators in operating plants failing to start and run during periodic
surveillance tests. ,

A loss of all ac power was not a design-basis event for Callaway. Nonetheless,
the combination of design, operation, and testing requirements that has been
imposed on the applicant will ensure that these units will have substantial
resistance to a loss of all ac power and that, even if a loss of all ac power
should occur, there ie reasonable assurrance that the core will be cooled.
These are discussed below.

A loss of offsite ac power involves a loss of both the preferre1 and backup
sources of offsite power. The staff review and basis for acceptance of the
design, inspection, and testing provisions for the offsite power system are
described in Sections 8.1 and 8.2 of the Safety Evaluation Report.

If offsite power is lost, diesel generators and their associated distribution
systems will deliver emergency power to safety-related equipment. The staff
review of the design, testing, surveillance, and maintenancc provisions for
the onsite emergency diesels is described in Section 8.3 of the SER. The staff
requirements include preoperational testing to ensure the reliability of the
installed diesel generators in accordance with our requirements discussed in
the SER. In addition, the applicant has been requestec to implement a program
for enhancement of diesel generator reliability to better ensure the long-term
reliability of the diesel generators. This program resulted from recommendations
of NUREG/CR-0660, " Enhancement of Onsite Emergency Generator Reliability."

Even if both offsite and onsite ac power are lost, cooling water can still be
provided to the steam generators by the auxiliary feedwater system by employing
a steam turbine-driven pump that does not rely on ac power for operation. The
staff review of the auxillary feedwater system design and operation is described
in Section 10.4.9 of the Safety Evaluation Report.

The issue of station blackout was also csnsicered by the-Atomic Safety and
Licensing Appeal Board (ALAB-603) for the St. Lucie Unit No. 2 facility. In
addition, in view of the completion srnedule for Task A-44 (October 1982), the
Appeal Board recommended that the Corraission take expeditious action to ensure
that other plants and their operator are equipped to accommodate a station
blackout event. The Commission has reviewed this recommendation and determined
that some interim measures should be taun at all facilities, including Callaway,
while Task A-44 is being conducted. Consequently, interim emergency procedures
and operator training for safe operation of the facility and restoration of ac
power will be required. The staff notified the applicant of these requirements
in a letter from D. Eisenhut, NRC, dated February 25, 1981. The staff will ~

require that Callaway's procedures and training be completed by the fuel ioad
date.
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. Based on the above, t'he staff has concluded that then is reasonable assurance
that Callaway can be operated prior to the ultimate re >lution of this generic*

issue without endanger 1r.g the health and safety of the , ublic.

A-45 Shutdown Decay Heat Removal Requi;ements-

Under normal operating conditions, power generated within a reactor-is removed1

as steam to produce electricity via a turbine generator. Following a reactor4

shutdown, a reactor produces insufficient power to operate the-turbine; however,
| the radioactive decay of fission products continues to produce heat (so-called !
! " decay heat"). Therefore,.when reactor shutdown occurs, other measures must
! be available to remove decay heat from the reactor.to ensure that high temper-

atures and pressures do not develop which could jeopardize the reactor and thet

i reactor coolant system. It is evident, therefore, that all light water reactors
(LWRs) share two common decay heat removal functional requirements: (1) to
provide a means of transferring decay heat from the reactor coolant system to
an ultimate heat sink and (2) mainto n sufficient water inventory inside the

J reactor vessel to ensure adequate cooling of the reactor fuel. The reliability
of a particular power ?lant to perform these functions depends on the frequency1

of initiating events tlat require or jeopardize decay heat removal operations;

and the probability that required systems will respond to remove the decay heat.*

This Unresolved Safety Issue will evaluate the benefit of providing alternate.

means of decay heat removal which could substantially increase a plant's capa-'

bility to handle a broader spectrum of transients and accidents. The study
: will consist of a generic system evaluation and will result in recommendations
l regarding the desirability of and possible design requirements for (1) improve-
: ments in existing systems or (2) an alternative decay heat removal metiod, if
! the improvements or alternative can significantly reduce'the overall risk to
! the public.

; The primary method for removal o' decay heat from pressurized water reactors
'

is via the steam generators to the secondary sy-tem. This energy is transferred
on the secondary side to either the main feedwater or auxiliary feedwater systems,

,

and it is rejected to either the turbine condenser or the' atmosphere via the
steamline safety / relief valves. Following the TMI-2 accident, the importance

| of the auxiliary feedwater system was highlighted, and a number of steps were
taken to improve the reliability of the auxiliary feedwater system. The staff's
review of these items is contained in Section 10.4.9 of-this. Safety Evaluationt

! Report. It was also stipulated that plants must be capable of providing the
required auxiliary feedwater flow for at least 2 hours from one auxiliary

| feedwater p..mpitrain, independent of any ac power source (that is, if both
offsite and onsite alternating current pbwer sources are lost).

Pressurized water reactors also have alternate means of removing decay" beat if! an extended Icss of feedwater is postulated.- This method is known as feed
andbleed"andusesthehighpressureinjectionsystemtoaddwatercoolant

c (feed) at high pressure to the primary sy tem. The decay heat increases the

system pressure and energy (bleed), if necessary.is removed through the power-operated relief valves-(
and/or the safety valves;

i
|

-

o
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At low primary system pressure (below about 200 psi), the long-term decay heat

conditions. y the residual heat removal system to achieve cold shutdownis removed b

Callaway Units 1 has complied with SRP Section 5.4.7 and has the capability
to achieve cold shutdown conditions using only safety grade equipment with only
onsite or only offsite ac power.

Based on the foregoing, the staff has concluded that Callaway can be operated
3rior to ultimate resolution of this generic issue without endangering the
1ealth and safety of the public.

,

A-46 Seismic Qualification of Equipment in Operating Plants,

The design criteria and methods for the seismic qualification of mechanical-'

and electrical equipment in nuclear power plants have undergone significant
change during the course of the commercial nuclear power program. Consequently,a

the margins of safety provided in existing equipment to resist seismically
induced loads and perform the intended safety functions may vary considerably.
The seismic qualification of the equipment in operating plants must, therefore,
be reassessed to ensure the ability to bring the plant to a safe shutdown condi-
tion when it is subject to a seismic event. Theobjectiveofthis~ Unresolved
Safety Issue is to establish an explicit set of guidelines that could be used
tojudgetheadequacyoftheseismicqualificationofmechanicalandelectrical
equipment at all operating plants in lieu of attempting to backfit current design
criteria for new plants. This guidance will concern equipment required to safely
shut down the plant, as well as equipment whose function is not required for
safe shutdown, but whose failure could result in adverse conditions which might
impair shutdown functions.

Callaway was designed using current seismic criteria, and the design has been
reviewed and approved by the staff in accordance with current design criteria
and methods for seismic qualification. Therefore, the staff concludes that
Callaway Unit 1 can be operated prior'to resolution of this generic issue
without undue risk to the health and safety of the public.

A-47 Safety Implications of Control Systems

This issue concerns the potential for trainsients or accidents being made more
severe as a result of control system failures or malfunctions. These failures
or malfunctions may occur independently or as a result of the accident or
transient under consideration. One concern is the potential for a single failure
such as a loss of a power supply, short circuit, open circuit -' sensor failure
to cause simultaneous malfunction of several control features. 'uch an occur-
rence could conceivably result in a transient more severe than t. nose transients
analyzed as anticipated operational occurrences. A second concern is for a

,

postulated accident to cause control system failures which could make the acci-
dent more severe than analyzed. Accidents could conceivably cause control system
failures by creating a harsh environment in the area ef the control equipment;

or by physically damaging the control equipment. It is generally believed by'

the staff that such control system failures would not lead to serious events
,

or result in conditions that safety systems cannot safely handle. Systematic
evaluations have not been rigourously performed to verify this belief. The
potential for an accident that could affect a particular control system, and

.

C-17

:
__ _. , , .. . -._- - _-- . . _



|

|

effects of the control system failures, may differ from )lant to plant. There-
fare, it is not possible to develop, generic answers to t1ese concerns, but rather
plant-specific evaluations are required. The aurpose of this Unresolved Safety
Issue is to define generic criteria that will )e used for plant-specific
evaluations.

The Callaway control and safety systems have been designed with the goal of
ensuring that control system failures will not prevent automatic or manual
initiation and operating of any safety system equjpment required to trip the
plant in a safe shutdown condition following any anticipated operational
occurrence" or " accident." This has been accomplished by either providing
independence between safety and nonsafety systems or providing isolating
devices between safety and nonsafety systems. These devices preclude the
propagation of nonsafety system equipment faults to the protection system. An
analysis of control and safety systems interactions was performed by the
applicant and was evaluated in Section 7.7.2 of the SER. This ensures that
operation of the safety system equipment is not impaired.

Based on the above, the staff has concluded that there is reasonable assurance
that Callaway can be operated before the ultimate resolution of this generic
issue without endangering the health and safety of the public.

A-48 Hydrogen Control Measures and Effects of Hydrogen Burns on Safeh
Equipment

Following a loss-of-coolant accident in a light water reactor plant, combustible
gases, principally hydrogen, may accumulate inside the primary reactor contain-
ment as a result of: (1) metal-water reaction involving the fuel element
cladding; (2) the radiolytic decomposition of the water in the reactor core
and the containment sump; (3) the corrosion of certain construction materials
by the spray solution; and (4) any synergistic chemical, thermal and radiolytic
effects of postaccident environmental conditions on containment protective
coating systems and electric cable insulation.

Because of the potential for significant hydrogen generation as the result of
an accident, 10 CFR Section 50.44, " Standards for Combustible Gas Control System
in Light Water Cooled Power Reactors" and the GDC 41 require that systems be
providd to control hydrogen concentrations in the containment atmosphere
following a postulated accident to ensure that containment integrity is
maintained.

10 CFR Section 50.44 requires that the combustible gas control system provided
be capable of handling the hydrogen generated as a result of degradation of
the emergency core cooling system such that the hydrogen release is five times
the amount calculated in demonstrating compliance with 10 CFR Section 50.46 or
the amount corresponding to reaction of the cladding to a depth of 0.00023 in.,
whichever amount is greater.

The accident at TMI-2 on March 28, 1979 resulted in hydrogen generation well
in excess of the amounts specified in 10 CFR Section 50.44. As a result of
this knowledge it became ap)arent to NRC that specific design measures are
needed for handling larger lydrogen releases, particularly for smaller low l

,

pressure containments. As a result, the Commission determined that a rulemaking
,

proceeding should be undertaken to define the manner and extent to which hydrogen

I
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evolution and other effects of a degraded core need to be taken into account;

in plant design. An advance notice of this rulemaking proceeding on degraded
core issues was published in the Federal Register on October 2, 1980.

Recognizing that a number of years may be required to complete this rulemaking -

proceeding, a set of short-term or interim actions relative to hydrogen control
requirements were developed and implemented. These interim measures were

'

described in a second October 2, 1980 Federal Register notice. For plants'

with large dry containments such as Callaway, no near-term mitigation measures
are required by the interim rule.

Callaway has about 2.5 million fta of net free volume. Assuming 30 to 50 percent

metal water reaction in the core,ll range from 6 to 10 percent.the resulting uniformly mixed concentrationof hydrogen in the containment wi This is well3

below the concentrations for detonation and even below the limits for combustion
with expected steam concentrations in the containment atmosphere following a

: LOCA.

The design pressure of Callaway is 60 r;ig. Analyses performed on the Zion
and Indian Point plants show that the ta11ure pressures are greater than twice
the design pressures. The staff therefore finds that the failure pressure of
the Callaway containment would be considerably in excess of the design pressure.

If the substantial amount of metal-water reaction were to occur shortly following
onset of a large LOCA and while the containment is still near itt peak pressure,
the pressure increase caused by the noncondensible hydrogen gas and its asso-
ciated exothermic formation energy would be substantially less than the failure
pressure. If the metal-water reaction were to occur well after onset of the
large LOCA, the containment heat removal system would have condensed much of
the steam in the containment and reduced the containment pressure.- This would
provide a substantial margin for accommodating, hydrogen generated by the metal-
water reaction. At this later time, the containment heat removal system would
be able to condense much of the steam in the containment and reduce the
containment pressure.

In addition, the "Short Term Lessons Learned" from the TMI-2 accident have
been implemented at Callaway. This action will reduce the likelihood of
accidents that could lead to substantial amounts of metal-water reaction.

Accordingly, pending resolution of this Unresolved Safety Issue and the rule-
making proceeding on hydrogen generation, the staff concludes that Callaway
can be operated without undue risk to the health and safety of the public.

I
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APPENDIX D

NRC STAFF CONTRIBUTORS AND CONSULTANTS

This SER is a product of the NRC staff and their consultants. The following
NRC staff members were principal contributors to this report. A list of con-
sultants follows the list of staff.

NAME TITLE REVIEWBRAtpl

Robert J. Giardina Reactor Systems Engr. Mechanical Power Systems
John L. Knox Sr. Reactor Systems Engr. Electric Power Systems
William T. Lefave Sr. Auxiliary Systems Engr. Auxiliary Systems
Charles E. Rossi Principal Reactor Engr. Instr. & Ccitrol
Thomas G. Dunning Section Leader Instr. & Control
Frank R. Orr Nuclear Engineer Reactor Systems
Sammy S. Diab Nuclear Engineer Reactor Systems
Kenneth C. Dempsey Nuclear Engineer Accident Evaluation'

James Fairobent Meteorologist Accident Evaluation
Mohan C. Thadani Nuclear Engineer Accident Evaluation
Angela T. Chu Nuclear Chemical Engineer Accident Evaluation
Francis Akstulewicz Nuclear Engineer Accident Evaluation
Theodore R. Quay Section Leader, Systems Anal. Sec. Accident Evaluation
Seymour Block Sr. Health Physicist Radiological Assess.
Wayne Meinke Health Physicist Radiological Assess.
Charles L. Miller Nuclear Chemical Engr. Effluent Treat. Sys.
John Huang Containment Systems Engr. Containment Sys.
Chang-Yang Li Reactor Engr. Containment Sys.
James W. Shapaker Section Leader Containment Sys,
Marvin S. Dunenfeld Prin. Reactor Physicist (Physics) Core Performance
John C. Voglewede Sr. Reactor Euels Engr. Core Performance
Walter L. Brooks Sr. Reactor Physicist Core Performance
Joseph J. Holonich Nuclear Engineer (Intern) Core Performance
Ralph 0. Meyer Sec. Leader, Reactor Fuels Sec. Core Performance
Suresh C. Gupta Nuclear Engineer Core Performance
Tai L. Huang Systems Analyst Core Performance
David Terao Mechanical Engr. Mechanical Eng.
Herbert L. Brammer Section Leader Mechanical Eng.
Robert Kirkwood Reactor Engr. (Mechanical) Mechanical Eng.
Anthony Cappucci Mechanical Engr. Mechanical Eng.
Ed Hemminger Mechanical Engr. Mechanical Eng.
John S. Ma Sr. Structural Engr. Structural Eng.
Richard McMullen Geologist Geosciences
Robert L. Rothmar Geophysicist Geosciences
Rex Wescott Hydrologist Hydrol. & Geotech.
Dinesh C. Gupta Geotechnical Engineer Hydrol. & Geotech.
John R. Gleim Sr. Materials Engr. Materials Eng.
Joseph Halapatz Materials Engr. Materials Eng.
Harold Walker Materials Engr. Materials-Eng.
Martin Humm Sr. Materials Engr. Materials Eng.
Barry J. Elliot Materials Engr. Materials Eng.
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NAME TITLE REVIEW BRANCH

George Johnson Sr. Materials Engr. Materials Eng.
Warren S. Hazelton Sec. Leader, Mat'Is Applica. Sec. Materials Eng.
David E. Smith Sr. Materials Engr. Materials Eng.
David C. Sellers Materials Engr. Materials Eng.
Daniel T. Huang Materials Engr. Materials Eng.
Max Bolotsky Materials Engr. Materials Eng.
John Schiffgens Materials Engr. Materials Eng.
Bernard Turovlin Materials Engr. Chemical Eng.
Raj K. Anand Auxiliary Systems Engr. Chemical Eng.
Robert L. Ferguson Section Leader, Firr Protection Cac. Chemical Eng.
Conrad McCracken Sr. Chemical Engr. Chemical Eng.
Tommy Lee Electrical Engr. Equip. Qualif.
Philip DiBenedetto Sec. Leader, Environ. Qual. Sec. Equip. Qualit.
Mary Haughey Mechanical Engr. Equip. Qualif.
G. Bagchi Sec. Leader, Seismic Qual. Sec. Equip. Qualif.
Robert Riggs Mechanical Engr. Equip. Qualif.
John G.'Spraul Sr. Quality Assurance Engr. (Nuc.) Qual. Assurance
Clarence Hickey Fishery Biologist Environmental Eng.
Louis Bykoski Regional Environmental Economist Siting & Analysis
Anton Sinisgalli Site Analyst Siting & Analysis
J. Peterson Financial Analyst Utility Finance
Raymond Ramirez Sr. Human Factors Engr. Human Factors Eng.
Richard Eckenrode Human Factors Analyst Human Factors Eng.
A Ramey-Smith Engineering Psychologist Human Factors Eng.
Vincent A. Deliso Reactor Safeguards Analyst Operator Licensing
K. Baker Region III, IE Licensee Qualif.
J. Peschel Region III, IE Licensee Qualif.
Erik Pederson Nuclear Engr. (Mgmt. Sys.) Licensee Qualif.
P. McKee Inspection & Enforcement Licensee Qualif.
James Clifford Operational Safety Engr. (Nuc. ) Proc. & Test Review
Samuel MacKay Sr. Operational Safety Engr. Proc. & Test Review
William O. Long Operational Safety Engr. Proc. & Test Review
B. Clayton Principal Operational Safety Engr. Proc. & Test Review
Donald C. Fischer Section Leader, Test Section Proc. & Test Review
W. Axelson Region III Emerg. Prep. Lic.
R. Van niel Section Leader Emerg. Prep. Lic.
D. Kunze Plant Protection Analyst Physical Security
B. Manilli Plant Protection Analyst Physical Security
M. Virgilio Sr. Reacto" Engr. (Nuc.) Lic. Guidance
N. Anderson Section Lt.ader Generic Issues
C. Anderson Sr. Systems Engr. Generic Issues

CONSULTANTS

Name Organization

J. Preston Lawrence Livermore National Laboratory
J. Savage Lawrence Livermore National Laboratory
R. Hatterick Biotechnology, Inc.
W. Apley Pacific Northwest Leooratories, Battelle
R. Gruel Pacific Northwest Laboratories, Battelle
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-Consultants

Name Organization

L. Kripps Energy Incorporated
J. Alzheimer Pacific Northwest Laboratories, Battelle'

G. H. Beeman Pacific Northwest Laboratories, Battelle
D. H. Chung Lawrence Livermore National Laboratory
A. Nieto Univerity of Illinois

,

E. Cording University of Illinois
M. Nishimura EG&G Energy Measurements Grouo
K. Jacoby EG&G Energy Measurements Group
B. Kountanis EG&G Energy Measurements Group
R. Jaross Argonne National Laboratory.
B. Roscoe Sandia National Laboratory
J. Behn Gage Babcock Associates, Inc.
J. F. Carew Brookhaven National Laboratory

,
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APPENDIX E

a Lawrerr,e Uvermore National Laboratory
~3.. .

g NUCLEAR SYSTEMS SAFETY PROGRAM

:

)
EG-81-37 September 10, 1981

Dr. Robert E. Jackson, Chief
Geosciences Branch
Division of Engineering
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

SUBJECT: LLNL Technical Assistance to the Division of
Engineering, NRR, NRC, "Geoscience Case Reviews
III" (FIN A0406)

Dear Dr. Jackson:

In accordance with your recuest, we are forwarding ten copies
of our report on the site seismicity of the Callaway Plant,
Units 1 and 2, near Fulton Missouri.

I; we may be of any further assistance to you, clease let us
know.

Sincerely,

Dae'H.' Chung
Principal Co-Investigator

DHC/vj

Enclosures: Report (10)
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.
THE-SEISNOLCGICAL ASPECTS OF THE CALLAWAY PLANT SITE

i

).
#

j At the reouest of the Geoscience Branch of the Division of Engineering,
.

the U.S. Nuclear Regulatory Ocmmission, the Lawrence Livermore National

j Laboratary (LLNL) has completed cur review of the seismological aspects of the
i

j Callaway site for the purpose of our input to the staff preparation of the

Safety Evaluation Report (SER) for an Operation License (OL). We have

reviewed all the materials contained in the Final Safety Analysis Report

i (FSAR), and letters and correscendence submitted by the applicant utility, the

Union Electric Company, Fulton, Missouri. This review has been conducted in

i accordance with guidelines in the NRC Standard Review Plan (SRP) Section 2.5.1
;

I and 2.5.2. As in the Construction Permit'(CP) SER, we.have followed the.

tectenic province aoproach to determine the vibratory ground motion

ccrrescending to the Safe Shutdown E:_rthouake (SSE). We find that the'

.

! orocosed SSE acceleration-of 0.2g is adecuate and conservative. We also find
!

t"st 0.12g is adecuate to recresent grcund motica for the Operating Basis

f Eartncuake (CEE) for the Callaway site. We censider this value to be a

Ocnservative representation of the maximum earthcuake motion likely to be
|

excerienced at founcation level at the site du:ing the operating life of the

| alant.
'

I
:

|

|
|

t

$

!
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The Callaway Plant site is lccated in the Ozark Uplift section of the

Central Stable Region (Eardley,1962) which was subjected to gentle structural
1

) uparching and downwarping during the Paleozoic (270 to 6C0 millicn years
!

before cresent - MYBP) and Mesozoic eras (135 to 225 MYBP). . The region is

relatively culet; no historic ~earthcuake epicenter has been reported within

about 60 km of the plant site. Since the beginning of the 19th century, fcur

earthcuakes reportedly occurred within 100 km of the site, but'all of these
4

earthouakes had intensities less than Modified Mercalli Intensity (MMI, V.

The 1811-12 New Madrid event occurred approximately 300 km southeast of the
,.

Callaway Plant site with a maximum epicentral intensity of MMI XI to XII.
1

; The apolicant defined a number of seismotectonic provinces within 320 km

of the Callaway site. The applicant considered the possible correlations.

. between earthcuakes and tectonic structure in the region of the site. His

interpretation of the existing data caused him to censider historical
)

earthcuakes to be correlated with the St. Louis, Cottage Grove and Ste.

Genevieve fault zones and, possibly, with the faults in the St. Francois

,

Mcuntains uolift southeast of the site. The applicant did not - in our
i

cpinion - provide the criteria he used to establish the boundaries of these

seismotectonic provinces, nor sufficient justification that his interpretation

is the correct one.<

,

|

[
<
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While earthcuakes have occurred more freCuently in the Complexly faulted

recion of the St. Francois Mcuntens and the boundary between the St. Francois

' centains and the Illinois 3asin abcut SC km scutheast of the Callaway site,-

there is no accarent correlation with mapped surface structure. In addition,

the seismological data indicate no consistent deformation pattern in the

recion 'see Street et. al., 1974). We, therefore, consider earthcuakes in

this regicn to be uncorrelated with known geologic structure.

As in the CP Safety Evaluation Recort (See NUREG-75/-76), we find

differences in the seismicity characteristics between the St. Francois Uplift,

Ste. Genevieve, and Chester-Dupro seismogenic regions and that of the Callaway

site region. We recognize, also, the significant difference in structure

style and, perhacs, fundamental tectonic mechanism between the St. Franccis

and Ste. Genevieve regicns and the site region (see Street, et. al., 1974).

-: wever, in view of the strcng northwest-trending st uctural grain in the

~rasement thrcughtcut the region, we concur with conclusions reached by the NRC

staf f in NUREG-75/076 tejecting these regions as tectenic provinces for the

curocse of determining SSE in the Callaway site region.

:le " ave reviewed the informaticn cresented in the acplication and the

certirent literature, and agree with the interpretation of the NRC staff in

'L;EC 75/076 of acceatirg tect nic crovinces consistent with Eardley (1962).

That interareration plac . tre Callaway site in tne Czark Uplift section of

E-4



the Central Stable Region. The 0 ork Uplift seismic source region consists of

a cortion of the Illinois basin and the St. Francois highlands of soutneast

Misscuri (Nuttli and Herrmann, 1978). The seismicity cara do not indicate any

separation into two distinct scurce regions. With this interpretation, we

have determined that a randem earthcuake of intensity MMI VII-VIII can occur

anywhere within the stable Missourt Basin regions and the vicinity of the

Callaway site. Our review of the seismic nistory of the regicn shows at least

one event which could have reached an intensity of MMI VII-VIII. Earthcuake

of June 9,1838 near St. Louis, Misscuri was reported as MMI VI (see Coffman

and von Hake,1973); Nuttli (1974), however, reevaluated the intensity from

accounts of old newspapers reporting the original earthcuake damage. Frcm

these acounts and his extensive study of the seismicity of the region, Nuttli

(1974) not only relocated this eartocuake to southern I.llinois, but also

re-assigned the epicentral intensity as NMI VII-VIII and estimated it to have

an m agnitude of 5.7. This new value has been used in various studies byb

Nuttli and Herrmann (1978) and Nuttli and Bril.' (1981).

In addition to the 9 June 1838 earthcuuke, the 3 March 1937 earthcuake
.

(commonly referred to as " Anna ' Ohio) Earthcuake") is also of interest. The

Anna Earthcuake teck place withi.. the Central Stable F.egicn, and therefore an

earthcuake of this intensity must be considered for the Callaway site. In

light of these two earthcuakes of intensity VII-VIII in the Central $tsole

E-5
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Region, it is our opinion that it is necessary to assume that an intensity

VII-VIII earthcuake can occur in the Ozark Uplift section of the Central

Staole Regicn and cust be assumed to cccur at the Callaway site. For an
,

intensity VII-VIII earthcuake, we estimate that the appropriate ground
,

acceleration is about C 19g. This estimate was obtained using the mean of the

Trifunac and Brady (1975) relationship.

i Finally, in arriving at the appropriate value for the SSE, we also

considered en intensity XII event occurred at the c1csest approach of the -

Ficsissippi Embayment seismic zene to the Callawy site. From a careful study
,

of all the pertinent informarion (e.g., Stearns and Wilscn, 1972; Street et.

al., 1974; Zoback et. al., 1980; Nuttli and Brill, 1961), we find it

conservative to place the northwestern boundary of ths fississippi Embayment
i seismic zone at the northwestern limit of northeastern trending lineaments.,

This claces the boundary at the Sending Zcne 3 of Stearns and Wilson (1972).

See Fig. 2.5-90 of the Callaway Site FSAR. This places the nearest point on

; the boundary at about 250 'km (155 miles) from the Callaway site. This is in
.

agreement with the NRC staf assessment at the time of the CP SER in 1975.
'

Using the intensity attenuation curves from Stearns and Wilson (1972), we

estimate a site intensity of kNI = VII at the Callaway site. The Trifunac and

Sredy (1975) relaticnship gives the corresponding horizontal ground;

1

i acceleration of 0.13g. Other ground motion medels were also censidered, e.g.,

;

,
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Muttli (1979), Nuttli and Hurrmann (1978), and Bernreuter (1981). These also

result in estimates of ground motion at the Callaway site of less than 0.2 g.

Therefore, the proocsed SSI acceleraticn of 0.2'g is a centervative

representation.

The applicant has proposed 0.12g for the operating basis earthcuake at the

Callaway site. We consider this value to be a censervative representation of '

the maximum earthcuake,motien likely to be experienced at the site during the
1

ocerating life C" the olant.
4

S, - ns and Wilson (1972) studied the possible relationship of regicnal'
4

p

geologys earthcuakes in west Tennessee and adjacent areas. Zaback et al.

(19S0) fcui. the 1811-1812 New Madrid seismicity to be linked to specific

structural features that ha e been reactivated through geolcgic time. They

fcund major old faults .:cincident with main historic earthquake trends in the-

; area and with structural deformation apparently caused by repeated episodes of

igneous activity. With the more recent work of Nuttli and Brill (1981) who '

accurately located historical earthcuakes, we reviewed cossible relationships

among earthcuake occurrences and geologic structures in the region. These
'

recent studies have not yet crogressed to the :oint of any definite

conclusions abcut earthcuake generating mechanisms .nor the relationshic of
a

'. earthcuake occurrence ce geolcgic structures in the region. However, in view
I.

i

i

1

!
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of the cresent understanding of this information, we found that there is no
:

evidence for localizing any earthcuakes in the Callaway Plant site or causing

surface faulting at the site and that the seismic design cases are

conservative for the earthouake potential at the site.

.

'
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APPENDIX E
,

EMERGENCY PREPAREDNESS EVALUATION REPORT

A. ' Assignment of Responsibility (Organization Control)

Planning Standard

Primary. responsibilities for emergency response by the nuclear facility licensee,
and by State and local organizations within the Emergency Planning Zones have
been assigned, the emergency responsibilities of the various supporting organ.-
zations have been specifically established, and each principal response organi--
zation has staff to' respond and to augment its initial response on a continuous
basis.

Emergency Plan

'During any classification of an emergency at Callaway, the Emergency Plant
Operations Manager (EPOM) is responsible for assuming command of the Onsite
Emergency Organization (ONE0). The EP0M is in charge of the emergency unitl
the Recovery Manager is in place. The Plant Superintendent normally functions !

as the EP0M. However, until arrival of the EPOM, an. Emergency Duty Officer
will assume his duties. The shift supervisor will-function as the EPOM until
arrival of the Emergency Duty Officer or EP0M. The qualifications and selection
criteria for individuals who will function as the EP0M or Emergency Duty Officer
are defined.

The EPOM has the following managers / supervisors reporting to him: General
Supervisor-Administration; Records Management' Supervisor; Superintendent of
Maintenance; Superintendent of Operations; and Superintendent of Engineering.
Several of these superintendent have assistant superintendents reporting to
them.

Atter activation of. the Emergency Operations facili.ty (EOF) for any Site Area
of General Emergency, an extensive Recovery Organization will be implemented. J
At that time, the EPOM will report to the Recovery Manager. Section M of this
report describes the rec.overy organization.

The Emergency Control Center (ECC) Supervisor is responsible for the operation
of the ECC which is located in the EOF. The ECC Supervisor is responsible for:

(1) Conducting diagnosis and prognosis of accident conditions and estimating
the radioactivity released or potentially released.

(?) Maintaining communication with offsite authorities relevant to accident
conditions.

(3)- Supervising offsite monitoring teams and other personnel in the ECC.

F-1
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(4) Maintaining liaison with offsite emergency agencies.

The functions of the ECC Supervisor are maintained by the EPOM until arrival
of ECC Supervisor.

Other emergency plant staff assignments include plant system operations, radio-
logical survey and monitoring, rescue, first-aid, decontamination, communica-
tions, repair and damage control, and recordkeeping are described. The Plan
describes these functions and provides for personnel assignments in these areas.

Updated, written agreements have been executed with appropriate agencies and,

organizations including law enforcement, INPO, U.S. Coast Guard, ambulance
services, medical and hospital support, radiological support, DOE, and EEMA.
Agreements and arrangements with State and local authorities responsible for
implementation of protective measures for the public have not been executed.
The licensee has committed to do this upon completion cf State and county plans
and indicated this will be done prior to fuel load. Further, the licensee
committed to obtain a mutual assistance agreement with the Wolf Creek facility
prior to fuel load, depending upon Wolf Creek's agreement.

These letters of agreement will be examined prior to fuel load by the Office
of Inspection and Enforcement.

t

B. Onsite Emergency Organization

Planning Standard

On-shift facility licensee responsibilities for emergency response are specifi-
cally defined, adequate staffing to provide initial facility accident response!

in key functional areas is maintained at all times, timely augmentation of
response capabilities is available, and the interfaces among various onsite
response activities and offsite support and response activities are specified.

| Emergency Plan

The Callaway facility is managed by a Plant Superintendent who is responsible
for direct management of the plant. During an emergency situation (normal
working hours), the Station Superintendent acts as the EPOM. Durins periods
when he is not available, his responsibility is designated to alternstes who
satisfy the requirements of ANSI N18.1-1971, " Experience Requirements for
Plant Manager."

.

The Shitt Supervisor (on duty 24 hours per day) is the initial EPOM ind as such
has the authority for declaring an emergency and recommending protective actions,

! to State and local authorities. The authority and responsibility of the EPOM
have been clearly specif.ied including those that cannot be delegated.

:

The onsite (minimum) emergency organization for non-normal working hours, back-
shifts, and holidays is described in the Plan. Emergency assignments have been>

made, and the relationship between the emergency organization and the normal
staff complement are described in the Plan. Positions and/or titles and quali-
fications of shift and plant personnel both onsite and offsite who are assigned
major emergency functional duties are listed. Minimum shift manning and shift
augmentation are in the Plan and guidance for timely shift augmentation is
provided.
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The minimum on-shift staffing levels discussed in the Plan meet the objectives
of Table B-1 of NUREG-0654. The Plan describes the capability to augment the
minimum on-shift staff after declaration of an emergency. This capability meets
the-design objectives of Table B-1 and is prioritized to provide capability
within 30 to 45 minutes and 60 to 75 minutes.

The following minimum on-shift expertise will be maintained 24 hours per day:
one Shift Supervisor (SR0), one Operating Supervisor (SRO), two Unit Reactor
Operators, two Equipment Operators, two Assistant Equipment Operators, one
Instrument-Control Tech. , one Radiation-Chemistry Tech. , and one Shif t Techni-
cal Advisor. This makes a total of e %ven persons on shift capability of per-
forming all necessary major functicas called for in Table B-1. A person
on-shift will be qualified to conduct in plant radiation surveys. This is main-
tained 24 hours per day.'

Within 30 to 45 minutes, depending on road and weather conditions, the additional'

personnel will be available for communications, in plant protec*ive actions,
radiological accident assessment and operational support, and plant system
engineering and repair actions. Within 60 to 75 minutes, fifteen additional
persons will be available to agument the above mentioned functional area.

Because shift augmentation does not conform to the stef' 3Jidelines of 30 to
60 minutes, the licensee has committed to an extensive duty officer system to
strengthen their existing augmentation capability. Further, periodic
unannounced drills will be conducted of the system to ensure the design objec-
tives of Table B-1 can be achieved. Records will be maintained for inspection.
The duty officer system will ensure sufficient management and supervisory per-
sonnel will be on call 24 hours per day with a reliable pager system or auto-
matic telephone system. Prioritized shift augmentation procedures will be
developed and tested. In addition to the above, a dedicated Emergency Duty
Officer will be maintained 24 hours per day who can act as the EPOM.

The staff finds that adequate shift staffing and augmentation capabilities exist
and will examine the duty officer system during the preoperational inspection.

C. Emergency Response Support and Resources
'

Planning Standard

Arrangements for requesting and effectively using assistance resources have
been made, arrangements to accommodate State and local staff at the licensee's
near-site Emergency Operations Facility have bec made, and other organizations
capable of augmenting the planned response have bm identified.

Emergency Plan

Arrangements for requesting and utilizing outside resources have been made
including authority to request implementation of the Department of Energy
Regional Assistance Plan and the Interagency Radiological Assistance Plan.
Further, the applicant retains contractors to provide supporting services to
the nuclear station. Among those services provided are: technical experts
for accident analyses from INP0; medical and health physics support from
Radiation Management Corporation; and manpower support from the Wolf Creek
facility.

F-3
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The licensee organization provides for dispatching licensee representatives to
the principal offsite governmental emergency operations centers if necessary.
Working space is available for federal, state and local offsite representatives
in the licensee's E0F as well as contractor and other support groups. The E0F
is within 1 mile of the site and is the, central point for providing informa-
tion needed by primary response agencies for implementation of protective
actions (see Section H for details of the E0F).

D. Emergency Classification System

Planning Standard
D

A standard emergency classification and action level scheme, the bases of which
include facility system and effluent parameters, is in use by the nuclear facil-
ity licensee, and State and local response plans call for reliance on information
provided by facility licensees for determinations of minimum initial of.fsite
response measures.

.

Emergency Plan

Four standard emergency classes (Unusual Event, Alert, Site Emergency, and
General Emergency) have been established. Emergency Action Lewls (EAls) based
on onsite and offsite radiation monitoring information and based on readings
from various reactor sensors are indicated in the Plan. These EALs are used
for rapid classification of emergency situations. The reactor sensors irclude:
pressure and temperature in containment, response of vital electrical systems,
response of the emergency core cooling system, and failed fuel monitor indicators.
EALs for natural phenomenon such as earthquakes, floods and tonadoes have been
developed.

EALs for the steam ef fluent monitors have not been developed, however, the
Plan indicates this will be accomplished in accordance with the schedule of
NUREG-0737. EALs for the new wide-range effluent monitors have been developed'

and included in the Plan. EALs for loss of 2 out of 3 fission product barriers
| have not been developed. EAls for the steam effluent monitors and loss of 2
: out of 3 fission product barriers will be developed prior to fuel load. The

Office of Inspection and Enforcement will examine this prior to tuel load.

The Plan provides for predetermined emergency actions as per the guidance of
Appendix 1 of NUREG-0654. Further, the Plan has identitied example emergency
conditions for each emergency classification including ESAR analyzed accidents
such as a waste tank rupture, rod cluster control assembly ejection, and radio-
active liquid releases from holdup tanks.

E. Notification Methods and Procedures

| Planning Standard
,

{ Procedures have been established for notification, by the licensee of State i!

and local response organizations and for notification of emergency personnel j
by all response organizations; the content of initial and followup messages to l

i response organizations and the public has been established; and means to provide !
' early notification and clear instruction to the populace within the plume expo- l

sure pathway Emergency Planning Zone have been established.
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Emergency Plan

Union Electric's primary responsibility is to notify the Missouri Disaster
Planning and Operations Office (DP00) and the Callaway County Sheriff's Office
in the event of an Unusual Event, Alert, Site Area Emergency or General Emergency.
Such notification will be performed by contacting the Callaway County Sheriff's

- Office and the DP00 in Jefferson City by telephone or radio. Both the Callaway
County Sheriff's Office and the DP00 are available for contact on a 24-hout,
seven-day per week basis. The DP00 has responsibility for notifying the
appropriate Missouri Highway Patrol Headquarters and the affected jursidictions.
In the event the Callaway County Sheriff's Office cannot be contacted, notifica-
tion will be made to the Missouri State Highway Patrol Headquarters in Jeffe non;

City by telephone which is also available on a 24-hour basis. Initial notifi-
cation will be given by the Emergency Plant Operations Manager. Subsequent
communications to off-site authorities will be made by the Emergency Control
Center Supervisor. The Plan describes the initial emergency message from the
plant for each class of emergency. This message and followup message follow
the guidance of NUREG-0654. Further, verification of notification f rom the
plant will be provided by call-back system.

The Plan has established procedures for notifying, alering, and mobilizing
licensee emergency response personnel. These procedures include both station
and corporate personnel.

The applicant has confirmed both in the plan and in a letter dated August 10,
' 1981, that an emergency prompt notification system will be installed, tested

and operational by fuel load which meets the design objectives of Appendix 3
of NUREG-0654.

The notification system will consist of approximately sixty fixed, forced-air
type sirens which will provide immediate notification to 100 percent of the
population within the Callaway Plant 10-mile EPZ. The siren system will be
supplemented by other methods of public notificatien for certain segments ot
the population.

The majority of the sirens will be the rotational type with a rated output power
of 125 dB at 100 ft. Each of these sirens provides a 70 dB sound intensity,
or greater, over an area of 2.6 square miles' and provides a 60 dB sound
intensity, or greater, over an area of approximately 10 square miles. Omni-
directional type sirens with a rated output power of 115 dB will be installed
near the perimeter of the EPZ. For the medium-to-small urban areas, the rural
areas, and the overall topography in the Callaway Plant EPZ, this signal strength
is appropriate. Figure No. F.1 illustrates the proposed siren system.

For certain segments of the population, supplemental methods of public notifica-
' tion will be used. These are described below.

Population In-Transit'

During an emergency condition, it can be expected that a number of persons will
be traveling in the EPZ road system. These travelers may be local residents
or persons from other areas traveling through to areas within the EPZ. Local
trips within the EPZ will be short trips with an average travel time of about

!
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10 minutes. These local tripmakers can be expected to be advised of the emer-
gency condition at their trip destinations, within or near 15 minutes of noti-
fication period. Non-local travelers will be diverted from entering the EPZ
at the earliest possible time. There are a total of 20 major roadway entry
points to the EPZ that can be used by the majority of the through traffic. To
preclude any persons from entering the EPZ, all entry points will be manned '

(Figure F.2).

Population at Schools and Other Institutions

Although all schools in the EPZ are within range of the proposed outdoor siren
system, this notification may be supplemented by the existing radio tor.. alert
system. The tone alert would allow notification of each school administration
of an emergency condition and, in turn, the schools could effect their internal
alerting of students and staff through existing PA systems.

A similar notification system to selected institutions such as medical facili-
ties may oe considered.

'Table F.1 summarizes the prompt notification systems to be employed.

The staff finds the proposed prompt notification and emergency information
system to meet the design objectives of Appendix 3 of NUREG-0654. FEMA has
been requested to review the proposed system. The staff will await the FEMA
finding.

F. Emergency Communications

Planning Standard

Provisions exist for prompt communications among principal response organiza-
tions to emergency personnel and to the public.

Emergency Plan

The Plan has established an extensive and reliable communications system from
the facility control room, TSC, OSC, EOF, r * offsite governmental support
agencies. The system includes the use of ' .al and special telephone lines,
microwave radio systems, plant UHF radio :m, VHF radio / microwave system,
National Warning System (NAWAS), and normm couchtone telephone system.
Several unlisted dedicated telephones are maintained for emergency use only.

A direct radio link is maintained with the Callaway County Sheriff via the
i

Security Radio System. This serves as a backup system to offsite local govern-
ments.

.

The NRC will install dedicated telephones from the Callaway station CR, TSC
and EOF to the NRC Incident Response Center jn Washington, D.C., and the
regional NRC office in Glen Ellyn, Illinois. There will also be separate

i dedicated Health Physics telephones between the facility and NRC. These
systems are under the control of the NRC.
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TABLE F.1

Alert Systems for Soecific Population Segments

Population Segment Alert System

Population at Home Sirens

Population at Work
At Busins.ss Centers Sirens
At Industrial Centers Sirens

At Places Outside the EPZ -

'

On Farms Sirens

Population in Transit
On the Road System Police / Warden at EPZ perimeter

stations
On the River Sirens, radio

Population at Business Centers Sirens <

Population at Schools Radio tone alert and local
PA system

Population in Other Institutions Sirens

Population at Recreational Areas i

Hunting, Fishing Sirens
Camping Sirens
At Sports Events Sirens

F-9
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G. Public Education and Information

Planning Standard

Information is made available to the public on a periodic basis on how they
will be notified and what their initial actions should be in an emergency (e.g.,
listening to a local ~ broadcast station and remaining indoors), the principal
points of contact with the news media for dissemination of information during
an emergency (including the physical location or locations) are established in
advance, and procedures for coordinated dissemination of information to the
public are established.

Emergency Plan

The Plan indicates that a public education program will be formulated which
will ensure proper dissemination of general and emergency action information.
The program will be jointly developed among the local governments, the State
and Union Electric Co.

An informational and educational booklet will be prepared and distributed by
mail to each residence within the plume exposure EPZ. Copies of the booklet
will be available at key public locations (e.g., court houses, schools, public
libraries, post offices, etc.). New residents will receive the informational
booklet through monthly mailings. In addition, a special page in the local
telephone directories and quarterly advertisements in local newspapers will
provide basic information and locations where booklets are available.

The Plan states that Union Electric Co. personnel will visit the homes of the
residents within 5 miles of the plant to ensure they have the information
booklet and to an.eer any questions they may have.

Dissemination of information for transient populations will be accomplished by
the following.

a. Identification of locations where transients would likely to be staying.
! b. Annual information and background sessions with managers of such

facilities.

c. Availability of booklets at each of the above locations.

The informational booklet will consist of two sections:

A. The emergency plan-
;

i

| 1. Background on the emergency plan '

| 2. Agencies involved and their responsibilities
| 3. Types of emergencies
| 4. How the public will be alerted
| 5. What protective measures should be taken in an emergency (e.g.,

evacuation routes and relocation centers, sheltering, respiratory
protection, etc.)i

6. Special needs of the handicapped.

F-10
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B. Background Information
i

1. How the Callaway Plant operates
'

2. Who operates the plant
3. Most asked questions about nuclear oower
4. Radiation

,

The Plan states that this infoi tion will be distributed by January 1982. |
: i

The Plan procides for points of contact with the news media. Space will be "
1
'

provided for a limited number of news media personnel in the EOF. A news media
center will also be established in Jefferson City. Private busses will be avail-,

j able at this news center to allow media representatives daily trips to within
". viewing distance of the plant. Technical spokespersons will be available in
! the EOF to brief the press.
,

Union Electric will conduct an annual program to acquaint the news media with
the emergency preparedness program.

The NRC anu FEMA will review the public education information program prior to '

implementation. This will be conducted prior to fuel load. I

H. Emergency Faciliti's and Equipment

Planning Standard

A? quate emergency facilities and equipment to support the emergency response
are provided and maintained.

Emergency Plan
.

The Plan describes and indicates that emergency facilities needed to support
an emergency resporse will be provided including a Technical Support Center
(TSC), Operational Support Centcr (05C), Emergency Operations Facility (E0F),

'

and Safety Parameters Display System (SPDS). The TSC will be activated for an-
. Alert or greater and the EOF activated for a Site Area or General Emergency.
The review of these facilities will be discussed under item III.A.1.2 of
Section 22 in a future supplement to this report.

Procedures will be developed for emergency preparedness including quarterly
inventory and operational readiness of emergency equipment and supplies.

,

; Sufficient equipment exists to ensure a minimum inventory in case of replace-
ment delay. The facility maintains portable and fixed survey instrumentation<

to assess contamination levels, exposure rates, and airborne gaseous, iodine,i
-

and particulate concentrations.
!

<

Onsite monitcring systems and instrumentations used to-initiate emergency
measures and provide continuing assessment are identified. These systems
include meteorological measurements, fixed radiological monitors, reactor
process. monitors, laboratory facilities (both onsite and of fsite) and fixed,

' environmental monitoring systems.r

F-11
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A backup analytical laboratory facility will be provided in the EOF with capa-
bilities to support radiochemistry analysis and evaluation of radiological'

samples. Equipment includes: gamma spectroscopy MCA, gas flow proportional
counters, and GM detectors and scales.

A primary meteorological system which meets Regulatory Guide 1.23 is installed
at the facility. A backup meteorological will be installed prior to fuel load

: which can measure wind speed and direction and atmospheric stability. Readout
of these parameters will be available in the CR, TSC, and EOF. Meteorological
real time parameters, along with effluent and ventilation parameters, are inputs
to the Radioactive Release Report Generation System (Class A Model) to determine
offsite dose rates.3

| Accuracy of the meteorological program meets the guidance of Regulatory Guide
1.23. In case of power failure to the tower, there is an emergency electric
generator that starts automatically and supplies power to the instruments. A

QA/QC program has been developed to ensure calibrations are performed quarterly.
Calibration is traceable to N85 standards.

In the event both meteorological towers are lost, information can be obtained
i from the National Weather Services in Columbia, Missouri, located 30 miles WNW
'

of the facility.

Seismic instrumentation is provided onsite to provide for the evaluation of
the effects of earthquakes on Seismic Category I structures, systems and compo-
nents. Readout is available in the control room.

>

I. Accide.?t Assessment

Planning Standard

Adequate methods, systems and equipment for assessing and monitoring actual or
; potential offsite consequences of a radiological emergency condition are in
: use.

Emergency Plan

The Plan contains system and radiological effluent parameter valve characteris-
tics of a spectrum of off-normal conditions and accidents. These parameter
valves and other reliable information are tabulated to initiating conditions,

for each of the emergency classes. Specific alarm setpoints, both visual and
audio, are in the control room to alert the operator.

The onsite radiation monitoring and sampling system consists of (1) process
and post-accident monitors and sampling systems, (2) effluent monitoring and
sampling for gaseous and liquid releases, (3) fixed area radiatioa monitors,i

and (4) post-accident areas and effluent monitoring systems. |

The Plan describes a Radiation Release Information System which meets the design
objectives of the NRC Class A model. The system will be a computerized finite
plume model used to predict offsite doses on a real-time basis using effluent
and meteorology monitors.

|
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The Plan describes an extensive post-accident primary coolant and containment '

atmosphere sampling system.
i

The sampling and analysis system is an in-line system ucsigned to analyze reactor
; coolant, containment sump, and containment atmosphere.

1

The analyses performed are as follows:

Reactor Coolant Ranges

Radioisotopic identification 10 3 - 107pCi/cc
; Boron 0 - 6500 pmm t

pH 0 - 14-

0xygen (Dissolved) 0 - 20 ppm
Chloride 0.1 - 20 ppm
Conductivity 0.1 - 1000 mhos

i

'
Containment Sump Ranges

Radioisotopic identification 10 3 - 10'pCi/cc
q Hydrogen 0 - 3000 cc/kg

The containment atmosphere radioisotopic identification covers an adequate range
and is described in Chapter 6 of the Emergency Plan.

Grab samples can be taken from the sample panel with two different dilution.

factors for counting on another system.

A post-LOCA hydrogen monitoring. system will also be installed and will meet-

the criteria of Regulatory Guide 1.26.,

l Post-accident high range ARM will be located inside containment.
3
+ ,

i Emergency procedures will contain methodology for manually determining the '

' radioactive release rate and projected doses should the effluent monitoring
| equipment fail or peg high. Procedures will be developed to determine the

source term of releases of radioactive material within plant systems and the
magnitude of the release based on plant system parameters.

; The Plan describes the capabilities and resources for field monitoring within
the plume exposure EPZ. Monitoring teams will be dispatched from the EOF.a

Teams can be deployed within 30 minutes of activation of the Emergency Control
i Center of the EOF. Teams have adequate monitoring equipment to locate and find

the plume, and make airborne measures of radioiodine to levels of 1 x 10 7
pCi/cc. Adequate communications systems for the field teams will be provided.

Plots of containment activity (Ci) versus containment radiation reading (R/hr)
are developed to aid the control room operator in an assessment of core damage.
These plots also relate the radiation reading to percent core damage.

The Plan describes an offsite radiological environmental monitoring program,

including fixed continuous air samples and fixed thermoluminescent dosimeter'

monitors which meet the NRC regulatory positions. Maps are provided in the,

Plan.
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I J. Protective Response
1
' Planning Standard

| A range of protective actions have been developed for the plume exposure path-
way EPZ for emergency workers and the public. Guidelines for the choice of
protective actions during an emergency, consistent with Federal guidance, are
developf1 and in place, and protective actions for the ingestion exposure path-
way EPZ appropriate to the locale have been developed.

Emergency Plan

i The Plan describes the protective actions to be taken by onsite personnel.
'

Onsite predetermined assemble areas are designated. The station has a siren
system to signal personnel to assemble in these areas. Persons not having an
emergency response assignment, including visitors and contractor personnel,
are required to assemble when notified by the siren. Onsite accountability is
determined by the station security force utilizing the computer security system.
If site evacuation is necessary, personnel will be relocated and monitored at
the near-site EOF.

' The Plan indicates the evacuation routes (primary and alternate) to the EOF.
Traffic control for a site evacuation will be monitored by the site security

; force.
1

The Plan makes provisions for respiratory protection, use of protective clothing,
and use of radioprotective drugs for onsite emergency workers. The criteria
for issuance of these protective measures are described in radiation protective
standards and radiation /cher.istry procedures.

J The Plan provides the basis for recommendations for protective actions for the
public. These protective action recommendations are consistent with the guidance

i set forth in Table 5.1 of the Manual of Protective Action Guides and Protective
Actions for Nuclear Incidents (EPA-5107/1-75-001) and the guidance of the U.S.<

Food and Drug Administration covering contamination of human food and animal
feed (Federal Register, Vol. 43, No. 242, December 15,1978). The Plan sum-,

marizes possible recommended protective action to be made to State and local
agencies during an emergency. The Plan clearly indicates that prompt notifica-
tion will be made directly to offsite authorities responsible for implementing'

protective measures within the plume exposure pathway and ingestion exposure
pathway.

The licensee has described in the Plan time estimates for evacuation within-

the plume exposure EPZ. These time estimates are generally in accordince with
" Request for Evacuation Time Estimates for Areas Near Nuclear Power Plants"
(Appendix 4 of NUREG-0654).

Population distribution within a 50-mile radius have been compiled and are
included in the Plan. Maps indicating major evacuation routes for the public
and station personnel are provided in the Plan. Detailed evacuation routes
(maps) for the general public will also be contained in the State and local
emergency plans.

|
l
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The licensee Plan indicates that a capability to account for all individuals
onsite at the time of the emergency exist and this can be accomplished within

! 30 minutes of the emergency notifications. Assemble and evacuation of the site
is estimated to take 25 minutes.

; K. Radiological Exposure Control

Planning Standard

Means for controlling radiological exposures in an emergency are established
for emergency workers. The means for controlling radiological exposures Dall
include exposure guidelines consistent with EPA Emergency Worker and Life^

Saving Activity Protective Action Guides.

Emergency Plan
i

Emergency response personnel may receive radiation exposure in excess of the
limits imposed by 10 CFR Part 20 when authorized by the Assistant Superinten-
dent Engineering Rad / Chem. Emergency Plan Implementing Procedures and the Plan
contain emergency guidelines for whole-body and thyroid doses consistent with
EPA Emergency Worker and Life Saving Activity Protective Action Guides.

The facility will provide and distribute self-reading and accumulative-type
dosimeters to personnel involved in emergency onsite response, regardless of
company affiliation. Dose records for workers will be maintained and checked4

daily throughout the emergency.

Onsite contamination control procedures for personnel, equipment, and access
control are in place. Decontamination of personnel and equipment is required
when the contamination level exceeds predetermined values. Criteria for per-
mitting return of contamination areas and their contents to normal use are
stated in the appropriate contamination control procedures.

The facility will supply clothing and' decontamination materials, particularly
with respect to radiofodine skin contamination to onsite personnel required to
relocate.

The Plan describes adequate contamination controls for onsite and exclusion
area activities. Country roads within the owner control area will be closed
if it is determined by the licensee to control exposure of personnel. Callaway
County has estimated that affected roads can be closed within 30 minutes after
notification. *

Food and water controls of the owner controlled area will be implemented in
the event of an emergency.

Adequate decontamination facilities onsite and offsite will be maintained in
the event of an emergency. Site evacuees will be monitored and, if necessary,
decontaminated at the near site EOF.
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L. Medical and Public Health Support

]
Planning Standard

i Arrangements are made for medical services for contaminated injured
individuals.

.

Emergency Plan

The licensee has made arrangements, confirmed in writing, with a qualified
hospital located in the vicinity of the station for receiving and treating of
contaminated or overexposed persons. This hospital will be utilized for decoa-
tamination and initial treatment of persons with injuries involving radicactivity

i and requiring immediate hospital care. Arrangements for backup medical support
i are also provided.

] The facility provides for onsite first aid capability. Plant personnel will
j be trained in basic safety and first aid.

The Callaway Plant will have a vehicle on site at all times whicn can be issued
for transportation of contaminated personnel. If other assistance is needed,

" Callaway County Ambulance Service can be used. An agreement has been reach 9d
to provide 24-hour coverage for transportation.

Special medical assistance will be provided by Radiation Management Corporation.
,

This is confirmed in a written letter of agreement.'

M. Recovery and Reentry Planning and Postaccident Operations

Planning Standard

General plans for recovery and reentry are developed.

Emergency Plan

Procedures have been developed for reentry to previously evacuated areas for
the purpose of saving lives, search and rescue of missing and injured persons,
or manipulation, repair, or recovery of critical equipment ;r systems,

i

; The Plan describes an extensive Recovery Organization which follows the recom-
; mendations of the Atomic Industrial Forum anJ the Institute for Nuclear Power
' Operations. The Recovery Organization will be activated upon activation of
! the EOF. Designated personnel of the Corporate staff and site will relocate

from the downtown St. Louis and the site to the E0E and assume additional4

! responsibilities for assigned positions. This will automatically take place
i for any Site or General Emergency and for most Alert Emergencies. There will

be three major emergency functions at the OEF: (1) the Recovery Center,
(2) the Emergency Control Center, and (3) the Emergency News Center. The

'

Recovery Center is the command post for direction of all recovery onrations.,

The Emergency Control Center functions as a location from which to evalua u'

emergency situations (e.g., radiation releases) that affect the public. The
Emergency News Center functions as the single point of contact for dissem-

! inating information to the public. The Plan provides a method for estimatir3
total population exposure. The Offsite Dose Calculations System provides the

' methdology in the Class A model (see Section H).
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The Recovery Manager is resoonsible to determine that the facility and/or
surroundings are safe and together with mutual agreement of the NRC and th'
Missouri Department of Public Safety can reduce the emergency classifica$ on.

N. Exercises and Drills .

Planning Standard

Periodic Exercises are (will be) conducted to evaluate major portions of emer-
gency response capabilities, periodic drills are (will be) conducted to develop
and maintain key skills, and deficiencies identified as a result of exercises
or drills are (will be) corrected.
Emergency Plan

The Plan states that an emergency response exercise will be conducted prior to
issuance of Operating License and at least once every 12 months (plus or minus
.1 months) thereaf ter to demonstrate the effectiveness of t! a Plan. The annual
exercise will include a request to ate and local authorities for mobilizatine

of State and local personnel and re,ources adequate to verify the capability
to respond to an accident scenario reyeiring response. At least once every 5
years a full scale emergency preparedness exercise shall be conducted involving
the State, local and federal emergency response agencies.

During tN annual exercise, personnel assigned to the offsite emergency
organization will participate.

The exercise will ensure the emergency preparedness of all participating personnel,
organizations, and agencies. Each exercise shall be conducted to meet the follow-ing objectives:

Verify the adequacy of the Callaway Plant Radiological Emergency Responsea.
Plan and the Emergency Plan Implementing Procedures;

b. Verify the availability and operability of emergency equipment;
Verify the availability of emergency supplies;c.

d. Test communication networks and systems;
Test the public notification system;e. >

f. Ensure that emergency organization personnel are familiar with their duties
and responsibilities.

The scenario will be varied from year to year such that all major elements of
t he. plans and preparedness organizations are tested within a five year period.
Prov'sions willbe made to start an exercise between 6:00 p.m. and midnight,
and a10ther between midnight and 6:00 a.m. once every six years.

Communnations with State and local governments within the plume exposure pathway
Emergency Planning Zone will be tested monthly. Communications with Federal
emergency response organizations will be tested quarterly. Communications
between the plant, State and local emergency operations centers, and field
assessment teams will be tested annually.

A small-scale exercise involving the Callaway Plant and local jurisdications
within the plume exposure pathway EPZ shall te conducted once each year. The
small-scale exercise nay be conducted as a part of the annual exercise or as
part of one or more of the emergency preparedness drills.

F-17
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i

A medical' emergency drill involving a simulated contaminated individual which
j contains provisions for participation by the local support services agencies

(i.e., ambulance and off site m dical treatment facility) will be conducted'

i annually.

Plant environs and radioloigcal monitoring drills (on-site and off-s te) will
be conducted annually. These drills will include collection and off-site
analysis of all sample media (e.g,. water, grass, soil and air).

Health Physics drills will be cnducted semi-annually which involve respon e
to, and anlaysis of, simulated elevated airborne and liquid samples and direct
radiation measurements in the environment. Analysis of in plant liquid samples
will be included in Health Physics drills.

Qualified observers from Federal, Staet or local governments will be invited
to observe and critique the exercises. A critique will be scheduled at the
conclusion of the exercise to evaluate the ability of organizations to respond
as called for in the plan. THe critique will be conducted as soon as practicable,

j after the exercise, and a formal evaluation will result from the critique.
:

{ Methods will be established for evaluating observer and participant comments
on areas needed improvement, including emergency plan procedural changes, andJ

j for assigning responsibilty for implementing corrective actions. Management
1 controls are used to ensure that corrective actions are implemented.
i

; 0. Radiological Emergency Response Training
i
'

Planning Standard

Radiological emergency response training is provided to those who may be called
; on to assist in an emergency.
,

Emergency Plan
,

! All Callaway Plant personnel, including those assigned on a temporary basis or
; in a training status, will receive a thorough orientation on.all emergency plans ,

~ and procedures required to ensure their safety. Plant personnel will be informed
i of changesin emergency plans and emergency plan procedures. Persons with

specific duties during an emergency will receive additional training and annual
retraining appropriate to their respective assignme m . Any intensive classroom
training will be documented in accordance with the applicable Callaway Adminis-
trative Procedure and knowledge level verified by written exam or by instructor
evaluation / comments. Any intensive classroom training will be documented in

i

accordance with. the applicable Callaway Administrative Procedure and knowledge4

| level verified by written exam or by instructor evaluation / comments. Any walk
j through/ practice training will be evaluated and critiqued with as many
'

participants as practical. The responsibility for coordinating their training
! is that of the superintendent, training.

The training program for members of the on-site emergency organization will
i include practical drills in which individuals demonstrate ability to perform

their assigned emergency function. During the practical / walk through drills,
,

! critique of erroneous performance will be made and a demonstration of the proper
_ performance offered by the instructor. All critiques will be. discussed witf-

,

,
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!

| the participants and participation documented in accordance with the applicable
; Callaway Administrative Procedure. An annual walk through/ practical drill will '

,

i be done as a training or retraining evolution as a minirum for a portion of
; the on-site emergency organization. i

Operating Supervisors along with members of the plant management staff who may
i serve as the Emergency Plant Operations Manager will receive training in:

.

1. Supervision of epergency teams. l
4

2. Interpretation of data and estimation of radiation exposure. !

3. Coordination and communication with off-site groups.
4. Evaluation of conditions and determination of emergency classification.

<

Accident assessment personnel will receive training relevant to their assigned;

| tasks, and will be given appropriate training on the emergency procedures
; corresponding to the emergency classifications.

All Radiation and Chemical Technicians and all plant personnel that may be
required to perform surveys will be given training in emergency monitoring.,

This will include instruction in the selection and use of survey instruments,

and air sampling equipment and in re entry criteria and post-accident sampling.
|

'

t

Repair and control of damage to equipment will be under the direct supervision i
of the Emergency Plant. Operations Manager, or his designee and will be properly

] trained.

Plant personnel will be trained in basic safety, first aid, and emergency! '

rescue operations and will include courses equivalent to Red Cross Multi-Media.
,

Off-site groups such as rescue and ambulance services, and medical doctors that
may participate in on-site emergency activity will be given instructions as

I appropriate to ensure that they are familiar with emergency plans, procedures
for notifistion, basic radiation protection, plant layout, and their expected,

response actions in the event of an accident. Retraining of off-site groups
will be performed on an annual basis.

For those local services support organizations who may enter the site, training;

will also include site access procedures and the identity (by position and title)<

of the individual in the on-site emergency organization who will control the,

organizations' support activities.
.

The initial training and plant familization for personnel assigned to the
otf site emergency organization will include the following:

a. The organization and chain of command.
b. Introduction to key station personnel and aergency response team members.

; c. Review of assignment-related station procedures, administrative control
} procedures, FSAR sections, and Tech..ical Specifications.

d. Review of office procedures and records management system.
.

Plant and system familiarization tour with particular emphasis on !
.

e.
i assignment related areas.

f. Detailed discussion of job duties with the on-site person responsible in
the assigned areas.

1
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g. Security, radiation protection training and clearance.
.

h. Tour of on and off-site emergency centers and facilities.
! i. Copies of job-related procedures, plant floor plans, P& ids and map of area.

j. Training through involvement in each annual exercise.
k. Maintenance of proficiency through completion of qualification cards

developed by the Superintendnet, Training.

Retraining will include an annual visit to the site to review job-related
organizational changes, procedure changes, equipment modi,fications and
retamiliarization with the plant management staff and the areas of the plant
associated with the assignment.

Records will be kept at the plant of in' tal and requalification training of
the predesignated personnel.

Union Electric Co. personnel assigned duties and responsibilities in suppcrt
of the Callaway Plant Emergency Plan shall receive appropriate training at laast
on an annual basis. The program'shall include a comprehensive review of the
Callaway Plant Emergency Plan and Emergency Plan Implementating Procedures with
specific attention and instruction given to their support role, responsibilities, ,

and duties.

P. Responsibility for the Planning Effort: Development, Periodic Review and
Distribution of Emergency Plans

Planning Standard

Responsibilities for plan development and review and for distirubtion of
emergency plans are established, and planners are properly trained.

Emergency Plan
.

Development and updating of the RERP is the responsibility of the Manager-Nuclear
Engineering. This responsibility includes, but is not limited to the folivwing:

;

Ensuring the coordination of the RERP with the:' a.

, 1. State Plan
4 2. County Plans

3. Callaway Plant Security Plan>

4. Off-site Emergency Response Organizations. i

b. Ensuring that the information, data, and procedures detailed in the
Emergency Plan Implementing Procedures are consistent with the REPR.

Assist in coordinating and/or providing emergency planning related specialty
'; c.

training. ]
*

d. Coordinating emergency planning related drills and exercises. |

Coordinating the review and updating of the Callaway Plant Emergency.e.

f. Maintaining knowledge current with respect to changes in the Federal
regulations and guidance that impact emergency planning activities.

i |
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The Plan, including appended letters of agreement and plans of off-site organiza-
tions and agencies, shal be reviewed and updated at least every 12 months.

The Callaway Plant operating staff will review and update the RERP Implementing
^

Procedures at least every 12 months. Telephone numbers will be updated at least
every 3 months.

The Union Electric Company Quality Assurance Department is responsible for auditing,
at least every 12 months, the Callaway Plant RERP, including the implementing
procedure. The purpose of the annual audit is: to verify compliance of the
RERP and Implementing Procedures with federal regulations and guidelines, operating
license provisions, security and fire protection programs; and to evaluate for
adequacy the various agreements, understanding and interfaces with federal,
state, county, local, and private support groups, agencies, and organizations.
The audit will also ensure consistency between the Callaway Plant RERP and the
State and County Emergency Response Plans.

The results of the reviews, audit, and exercise and drill evaluations, along
with recommendations for improvements shall be documented, reported to corporate
and plant management, and retained for a period of five years. The portion of
the audit involving the evaluation for adequacy of interfaces with state and
local governments shall be available to the appropriate state and local govern-
ments. Methods for assigning responsibility for implementing revisions and
corrective actic as have been implemented are detailed in the Implementing
Procedures.

The Callaway Plant Emergency Plan and the associated Emergeacy Plan Implementing
Procedures will be distributed as a controlled document, in accordance with
Company procedures, to all organizations, agencies, and app.'9oriate individuals
with responsibility for emergency preparedness. Document holders shall receive
revisions to the RERP and/or Implementing Procedures in a controlled manner as
they are issued. Revised pages shall be dated and marked to show where changes
have been made.

The Manager, Nuclear Engineering, shall, through letters, meetings, seminars,
or other means available, ensure that all elements of the total emergency4

organization are informed of the RERP and the associated Impimeneting Procedures
and revisions thereto.

Conclusion

i Based on our review of the applicant's onsite emergency preparedness, we conclude
that the Callaway Emergency Plan meets the planning standards of 10 CFR 50.47(b)
and the requirements of 10 CFR Part 50, Appendix E. The review of the emergency
response facilities will be discussed under item III. A.1.2 of Section 22 in a
future supplement to this report.

-

<
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